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CUSTOMER SUPPORT

CUSTOMER SUPPORT

Customer Support is Intel’s complete support service that provides Intel customers with hardware support, software
support, customer training, and consulting services. For more information contact your local sales offices.

After a customer purchases any system hardware or software product, service and support become major factors in
determining whether that product will continue to meet a customer’s expectations. Such support requires an interna-
tional support organization and a breadth of programs to meet a variety of customer needs. As you might expect,
Intel’s customer support is quite extensive. It includes factory repair services and worldwide field service offices
providing hardware repair services, software support services, customer training classes, and consulting services.

HARDWARE SUPPORT SERVICES

Intel is committed to providing an international service support package through a wide variety of service offerings
available from Intel Hardware Support.

SOFTWARE SUPPORT SERVICES

Intel’s software support consists of two levels of contracts. Standard support includes TIPS (Technical Information
Phone Service), updates and subscription service (product-specific troubleshooting guides and COMMENTS Maga-
zine). Basic support includes updates and the subscription service. Contracts are sold in environments which repre-
sent product groupings (i.e., iRMX environment).

CONSULTING SERVICES

Intel provides field systems engineering services for any phase of your development or support effort. You can use
our systems engineers in a variety of ways ranging from assistance in using a new product, developing an application,
personalizing training, and customizing or tailoring an Intel product to. providing technical and management con-
sulting. Systems Engineers are well versed in technical areas such as microcommunications, real-time applications,
embedded microcontrollers, and network services. You know your application needs; we know our products. Work-
ing together we can help you get a successful product to market in the least possible time.

CUSTOMER TRAINING

Intel offers a wide range of instructional programs covering various aspects of system design and implementation. In

just three to ten days a limited number of individuals learn more in a single workshop than in weeks of self-study.

For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we can take our

workshops to you for on-site instruction. Covering a wide variety of topics, Intel’s major course categories include:
" architecture and assembly language, programming and operating systems, bitbus and LAN applications.
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SYSTEM 310 AP

The System 310 AP is faster than many minicomputers. Powerful dedicated processors for
communications and mass storage input/output control allow the 8 MHz 80286 CPU to concentrate
on application software. The System 310 AP is open, which means you can upgrade performance
and/or functionality in the future without purchasing a new system. The open system design protects
your investment from becoming obsolete. Open systems design also means easy system
customization with Intel and third-party add-in Multibus boards.

FEATURES

o 80286 Based System e OpenNET™ Local Area Networking

e Open System MULTIBUS® architecture for e Total hardware and software support from
upgradeability and growth Intel’s worldwide customer support

o XENIX* Operating System organization

e jRMX® Operating System

XENIN is a trademark of Microsoft.
Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are
implicd. Information contained herein supersedes previously published specifications on these devices from Intel.

September. 1987
@© Intel Corporation 1987 1 -1 Order Number: 270129-004




SYSTEM 310 AP—AN OPEN SYSTEM

The Intel System 310 AP is based on the MULTIBUS
architecture, (IEEE 796) industry standard system bus
supported by over 200 vendors providing over 2000
compatible products.

The System 310 AP is an 80286 based open system -
designed with expansion in mind. The system can be
expanded to accommodate up to 9MB of parity-checked
RAM, all accessible with no wait states across MULTIBUS's
Local Bus Extension (LBX™). For terminal communications,
the systems can be expanded to a total of 18 RS232 serial
ports.

The System 310 AP supports 20MB-140MB of Winchester
disk storage. Mass storage can be expanded to 560MB
using the 311 Peripheral Subsystem. The 310 AP also
supports a 320KB 5% " floppy drive and a 60MB

" streaming tape carmdge drive.

XENIX OPERATING SYSTEM

Intel XENIX is the highest performance Xenix available.
XENIX, UNIX and DOS applications can be ported quickly .
and all system elements are user configurable. Over 200
utilities support a rich Open System environment.

SPLECIFICATIONS

IRMX® OPERATING SYSTEM

The iRMX operating system delivers real-time per-
formance. Designed to manage and extend the resources of
the System 310 AP, this multitasking operating system

. provides configurable resources ranging from interrupt
management and standard device drivers to data file
maintenance commands for human interface and program
development. A wide range of popular industry standard
high-level languages are supported for application
development. The iRMX facilities also include powerful
utilities for easy, interactive configuration and debugging.

OpenNET™—STANDARD IN NETWORKING

Intel supports and drives local area networking standards
and technology for microsystems and micro-
communications industries. The OpenNET Product family
adheres to the International Standards Organization (ISO)
and the seven layer Open Systems Interconnect (OSI)
model. Only complete products that conform to this model
and are based on open and public standards carry the
OpenNET name.

INTEL SERVICE AND SUPPORT

The System 310 AP is backed by Intel's worldwide service
and support organization. Total hardware and software
support is available, including a hotline number for when
you need help fast.

SYSTEM/MODELS 310 AP-17[ 310 AP-44 [ 310 AP-41[310 AP-42 [ 310 AP-88 [ 310 AP-82 [ 310 AP-141 [310 AP-142 [310 AP-143 [ 310 AP-145 [ 310 AP-146
Microprocessor 80286 | 80286 | 80286 | 80286 | 80286 | 80286 | 80286 | 80286 | 60286 | 80286 | 80266
: 8MHz | 8MHz | 8MHz | 8MHz | 8MHz | 8MHz | 8MHz | BMHz | 8MHz | 8MHz | 8MHz
Numeric Coprocessor 80287 | 80287 | 80287 | 80287 | 80287 | 80287 | 80287 | 80267 | 80287 | 80287 | 80267
RAM Memory 1MB 1MB 1MB 1MB 2MB 2MB 1MB 2MB 2MB 2M8 2MB
Floppy 360KB | 360KB | 360KB | 360KB | 360KB | 360K | 360KB | 360KB | 360KB | 360KB | 360KB
Mass Storage 20MB | 40MB | 40MB | 40MB | 8OMB | 85MB | 140MB | 140MB | 140MB | 140MB | 140MB
Tape Backup NA NA NA 60MB | 60MB | 60MB | 60MB 60MB 60MB 60MB 60MB
Serlal /0 Ports 2 6 10 10 10 14 2 10 14 10 18
Parallel Ports 1 1 1 1. 1 1 1 1 1 1 1
OpenNET : Yes Yes

ENVIRONMENT , DIMENSIONS

Operating Temperature 10°C to 35°C Height 6%2"

Wet Bulb Temperature 26°C maximum Width 17"

Relative Humidity 20% to 70% noncondensing  Depth 22"

Altitude Sea level to 8,000 feet Weight Approx. 55 Ibs

REGULATIONS ORDERING INFORMATION

Meets or exceeds the following requirements: For more information or the number of your nearest sales
Safety office call 800-548-4725 (good in the U.S. and Canada). -

o ) UNITED STATES, Intel Corporation
) ' 3065 Bowers Ave., Santa Clara, CA 95051
EMIRFI Tel: (408) 987-8080
US and Canada FCC Docket 20780—Class A 1€ (408) 987

ELECTRICAL

DC Power Output 360 watt maximum

AC Power Input 88-132 VAC or 180-264 VAC,

47-63 Hz (user selectable)
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Intel Factory Resource

Custom Systems Integration will assign an
engineering/manufacturing team to develop
and deliver your custom product.

We listen and respond to your unique
specification requirements, from special
environmentals to other MULTIBUS®
compatible peripherals
and boards.

Custom systems are
manufactured under the

Intel
Custom
Systems

same rigorous manufactur- Integration

ing process and quality Afford

standards as Intel’s widely or s

acclaimed standard Unlqu e

MULTIBUS systems and Added

board products. Value...
Intel’s volume manufac-

turing facilities mean
product is available when you need it.

Setvice support programs are tailorable to
your unique requirements through Intel’s
Customer Support Operation.

1: Discovery, configuration and quote.
Complete the design configurator on the
following pages. Contact your Intel sales
representative for assistance (non-disclosure
available on request).

‘Mail configurator to your local Intel sales

representative or send to:
Intel Corporation Tb ree
Custom Systems Integration E
5200 NE Elam Young Parkway asy
Hillsboro, Oregon 97124 Steps
Mail Stop: HF2-61
Attn: Jackie Randall to your
or call (503) 696-7664 Custom
One of Intel’s custom

‘Systems
Success...

systems marketing repre-
sentatives will call to re-
view with you the config-
ration and delivery details.
Intel will then delivera
quote specifying per unit price, non-
recurring engineering costs, and delivery

" estimates based on volume.

2 Detailed product specification and
contract. Intel will work closely with you to
develop a detailed product specification for
mutual signoff, define contractual terms
and conditions, and contract signoff.

3: Onrdering and delivery. Intel will assign
a project team and set manufacturing
schedules. A prototype will be made avail-

+ able for approval and final signing of prod-

uct specification prior to volume shipments.
Intel will meet with you periodically for
project review.



XENIX* SYSTEM 320

XENIX SYSTEM 320

Intel combines the power of its high performance 386-based System 320, the industry standard
XENIX multiuser multi-tasking operating system, complete network service, software, and
comprehensive customer support capabilities to deliver, install and maintain a complete system. The
result is the XENIX System 320, giving you the performance and capabilities of a minicomputer at
less than half the cost. The system is especially suited for office applications requiring multiple users
and networking of PCs and terminals.

. XENIX SYSTEM 320 FEATURES

® 80386 Based System ® OpenNET™ Local Area Networking
e XENIX Operating System * Complete Installation, Service and Support
e QOpen System Architecture o Range of Configurations

i e
*XENIX and MS DOS are trademarks of Microsoft Corporation.

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are
implied. ion contained herein i published i ions on these devices from I[ntel.

August. 1987
© Intel Corporation 1987 1-5 ~ Order Number: 280730-001



XENIX OPERATING SYSTEM

Intel XENIX is the highest performance Xenix available.
XENIX, UNIX* and DOS applications can be ported quickly
and all system elements are user configurable. Over 200
utilities support a rich Open System environment.

Intel XENIX supports a wide range of system software and
hardware options unsurpassed by any other XENIX
implementation. A menu-driven installation utility and
other installation utilities ensure.that the user can build
exactly what is required, interactively.

SYSTEM 320—AN OPEN SYSTEM

The XENIX System 320 is based on the MULTIBUS™
architecture, (IEEE 796) industry standard system bus
supported by over 200 vendors providing over 2000
compatible products and the XENIX Operating System.
Intel XENIX supports a broad range of application and
system software. Programs for business data processing,
scientific and engineering applications, communications,
database management, word. processing; graphics and
many more are available from Intel and third-party
suppliers. A complete set of programming languages are
also available, in addition to the C compiler included with
the system.

SPECIFICATIONS

%CHNET"—TIIE STANDARD IN
TWORKING

Intel XENIX System 320 supports OpenNET, which
adheres to the International Standards Organization (ISO)
and.the seven-layer Open Systems Interconnect (OSI)
model. Only complete products that conform to this model
and are based on open and public standards carry the
OpenNET name.

OpenNET's network File Access (NFA) is compatible with
Microsoft's MS*NET and IBM's PC Networks Program.
System resources and the-processing power of XENIX can
be shared among PCs and terminal users over the
network. Extensive mail facilities are supported across an
OpenNET network. Intel XENIX also several all popular
host communication protocols sold directly by Intel as well
as by third-party suppliers. .

INSTALLATION SERVICE & SUPPORT

The Intel XENIX System 320 is backed by Intel’s
worldwide service and support organization. Installation is
available to quickly get the system up and running.
Complete hardware and software support is available,
including a hotline number for when the user needs help
fast. Intel also provides hands-on training workshops to
give the user a thorough understanding of the XENIX
System 320. These workshops are conducted at Intel
training centers or-customer sites worldwide.

ENVIRONMENT
Operating Temperature 10°C to 40°C
Wet Bulb Temperature 26°C maximum
Relative Humidity 85% at 40°C
Altitude Sea level to 10,000 feet
REGULATIONS
Meets or exceeds the following requirements:
Safety
US UL 478
Canada CSZ (22.2
Europe IEC 435
EMI/RFI
US and Canada FCC Class B Computing Device
Europe VDE Limit Class B
ELECTRICAL
DC Power Output 435 watt maximum
AG Power Input - 88-132 VAC or 176-264 VAC,
47-63 Hz, single phase
DIMENSIONS
Height 8"
Width 17.5"
Depth 22.25"
Weight Approx. 55 Ibs
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.ORDERING INFORMATION

For more information contact your SMS account representative:

SMS Data Products Group, Inc.
1505 Planning Research Drive
McLean, VA 22012

(703) 833-8600

*UNIX is a registered trademark of AT&T.
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IRMX® SYSTEM 320

Intel combines the power of its high performance 386-based System 320, the widely used iRMX 286
real-time software, complete network service software and comprehensive customer support
capabilities to deliver, install and maintain a complete system. The result is the iRMX System 320
gives you the performance and capabilities of a minicomputer at less than half the cost. The system
is especially suited for applications requiring real-time response and resource control typically found
in financial transaction, industrial automation, medical and communications markets. The

iRMX System 320 is also appropriate as the development environment for module-based design.

IRMX® SYSTEM 320 FEATURES

¢ 80386 Based System e Complete Installation, Service and Support
¢ iRMX Real-time Multitasking Operating o Worldwide User Group Support
System * Range of Configurations

e QOpen System Architecture
® OpenNET Local Area Networking

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are
implied. Information contained herein supersedes previously published specifications on these devices from Intel.

June, 1987
© Intel Corporation 1987 1-7 Order Number: 280502-001



IRMX® 286—REAL-TIME SOFTWARE

The iRMX 286 operating system delivers real-time perfor-
mance. Designed to manage and extend the resources of
the System 320, this multitasking operating system
provides configurable resources ranging from interrupt
management and standard device drivers to data file
maintenance commands for human interface and program
development. The iRMX 286 facilities also include powerful
utilities for easy, interactive configuration and debugging.

SYSTEM 320—AN OPEN SYSTEM

The iRMX System 320 is based on MULTIBUS architecture,
(IEEE 796) industry standard system bus supported by
over 200 vendors providing over 2000 compatible prod-
ucts, and on the iRMX 286 operating system composed of .
modular layers, highly configurable for tailoring to target
applications. A wide range of popular industry standard
high-level languages are supported for application develop-

ment. Special configurations can be tailored by the user,
by Intel's Custom System Integration group or by Intel's
authorized Value Added Distribution Centers.

gﬂen[\/lﬂ”“— .

IE STANDARD IN NETWORKING

Intel supports and drives local area networking standards
and technology for microsystems and microcommunica-
tions industries. The OpenNET product family adheres to
the International Standards Organization (ISO) and the

SPECIFICATIONS

seven layer Open Systems Interconnect (OSI) model. Only
complete products that conform to this model and are
based on.open and public standards carry the OpenNET
name.

INSTALLATION SERVICE & SUPPORT

The Intel iRMX System 320 is backed by Intel's worldwide
service and support organization. Installation is available
to quickly get the system up and running. Total hardware
and software support is available, including a hotline
number for when the user needs help fast. Intel also
provides hands-on training workshops to give the user a
thorough understanding of the iRMX System 320. These
workshops are conducted at Intel training centers or
customer sites worldwide.

WORLDWIDE USER GROUP SUPPORT

iRUG (iRMX User Group), provides members a user’s
library of iRMX software tools and utilities, access to the
group bulletin board, receipt of regularly published news-
letters and invitations to User Group Conferences. iRUG
numbers over 42 local chapters in 20 countries worldwide.

RANGE OF CONFIGURATIONS

Intel offers a wide range of configurations for the iRMX
System 320. Contact your local Intel representative for
further information.

ENVIRONMENT
Operating Temperature 10°C to 40°C
Wet Bulb Temperature 26°C maximum
Relative Humidity 85% at 40°C
Altitude Sea level to 10,000 feet
REGULATIONS
Meets or exceeds the following requirements:
Safety
US UL 478
Canada CSA C22.2
Europe IEC 435
EMI/RFI
US and Canada FCC Class B Computing Device
Europe VDE Limit Class B
FLECTRICAL .
DG Power Output 435 watt maximum
AC Power Input 88-132 VAC or 176-264 VAC,
47-63 Hz, single phase
DIMENSIONS
Height 8"
Width 17.5"
Depth 22.25"
Weight Approx. 55 Ibs

1-8

ORDERING INFORMATION

For more information contact your local Intel sales
representative or

Intel Corporation

5200 NE Elam Young Parkway
Hillsboro, OR 97124

(503) 681-8080

UNITED STATES, Intel Corporation
3065 Bowers Ave., Santa Clara, CA 95051
Tel: (408) 987-8080

JAPAN, Intel Japan K K.
5-6 Tokodai Toyosato-machi, Tsukuba-gun, Ibaraki-ken 300-26
Tel: 029747-8511

FRANCE, Intel Paris
1 Rue Edison, BP 303, 78054 Saint-Quentin-en-Yvelines Cedex
Tel: (33) 1-30-57-7000

UNITED KINGDOM, Intel Corporation (U.K.) Ltd.
Pipers Way, Swindon, Wiltshire, England SN3 1RJ
Tel: (0793) 696000

WEST GERMANY, Intel Semiconductor GmbH
Seidlestrasse 27, D-8000 Muenchen 2
Tel: (89) 53891

HONG KONG, Intel Semiconductor Ltd.
1701-3 Connaught Centre, 1 Connaught Road
Tel: (5) 844-4555



FINANCIAL REAL-TIME SYSTEM 320

FINANCIAL SYSTEM 320

Intel combines the power of its high performance 80386 based System 320, the iRMX 286 Real-Time
Software, complete network service software and comprehensive customer support capabilities to
provide a complete FINANCIAL SERVICES NETWORK. Effective in distributing real-time financial

data from mainframes to users, the System 320 gives you the performance and capabilities of a
minicomputer at less than half the cost.

Based on MULTIBUS® architecture, the IEEE 796 industry standard system bus, the System 320 is
supported by over 200 vendors providing over 2000 compatible products. This openness to
standards allows for a variety of configurations to meet the unique needs of financial clients. Intel's
Financial System 320 is used by prominent stock exchanges, brokerage firms and investment banks.
Special configurations can be tailored by the user. by Intel's Custom System Integration group or by
Intel's authorized Value Added Distribution Centers.

IRMX® SYSTEM 320 FEATURLES:

o High performance trade data distribution * Host communication to mainframes
¢ 80386 Based System * Complete installation, service and support
¢ iRMX Real-time, Multitasking Operating * Range of Configurations

System

* OpenNET Local Area Networking Based
Entirely on Standards

. e
Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are

. implied. Information contained herein supersedes previously published specifications on these devices from Intel.

June, 1987

© Intel Corporation 1987 1-9 Order Number: 280304-001



iRMX® 286—RFEAL-TIME SOFTWARE

The IRMX 286 operating system delivers real-time
performance. Designed to manage and extend the
resources of the System 320, this multitasking operating
system provides configurable resources. These range from
interrupt management and standard device drivers to data
file maintenance commands for human interface and
program development. The iRMX 286 facilities also include
a wide range of popular industry standard high-level
languages for application development, and powerful
utilities for easy. interactive configuration and debugging.

OpenNET™—THE STANDARD IV
NETWORKING

Intel supports and drives local area networking standards
and technology for microsystems and microcommuni-
cations industries. The OpenNET product family adheres
to the International Standards Organization (ISO) seven
layer Open Systems Interconnect (OSI) model. Only
complete products that conform to this model and are
based on open and public standards carry the OpenNET
name.

SPECIFICATIONS

COMMUNICATIONS TO HOSTS

The System 320 has communication capabilities to host
computers.utilizing X.25 and SNA protocols. The host
communication capability allows users to have real-time
access to the host through the System 320 making more
effective use of mainframe processing.

INSTALLATION SERVICE AND
SUPPORT

The Intel System 320 is backed by Intel's worldwide
service and support organization. Custom support
agreements provide the exact service levels required by
customer’s applications. Service can also extend to offer
support for non-Intel products. Intel’s customer support
organization has offices in 100 locations worldwide.
Installation is available to quickly get your system up and
running. This total hardware and software support
includes a hotline number for when you ned help fast. Intel
also provides hands-on training workshops to give the user
a thorough understanding of the System 320. These
workshops are conducted at Intel training centers or
customer sites worldwide.

RANGE OF CONFIGURATIONS

Intel offers a range of configurationé for the iRMX System
320. Contact your local Intel representative for further
information.

ENVIRONMENT.

Operating Temperature
Wet Bulb Temperature
Relative Humidity

10°C to 40°C
26°C maximum ~
85% at 40°C

Altitude ~Sea level to 10,000 feet
REGUILATIONS
Meets or exceeds the following requirements:
Safety )
US UL 478
Canada CSA C22.2
Europe 1EC 435
EMI/RFI
UsS FCC Class B Computing Device
Europe VDE Limit Class B
FELECTRICAL
DC Power Output 435 watt maximum
AC Power Input 88-132 VAC or 176-267 VAC,
47-63 Hz, single phase
DIMENSIONS
Height 8"
Width 17.5"
Depth 22.25"
Weight approx 55 lbs

ORDERING INFORMATION

For more information contact your local Intel sales
representative or

Intel Corporation

5200 NE Elam Young Parkway
Hillsboro, OR 97124

(503) 681-8080

UNITED STATES, intel Corporation
3065 Bowers Ave., Santa Clara, CA 95051
Tel: (408) 987-8080

JAPAN, Intel Japan K.K.
5-6 Tokodai Toyosato-machi, Tsukuba-gun, Ibarakl ken 300 26
Tel: 029747-8511

FRANCE, Intel Paris
1 Rue Edison, BP 303, 78054 Saint- Ouentm en-Yvelines Cedex
Tel: (33) 1-30-57-7000

UNITED KINGDOM, Intel Corporation (U.K.) Ltd.
Pipers Way, Swindon, Wiltshire, England SN3 1RJ
Tel: (0793) 696000

WEST GERMANY, Intel Semiconductor GmbH
Seidlestrasse 27, D-8000 Muenchen 2

- Tel: (89) 53891

HONG KONG, Intel Semiconductor Ltd.
1701-3 Connaught Centre, 1 Connaught Road
Tel: (5) 844-4555

1-10



SYSTEM 310AP 386 UPGRA I)‘I')ﬁ.'f

ntel

Intel's 310AP 386 Upgrade offers the user an upgrade path to the performance of the Intel 80386
without sacrificing existing software and hardware investments. This Customer Service Installed
upgrade is designed for the System 310AP series of microcomputer systems using iRMX 286 or
XENIX 286 operating systems.

STANDARD FEATURES

e 16 MHz 80386 Microprocessor e Systems Confidence Test

e 16 Bit 80287 Numeric Data Processor (SCT) and boot firmware

* Memory Options: e Installed by Intel Customer Service at your
1,2,4 and 8 MB location
0 wait state RAM

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are
implied. Information contained herein previ published on these devices from Intel.

June, 1987
© Intel Corporation 1987 1-11 Order Number: 280705001




SPECIFICATIONS

The iSXM 386 AP Kit is designed to meet certain UL, FCC,
CSA, IEC and VDE requirements when it is installed into
an INTEL System 310AP. It is the responsibility of the
customer to reconfirm that the specific systems they have
created from MULTIBUS elements continue to meet the
required safety and environmental specifications in the
customer environment. Intel is not responsible for any
changes made after the product is accepted by Intel’s
customer. :

SAFETY RE()IJIREMENT/EMI LIMITS
- The iSXM 386 AP Kit is designed to meet:
Safety:

o UL 478 5th edition

o CSA C22.2 no. 154
e TUV IEC435 and VDE 0806

RMIVEML: .
o FCC 47 CFR Part 15 .
Subpart J Class A
e VDE 0871 Level A

Actual complianée will depend on the :mod'ules. peripherals
and cable connectors which you install in the system.

ELECTRICAL
Voltage and Maximum-Current:

iSXM 386 AP-1, 1 MB Memory

+5VDC +5% 12.5 amps -
+12VDC +5% - 0.025 amps
-12VDC +5% 0.025 amps

2 MB Memory add .3 amps @5 VDC
4 MB Memory add .0 amps @5 VDC
8 MB Memory add .3 amps @5 VDG

*XENIX is a trademark of Microsoft Corp.

BASE REQUIREMENTS

- You must have current copy of iRMX 286 Release 2.0 or
later or XENIX* Release 3.5 or later installed on your
system before the system can be upgraded. The — 4 and
— 8 kits are recommended for use on 80 MB or 140 MB
Winchester based systems only.

ORDERING INFORMATION

Your memory requirements will determine the product
order code:

Memory Requirement Order Code

1 MB RAM iSXM386AP-1
2 MB RAM iSXM386AP-2
4 MB RAM. iSXM386AP-4
8 MB RAM iSXM386AP-8
SYSTEM SOFTWARE
iRMX 286 Languages:

FORTRAN 286, C286
Assembler 286, PL/M 286

XENIX Languages:
FORTRAN 286, C286
Assembler 286, COBOL
BASIC

Intel believes that the information in this document is
accurate as of its publication date. Such information is
subject to change without notice. Intel is not responsible
for any inadvertent errors.
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SYSTEM 310 ¢ Real-Time Operating System Support

iRMX™ 86
MODEL 35 @ )
* 8MHz 8086 CPU and 8087 Math Coprocessor

¢ Five MULTIBUS® Expansion Slots
* 320KB Floppy Disk Drive
¢ 20MB Formatted Winchester Drive

©INTEL CORPORATION 1987 ORDER NUMBER: 280296-002
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SPECIFICATIONS

CPU: 8 MHz 8086

NDP: 8 MHz 8087

RAM: 640KB 0 wait state dual ported on-board RAM

1/0: One RS232 serial communications port,
One Centronics parallel port

Mass Storage:
320KB Flexible disk drive,
20MB Winchester drive

DC Power Output: 220 Watts Maximum (Expansion)
+5V @ 30A (17A) ’
+12V @ 4.7A (1.1A)
—12V @ 4.7A (4.5A)

MULTIBUS® Expansion Slots: 5 @ 0.625 in.

Environmental Specification:
Operating: 10°C to 35°C
26°C maximum Wet Bulb temperature
20% to 80% Relative Humidity, non-condensing
Altitude: Sea Level to 2,400 meters
Shock: 30 G Non-operating

Vibration: 5 Hz to 1 KHz Random
0.001 G2/Hz (1 G rms) Operating

Regulatory Agency Specifications:
Meets: UL 114-Safety
CSA 22.2 Safety
Docket 20780 Class A - RFI/EMI
Designed to Meet: IEC 435-Safety
VDE 0871 Class A - RFI/EMI

Actual coripliance will depend ‘on any additional user
installed options to the System 310 Model 35.

Dimensions: Height: 165 mm (6.5 in)
Width: 432 mm (17 in)
Depth: 508 mm (20 in)
Weight: 25Kg/51 Lb

ORDERING INFORMATION
System Hardware: SYS31035

Chassis Trak 300S non-pivoting rack slides or
equivalent are available from Chassis Trak, Inc.,
P.O. Box 39100, Indianapolis, Indiana 46239.

Specifications subject to change without notice.
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iSDMT™
SYSTEM DEBUG MONITOR

m Supports Target System Debugging for m Supports Application Access to ISIS-1I
iSBC® 8086, 8088, 80186, 80188, 80286 Files

and 80386 Based Applications m Provides Program Load Capability from

m Provides Interactive Debugging an Intellec® Development System and
Commands Including Single-Step Code from iSBC 8086, 8088, 80186, 80188,
Execution and Symbolic Displays of 80286 and 80836 iRMX® 86 and 286
Results Development System

M Supports 8087 Numeric Processor B Contains Configuration Facilities which
Extension (NPX) for High-Speed Math Allow an Applications Bootstrap from
Applications iRMX® File Compatible Peripherals

m Allows Building of Custom Commands m Modular to Allow Use from an Intellec®
Through the Command Extension Development System, from a Stand-
Interface (CEI) Alone Terminal or from iRMX 86 or

iRMX 286 Based Systems

The Intel iISDM™ System Debug Monitor package contains the necessary hardware, software, cables,
EPROMSs and documentation required to interface, through a serial or parallel connection, an iSBC 86/05,
86/12A, 86/14, 86/30, 88/25, 88/40, 88/45, 186/03, 186/51, 188/48, 286/10, 286/10A, 286/12, 386/2X, or
8086, 8088, 80186 or 80188, 80286 and 80386 target system to an MDS 800, Series Il, Series lll, or Series IV
Intellec® Microcomputer Development System or iRMX 86 or 286 Based System for execution and interactive
debugging of applications software on the target system. The Monitor can: load programs into the target
system; execute the programs instruction by instruction or at full speed; set breakpoints; and examine/modify
CPU registers, memory content, and other crucial environmental details. Additional custom commands can be
built using the Command Extension Interface (CEIl). The Monitor supports the OEM’s choice of the iRMX 86
Operating System, the iRMX 286 Operating System, the iRMX 88 Real-Time Multi-Tasking Executive or a
custom system for the target application system. OEM'’s may utilize any iRMX supported target system periph-
eral for a bootstrap of the application system or have full access to the ISIS-Il files of the Intellec System or the
iRMX file system.

230882-1

October 1987
2-1 Order Number: 230882-004
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iSDM™ MONITOR

FUNCTIONAL DESCRIPTION

Overview ‘ -

The iSDM Monitor extends the software develop-
ment capabilities of the Intellec system so the user
can effectively develop applications to ensure timely
product availability.

The iSDM package consists of four parts:

® The loader program

¢ The iSDM Monitor

* The Command Extension Interface (CEI)
The ISIS-l Interface

The user can use the iSDM package to load pro-
grams into the target system from the development
system, execute programs in an' instruction-by-in-
struction manner, and add custom commands
through the command extension interface. The user
also has the option of using just the iSDM Monitor

and the CEl in a stand-alone application, wnthout the

use of a development system

Powerful Debugging Commands

The iSDM Monitor contains a powerful set of com-
mands to support the debugging process. Some of
the features included are: bootstrap of application
software; selective execution of program modules

‘based on breakpoints or single stepping requests;

examination, modification and movement of memory
contents; examination and modification of CPU reg-
isters, including NPX registers. All results are dis-
played in clearly understandable formats. Refer to
Table 1 for a more detailed list of the iSDM monitor
commands.

Numeric Data Processor Support .

Arithmetic applications utilizing the 8087 or 80287
Numeric Processor Extension (NPX) are fully sup-
ported by the iISDM Monitor. In addition to executing

_appllcatlons with the full NPX performance, users

‘may examine and modify the NPX’s registers using
decimal and real number format.

This feature allows the user to feel confident that
correct and meaningful numbers are entered for the
application without having to encode and decode
complex real, integer, and BCD hexadecimal for-
mats.

Command Extension Interface (CEI)

The Command Extension Interface (CEIl) allows the
addition of custom commands to the iSDM Monitor

- commands. The GEIl consists of various procedures

that can be used to generate custom commands. Up
to three custom commands (or sets of commands)
can be added to the monitor without programming
new EPROMs or changing the monitor's source
code.

Table 1. Monitor Commands

Command

Function

B Bootstrap application program from target system peripheral device
Compare two memory blocks
Display contents of memory block

E*

Cc
D
F
G
|
L’I
M
N
(0]
P

*

R

S

T

U, v,w
X

*

Exit from loader program to ISIS-II Interface

Find specified constant in a memory block

Execute application program

Input and display data obtained from input port
Load absolute object file into target system memory

Move contents of memory block to another location

Display and execute single instruction

Output data to output port

Print values of literals

Load and execute absolute object file in target system memory
Display and (optionally) modify contents of memory
Transfer block of memory to file ‘

User defined custom commands extensions |

Examine and (optionally) modify CPU and NPX registers

*Commands require an attached development system.

2-2
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ISIS-Il Interface

The ISIS-II interface consists of libraries which con-
tain interfaces to ISIS-Il I/0 calls. A program running
on an 8086, 8088, 80186, or 80188-based system
can use the ISIS-ll interface and access the individu-
al ISIS-11 170 calls. The interface allows the inclusion
of these calls into the program; however, most of the
calls require a Series Il/Series Ill system. Table 2
contains a summary of the major 1/0 calls and pa-
rameters.’ .

Program Load Capability

The iSDM loader allows the loading of 8086, 8088,
80186, 80188, 80286 or 80386-based programs into
the target system. It executes on a development
system and communicates with the target system
through a serial or a parallel load interface.

Configuration Facility

The monitor contains a full set of configuration facili-
ties which allows it to be carefully tailored to the re-

quirements of the target system. Pre-configured
EPROM-resident monitors are supplied by Intel for
the iSBC 86/05A, 86/14, 86/30, 86/35, 88/25,
88/10A, 88/45, 186/03A, 186/51, 188/48, 188/56,
286/10A, 286/12, 286/100, 386/2X, and 386/100
boards. The monitor must be configured by the user
for the iSBC 86/12A board and for other 8086,
8088, 80186, or 80188 applications. iRMX 86 and
iRMX 286 system users may use the configuration
facilities to include the Bootstrap Loader (V5.0 or
newer) in the monitor.

Variety of Connections Available

The physical interface between the development
system and the target system can be established in
one of three ways. The systems can be connected
via a serial link, a parallel link or a fast parallel link.
The cabling arrangement is different depending
upon the development system being used.

The iISDM Monitor does not require the use of a de-
velopment system. The monitor can be used by sim-
ply attaching a stand-alone terminal to the target
system.

Table 2. Routines for Services Available to Target System Appiications '

Routine Target System Function

ATTRIB Changes to ISIS-II file attribute

Cl Returns a character input from the console

Cco Transfers a character for console output

CLOSE Closes an opened file

DELETE Deletes the specified file

DQ$CFG Returns information about monitor’'s communication link and type
ERROR Displays an error message on the console

EXIT Exits to the target system monitor
Loads target system memory with object code file

Reads up to 4096 bytes from a file to memory

LOAD

OPEN Opens a file for access

READ

RENAME Renames a disk file

SEEK Seeks to the specified file location
WRITE'

Writes up to 4096 bytes from memory to a file
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SPECIFICATIONS

Hardware

e Supported iSBC Microcompdters;

iSBC 86/05
iSBC 86/12A
iSBC 86/14
iSBC 86/30
iSBC 88/25
iSBC 88/40
iSBC 88/45
iSBC 186/30
iSBC 186/51
iSBC 188/48
iSBC 186/56
iSBC 86/35
iSBC 88/40A
iSBC 816/03A
iSBC 286/10A
iSBC 286/12
iSBC 286/100
iSBC 386/2X’
iSBC 386/100

Single Board Computer
Single Board Computer
Single Board Computer
Single Board Computer

‘Single Board Computer

Single Board Computer
Single Board Computer
Single Board Computer
Single Board Computer
Single Board Computer
Single Board Computer

. Single Board Computer

Single Board Computer
Single Board Computer
Single Board Computer
Single Board Computer
Single Board Computer
Single Board Computer
Single Board Computer

~

e Supported iISBX MULTIMODULE Boards:

iSBX 350 Parallel I/0 MULTIMODULE Board
iSBX 351 Serial 1/0 MULTIMODULE Board

iSDMT™ 86 Package Contents

Cables:

1—Parallel 1/0 Cable (upload/download)
4—RS232 Cable Assemblies
Hardware package for the cable assemblies

Interface and Execution Software Diskettes:
2—SSIDD, ISIS 11-Format 8"
2—DsSIDD, iRMX-Format 5"
2—SSIDD, iRMX—Format 8"

System Monitor EPROMSs:

Intel Board EPROM Description
iSBC 86/05A Two 27128 EPROMs
iSBC 86/14 :
iSBC 86/30
iSBC 86/35
iSBC 86/12A* SUBMIT Files on the

Release Diskette

System Monitor EPROMs: (Continued) -

Intel Board EPROM Description
iSBC 88/25 Two 27128 EPROMs
iSBC 88/40A Two 27128 EPROMs
iSBC 88/45 Two 27128 EPROMs
iSBC 186/03A Two 27128 EPROMs
iSBC 186/51 Two 27128 EPROMs
iSBC 188/48 Two 27128 EPROMs
iSBC 188/56
iSBC 286/10A Two 27128 EPROMs
iSBC 286/12
iSBC 286/100 Two 27128 EPROMs

. iSBC 386/2X . Two 27256 EPROMs
iSBC 386/100 Two 27256 EPROMs

Reference Manual (Supplied):

‘ iSDM System Debug Monitor Installation and Config-

uration

iSDM System Debug Monitor User’s Guide

ORDERING INFORMATION

iSDM RO

Part Number Description

Object Software

Intellec to target system interface and
target system monitor, suitable for
use on iSBC 86, 88, 186, 188, 286,
386 computers, or other iAPX 86, 88,
186, 188, 286, 386 microcomputers.
Package includes cables, EPROMs,
software and reference manual.

The OEM license option listed here
allows users to incorporate iSDM into’
their applications. Each use requires
payment of an Incorporation Fee.

The iSDM package also includes 90
days of support services that include
Software Program Report Services.

As with all Intel Software, purchase of
any of these options requires execu-
tion of a standard Intel Software Li-
cense Agreement.
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Real-Time Processor Management for
Time-Critical 8086, 8088, 80186, 80188,
and 80286 (Real Address Mode) '
Applications

On-Target System Development with
Universal Development Interface (UDI)

Configurable System Size and Function
for Diverse Application Requirements

All iRMX® 86 Code Can Be (P)ROM’ed
to Support Totally Solid State Designs

iRMX® 86 OPERATING SYSTEM

Multi-Terminal Support with Multi-User
"Human Interface

Broad Range of Device Drivers
Included for Industry Standard
MULTIBUS® Peripheral Controllers

. Complete Support of 8087 and 80287

Processor Extension

Powerful Utilities for Interactive
Configuration and Real-Time
Debugging

Configured Systems for the 8086 and
80286 Processors in Intel Integrated
System Products (iSYS 86/300 and
iSYS 286/300)

The iRMX 86 Operating System is an easy-to-use, real-time, multi-tasking and multi-programming software
system designed to manage and extend to resources of iISBC® 86, iSBC 186, iSBC 188, and iSBC 286 Single
Board Computers, as well as other 8086, 8088, 80186, 80188, and 80286 (Real Address Mode) based micro-
computers. iRMX 86 functions are available in silicon with the 8086/30, 88/30, 186/30 and 188/30 Operating
System Processors, in a user configurable software package. iRMX 86 functions are also fully integrated into
the SYSTEM 86/300 and SYSTEM 286/300 Family of Microcomputer Systems. The Operating System pro-
vides 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 Systems into applica-
tions such as data collection, transaction processing, and process control where immediate access to ad-
vances in VLSI technology is paramount. These systems may deliver real-time performance and explicit
control over resources; yet also support applications with multiple users needing to simultaneously access
terminals. The configurable layers 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 Inter-
face (UDI) for each user terminal, Original Equipment Manufacturers (OEMs) can pass program development
and target application customization capabilities to their users.

EXTENDED /O SYSTEp

APPLICATION
SRSIC U0 SYSTEpa, - O40)
NUCLEUS Z

2

USER APPLICATIONS

210885-1
iRMX® VLSI Operating System

October 1987
Order Number: 210885-003
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The iRMX 86 Operating System is a complete set of
system software modules that provide the resource
management functions needed by computer sys-
tems. These management functions allow Original
Equipment Manufacturers (OEMs) to best use re-
sources available in microcomputer systems.while
getting their products to market quickly, saving time
and money. Engineers are relieved of writing com-
plex system software and can concentrate instead
on their application software. '

This data sheet describes the major features of the
iRMX 86 Operating System. The benefits provided to
engineers who write application software and to us-
ers who want to take advantage of improving micro-
computer price and performance are explained. The
first section outlines the system resource manage-
ment functions of the Operating System and de-
scribes several system calls. The second section
gives a detailed overview of iRMX 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 Operating System is incorporated.

FUNCTIONAL DESCRIPTION

To take best advantage of 8086, 8088, 80186,
80188, and 80286 (Real Address Mode) microproc-
essors in applications where the computer is re-
quired to perform many functions simultaneously,
the iRMX 86 Operating System provides a multipro-

gramming environment in which many independent,

multi-tasking application programs may run. The

flexibility of independent environments allows appli-

cation programmers to separately manage each ap-

plication’s resources during both the development
_and test phases. ‘

The resource management functions of the iRMX 86

System are supported by a number of configurable

software layers. While many of the functions sup-
plied by the innermost layer, the Nucleus, are re-
quired by all systems, all other functions are option-
al. The /0 systems, for example, may be omitted in
systems having no secondary storage requirement.
Each layer provides functions that encourage appli-
cation programmers to use modular design tech-
niques for quick development of easily maintainable
programs. - - '

The components of the iRMX 86 Operating System
provide both implicit and explicit management of
system resources. These resources include proces-
sor scheduling, up to one megabyte of system mem-

ory, up to 57 independent interrupt sources, all input -

and output devices, as well as directory and data
files contained on mass storage devices and ac-
cessed by a number of independent users. Manage-
ment of these system resources and methods for
sharing resources between multiple processors and
users is discussed in the following sections.

2-6

Process Management

To implement multi-tasking application systems, pro-
grammers require a method of managing the differ-
ent processes of their application, and for allowing
the processes to communicate with each other. The
Nucleus layer of the iRMX 86 System provides a
number of facilities to efficiently manage these pro-
cesses, and to effectively communicate between
them. These facilities are provided by system calls
that manipulate data structures called tasks, jobs,
regions, semaphores and mailboxes.  The iRMX 86
System refers to these structures as ‘objects”.

Tasks are the basic element of all applications built
on the iRMX 86 Operating System. Each task is an
entity capable of executing CPU instructions and is-

-suing system calls in order to perform a function.

Tasks are characterized by their register values (in-
cluding those of an optional 8087 or 80287 Numeric
Processor Extension), a priority between 0 and 255,
and the resources associated with them.

Each iRMX 86 task in the system is scheduled for
operation by the iRMX 86 Nucleus. Figure 1 shows
the five states in which each task may be placed,
and some examples 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 environment and by the
task issuing system calls. Each task has a priority to
indicate its relative importance and need to respond
to its environment. 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 objects into one group. Because the environ-
ment for execution of an application is defined by an
iRMX 86 job, separate applications can be efficiently
developed by separate development teams.

The iRMX 86 Operating System provides two pri-
mary techniques for real-time event synchronization
in multi-task applications: regions and semaphores.

Regions are used to restrict access to critical sec-
tions of code and data. Once the iRMX 86 Operating
System gives a task access to resources guarded by
a region, no other tasks may make use of the re-
sources, and the task is given protection against de-
letion and suspension. Regions are typically used to
protect data structures from being simultaneously
updated by multiple tasks.

Semaphores are used to provide mutual exclusion
between tasks. They contain abstract “units” that
are sent between the tasks, and can be used to im-

-plement the cooperative sharing of resources.
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NOTES:

1. Task is created.

2. Task becomes highest priority ready task.

3. Task gets pre-empted by one with higher pri-
ority.

4. Task calls SLEEP or task waits at an ex-
change.

5. Task sleep period has ended, message was
sent to waiting task or wait has ended.

6. Task calls SUSPEND on self.

7. Task suspended by other than self.

8. Task suspended by other than self or a re-
sume that did not bring suspension depth to
zero.

9. Task was resumed by other task.

10. Task is deleted.

Figure 1. Task State Diagram

Multi-tasking applications must communicate infor-
mation and share system resources among cooper-
ating tasks. The iRMX 86 Operating System assigns
a unique 16-bit number, called a token, to each ob-
ject created in the System. Any task in possession of
this token is able to access the object. The iRMX 86
Nucleus allows tasks to gain access to objects, and
hence system resources, at run-time with two addi-
tional mechanisms: mailboxes and object directo-
ries.

Mailboxes are used by tasks wishing to share ob-
jects with other tasks. A task may share an object by
sending the object token via a mailbox. The receiv-
ing task can check to see if a token is there, or can
wait at the mailbox until a token is present.

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

2-7

SYSTEM ROOT JOB

JoB B

TASK B1

JOB A

TASK A1

MAILBOX
TASK A2 '! TASK B2
MAIL-
@ SEMAPHORE

OBJECT DIRECTORY
MAILBOX AM
MAILBOX AN
TASK A3

OBJECT DIRECTORY
TASK B2

OBJECT DIRECTORY

MAILBOX RM JOB A
SEMAPHORE RS JOB B
TASK B2
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Two example jobs are shown in Figure 2 to demon-
strate how two tasks can share an object that was
not known to the programmer at the time the tasks
were developed. Both Job ‘A’ and Job ‘B’ exist with-
in the environment of the ‘Root Job’ that forms the
foundation of all iRMX 86 systems. Each job posses-
es a directory in which tasks may catalog the name
of an object. Semaphore ‘RS’, for example, is ac-
cessable 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 be- -
tween Tasks ‘A2’ and ‘A3’ because its token is ac-
cessable in the object directory for Job ‘A’. :

Table 1 lists the major functions of the iRMX 86 Nu-
cleus that manage system processes.

Memory Management

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

Segments are contiguous pieces of memory be-
tween 16 Bytes and 64 Kbytes in length, that exist
within the environment of the job in which they were
created. Segments form the fundamental piece of
system memory used for task stacks, data storage,
system buffers, loading programs from secondary
storage, passing information between tasks, etc.

The example in Figure 2 also demonstrates when
information is shared between Tasks ‘A2’ and ‘A3’;
‘A2’ only needs to create a segment, put the infor- -
mation in the memory allocated, and send it via the
Mailbox ‘AM’ using the RQ$SEND$MESSAGE sys-
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Table 1. Process Management System Calls

System Call Function Performed
RQ$CREATE$JOB Creates an environment for a number of tasks and other objects, as well as
creating an initial task and its stack.
RQ$DELETES$JOB Deletes a job and all the objects currently defined within its bounds. All

memory used is returned to the job from which the deleted job was created.

RQS$OFFSPRING

Provides a list of all the current jobs created by the specified job.

RQ$CATALOG$OBJECT Enters a name and token for an object into the object directory of a job.

RQSUNCATALOGS$OBJECT | Removes an object’s token and its name from a job’s object directory.

RQ$LOOKUP$OBJECT Returns a token for the object with the specified name found in the object
directory of the specified job.

RQ$GET$TYPE Returns a code for the type of object referred to by the specified token.

RQ$CREATESMAILBOX Creates a mailbox with queues for wamng tasks and objects with FIFO or
PRIORITY discipline.

RQ$DELETESMAILBOX Deletes a mailbox.

RQ$SEND$SMESSAGE Sends an object to a specified mailbox. If a task is waiting, the object is'
passed to the appropriate task according to the queuing discipline. If no task
is waiting, the object is queued at the mailbox.

RQ$RECEIVESMESSAGE Attempts to receive an object token from a specified mailbox. The calling

: task may choose to wait for a specified number of system time units if no
token is available.

RQ$DISABLE$DELETION Prevents the deletion of a specified object by increasing |ts disable count by
one.

RQS$SENABLES$DELETION Reduces the disable count of an object by one, and if zero, enables deletion
of that object.

RQ$FORCES$SDELETE Forces the deletion of a specified object if the disable count is either 0 or 1.

RQ$CREATE$TASK Creates a task with the specified priority and stack area.

RQ$DELETE$TASK Deletes a task from the system, and removes it from any queues in which it
may be waiting.

RQ$SUSPENDSS$TASK Suspends the operation of a task. If the task is already suspended its
suspension depth is increased by one.

RQ$RESUMESTASK Resumes a task. If the task had been suspended multlple times, the
suspension depth is reduced by one, and it remains suspended.

RQ$SLEEP Causes a task to enter the ASLEEP state for a specified number of system

. time units.

RQ$GET$TASKSTOKENS Gets the token for the calling task or associated objects within its
environment.

RQ$SETSPRIORITY Dynamically alters the priority of the specified task.

RQ$GET$PRIORITY Obtains the current priority of a specified task.

RQ$CREATESREGION Creates a region, with an associated queue of FIFO or PRIORITY orderlng

: discipline. :

RQ$DELETE$REGION Deletes the specified regionif it is not currently in use.

RQ$ACCEPT$CONTROL Gains control of a region only if the region is immediately available.

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

RQ$SENDSCONTROL Relinquishes control of a region.

RQ$CREATE$SEMAPHORE | Creates a semaphore.

RQ$DELETE$SSEMAPHORE | Deletes a semaphore.

RQ$SENDSUNITS Increases a semaphore counter by the specified number of units.

RQ$RECEIVESUNITS Attempts to gain a specified number of units from a semaphore. If the units

are not immediately available, the calling task may choose to wait.
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tem call (see Table 1). Task ‘A3’ would get the mes-
sage by using the RQ$RECEIVE$SMESSAGE system
call. The Figure also shows how the receiving task
could signal the sending task by sending an ac-
knowledgement via the second Mailbox ‘AN’.

Each job is created with both maximum and mini-
mum limits set for its memory pool. Memory required
by all objects and resources created in the job is
taken from this pool. If more memory is required, a
job may be allowed to borrow memory from the pool
of its containing job (the job from which it was creat-
ed). In this manner, initial jobs may efficiently allo-
cate memory to jobs they subsequently create, with-
out knowing their exact requirements.

The iRMX 86 Operating System supplies other mem-
ory management functions to search specific ad-
dress ranges for available memory. The System per-
forms this search at system initialization, and can be
configured to ignore non-existent memory and ad-
dresses reserved for |/0 devices and other applica-
tion 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 unpredictable 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 technique ensures that the servicing of
high priority events always takes precedence over
other system activites.

The iRMX 86 Operating system gives applications
the flexibility to optimize either interrupt response
time or interrupt response capability by providing two
tiers of Interrupt Management. These two distinct
tiers are managed by Interrupt Handlers and Inter-
rupt Tasks.

Interrupt Handlers are the first tier of interrupt serv-
ice. For small simple functions, interrupt handlers
are often the most efficient means of responding to
an event. They provide faster response than inter-
rupt tasks, but must be kept simple since interrupts
(except the 8086, 8088, 80186, 80188, and 80286
non-maskable interrupt) are masked during their ex-
ecution. When extended service is required, inter-

" rupt handlers “‘signal” a waiting interrupt task that, in

turn, performs more complicated functions.

Interrupt Tasks are distinct tasks whose priority is
associated with a hardware interrupt level. They are
permitted to make an iRMX 86 system call. While an
interrupt task is servicing an interrupt, interrupts of
lower priority are not allowed to pre-empt the sys-
tem.

Table 3 shows the iRMX 86 System Calls provided
to manage interrupts.

Table 2. Memory Management System Calls

System Call Function Performed
RQ$CREATE$SSEGMENT Dynamically allocates a memory segment of the specified size.
RQ$DELETE$SEGMENT Deletes the specified segment by deallocating the memory.

RQ$GET$POOLSATTRIBUTES

Returns attributes such as the minimum and maximum, as well as current
size of the memory in the environment of the calling task'’s job.

RQ$GET$SIZE

Returns the size (in bytes) of a segment.

RQ$SET$POOLSMIN

Dynamically changes the minimum memory requirements of the job
environment containing the calling task.

Table. 3. Interrupt Management System Calls

System Call Function Performed
RQS$SETSINTERRUPT Assigns an interrupt handler and, if desired, an interrupt task to the specified
: interrupt level. Usually the calling task becomes the interrupt task.

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

RQ$GET$LEVEL Returns the number of the highest priority interrupt level currently being
processed.

RQ$SIGNALSINTERRUPT | Used by an interrupt handler to signal the associated interrupt task that an
interrupt has occurred.

RQSWAITSINTERRUPT Used by an interrupt task to SLEEP until the associated interrupt handler
signals the occurrence of an interrupt.

RQS$EXITSINTERRUPT Used by an interrupt handler to relingish control of the System.

RQ$ENABLE Enables the hardware to accept interrupts from a specified level.

RQ$DISABLE :Disalbles the hardware from accepting interrupts at or below a specified
evel.
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INTERRUPT-MANAGEMENT EXAMPLE

Figure 3 illustrates how the iRMX 86 Interrupt Sys-
tem 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 to queue messages
to be printed. Application tasks put the characters in
segments that are transmitted to the printer interrupt
task via the PRINT Mailbox. Once printing is com-
plete, the same interrupt task passes the messages
on to another application via the FINISHED Mailbox
so that an operator message can be displayed.

I PRINTER ..I

PRINT CALLTO
MAILBOX | RQSRECEIVE
SMESSAGE

PRINTER

INTERRUPT | priNTER EXTERNAL
FINISHED CALLTO TASK DATA { INTERRUPT
RQ$SENDS
MAILBOX | "MESSAGE PRINTER
INTERRUPT
: HANDLER
CALL TO
IRMX™ 86 SYSTEM RQSSIGNALSINTERRUPT
210885-4

Figure 3. Interrupt Management Example

Basic 1/0 System

The Basic I/0 System (BIOS) provides the direct ac-
cess to-1/0 devices needed by real-time applica-

tions. The BIOS allows 1/0 functions to overlap oth-
er system functions. In this manner, application
tasks make asynchronous calls to the iRMX 86
BIOS, and proceed to perform other activities. When
the 170 request must be completed before an appli-
cation can continue, the task waits at a mailbox for
the result of the operation. Some system calls pro-
vided by the BOIS are listed in Table 4.

The Basic I/0 System communicates with peripher-
al devices through device drivers. These device driv-
ers provide the System with four basic functions
needed to control and communicate with devices:
Initialize /0O, Finish I/0, Queue 1/0, and Cancel |/0.
Using the device driver interface, users of non-stan-
dard devices may write custom drivers compatible
with the 1/0 System.

The iRMX 86 Operating System includes a number
of device drivers to allow applications to use stan-
dard USART serial communications devices, multi-
ple CRTs and keyboards, bubble memories, disk-
ettes, disks, a Centronics-type parallel printer, and
many of Intel’s iISBC and iSBX™ device controllers
(see Table 8). If an application requires use of anon-
standard device, users need only write a device driv-
er 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 Sys-
tem. Use of this technique ensures that applications
can remain device independent.

Table 4. Key BIOS 1/0 Management System Calls

System Calls Function Performed
RQ$ASATTACHSFILE Creates a Connection to an existing file.
RQ$ASCHANGESACCESS Changes the types of accesses permitted to the specified user(s) for
a specific file.
RQ$ASCLOSE Closes the Connection to the specified file so that it may be used

again, or so that the type of access may be changed.

RQ$SASCREATE$DIRECTORY

Creates a Named File used to store the names and locations of other
Named Files.

RQ$ASCREATESFILE

Creates a data file with the specified access rights.

RQ$ASDELETESCONNECTION |

Deletes the Connection to the specified file.

RQ$ASGETSFILESSTATUS Returns the current status of a specified file.

RQ$ASOPEN Opens a file for either read, write, or update access.

RQ$ASREAD Reads a number of bytes from the current position in a specified file.

RQ$ASSEEK Moves the current data pointer of a Named or Physical file.

RQ$ASWRITE Writes a number of bytes at the current position in a file.
'RQ$WAITSIO Synchronizes a task with the 1/0 System by causing it to walt for 170

operation results.
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Multi-Terminal Support

The iRMX 86 Terminal Support provides line editing
and terminal control capabilities. The Terminal Sup-
port communicates with devices through simple driv-
ers that do only character I/0 functions. Dynamic
terminal reconfiguration is provided so that attributes
such as terminal type and line speed may be
changed without modifying the application or the
Operating System. Dynamic configuration may be
typed in, generated programmatically or stored in a
file and copied to a terminal I/0 connection.

The iIRMX 86 Terminal Support provides automatic
translation of control characters to specific control
sequences for each terminal. This translation en-
ables applications using standard control characters

to function with non-standard terminals. The transla-

tion requirements for each terminal can be stored in
terminal description files and copied to a connec-
tion, as described above.

Disk 1/0 Performance

Figure 4 shows iRMX 86 performance obtained us-
ing the iSBC 215 Winchester Disk and iSBX 218A
Diskette Controllers under the specified conditions.
The vertical axis is a linear scale of throughput in
units of 10,000 bytes per second. The horizontal
axis is a logrithmic scale 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 64 Kbytes. Therefore each transfer size
on the horizontal scale less than 64K was repeated
until a total request of 64K was read or written.

Each device driver can be used to interface to a
number of separate and, in some cases, different
devices (see Figure 5). The iSBC 215 Device Driver,
supplied with the system, is capable of supporting
the iSBC 215 Winchester Disk Controller, the iSBC
220 SMD Disk Controller, and the iSBX 218A Flex-
ible Disk Controller (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 control-
lers. This capability allows the use of large storage
systems with a minimum of I/O system code to write
or maintain.

Extended i/0 System

The iRMX 86 Extended I/0 System (EIOS) adds a
number of I/0 management capabilities to simplify
access to files. Whereas the BIOS provides users
with the basic system calls needed for direct man-
agement of I/O resources, many users prefer to’
have the system perform all the buffering and syn-
chronization of 1/0 requests automatically. The
EIOS allows uses to access 1/0 devices without
having to write procedures for buffering data, or to
specify particular devices with constant device
names.
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Figure 4. iRMX® 86 Disk I/0 Performance
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Figure 5. Device Driver and Controller Relationships

By performing device buffering automatically, the
iRMX 86 EIOS optimizes accesses to disks and oth-
er devices. Often, when an application task asks the
System to READ a portion of a file, the System is
able to respond immediately with the data it has

read in advance of the request. Similarly, the EIOS

will not delay a task for writing data to a device un-
less it is specifically told to, or if its output buffers are
filled.

Logical file and device names are provided by the
EOIS to give applications complete file and device
independence. Applications may send data to the
‘line printer’ (:LP:) without needing to know which
specific device will be used as the printer. This logi-
cal name may, in fact, not be a printer at all, but it
could be a disk file that is later scheduled for print-
ing.

The EIOS used the functions provided by the BIOS
to synchronize individual 1/0 requests with results
returned by device drivers. Most EIOS system calls
are similar to the BIOS calls, except that they appear
to suspend the operation of the calling task until the
1/0 requests are completed. .

Two new primitives have been added to the EIOS.
These are: RQ$HYBRID$SDETACHS$DEVICE and
RQ$GETSLOGICALS$DEVICE$STATUS.

RQ$HYBRID$DETACHS$DEVICE allows a program-
mer to temporarily detach a device physically so it
can be temporarily attached another way.

RQ$GETSLOGICALSDEVICE$SSTATUS provides in-
formation about a logical device: the physical device
name, file driver, number of connections to the de-
vice, and the owner of the device.

File Management

The iRMX 86 Oerating System provides 'three dis-
tinct types of files to ensure efficient management of
both program and data files: Named Files, Physical
Files, and Stream Files. Each file type provides ac-
cess to I/0 devices through the standard device
drivers mentioned earlier. The same device driver is
used to access physical and named files for a given
device.

NAMED FILES

Named files allow users to access information on
secondary storage by refering to a file with its ASCII
name. The names of files stored on a device are
stored in special files called directories. As directo-
ries are themselves named files, the iRMX 86 File
System allows directories to contain the names of
‘other directories. Figure 6 illustrates the resulting hi-
erarchical file structure. This structure is useful for
isolating file names to particular user applications,
and for tailoring system data to the requirements of
users and applications sharing storage devices. Us-
ing different branches on the directory tree, different
users do not have to coordinate in naming their files
to ensure unique names.
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Figure 6. Hierarchical Named File Structure

Whenever a request is made involving a file name,
the System 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 writ-
ing the directory and data information into secondary
storage. This standard iRMX 86 format is fully com-
patible with the ISO Media standard, and other Intel
systems such as the iRMX 88 Operating System.
This structure enables the system to directly access
any byte in a file, often without having to do addition-
al I/0 to access space allocation information. The
maximum 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 op-
erators fast and simple access to any level 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 not 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 to read, append, update, and delete may be

2-13

selectively granted to other users of the system. In
general, users of Named Files are classified into one
of two categories: User and World. Users are used
when different programmers and programs need to
share information stored in a file. The World classifi-
cation is used when rights are to be granted to all
who can use the system.

PHYSICAL FILES

Physical Files allow more direct device access than
Named Files. Each Physical File occupies an entire
device, treated as a single stream of individually ac-
cessable bytes. No access control is provided for
Physical Files as they are typically used for such ap-
plications as driving a printing device, translating
from one device format to another, driving a paper
tape device, real-time data acquisition, and control-
ling analog mechanisms.

STREAM FILES

Stream Files provide applications with a method of
using iRMX 86 file management methods for data
that does 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 useful 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 ANb APPLICATION LOADERS

Two utilities are supplied with the System to load
programs and data into system memory from sec-
ondary storage devices:

The iRMX 86 Bootstrap Loader can be configured to
a size of less than 1K Bytes of P(ROM), and is typi-
cally used to load the initial system from the system
disk into memory, and begin its execution. Error re-
porting and debug switch features have been added
to the Bootstrap Loader. When the Bootstrap Load-

er detects errors such as: file does not exist or de- .

vice not ready, an error message is reported back to
the user. The debug switch will cause the Bootstrap
Loader to load the system but not begin its execu-
tion. Instead the Bootstrap Loader will pass.control
to the monitor at the first instruction to be executed
by the system.

The Application Loader is typically used by applica-
tion programs already running in the system to load
additional programs and data from any secondary
storage device. The Human Interface layer, for ex-
ample, uses the Application Loader to load the non-
resident Human Interface Commands. The Applica-
tion Loader is capable of loading both relocatable
and absolute code as well as program overlays.

Human Interface

The flexibility of the interface between computer
controlled machines and their users often deter-
mines the usability and ultimate success of the ma-
chines. Table 11 lists iRMX 86 Human Interface
functions giving users and applications simple ac-
cess to the file and system management capabilities
described earlier. The process, interrupt, and memo-
ry management functions described earlier, are per-
formed automatically for Human Interface users.

MULTI-USER ACCESS

Using the multi-terminal support provided by the
BIOS, the iRMX 86 Human Interface can support
several simultaneous users. The real-time nature of
the system is maintained by providing a priority for
each user, and using the event-driven iRMX 86 Nu-
cleus to schedule tasks. High-performance interrupt
response is guaranteed even while users interact
with various application packages. For example,
multi-terminal support allows one person to be using
the iRMX 86 Editor, while another compiles a FOR-
TRAN 86 or PASCAL 86 program, while several oth-
ers load and access applications.

Each terminal attached to the iRMX 86 muilti-user
Human Interface is automatically associated with a
user, a memory pool, 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.
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Changes are effective the next time the system is
initialized.

The initial program specified for each terminal can:

be a special application program, a custom Human
Interface, or the standard iRMX 86 Command Line
Interpreter (CLI). For example, you may choose to
use the Microsoft Basic Interpreter as this initial pro-
gram. After system start-up, each terminal user
would be able to run the interpreter without asking
for it to be loaded. From the BASIC interpreter, an
operator, for example, could run a data collection
program, written in BASIC, that communicates with
several laboratory instruments, and prints charts and
reports based on certain test results. 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 ini-
tial program makes the interface between operators
and the computer system much simpler. Each oper-
ator need only be aware of the function of a particu-
lar application; not needing to interact with any unfa-
miliar functions also available on the application sys-
tem.

Specifying the standard iRMX 86 Human Interface
CLI as the initial program enables users of the termi-
nals to access all iRMX 86 functions. This CLI
makes it easy to manage iRMX 86 files, load and
execute Intel-supplied and custom programs, and
submit command files for execution.

FEATURE OVERVIEW

The iIRMX 86 Operating System is well suited to
serve the demanding needs of real-time applications
executing on complex microprocessor systems. The
iRMX 86 ‘System also provides many tools and fea-
tues needed by real-time system developers and
programmers. The following sections describe fea-
tures useful in both the development and execution
environments. The description of each feature out-
lines the advantages given to hardware and soft-
ware engineers concerned with overall system cost,
expandability with custom and industry standard op-
tions, and long-term maintenance of iRMX 86-based
systems. The development environment features
also describe the ease with which the iRMX 86 Op-
erating System can be incorporated into overall sys-
tem designs. i

Execution Environment Features

REAL-TIME PERFORMANCE ‘

The iRMX 86 Operating System is designed to offer
the high performance, multi-tasking functions re-
quired by real-time systems. Designers can make
use of the latest VLSI devices such as the 8087 or
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80287 Numeric Processor Extension. Typical iRMX
86 system performance characteristics are shown in
Table 5.

Many real-time systems require high performance
operation. To meet this requirement, all of iRMX 86
can be put into zero wait-state P(ROM). This ap-
proach eliminates the possibility of disk access
times slowing down performance, while allowing
system designers to take advantage of high per-
formance memory devices.

CONFIGURABILITY

The iIRMX 86 Operating system is configurable by
system layer, and by system call within each layer. In
addition all the I/0 port addresses used by the Sys-
tem 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 requirements. Two example configura-
tions are shown in Figure 7. ‘

Table 5. iRMX™™ Real-Time Performance
Using iSBC® 86/30 and iSBC® 286/10
Single Board Computers

. iSBC® 86/30 | iISBC® 286/10
F::i?:g;:‘: Execution Execution
Time (msec) | Time (msec)

Suspend Task 1.02 0.83
Interrupt Latency 0.29 0.20

(to handler) (Max) (Max)
Interrupt Latency ' 0.02 0.03

(to handler) (Typical) (Typical)
Context Switch Caused 0.84 0.78

By Interrupt (Max) (Max)
Send Message 0.32 0.25

(no context switch)
Send Message 0.58 0.49

(with context switch)
Send Control 0.21 0.16

(no context switch)
Send Control 0.64 0.54

(with context switch)
Receive Control 0.26 0.19

(no waiting)

Context switch times is the time between executing in the context of a
task, and the first instruction to execute in the context of another task.
The execution times shown in Column 2 were measured using an 8
MHz iSBC Single Board Computer, 256K on-board RAM, and all pro-
gram and data stored in on-board RAM.

The execution times shown in Column 3 were measured using a 5
MHz iSBC 286/10 Single Board Computer, no on-board RAM, and all
program and data stored in LBX RAM.

Most configuration options are selected during sys-
tem design stages. Others may be selected during
system operation. For example, the amount of mem-
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Figure 7. Typical iRMX® 86 Configurations

ory devoted to queues within a Mailbox can be spec-
ified at the time the Mailbox is created. Devoting
more memory to the Mailbox allows more messages
to be transmitted to other tasks without having to
degrade system performance to allocate additional
memory dynamically.

The chart shown in Table 6 indicates the actual
memory size required to support these different con-
figurations of the iIRMX 86 System. Systems requir-
ing only Nucleus level functions may require no
more than 13 Kbytes for the Operating System. (Use
of the 8086/30 requires only 4 Kbytes of RAM, and
23 Kbytes of initialization code in EPROM.) Other
applications, needing 1/0 management functions,
may select portions of additional layers that fit their
needs and size constraints.

This configurability also applies to the Terminal Han-
dler, Dynamic Debugger, and System Debugger.
The Terminal Handler provides a serial terminal in-
terface in a system that otherwise doesn’t need an
170 system. Either one of the debuggers need to be
included only as debugging tools (usually only during
system developement).
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Table 6. iRMXT™ 86 Configuration Size Chart

System Layer M Size size
Bootstrap Loader 1K 1.5K B6K*
Nucleus 10.5K 24K 2K
BIOS 26K , 78K 1K
Application Loader 4K 10K ’ 2K
EIOS 10.5K 12.5K 1K
Human Interface 22K 22K 15K
uDlI 8K 8K 0
Terminal Handler 3K 3K 03K
System Debugger 20K 20K 1K
Dynamic Debugger 28.5K 28.5K 1K
Human Interface Commands 116K
Interactive Configuration Utility 308K

*Usable by System after bootloading.
MULTI-USER ACCESS

Many real-time systems must provide a variety of
users access to system control functions and col-
lected data. The iRMX 86 System provides easy-to-
use support for applications to access multiple ter-
minals. It also enables multiple and different users to
access different applications concurrently.

Figure 8 illustrates a typical iRMX 86 application
simultaneously supporting multi-terminal data collec-
tion and real-time environments. Shown is a group of
terminals used by machinists on a shop floor to com-
municate with a job management program, a build-
ing security system that constantly monitors energy
usage requirements, a system operator,console ca-
pable of accessing all system functions, and a group
of terminals in the Production Engineering depart-
ment used to monitor job costs while developing
new device control specifications instructions. The
iSBC 544 Intelligent Terminal Interface supports
multiple user terminals without degrading system
performance to handle character 1/0.

EXTENDABILITY

The iRMX 86 Operating System provides three
means of extensions. This extendability is essential
for support of OEM and volume end user value add-
ed features. This ability is provided by: user-defined
operating system calls, user-defined objects (similar
to Jobs, Tasks, etc.), and the ability to add functions
later in the product life cycle. The modular, layered
structure of the System easily facilitates later addi-
tions to iRMX 86 applications. User-defined objects
are supported by the functions listed in Table 7.

Using standard iRMX 86 system calls, users may de-
fine custom objects, enabling applications to easily
manipulate commonly used structures as if they
were part of the original operating system.

EXCEPTION HANDLING

The System includes predefined exception handlers
for typical 1/0 and parameter error conditions: The
errors handling mechanism is both configurable and -
extendable.
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Table 7. User Extension System Calls

System Call Function Performed
RQ$CREATE$COMPOSITE Creates a custom object built of previously defined objects.
RQ$DELETE$COMPOSITE Deletes the custom object, but not the various objects from which it

was built. :
RQS$INSPECT$COMPOSITE Returns a list of Token Identifiers for the component objects from

which the specified composite object is built. .
RQ$ALTERSCOMPOSITE Replaces a component object of a composite object.
RQ$CREATESEXTENSION Creates a new type of object and assigns a mailbox used for

collecting these objects when they are deleted.
RQ$DELETESEXTENSION Deletes an extension definition.

SUPPORT OF STANDARDS

The iRMX 86 Operating System supports the many
hardware and software standards needed by most
application systems to ensure that commonly avail-
able hardware and software packages may be inter-
faced with a minimum of cost-and effort. The iRMX
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 common device driver interface (See
Figure 9). The procedural interfaces of the UDI are
listed in Table 9.

The Operating System includes support for the pro-
posed |IEEE 80-bit extended real-variable format of
the 8087 Numeric Data Processor, and the IEEE 796
(MULTIBUS) hardware interface. Other standards
such as an Ethernet communication interface 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 Intel processors. In addition to support for
8086 and 8088 based systems, the iRMX 86 system
has been enhanced to support 80186, 80188, and
80286 (Real Address Mode)-based Systems. This
new support enables the user to take advantage of
the faster speed and higher performance of Intel’s
286 based microprocessors such as the iSBC
286/10 single board computer. By choosing the ap-
propriate 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 support
specific hardware configurations. In addition to sys-
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Figure 9. iRMX® 86 Standard Interfaces
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tem memory, only an-8086, 8088, 80186, 80188, or
80286 microprocessor, an 8259A Programmable In-
terrupt Controller (PIC), and either an 8253, 8274, or
82530 Programmable Interval Timer (PIT) are re-
quired as follows:
e 8086 and 8088 systems need either:

— 8253 PIT and 8259A PIC (master) or

— 80130 firmware (PIC is master)
® 80186 and 80188 systems where 186 PIC is

slave, needs either:

— 8253 PIT and 8259A PIC (master) or

— 80130 firmware (PIC is master)

where 186 PIC is master:

— Use 186 PIT for the system clock; no external PIT

is needed

—Can use either
186 PIC (master) only or
8259A/80130 PIC (slave)

® 80286 systems need
—8253 PIT and 8259A PIC.

For systems requiring extended mathematics capa-
bility, an 8087 or 80287 Numeric Data Processor
may be added to perform these functions up to 100
times faster than equivalent software. For applica-
tions servicing more than 8 interrupt sources, addi-

tional 8259A’s may be configured as slave control-

lers.

BOARD LEVEL SUPPORT

The iRMX 86 Operating System includes device driv-
ers to support a broad range of MULTIBUS device
controllers. The particular boards and types of devic-
es supported are listed in Table 8. The device con-
trollers all adhere to industry standard electrical and
functional interfaces.

In addition to the on-CPU board terminal drivers, the
iRMX 80 BIOS includes two iSBD board-level device
drivers to support multiple 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 iSBC 644 driver takes advan-
tage of an on-board 8085 processor to greatly re-
duce the system processor time required for termi-
nal I/0 by locally managing input and output buffers.
The iSBC 544 firmware provided with the operating
system can offload the system CPU by as much as
75% when doing character outputting.

The iSBC 534 Four-Channel USART Controller De-
vice Driver also provides support for multiple control-
ler 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 like a disk
drive to the 170 system.

Table 8. Supported Devices

iSBC Device .
Controller Description
iSBC 86, 88 Serial Port to CRT, Parallel
Port to Centronics-type
Printer, Interval Timer and
Interrupt Controller.
iSBC 186/03 Small Computer System
Interface (SCSI) Supporting
All Random Access
“Extended Standard”
. SCSI/SASI hard disk
controllers.
iSBC 204 Single Density Diskette.
iSBC 206 Cartidge-Type Hard Disk.
iSBC 208 Single & Double Density,
Single & Double Sided, 8"
& 5.25" Diskettes.
iSBC 215 (G) Standard Winchester Disks.
iSBX 218 Single or Double density,
Single or Double sided, 8-
inch diskettes (when used
on aniSBC 215 (Q)).
iSBX 218A Single or Double Density,
Single or Double Sided, 8”
- & 5.25" Diskette (when
used on an iSBC 215G
Winchester Controller).
iSBC 220 Standard Storage Module
' Board.
iSBX 251 Bubble Memory )
Multimodule Board.
iSBC 254(S) Bubble Memory Board.
- iSBX 351 1-Channel Serial Port to
CRTs, Modems.
iSBC 534, 544 4-Channel Serial Ports to
CRTs, Modems. ‘
iSBX 270 Black and White CRTs and
full ASCII keyboards.
NOTES:

(G) = Optional iSBC 215, iSBC 215B, or iSBC 215G
(S) = Optional iSBC 254 or iSBC 254S

Development Environment Features

The. iRMX 86 Operating System supports the effi-
cient utilization of programming time by providing im-
portant tools for program development. Some of the
tools necessary to develop and debug real-time sys-
tems ‘are included with the Operating System. Oth-
ers, such as language compilers, are available from
Intel and from leading Independent Software Ven-
dors.
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LANGUAGES

The iRMX 86 Operating System supports 31 stan-
dard system calls known as the Universal Develop-

standard interfaces to many compilers and language
translators, including the 8086 and 8088 Macro As-
sembler; the PASCAL86/88, PL/M 86/88, FOR-
TRAN 86/88 and C86 compilers available from Intel.

ment Interface (UDI). Figure 9 shows the iRMX 86

Table 9..UDI System Calls

System Call | Function Performed
MEMORY MANAGEMENT '
DQ$ALLOCATE Creates a Segment of a specified size.
DQS$FREE Returns the specified segment to the System.
DQS$GETS$SIZE* Returns the size of the specified Segment.
DQ$RESERVE$IO$MEMORY* Reserves memory to OPEN and ATTACH files.
FILE MANAGEMENT
DQ$ATTACH Creates a Connection to a specified file.
DQ$CHANGE$ACCESS* Changes the user access rights associated with a file or directory.
DQ$CHANGESEXTENSION Changes the extension of a file name in memory.
DQ$CLOSE Closes the specified file Connection.
DQ$CREATE Creates a Named File.
DQS$DELETE Deletes a Named File.
DQ$DETACH Closes a Named File and deletes its Connection.
DQ$OPEN Opens a file for a particular type of access.
DQSGETSCONNECTIONS$STATUS* | Returns the current status of the specified file Connection.
DQS$FILESSINFO* Returns data about a file Connection.
DQ$READ Reads the next sequence of bytes from a file.
DQ$RENAME* Renames the specified Name File.
DQ$SEEK Moves the position pointer of a file.
DQ$TRUNCATE Truncates a file.
DQ$WRITE Writes a sequence of bytes to a file.
PROCESS MANAGEMENT
DQSEXIT Exits from the current application job.
DQ$OVERLAY* Causes the specified overlay to be loaded.
DQ$SPECIAL Performs special I/0 related functions on terminals with special
. control features.
DQ$TRAP$CC Capture control when CNTRL/C is type.
EXCEPTION HANDLING

DQ$GETSEXCEPTIONSHANDLER

Returns a pointer to the program currently being used to process
errors.

DQ$DECODES$EXCEPTION Returns a short description of the specified error code.

DQ$TRAPSEXCEPTION Identifies a custom exception processing program for a particular
type of error.

APPLICATION ASSISTANCE

DQ$DECODES$TIME Returns system time and date in binary and ASCII character format.

DQ$GET$ARGUMENT* Returns the next argument from the character string used to invoke

the application program.

DQ$GET$SYSTEMSID*

Returns the name of the underlying operating systém supporting fhe
UDI. :

DQ$GETSTIME* Returns the current time of day as kept by the underlying operating
system.
DQ$SWITCH$BUFFER Selects a new buffer from which to process commands.

*Calls available only through the UDI.
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Also included are other Intel development tools, lan-
guage translators and. utilities available from other

Table 11. Major Human Interface Utilities
(Continued)

vendors. The full set of UDI calls (which includes the

Command | ) Function

URI system calls) is required to run a compiler.

These standard software interfaces (the UDI) ensure

CREATEDIR Create a directory file to store
the names of other files.

that users of the iRMX 86 Operating System may
transport their applications to future releases of
theiRMX 86 Operating System and other Intel and

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

independent vendor software products. The calls.
- available in the UDI are shown in Table 9. -

ATTACHFILE | Give alogical nameto a
specified location in a file

. . o directory tree.
The high performance of the iRMX 86 Operating PERMIT Grant or rescind user access
System enhances the throughput of compilers and to a file.
other development utilities. Table 10 indicates the - -
average performance of typical development envi- RENAME _ Change the pame of a file. :
ronment functions operating in the same configura- SUBMIT Start the processing of a series
tion described in Figure 4. of commands stored in a file.
SUPER Change operator’s ID to that of
Table 10. Development the System Manager with
Environment Performance global access rights and
] Average privileges. .
Function ExecutiongTime TIME Set the system time-of-day -
Directory Command 5.3s : clock.
(S Format with 25 files) ) : VERIFY Verify the structure of an IRMX
Load the COPY Command  1.2s 86 Named File volums, and
- check for possible disk data
Copy a 1K Byte File ) -1.0s errors. -
(Winchester to Winchester) | -
Copy a 16K Byte File ' 1.7s -
Copy a 64K Byte File . 309s " INTERACTIVE CONFIGURATION UTILITY
Copy a 1K Byte File ‘ 1.4s The iRMX 86 Operating System yis desighed to pro-
(Winchester to Diskette) __vide OEMs the ability to configure for specific sys-
. Compile PL/M 86 393 Ipm tem hardware and software requirements. The Inter-
Compile PASCAL 86 - © . 453Ipm _active Configuration Utility (ICU) builds iRMX 86 con-
Program figurations by asking appropriate questions and

TOOLS

Certain tools are necessary for the developmient of
microcomputer applications. The iRMX 86 Human
Interface includes many of these tools an non-resi-
dent commands. They can be included on the sys-
tem disk of a application system, and brought into
memory when needed to perform functions as listed
in Table 11. )

Table 11. Major Human Interface Utilities

Command. i Function
BACKUP Copy directories and files from
: one device to another.
COPY Copy one or more files to one
or more destination files.
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making reasonable assumptions. It runs on either an
Intellec® Series Il or IV development system or
iRMX 86 development system that includes a hard
disk and the UDI. Table 12 lists the hardware and
support software requirements of different iRMX 86
development system environments.

Table 12. iRMX® Development Environment

Intellec Series Ill or IV: :
MDS 313 PL/M 86/88 Compiler
One hard disk and one diskette drive

iRMX 86 Development System:
~ iRMX 860 ASM 86 Assembler and Utilities
iRMX 863 PL/M 86/88 Compiler
iSDM.86 or 286 System Debug Monitor
512K Bytes of RAM
5M Byte On-Line Storage and one
double-density diskette drive

SYSTEM 86/300 or 286/300 Series:
Microcomputer System Basic configuration
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Figure 10 shows one of the many screen displayed
during the process of defining a configuration. It
shows the abbreviations for each choice on the left,
a more complete description with the range of possi-
ble answers in the center, and the current (some-
times default) choice on the right. The bottom of the
screen shows three changes made by the operator
(lower case lettering), and a request for help on the
Exception Mode question. In response to a request
for help, the ICU displays an additional screen out-
lined possible choices and some overall system ef-
fects.

The ICU requests only information required as a re-
sult of previous choices. For example, if no Extend-
ed 1/0 System functions are required, the ICU will
not ask any further questions about the EIOS. Once
a configuration session is complete, the operator
may save all the information in a file. Later when
small changes are necessary, this file can be modi-
fied. A completely new session is not required.

REAL-TIME DEBUGGING TOOLS

The iRMX 86 Operating System supports two dis-
tinct debugging environments: Static and Dynamic.
While the iRMX 86 Operating System does support a
multi-user Human Interface, these real-time debug-
ging aids are usually most useful in a single-user
environment where modifications made to the sys-
tem cannot affect other users.

System Debugger

The static debugging aid is the iRMX 86 System De-
bugger. This debugger is an extension of the iISDM
86 and the iISDM 286 System Debug Monitors. The
System Debugger provides static debugging facili-
ties when the system hangs or crashes, when the
Nucleus is inadvertently overwritten or destroyed, or
when synchronization requirements prevent the de-
bugging of certain tasks. The System Debugger
stops the system and allows you to examine the
state of the system at that instant, 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 dur-
ing program development, or may be integrated into
an OEM system to aid in the discovery of latent er-

‘rors. The Dynmic Debugger can be used to search

for errors in any task, even while the other tasks in
the system are running. The iRMX 86 Dynamic De-
bugger communicates with the developer via a ter-
minal handler that supports full line editing.

PARAMETER VALIDATION

Some iRMX 86 System Calls require parameters
that may change during the course of developing
iRMX 86 applications. The iRMX 86 Operating Sys-
tem includes an optional set of routines to validate
these parameters to ensure that correct numeric val-
ues 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 per-
formance and code size of the System once the de-
velopment phase is completed.

START-UP SYSTEMS

Two ready-to-run start-up systems are included in
the iRMX 86 Operating System package. These
iRMX 86 start-up systems are fully configured, iRMX
86 Operating Systems ready to be loaded into mem-
ory by the Bootstrap Loader. Both start-up systems
are 'configured to include all of the system calls for
each layer and most of the features provided by
iRMX 86. iRMX start-up systems include UDI support
so that users may run languages such as PL/M-86,
Pascal, FORTRAN, and software packages from in-
dependent vendors.

Nucleus

(ASC) All Sys Calls [Yes/No] Yes
(PV) Parameter Validation [Yes/No] Yes
(ROD) Root Object Directory Size [0-0FFO0h] 0014H
(MTS) Minimum Transfer Size [0-OFFFFH] 0040H
(DEH) Default Exception Handler [Yes/No/Deb/Use] . Yes
(NEH) Name of Ex Handler Object Module [1-32 chs]

(EM) Exception Mode [Never/Program/Environ/All] Never
(NR) Nucleus in ROM [Yes/No] No
Enter Changes [Abbreviations ?/ = new-value]: .ASC = N

pv = no

rrod = 48

:em?

Figure 10. ICU Scree for iRMX® 86 Nucleus
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The start-up system for the 8086 processor is 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 2156G/iSBX 218A or
iSBC 214

® Line Printer
® 8251A Terminal Driver
® iSBC 544, Terminal Driver

The start-up system for the 80286 processor is con-
figured for Intel SYSTEM 286/300 Series microcom-
puters with a minimum of 512 Kbytes and a maxi-
mum of 896 Kbytes of RAM. The following devices
are supported.

iSBC 208

iSBC 215/iSBX 218 or iSBC 215G/iSBX 218A
iSBC 254(S)

Line Printer for iSBC 286/10

8274 Terminal Driver

iSBC 544 Terminal Driver

Either system will run without hardware or software
configuration changes and can be reconfigured on a
standard system with at least 512 Kbytes of RAM.
Definition files are also included for iSBC 186/03,
186/51 and 188/48 configurations.

This start-up system may be used to run the ICU (if a
Winchester disk is attached to the system) to devel-
op custom configurations such as those pictured in
Figure 8. As shipped, the Human Interface supports
a single user terminal. However, the Start-up System
terminal configuration file may be altered easily to
support from two to five users.

SPECIFICATIONS

Supported Software Products

iRMX 860 iRMX 86 Development Utilities
Package, including the 8086
and 8088 Linker, Locater, Macro
Assembler, Librarian, and the
iRMX 86 Editor.

iRMX 861 PASCAL 86/88 Compiler

iRMX 862 FORTRAN 86/88 Compiler

iRMX 863 PL/M 86/88 Compiler

iRMX 864 AEDIT Screen-oriented Editor

iRMX PSCOPE 86 High Level Language Debugger
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Supported Hardware Products

COMPONENTS

8086 and 8088 Microprocessors

80186 and 80188 Microprocessors

80286 Microprocessors (Real Address Mode Only)
8087 Numeric Data Processor Extension
80287 Numeric Data Processor Extension
8253 and 8254 Programmable Interval Timers
8259A Programmable Interrupt Controller
8251A USART Terminal Controller

8255 Programmable Parallel Interface

8274 Terminal Controller

82530 Serial Communications Controller

iSBC® MULTIBUS BOARD AND éYSTEM
PRODUCTS

iSBC 86/12A, 80/05, 86/14, 86/30, 86/35, 88/25,

and 88/40 Single Board Computers’
iSBC 186/03 Single Board Computer
iSBC 186/51 Ethernet Controller
iSBC 188/48 Communications Controller
iSBC 286/10 Single Board Computer (Real Add-
ress Mode only)

iSBC 204 Diskette Controller

iSBC 206 Hard Disk Controller

iSBC 208 Diskette Controller

iSBC 215(G) Winchester Disk Controller

iSBX 281(A) Flexible Diskette Multi-Module Control-
ler

iSBC 220 SMD Disk Hard Controller

iSBC 254(S) Bubble Memory System

iSBC 534 4-Channel Terminal Interface

iSBC 544 Intelligent 4-Channel Terminal Interface
and Controller

iSBX 251 Bubble Memory Multi-Module

iSBX 350 Parallel Port (Centronics-type Printer Inter-
face)

iSBX 351 Serial Communications Port

iSBX 270 CRT Light Pen and Keyboard Interface

SYSTEM 86/300 Family

SYSTEM 286/300 Family



intel

iRMX® 86 OPERATING SYSTEM

AVAILABLE LITERATURE

The iRMX 86 Documentation Set is comprised of the
following five volumes of reference manuals. Order
numbers are associated with these five volumes
only.

Volume|  iRMX 86 OPERATING SYSTEM USER
GUIDES

Volume Il  iRMX 86 SYSTEM CALLS

Volume Il iRMX 86 OPERATING SYSTEM UTILI-
TIES

Volume IV iRMX 86 INSTALLATION AND PRO-
GRAMMER’S GUIDES

VolumeV  iRMX 86 INTERACTIVE CONFIGURA-

TION UTILITY REFERENCE GUIDE

Training Courses
The iRMX 86 Operating System

Customer Seminars

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

ORDERING INFORMATION

The iRMX 86 Operating System is available under a
number of different licensing options as noted here.
Reconfigurable object libraries are provided on dou-
ble density ISIS-formatted diskettes or on either
double density, single sided iRMX 86-formatted 8"
diskettes, or double density, double sided, 5.25"
diskettes. ISIS-format diskettes may be used on Intel
Intellec Development Systems. The iRMX 86-format
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may be used on any iRMX 86-based system sup-
porting the appropriate compilers and development
environment.

The OEM license options listed here allow users to
incorporate 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, single sided
8" iRMX 86-Format OEM li-
cense for use on iRMX 86-
based environments.

iRMX 86 KIT JRO:  Double density, double sided

5.25" iRMX 86-Format OEM li-
cense for use on iRMX 86-
based environments.

Other licensing options include single use rights for
a single machine and one year update service ex-
tensions.

Each option includes 90 days of support service that
provides the quarterly iRMX 86 Technical Report,
Software Problem Report Service, and copies of
System Updates that occur during this period. All
initial licenses include a complete set of iIRMX 86
Documentation.

As with all Intel software, purchase on any of these
options requires the execution of a standard Intel
Master Software License. The specific rights grant-
ed to users depends on the specific option and the
License signed.
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The iRMK™ Version I.1.Real-time Kernel is the 32-bit real-time executive developed, sold, and
supported by Intel, the 80386 experts. It reduces the cost and risk of designing and maintaining

software for numerous real-time applications such as embedded control systems and dedicated real-
time subsystems in multiprocessor systems.

FEATURES

e 32-bit real-time multitasking kernel o Works with any bus; Optional MULTIBUS 1

e Rich set of real-time services message passing support provided.

o Designed and optimized for the 80386 o Designed for easy customization and

¢ Extremely fast execution with predictable enhancement ‘
response times for time critical applications e Easily programmed into PROMs or EPROMs

Compact design, as small as 8K bytes
Multiprocessor support

Requires only the 80386; Provides optional
support for 80387 and other peripheral
devices.

Comprehensive development tool support
Supported by Intel

intel
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REAL-TIME SOFTWARE FROM THE
INDUSTRY LEADER

Intel has been the industry leader in microprocessor-based
real-time computing since it invented the microprocessor.
No other company supplies the range of real-time solutions
that we do. Since 1977, thousands of customers have used
our iRMX® real-time operating systems.

Now Intel has put its real-time expertise into a 32-bit
kernel that supports the 80386 microprocessor. The iRMK
Version 1.1 Kernel saves you the cost of designing,
debugging, and maintaining your own executive for real-
time systems. You can concentrate on writing your
application rather than a kernel.

THE QUICKEST PATH FOR A WIDE
RANGE OF REAL-TIME
APPLICATIONS

The iRMK Kernel's rich set of real-time services in a fast,
compact design makes it ideal for a wide range of real-
time applications, including:

Data acquisition and analysis

Continuous process control

Discrete process control

Simulation

Medical instruments

Test instrumentation

Image processing

Automated test

Avionics and navigation

Field command control

Energy and environmental control
- Radio control

Satellite communications

Terminals

Graphics work stations

Robotics

Signal processing

Laser printers

Front-end concentrators

Host communications

A RICH SET OF REAL-TIME SERVICES

The iRMK Version 1.1 Kernel provides a rich set of services
for real-time applications, including:

* Task management with system calls to create, manage,
and schedule tasks in a multitasking environment. The
kernel offers pre-emptive priority scheduling combined
with optional time-slice (round robin) scheduling.

The scheduling algorithm used by the iRMK Kernel
allows tasks to be rescheduled in a fixed amount of time
regardless of the number of tasks. Applications may
contain any number of tasks.

An application can provide optional handlers to
customize task management. These handlers can
execute on task creation, task switch, task deletion, and
task priority change.

® [nterrupt management by immediately switching control
to user-written interrupt handlers when an interrupt
occurs. Response to interrupts is both fast and
predictable. Most of the kernel's system calls can be
executed directly from interrupt handlers.

Time management providing single-shot alarms,
repetitive alarms, and a real-time clock. The kernel's
time management facilities can be used to put tasks to
sleep for specified periods of time.

Mailboxes and semaphores for intertask
synchronization and communication. Either data or
pointers to memory can be sent using mailboxes. The
kernel allows messages of any length.

Semaphores can be binary or counting. Dynamic task
priority adjustment is supported. Tasks waiting for
messages or semaphores can be queued by priority or
first-in, first-out ordering.

Memory pool manager that provides fixed and variable
block allocation. The memory manager works with flat,
segmented, and paged addressing. Users can write their
own memory manager to provide different memory
management policies or to support virtual memory.
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Figure 1: iRMK™ Version I.1 Real-Time Kernel System Structure

Customer Supplied - . R iRMX®-286
Operating System IRMK™ 1.1 Kernel IRMK™ L1 Kernel Operating System
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Figure 2: The optional MULTIBUS® Il message passing modules give the iRMK I.1 Version Kernel full multiprocessing
capabilities for distributing applications among processors and interoperating with other operating systems.
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SUPPORT FOR MULTIPROCESSING
VIA MULTIBUS® Il

Two optional modules allow iRMK applications to make full
use of the MULTIBUS® Il architecture. The first module
implements message passing using Intel's MULTIBUS 11
transport protocol. The second implements interconnect
space access..

These modules can be used to implement high
performance multiprocessor designs that:

¢ Distribute an application that's too large for a single
processor between several processors

e Provide redundancy

o Dedicate processors to specific tasks

e Provide interoperation with any operating system which
uses Intel's MULTIBUS Il transport protocol, including
the iRMX™ 286, iRMK 1.1, and UNIX operating systems

HARDWARE REQUIREMENTS AND
SUPPORT

The iRMK Kernel requires only an 80386 microprocessor
and sufficient memory for itself and its application. Its
design, however, recognizes that many systems use
additional programmable peripheral devices and
coprocessors. The kernel provides optional device
managers for:

o The 80387 Numeric Coprocessor
o The 8254 Programmable Interval Timer
o The 8259A Programmable Interrupt Controller

An application can supply managers for other devices and
COProcessors.

The iRMK Kernel was designed to be easily programmed
into PROM or EPROM, making it easy to use in embedded
designs.

The iRMK Kernel can be used with any system bus
including the MULTIBUS I and MULTIBUS Il busses. The
optional MULTIBUS Il message passing and Interconnect
Space access modules use the Message Passing
Coprocessor and the 82258 Advanced DMA controller.
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SUPPORT FOR THE 80386
ARCHITECTURE

The iRMK Kernel provides 32-bit, protected mode 80386
operation. By default, the kernel and its application
execute in a flat memory space of up to 4 gigabytes and in
a single privilege level. Applications can add support for
any mixture of additional protected mode features
including:

e Any model of segmentation
* Memory paging

¢ Virtual memory

o Multiple privilege levels

e (all and trap gates

The iRMK Kernel provides an optional Descriptor Table
manager that simplifies descriptor table management.

COMPREHENSIVE DEVELOPMENT
TOOL SUPPORT

Intel provides a complete line of 80386 development tools
for writing and debugging iRMK Kernel appllcamons These
tools include:

PL/M 386

C 386

ASM 386!
80386 Utilities
ICE™ 86
-P-MON 386
D-MON 386

Languages:

Debuggers:

These tools run on IBM2 PC AT systems and compatibles
running PC-or MS-DOS3 3.X. The iRMK Version 1.1 Kernel
software is available on IBM PC format 5% ", 360K byte
diskettes.

INTEL SUPPORT, CONSULTING, AND
TRAINING

With the iRMK Kernel you get the 80386 and real-time
expertise of Intel's customer support engineers. They
provide phone support, on- or off-site consulting,
troubleshooting guides, and updates. The kernel includes
90 days of Intel's Technical Information Phone Service
(TIPS). Extended support and consulun.g are also
available.

! Available in August 1987.

2|BM is a registered trademark of the International Business
Machines Corporation.

3MS-DOS is a trademark of Microsoft Corporation.



IRMK™ VERSION I. 1 KERNVEL SYSTEM CALLS*

KERNEL INITIALIZATION
KN_initialize Initialize kernel

OBJECT MANAGEMENT
KN_token_to_ptr Returns a pointer to area holding
object h

TASK MANAGEMENT

KN_create_task Create a task
KN_delete_task Delete a task
KN_suspend_task Suspend a task
KN_resume_task’ Resume a task
KN_set_priority Change priority of a task
KN_get_priority Return priority of a task
INTERRUPT MANAGEMENT :
KN_set_interrupt Specify interrupt handler
KN_stop_scheduling ~ Suspend task switching
KN_start_scheduling ~ Resume task switching

TIME MANAGEMENT . ’

KN_sleep Put calling task to sleep

KN_create_alarm Create and start virtual alarm
clock

KN_delete_alarm Delete alarm

KN_get_time Get time

KN_set_time Set time :

KN_tick Notify kernel that clock tick has
occurred

INTERTASK COMMUNICATION AND

SYNCHRONIZATION

KN_create_semaphore Create a semaphore
KN_delete_semaphore Delete a semaphore
KN_send_unit Add a unit to a semaphore
KN_receive_unit Receive a unit from a semaphore
KN_create_mailbox Create a mailbox ‘
KN_delete_mailbox Delete a mailbox .
KN_send_data Send data to a mailbox
KN_receive_data - Request a message from a

: mailbox

MEMORY MANAGEMENT
KN_create_pool Create-a memory pool
KN_delete_pool Delete a memory pool
KN_create_area Create a memory area from a
pool
Return a memory area to a
“memory pool
KN_get_pool_attributes Get a memory pool's attributes

DESCRIPTOR TABLE MANAGEMENT

KN_get_descriptor_  Get a descriptor’s attributes
attributes

KN_set_descriptor_
attributes

KN_delete_area

Set a descriptor’s attributes

48ystem calls Copyright © 1987 Intel Corporation,
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" KN_send_EOI

KN_initialize_LDT Initialize local descriptor table
(LDT)

Overwrite a descriptor with the
null descriptor :

Convert a linear address to a

KN_null_descriptor

KN_linear_to_ptr

pointer

KN_ptr_to_linear Convert a pointer to a linear
address

KN_get_data_selector ~ Get the selector for the data -
segment

KN_get_code_selector ~ Get the selector for the code

. segment

8259A PIC MANAGEMENT

KN_initialize_PICs Initialize the 8259A PICs

KN_mask_slot Mask out interrupts on a specified
slot

KN_unmask_slot Unmask interrupts on a specified
slot

Signal the PIC that the interrupt
on a specified slot has been
serviced

Change interrupt masks

Return the most important active
interrupt slot

8254 PIT MANAGEMENT
KN_initialize_PIT Initialize an 8254 PIT
KN_start_PIT Start PIT counting
KN_get_PIT_interval ~ Return PIT interval

80387 NUMERIC COPROCESSOR

MANAGEMENT
KN_initialize_NDP

KN_new_masks
KN_get_slot

Initialize an 80387 Numeric
Coprocessor

MULTIBUS® 11 MESSAGE PASSING

MANAGEMENT

KN_initialize_message_ Initialize the message passing
passing module

KN_send_tp Send a transport message

KN_attach_receive_ Attach a receive mailbox-
mailbox-

KN_cancel_tp Cancel a solicited message or

request-response transaction

KN_send_dl Send a data link message

KN_attach_protocol_  Attach a protocol handler
handler )

KN_cancel_dl Cancel a data link buffer request

MULTIBUS® I INTERCONNECT SPACE
WMANAGEMENT

KN_initialize.. Initialize the interconnect module
interconnect
KN_get_interconnect  Get the value of an interconnect
. register
KN_set_interconnect  Set the value of an interconnect
register

KN_local_host_ID Get, the host 1D of the local host



RING INFORMATION

Order Code Product Contents
RMKI 1 iRMK Version L1 development ’

software iRMK Version 1.1 Kernel Software
RMKITDEV-P5 iRMK-Version 1.1 Kernel iRMK Version [.1 Kernel Software
RMKI1DEV-C Developer's Kit PL/M 386 or C 386

ASM 386
80386 Utilities

RMKITMBI-P5 [ iRMK Version I.1 Kernel iRMK Version 1.1 Kernel Software
RMKITMBI-G5 Starter Kit iSBC 386/21

SR R PL/M 386 or C 386
Can be used for MULTIBUS | ASM 386

or custom designs 80386 Utilitics
. P-MON 386
RMKITMBII-PS iRMK Version 1.1 Kernel iRMK Version-1.1 Kernel Software
RMKIMBI-C™ Starter Kit iSBC 386/116M01
Can be used for MULTIBUS 11 ISBX 351
-Aan ’f[ s PI/M 386 or C 386
or custom designs ASM 386
80386 Utilities
P-MON 386
Technical Information Phone support, ;Comments Magazine, Troubleshooting
Phone Support Guides
CONSULI/DAILY On- or off-site consulting on iRMK 1.1 Kernel or other Intel products by Intel systems
CONSULT/LT engineer. Available on a daily or long term basis.
80386 Programming Gustomer Training Workshop

Using ASM 386

80386 System Software  Customer Training Whrkshop

80386 System Customer Training Workshop
Hardware Design

Skxpected availability: September 1987.
Information subject to change without notice.
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iRMX® 286 Relcase 2. 00perating System

The iRMX® 286 Reiease 2.0 Operating System is system software designed specifically for real time
applications. The product of ten years of real time expertise by Intel, the iRMX 286 Release 2.0
Operating System provides high performance response to external events, excellent support of
special purpose hardware, and sophisticated real time programming facilities.

ADVANCED FEATURES AVAILABLE, TODAY

e 80286 and 80386 microprocessor support e Multiple tasks and multiple jobs

e 80287 and 80387 numeric coprocessor e Multiple users .
support e Priority based and/or round robin scheduling

* 16 megabyte memory addressability e (Object oriented architecture

A COMPLETE REAL TIME OPERATING SYSTEM, :

NOT JUST A KERNEL i

o Maijor functions of the iRMX 286 Release 2.0 —Application Loader
Operating System include: —Human Interface supporting on target
—Nucleus development and end user reprogramming
—File System —System Debugger
—Basic 1/0 System including device drivers —Optional networking to systems running the

for many Intel Multibus /O boards MS-DOS, VAX/VMS, XENIX*, iNDX, iRMX 86

—Extended 1/0 System Release 7.0, and iRMX 286 Release 2.0
—Bootstrap Loader Operating Systems

SOFTWARE WITH A FUTURE

o The leading real time microprocessor o Future 8086 family processors will be
software with over 6000 licenses sold supported by iRMX operating systems.

o An active iRMX Users Group (iRUG) with over e Highly compatible with the iRMX 86 Release
40 chapters-worldwide, a regular newsletter, 7.0 Operating System

ntd and an annual technical convention.

*MS-DOS is a trademark of Microsoft Corporation. XENIX is a trademark of Microsoft Corporation. UNIX is a trademark of Bell Laboratories. VAX and VMS are
trademarks of Digital Equipment Corporation. .

. June, 1987
© Intel Corporation 1987 , 2-30 Order Number: 280618001



SUPPORT FOR THE FULL RANGE OF
REAL TIME APPLICATIONS

The iIRMX 286 Release 2.0 Operating System supports the
full range of real time applications, from embedded control
designs, to reprogrammable systems which require
dynamic creation, deletion, and prioritization of tasks. This
flexibility makes it possible to save substantial staff
retraining and software maintenance costs by using a
single operating system for many different real time
systems and subsystems. The iRMX 286 Release 2.0
Operating System is ideal for such applications as:

medical instruments
military

process control
railroad control

avionics

communications
communication concentrators
data acquisition and analysis

energy management rockets

factory automation satellite communications
financial trader workstations simulation

Image processing SCADA systems

machine control
manufacturing test

REAL TIME SOFTWARE FOR REAL
TIME APPLICATIONS

Real Time Applications are easier to develop with special
software. Operating Systems designed for general business
use typically lack essential real time features, so real time
application development is often expensive, difficult, or
even impossible. In contrast, the iRMX 286 Release 2.0
Operating System is real time software designed to make
the development of real time applications easy and
successful.

transaction processing

¢ High performance.
For real time applications, the iRMX 286 Release 2.0
Operating System is typically -100 times faster than
general purpose operating systems. This high
performance enables applications based on the iRMX
286 Release 2.0 operating system to keep up with the
rapid data and control flow of machine and
communication interfaces.

¢ Arich set of real time programming

facilities.

The iRMX 286 Release 2.0 Operating System includes a

rich set of real time programming facilities that are

usually missing in whole or in part from non-real time

operating systems. These facilities include:

—interrupt management with custom exception
handlers

—support for multiple tasks

—preemptive, priority based scheduling with round
robin (time slice) scheduling within a priority level

—intertask communication through mailboxes and
semaphores

¢ Easily programmed into PROM.
Real time applications built on the iRMX 286 Release
2.0 Operating System are easily programmed into
PROM’s or EPROM's for highly reliable embedded
systems which do not require disks. A complete set of
languages which support reentrant code are available
for use with the iRMX 286 Release 2.0 Operating
System.

Excellent Support for special purpose
hardware.

Most real time applications involve some special
purpose hardware, and general purpose operating
systems are often relatively monolithic and difficult to
interface to this hardware. In contrast, the iRMX 286
Release 2.0 Operating System is a highly configurable,
modular software system which easily supports custom
hardware. Support for special purpose hardware
includes:

—the ability to configure the operating system by layer
—hooks for user written handlers at key points

—the ability to add operating system extensions.
—standard device driver interfaces

Support for designs based on Intel
systems, single board computers, and
components.

Central Processing Unit Support

Systems— Bootable preconfigured software is included for:
Intel System 310 AP family
Intel System 320 family

Single Board Computers—Preconfigured software is
included for: .

iSBC 286/10A, iSBC 286/12

iSBG 386/2X

Component Designs—Minimum required hardware to run
the iRMX 286 Release 2.0 Operating System:
80286 or 80386 microprocessor
8259A Programmable Interrupt Controller
- 8254 or 8253 Programmable Interrupt Handler
Necessary memory

A COMPLETE REAL TIME OPERATING
SYSTEM, NOT JUST A KERNEL

With comparable performance, the iRMX 286 Release 2.0
operating system provides many features that are extra
cost items, or simply unavailable, in real time kernels.
These features make the development of real time
applications much easier and faster, but do not add
unneccessary overhead. In fact, all functional layers except
the nucleus are optional in the iRMX 286 Release 2.0
operating system. This flexibility allows you to include
only those features that your application requires.

The following is a brief description of the major functional
groups within the iRMX 286 Release 2.0 Operating
System.
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A COMPLETE REAL TIME OPERATING
SYSTEM (continued) :

Nucleus .

The Nucleus is the heart of the operating system and
controls all resources available to the system. The nucleus
provides key real time features including:

support of multiple tasks )

priority based and/or time slice scheduling

dynamic priority adjustment

memory management with’16 megabyte addressability
intertask communication and synchronization using
mailboxes and semaphores

interrupt management with custom exception handlers
descriptor table management

time management

object management

the addition of custom Operating System extensions.

e o o o o

Basic 1/0 System (BIOS)

The Basic /0 System (BIOS) provides primitives to read
from and write to peripherals, as well as the ability to
buffer 1/0. The BIOS also sets up the file structures used
by the system and provides access to all required
peripherals througha standard device driver interface.
Many device drivers are provided with the iRMX 286
Release 2.0 Operating System, and custom device drivers
and file drivers may be added by the user.

Device Drivers Included with the IRMX®
286 Release 2.0 Operating System

Terminal Supports Terminal Communications for
Communications  the iSBC 188/56. iSBC 546, iSBC 547, *
and iSBC 548 single board computers
Flexible Disk Controller

SMD Disk Controller

iSBC 208
iSBC 220

iSBC 214 Multi-Peripheral Controller
iSBC 215G Winchester Disk Controller
iSBX™ 218A Flexible Disk Controller

iSBX 217C
iSBX 350

Tape Controller

Parallel Port (Centronix-type Printer
Interface)

4 Channel Terminal Interface

Intelligent 4 Channel Terminal Interface
and Controller

iISBC 534
iSBC 544A

8251A Serial Communications Port

iSBX 354 2 Channel Serial Port

82530 Serial Communications Controller
RAM Memory Driver

Extended I/0 System (EIOS)

The Extended 1/0 System (EIOS) provides similar services
to the BIOS, with simplified calls that give less explicit
control of device behavior and performance. The EIOS also
provides a logical-to-physical device connection, and-allows
a program to specily a logical address for output.

Universal Development Interface (UDI)

The Universal Development Interface provides an easy to
use interface with a standard set of system calls to allow
programs and languages to be easily transported to or
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from the iRMX 286 Release 2.0 Operating System to other
operating systems which support the UDI standard.

Application Loader

The Application Loader is used to load programs from
mass storage into memory, where they execute. Programs
may be loaded under program or operator control.

Bootstrap Loader

The Bootstrap Loader is used to load the operating system
or an application system from mass storage into memory,
and then to begin the system'’s execution.

System Debugger
The System Debugger is used to debug applications and
give a view into the system itself.

Human Interface

The Human Interface allows multiple users to effectively
develop applications, maintain files, run programs, and
communicate with the operating system. It consists of a
set of system calls, a set of commands, and a Command
Line Interpreter. Commands are available for file
management, device management, and system status. The

~ Gommand Line Interpreter is a sophisticated tool for

program development and system design. Its {eatures
include dynamic logon, full line editing, user extensions,
and support for background jobs. In addition, the
Command Line Interpreter may be replaced for special
applications. For example, a Computer Aided Tomography
(CAT) scanner controlled by the iRMX 286 Release 2.0
Operating System could use a custom Command Line
Interpreter to allow the operator to direct the movement of
the scanner. )

IRMX®-Net Networking software (available
separately)

The iIRMX 286 Release 2.0 Operating System is designed
to work with iRMX-NET networking software to provide
transparent file access to systems running the iRMX 86
Release 7.0, iRMX 286 Release 2.0, MS-DOS, XENIX,
iNDX, and VAX/VMS operating systems. iRMX-NET is 1SO
standard networking software for ethernet local area
networks.

iRMX networking allows your real time application to
communicate effectively with general purpose computer
systems as well as other real time systems.

IRMX® 286 Release 2.0 Configuration
Size*

System Layer Code Size  Data Size
Nucleus 30KB 2KB

BIOS 86KkB 112 bytes
KI10S 18KB 16 bytes
UDI 8KB 32 bytes
Application Loader 10KB 100 bytes
System Debugger 31KB 1KB
Human Interface 83KB 224 bytes

*All layers are optional except the nucleus.

.



ON TARGET DEVELOPMENT—A
BETTER WAY TO DEVELOP REAL
TIME APPLICATIONS

Designers familiar with both cross development and on
target development agree that on target development is the
easier, more reliable method for developing applications.
Testing is greatly simplified, and you need become
comfortable with only one operating system. Furthermore,
a whole set of bugs is avoided by eliminating the transition
from one operating system to another.

The iRMX 286 Release 2.0 Operating System provides
solid on target development capability—a capability
entirely missing from other real time software for
MiCrOProcessors.

Developers can use the full rich feature set of the iRMX
286 Release 2.0 Operating System for development, but
then include only a minimum set of iRMX functions in their
final application. As a result, your final application
receives the benefits of on target development without the
overhead that general purpose operating systems incur.

Development facilities included with the iRMX 286 Release
2.0 Operating System:

e 3 Human Interface supporting multiple users

e 37 Human Interface commands for system status,
device management. and file management .

® 3 sophisticated Command Line Interpreter supporting
background jobs and full line editing

® [nteractive Configuration Utility (ICU)—
a utility for assisting an iRMX developer in the
configuration process. The Interactive Configuration
Utility prompts the user for system parameters and
requirements. then builds a command file to compile,
assemble, build, and bind necessary files.

® Hardware traps to catch up to 90% of typical

programming errors

System Debugger (requires the iSDM Monitor)

Bootstrap loader with debug option

Parameter and Data validation

Universal Development Interface

Numerdus device drivers for Intel Multibus boards

Development facilities available separately for use with the
iRMX 286 Release 2.0 Operating System:

e Reentrant languages—PL/M 286, PASCAL 286,

FORTRAN 286. and C 286

AEDIT—a menu-driven, screen-oriented text editor

iSDM R3.0 System Debug Monitor—

Allows downloading from an iRMX 286 Release 2.0 host -
to an iRMX 286 Release 2.0 or iRMX 86 Release 7.0
target

Soft-Scope 286 debugger—

a tasking debugger
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* ASM286—an 80286 Development Utilities Package
including the 80286 Macro Assembler, Builder, Binder,
Librarian and Mapper

* ASM86—an 8086 Development Utilities Package
including the 8086 Macro Assembler, Linker, Locator,
Librarian, and line editor

* RMX-NET Networking—allows your development effort
to be shared over several systems. Includes support, for
both the iSBC 186/51 and the iSBC 552A Ethernet
Controllers

® VDI™ 720—Graphics software for the iSBC™ 186/78A
graphics controller

¢ iPAT—a Performance Analysis Tool, hosted on an IBM
PC-AT or equivalent, to aid in the performance
optimization of an iRMX application.

® .In Circuit Kmulators—hosted on an IBM PC-AT or
equivalent, to aid in hardware debugging and software
tracing

® g variety of user supplied utilities and special software
are available from the iRMX Users Group (iRUG)

SOFTWARE WITH A FUTURE

With over 6000 OKM and development licenses
outstanding, the iRMX operating systems are far and away
the leading real time software for microprocessors. The
iRMX community has grown so that today there is an
active iRMX Users Group (iRUG) with over 40 chapters
worldwide, an annual technical convention, and a regular
newsletter. In addition major universities such as the
University of North Carolina, Cornell University, and the
University of California at Berkeley use iRMX software
and/or teach real time programming courses featuring the
iRMX operating systems.

This year Intel celebrates the 10th anniversary of the
iRMX operating system family. Over the last decade. Intel
has steadily improved the performance and functionality of
the iRMX operating systems. You can count on continued
improvements in the future.

The iRMX 286 Release 2.0 Operating System runs
compatibly on 80286 and 80386 microprocessors, and
iRMX operating systems will run on future advanced
microprocessors from Intel. @ver the last four
years the performance of Intel’s 8086
family microprocessors has increased
400%. When you're using the iRMX operating systems,
you benefit from these tremendous performance
improvements with a high degree of real time application
portability. .

OUTSTANDING TECHNICAL SUPPORT

With the iRMX 286 Release 2.0 Operating System you're
not alone when you're developing a real time application.
Intel has the best technical sales support in the real time
business. If you run into a snag; training, consulting, and
design advice are available close at hand.



iRMX 286 RELEASE 2.0 SYSTEM CALLS

Nucleus

Job Management
ROSCREATESJOB
ROE$SCREATESIOB
ROSDELETESJOB
ROSOFFSPRING
ROESOFFSPRING

Task Management
ROSCREATESTASK
ROSDELETESTASK
ROSGETSPRIORITY
RO$SETSPRIORITY
ROSGETSTASKSTOKENS
ROSSUSPEND$TASK

.ROSRESUMESTASK
RO$SLEEP

Mailbox Management

ROSCREATESMAILBOX
ROSDELETE$MAILBOX
'ROSSENDSDATA
ROESRECEIVESDATA
ROSSENDSMESSAGE
ROSRECEIVESMESSAGE

Semaphore Management

ROSCREATESSEMAPHORE
ROSDELETE$SSEMAPHORE
ROSSENDSUNITS
RO$RECEIVESUNITS

Segment and Memeory

Pool Management
ROSCREATESSEGMENT
ROSDELETESSEGMENT
ROSGET$SIZE
ROS$SETSPOOLSMIN
ROSGETSPOOLSATTRIB
ROESGETSPOOLSATTRIB

Creates a job (whose memory pool is limited to 1 MB) with a task

Creates a job (whose memory pool is up to 16 MB) with a task

Deletes a job

Provides tokens of the child jobs of the specified jobs

Provides a list of tokens for the child jobs of the specified job in a user supplled data
structure .

Creates a task
Deletes a task that is not an interrupt task

‘Returns the static priority of a task

Changes a task’s priority
Returns to the caller a token for the specified task .

‘Increases a task's suspension depth by one; suspends the task 1f it is not already

suspended

Decreases a task’s suspension depth by one; resumes the task if the suspensmn depth
becomes zero

Places the calling task in the asleep state for a specified amount of time

Creates a mailbox

Deletes a mailbox

Sends a message to a mailbox

Allows the calling task to receive a message from a mailbox; the task can wait

Sends an object to a mailbox

Allows the calling task to receive an object; the task can wait if no objects are present

Creates a semaphore

Deletes a semaphore

Adds a specific number of units to a semaphore

Asks for a specific number of units from a semaphore

Creates a segment

Returns a segment to the memory pool from which it was allocated
Returns the size of a segment :

Changes the minimum size of the memory pool of the caller’s job

Returns memory.: pool attributes of the caller’s job .
Returns information about a job with more than 1 megabyte of memory

Descriptor Management
ROESCREATESDESCRIPTOR
ROE$DELETESDESCRIPTOR
ROE$CHANGES$DESCRIPTOR

Creates a descriptor in the Global Descriptor Table describing a segment

Removes a descriptor entry from the Global Descriptor Table

Changes the physical address or size of a segment by modifying its descriptor in the
Global Descriptor Table

Obiect Management

ROSCATALOGSOBJECT
ROSUNCATALOGSOBJECT
~'ROSLOOKUPSOBJECT

Places an object in an object directory
Removes an object from an object directory
Returns-a token for the catalogued name of an object

ROESGET$OBIECTSACCESS Returns the access type of an object
ROE$CHANGESOBJECTSTYPE ~ Changes the access type of an object
ROE$SGETSADDRESS Returns the physical address of an object
ROSGETSTYPE Returns the type code of an object
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IRMX® 286 RELFASE 2.0 SYSTEM CALLS

Nacleus

Exception Handler
Management

ROSGETSEXCEPTIONSHANDLER
ROSSETSEXCEPTIONSHANDLER

Interrupt Management

ROSENABLE
RO$DISABLE
RO$SETSINTERRUPT
ROSRESETSINTERRUPT
ROSGETSLEVEL

ROSENDSINITSTASK
ROSENTERSINTERRUPT
RO$SIGNALSINTERRUPT
ROSEXITSINTERRUPT
ROESTIMEDSINTERRUPT

RO$WAITSINTERRUPT

Composite Object
Management
RO$CREATE$COMPOSITE
RO$SDELETESCOMPOSITE
ROSALTERSCOMPOSITE
ROSINSPECT$COMPOSITE

Extension Object
Management
RO$SCREATESEXTENSION
RO$DELETESEXTENSION

Deletion Control
Management
ROSDISABLESDELETION
ROSENABLE$DELETION
RO$FORCE$SDELETE

Operating System

Extension Management

ROESSETSOSSEXTENSION
RO$SIGNALSEXCEPTION

Region Management
RO$CREATESREGION
ROSDELETE$SREGION
RO$SSEND$CONTROL
RO$ACCEPT$CONTROL

RO$RECEIVE$SCONTROL

Returns the current values of the caller’s exception handler
Sets exception handler and exception mode attributes

Enables an interrupt level

Disables an interrupt level

Assigns an interrupt handler and an interrupt task to an interrupt level

Deletes the interrupt task for an interrupt level

Returns the interrupt level of highest priority which an interrupt handler has started
but not completed -

Informs root task that a synchronous initialization process has completed

Sets up a data segment base address for an interrupt handler

Used by interrupt handlers to invoke interrupt tasks .

Used by interrupt handlers to send an end-of-interrupt signal to hardware

Puts the calling interrupt task to sleep until it is awakened by an interrupt handler,
or a specified time period elapses

Puts the calling interrupt task to sleep until it is awakened by an interrupt handler

Creates a composite object

Deletes a composite object

Replaces components of composite objects

Returns a list of the component tokens contained in a composite object

Creates a new object type
Deletes an extension object and all composites of that type

Makes an object immune to ordinary deletion
Makes an object susceptible to ordinary deletion
Deletes objects whose disabling depths are zero or one

Attaches the entry point address of a user written Operating System extension to a
call gate or deletes such an entry
Used by Operating System extensions to signal the occurrence of an exception

Creates a region

Deletes a region

Relinquishes control to the next task waiting at the region

Causes the calling task to accept control from a region if control is immediately
available

Causes the calling task to wait at the region until the task receives control
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BASIC 1/0 SYSTEM

Job Level
RO$SETSDEFAULT$PREFIX
ROSGET$DEFAULT$PREFIX
RO$SETSDEFAULT$USER

" RQ$SGET$DEFAULTSUSER
ROSENCRYPT

Device Level

ROSASPHYSICALSATTACHSDEVICE
ROSASPHYSICALSDETACH$DEVICE

ROSASSPECIAL

File Level
ROSASCREATESFILE
ROSASCREATE$DIRECTORY
RQSASDELETESFILE
ROSASATTACHSFILE
ROSASDELETESCONNECTION
ROSASCHANGESACCESS
ROSASRENAMESFILE
ROSASTRUNCATE
ROSASOPEN

ROSASCLOSE

ROSASREAD

ROSASWRITE

ROSASSEEK
ROSASUPDATE
ROSWAITSIO

Status/Attribute

ROSASGETSCONNECTIONSSTATUS

ROSASGETSDIRECTORYSENTRY
ROSASGETSFILESSTATUS
ROS$ASGETSPATHSCOMPONENT

User Obiects

ROSCREATESUSER
ROSDELETESUSER
ROSINSPECTSUSER

Extension Data
ROSASSETSEXTENSIONSDATA
ROSASGETSEXTENSIONSDATA

Time/Date
RO$SETSTIME,
ROSGETSTIME
RO$SETSGLOBALSTIME -
ROSGETSGLOBALSTIME

Logical to Physical
Address Conversion
RO$BIOSSGETSADDRESS

Set default prefix for job
Inspect default prefix
Set, default user for job
Inspect default user
Encodes user password

Asynchronous attach device
Asynchronous detach device
Asynchronous perform device-level function

Asynchronous data file creation
Asynchronous create a directory
Asynchronous delete a data file or a directory
Asynchronous attach file

Asynchronous delete file connection
Asynchronous change access rights to a file
Asynchronous rename file

Asynchronous truncate file

Asynchronous open file

Asynchronous close file

Asynchronous read file

Asynchronous write file

Asynchronous move file pointer
Asynchronous finish writing to output device
Synchronous wait for status after Input/Output

Asynchronous get connection status

Asynchronous inspect directory entry

Asynchronous get file status’

Asynchronous obtain path name from connection token

Create a user object
Delete a user object
Get IDs in a user object

Asynchronous store a file's extension data
Asynchronous receive a file's extension data

Set datestime value in internally-stored format

Get datetime value in internally-stored format

Sets the battery backed-up hardware clock to a specified time
Obtains the time of day from the battery backed-up hardware clock

Returns the physical address of a selector
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EXTENDED 1/0 SYSTEM

Input/Output Jobs
RO$CREATE$IOS$JOB
ROE$CREATESIO$JOB
RO$STARTSIOSJOB
ROSEXITSIO$JOB

Logical Names
RO$LOGICALSATTACHSDEVICE
RO$HYBRIDSDETACHS$DEVICE

RO$LOGICALSDETACH$DEVICE
RO$SSCATALOGSCONNECTION
RO$SSLOOKSUPSCONNECTION

RO$SSUNCATALOGSCONNECTION

Files
RO$SFCREATESDIRECTORY
RO$SSCREATESFILE
RO$SSDELETESFILE
RO$SHATTACHSFILE
RO$SSDELETESCONNECTION
RO$SSOPEN
"RO$S$CLOSE
RO$SEREADSMOVE
ROSSSWRITESMOVE
RO$SSSEEK
RO$SSTRUNCATESFILE
RO$S$CHANGESACCESS
RO$SIRENAMESFILE

Special Devices
RO$S$SPECIAL

Status

ROSGETSLOGICALSDEVICE$STATUS

ROS$SSGETSCONNECTIONSSTATUS
RO$SHGETSFILESSTATUS

Users

RO$SGETHUSERSIDS
ROSVERIFYSUSER

APPLICATION LOADER

ROSASLOAD
ROSASLOAD$I0$JOB

ROESASLOADSIO$JOB
ROSSHLOADSIOSJOB
ROE$SSLOADSIO$IOB
RO$SSOVERLAY

Creates an 1/0 job with a memory pool of up to 1M bytes
Creates an 1/0 job with a memory pool of up to 16M bytes
Starts (makes ready) the initial task in an 1/0 job

Sends a message to a mailbox and deletes the calling task

Creates and catalogs a logical name for a device

Temporarily removes the correspondence between a logical name and a physical
device established via LOGICALSATTACH$DEVICE

Deletes a logical name created with LOGICALSATTACH$DEVICE

Creates a logical name for a connection

Searches through an /0 job’s object directories to find the connection associated
with a logical name

Deletes a logical name from the object directory of a job

Creates a new directory

Creates a new physical, stream, or named data file
Deletes a stream, physical, or named file

Creates a connection to an existing file

Deletes a file connection.

Opens a connection to a file

Closes an open connection to a file

Reads a number of bytes from a file to a buffer
Writes a collection of bytes from a buffer to a file
Moves the file pointer

Removes information from the end of a named data file

. Changes the access list for a named file

Changes the path of a named file
Allows a task to perform functions that are peculiar to a specific device

Provides status information about logical devices
Provides status information about file and device connections
Allows a task to obtain information about a file

Returns the user ID as defined in the User Definition File
Verifies a user's name and password

Loads object code or data into memory -

Creates an 1/0 job asynchronously with a memory pool of up to 1M bytes, loads
the job's code, and causes the job's task to run

Creates an 1/0 job asynchronously with a memory pool of up to 16M bytes, and
loads the job's code, and causes the job's task to run

Creates an 1/0 job synchronously with a memory pool of up to 1M bytes, loads
the job’s code, and causes the job’s task to run

Creates an 1/0 job synchronously with a memory pool of up to 16M bytes, loads
the job's code, and causes the job’s task to run

Loads an overlay into memory
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UNIVERSAL DEVELOPMENT INTERFACE

Progra- Coltml
DOSEXIT
DQSOVERLAY
DQSTRAPSCC

Files

DQSATTACH
DO$SCHANGESACCESS
DOSCHANGESEXTENSION
DQ$CLOSE

DQ$CREATE

DO$DELETE

DO$DETACH
DOSFILESINFO
DOSGET$SCONNECTIONSSTATUS
DOSOPEN

DQSREAD

DOSRENAME

DOSSEEK

DO$SPECIAL
DOSTRUNCATE
DOSWRITE

Memory Management
DOQSALLOCATE

DQ$FREE

DQ$GETSMSIZE
DOSGETS$SIZE
DOSMALLOCATE
DQ$MFREE
DOSRESERVESIO$MEMORY

Exception Handling
DO$DECODESEXCEPTION
DOSGETSEXCEPTIONSHANDLER

DO$TRAPSEXCEPTION

Utility and Command
Parsing
DQSDECODESTIME
DOQSGETSARGUMENT
DOSGET$SYSTEMSID
DOSGET$TIME
DOSSWITCHFBUFFER

Exits from the current application job
Causes the specified overlay to be loaded
Captures control when CONTROL-C is typed

Creates a connection to a specified file

Changes access rights associated with a file or directory
Changes the extension of a file name in memory

Closes the specified file connection

_ Creates a file for use by the application

Deletes a file

Closes a file and deletes its connection
Returns data about a file connection
Returns status of a file connection

Opens a file for a particular type of access
Reads the next sequence of bytes from a file
Renames the specified file

Moves the current position pointer of a file
Sets terminal line-edit/transparent mode
Truncates a file to the specified length
Writes a sequence of bytes to a file

Requests a memory segment of a specified size

‘Returns a memory segment to the system

Returns the size of the specified memory block

Returns the size of the specified segment

Requests a logically contiguous memory segment of a specified size

Returns memory allocated by DQSMALLOCATE to the Free Space Pool
Requests memory to be set aside for overhead to be incurred by /O operations

Converts an exception numeric code into its equivalent mnemonic

Returns a pointer to the address of the program currently being used to process
errors

Identifies a custom exception processing program for a particular type of error

Returns system time and date in both binary and ASCll-character format
Returns an argument from a STRING

Returns the identity of the environment for the UDI

Obsolete: included for compatibility

. Selects a new buffer from which to process commands
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HUMAN INTERFACE

1I/0 Processing
RO$CIGETSINPUTSCONNECTION
RO$CSGETSOUTPUTSCONNECTION

Command Parsing
RO$CSBACKUP$CHAR
ROSCIGETSCHAR
ROSCSGETSINPUTSPATHNAME
RO$CSGETSOUTPUTSPATHNAME
RO$CIGETSPARAMETER

ROSCSSETSPARSESBUFFER
RO$CSGETSCOMMANDENAME

Message Processing
RO$CSFORMATSEXCEPTION
RO$CSSENDSCOSRESPONSE

ROSCSSENDSEOSRESPONSE

Command Processing
RO$CSCREATESCOMMANDSCONNECTION
RO$CEDELETESCOMMANDSCONNECTION
RO$CSSENDSCOMMAND

Program Control
RO$CSSETSCONTROLSC

Return an EIOS connection for the specified input file
Return an EIOS connection for the specified output file

Move the parsing buffer pointer back one byte

Get a character from the command line

Parse the command line and return an input pathname

Parse the command line and return an output pathname

Parse the command line for the next parameter and return it as a keyword
name and a value )
Parse a buffer other than the current command line

Return the command name by which the current command was invoked

Create a default message for an exception code

Send a message to the command output (CO) and read a response from the
command input (Cl)

Send a message to the operator’s terminal and return a response from that
terminal

Create a command connection

Delete a command connection

Concatenate command lines into the data structure created by
CREATE$SCOMMANDS$CONNECTION and then invoke the command

Changes a calling task’s CONTROL-C exchange to the semaphore specified
by the call !
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IRMX® 286 RELFASE 2.0 COMMANDS

SYSTEM DEBUGGER COMMANDS

VC Display system call information

VD Display a job’s object directory

VH Display help information

VJ  Display job hierarchy

VK Display ready and sleeping tasks

VO Display objects in a job

VR Display I/0 Request/Result Segment

VS Display stack and system call information
VT Display any iRMX 286 object

VU Display system calls in a task’s stack

HUMAN INTERFACE

Command Line Interpreter Commands

Recalls a specified command line

Alias Assigns an abbreviation to a command

Background Causes a command to be executed in background mode

Changeid Changes the current user ID to any value between 0 and 65535

Dealias Cancels the abbreviation assigned by Allas

Exit Leaves the Super mode

History Recalls the last 40 lines entered at the terminal

Jobs Displays a list of background jobs by their job identification number

Kill Cancels a background job

Logoff Ends a user session at a dynamic logon terminal

Set Alters the Command Line Interpreter environment by allowing on-line changes to the terminal name,
minimum and maximum background memory pool size, the memory for alias tables, or the prompt
string

Submit Reads, loads, and executes a string of commands from a secondary storage file instead of from the
keyboard

Super Changes the operator to the system manager by changing the user ID

HUMAN INTERFACE

Commonly Used System Progra-s
File Management Commands

Attachfile
Copy
Createdir
Delete
Detachfile
Dir
Downcopy
Permit
Rename
Upcopy

Associates a logical name with an existing file

Copies files specified in an input list to files specified in an output list

Creates one or more new directories

Deletes data files and empty directories from a secondary storage device

Removes the association of a logical name with a file

Lists a directory’s filenames and file attributes

Copies files from an iRMX 286 volume to an [ntellec Development System via the iSDM monitor
Grants or rescinds user access to a file

Changes the names of files or directories

Copies files, via the iSDM monitor. from an Intellec Development System to an iRMX 286 volume

Volame Hanagement Commands

Addloc
Attachdevice

Backup
Detachdevice

Diskverify
Format
Locdata
Restore

Combines the output of LOCDATA and an iRMX 286 bootloadable flle The output of ADDLOC is
another iRMX 286 bootloadable file

Attaches a new physical device to the system and caLalogs its logical name in the root job’s object
directory

Copies named files to a-backup volume

Removes a physical device from system use and deletes lt,S logical name from the root job's object
directory

Verifies the data structures of named and physical volumes

Writes format information on an iRMX 286 volume

Reads the specified data and creates a “located” file that can be processed by the ADDLOC command
Copies files from a backup volume to a named volume
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System Management Commands

Accounting
Initstatus
Jobdelete
Lock
Logoff
Password

Super
Unlock

Tracks activities of dynamic logon users

Displays the initialization status of Human Interface terminals

Deletes a running interactive job

Prevents the Human Interface from automatically creating an interactive job

Ends a user session for users with a customized Command Line Interpreter

Changes passwords for dynamic logon users and creates new users when invoked by the system
manager

Changes the operator’s user ID into that of the system manager (user ID 0) for users who are using-a
custom Command Line Interpreter

Permits the Human Interface to create an interactive job, after the terminal has been locked by the
LOCK command

General Utility Commands

Date

Debug
Logicalnames
Memory

Path
Shutdown
Submit

Time
Version
Whoami
Zscan

Sets or resets the system date, or displays the current date

Transfers control to the iSDM monitor to debug an iRMX 286 application program
Lists all the logical names available to the user

Displays the memory available to the user

Shows the pathname fo a file

Provides an orderly shutdown of the system

Reads, loads, and executes a string of commands from secondary storage instead of from the
keyboard for users with a custom Command Line Interpreter

Sets or resets the system clock, or displays the current system time

Displays the version numbers of commands

Displays the current ID assaciated with the user

Lists the ZAPs (updates) applied to an object module, library, or bootloadable file

PRODUCT CODES—IiRMX 286 RELFASE 2.0 OPERATING SYSTEM

RMX286JSC
RMX286CTSC
SYR286JSC

SYR286CTSC

iRMX 286 Release 2.0 Operating System on 5% " Double Sided Double Density flexible diskettes
iRMX 286 Release 2.0 Operating System on cartridge tape )

iRMX 286 Release 2.0 Operating System on 5% " Double Sided Double Density Flexible diskettes plus
basic utilities and languages (PL/M 286, ASM286, ASM86, anid AEDIT software)

IRMX 286 Release 2.0 Operating System on cartridge tape plus basic utilities and languages (PL/M
286, ASM286, ASM86, and AEDIT software) )

Information subject to change without notice.
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Administration Services
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W iBASE BASE APPLICATION
SOFTWARE ENVIRONMENT

iBASE is an easy-to-use software platform which serves as

a menu-driven environment for system administration,
network administration and application software access.
In addition, iBASE provides electronic mail, electronic
personal calendar and on-line help facilities as well as
data conversion tools for facilitating communication
with both mainframe hosts and PCs.

Easy-to-use menus. The menus provide quick and
user-friendly access to capabilities of the system without
the need to learn the underlying operating system.
Because it is easy to learn, the user can quickly select
desired activities such as application packages, mail,
remote operation, system administration, or tools for
application development. The menus may be custom-
ized and enhanced with the optional iMENU menu
development package.

Electronic mail. The electronic mail service, an
enhanced version of the XENIX electronic mail, is an
office automation tool that supports the timely
exchange of business messages in a multiuser and
network environment. The mail service can be inte-
grated with a wordprocessor to easily compose longer
messages.

@ INTEL CORPORATION. 1986
*XENIX IS A REGISTERED TRADEMARK OF MICROSOFT CORPORATION

iBASE — BASE |
APPLICATION SOFTWARE
ENVIRONMENT

» Friendly, easy-to-use menus

» Menu-driven system and network
administration

» Platform for integrated and independently
provided application software

» Peripheral resource administration
and allocation

» File management

» Electronic mail and directory

» PC and bost mainframe communication
options

» OpenNET ™ local area network compatible

Electronic directory. The built-in electronic direc-
tory provides an on-line listing of the system and net-

* work users. Information includes system addresses for
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electronic mail as well as standard phone book informa-
tion. Directory facilities include phonetic lookup capa-
bilities when users are not sure of exact spellings.

Electronic personal calendar. The electronic
personal calendar is an office automation tool which
works with electronic mail to provide an automatnc
reminder of future appointments.

File management. The file managemcnt system
provides the capability to view, edit, print and copy
files between the various system work areas. Conver-
sion routines facilitate file format translations among
popular applications.

On-line help facility. The help facility, a compre-
hensive on-line documentation feature, is accessible
from the menu system so the user need not constantly
refer to manuals when using integrated applications.
With the optional iMENU facility, an experienced user
can extend or modify the help facility to specify help
information for other applications.

Remote operations access. iBASE provides menu-
driven access to host communications subsystems. By
adding the optional Virtual Protocol Machine (iVPM)
facility and corresponding protocols, users can access
remote mainframe hosts. Also, local users can appear
as a terminal to a remote system using the TTY-
Passthrough feature provided in iBASE.

JUNE, 1986
ORDER NUMBER: 270187-002
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W_SYSTEM ADMINISTRATION

Defining users and work areas. The System
Administration features of iBASE allow the administrator
to quickly and easily add additional users to the system.
Each user can be customized for access to software and
various system resources. In addition, the administrator
can establish user work areas and default text editors.
This tailoring of the system enables multiple users to
operate as groups and share certain files while maintain-
ing security on other files.

User-specific resource allowtion. The system
administrator can specify access permissions for physi-
cal devices and software features. Thus, users can be
assigned to devices based on workloads, physical prox-
imity, and job-specific needs.

Archiving. The system provides two levels of archiv-
ing. The administrator can selectively backup individual,
group and public work areas. This grouping capability
simplifies the task for the administrators. While restor-
ing information, the administrator can read either the
whole archive or specific units. Additionally, individuals
can backup and restore their own information on autho-
rized resource devices.

8 NETWORK ADMINISTRATION

Network setup. The Network Administration fea-
tures of iBASE provide network node setup. The net-
work nodes can be identified as application vehicles or
public servers providing resources and other capabili-
ties. In this way, the network administrator can optimize
network resource utilization.

Network resource definition and assignments.

iBASE extends the concepts of a system resource by .

allowing the administrator to view the network as a
larger system. Thus, users with proper authorization can
perform tasks such as printing or archiving on remote
nodes independent of physical location.

Extending system tasks across the network.
Electronic office capabilities which were useful on a
single multiuser system take on a new dimension when
extended across the network. Electronic mail is easily

ORDERING INFORMATION

routed to individuals and groups of individuals across
the network in a timely manner. Many of the day-to-day
administrative tasks for multiple nodes can be accomp-
lished from a single network node. This increased con-
venience for the operators improves productivity and
ensures more timely execution of the administration
function.

W APPLICATION DEVELOPMENT TOOLS
AND SYSTEM FACILITIES

iMENU menu development. The optional iMENU
facility, a version of /menus from Schmidt Associates,
allows users to create integrated, friendly, menu-driven
interfaces to XENIX applications. Programmers and
users can apply the iMENU facility in maintaining or
creating menus, forms or help screens for new and
existing applications.

Remote file transfer. The iXTRACT remote-file
transfer facility enables bidirectional transfer of a “flat
file” to/from a mainframe host or a PC and converts the
file to/from the iDB relational database format.
iXTRACT is included in iBASE.

iBPC iBASE PC extensions. The optional iBPC
extensions provide the XENIX portion of PC connection
software, a menu-driven terminal emulation, file conver-
sion and file transfer facility. iBPC enables file sharing
between PCs and muitiuser XENIX systems. The user
can convert database and spreadsheet files from stand-
ard PC formats (including Lotus 1-2-3, dBASE-Il, and
Multiplan) to relational database formats during the
two-way file transfer. The package can be used in four
distinct modes: terminal emulation, local M$-DOS con-
trol, passthrough host sessions, and file transfer/trans-
form operations. The PC connection operates cither
over serial lines (direct or remote) or across the
OpenNET local area network. The MS-DOS portion of
the PC connection software is provided by the optional
DOS-NET Virtual Terminal software.

/menus is a trademark of Schmidt Associates

Lotus is a registered trademark of Lotus Development Corporation
dBASE Il is a registered trademark of Ashton Tate

Multiplan and MS are trademarks of Microsoft Corporation

XNXIBASKERI

iBASE Base Application Software Environment object software and documentation (includes iXTRACT)
iMENU menu and forms development obiect software and documentation

XNXIMENUKRI
XNXIBPCKRI iBPC iBASE PC Extensions
DOSNETVTSKRI DOS-NET Virtual Terminal (formerly |FC)




- iRMX™
LANGUAGES

¢ Industry-standard languages and
utilities for developing applications on
iRMX-based systems. Includes
'FORTRAN, Pascal, C, BASIC, PL/M,
Macro assembler, AEDIT text editor -
® Complete set of utilities to create and
manage object modules '
® Mix languages on single application
system with UDI standard

.~ o Intel 8087 and 80287 math coprocessor

support

-® 8086 and 80286 compatibility

® Worldwide post-sales service and
support organization

iRMX™86
or .
iRMX™ 286

- UNIVERSAL RUN-TIME

URI

©Intel Corporation, 1985
*XENIX is a trademark of Microsoft Corporation.
+UNIX is a trademark of Bell Laboratories.
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Full Language Support
for iRMX™ -Based Systems

Intel's iRMX™ 86 and iRMX™ 286-
based systems are completely supported
by a wide variety of popular languages
and utilities with which to build fast,
real-time, multi-tasking applications. In-
cluded are the latest versions of
FORTRAN, Pascal, BASIC, PL/M and
Macro Assembler for Intel’s 8086 and
80286 processors. Previously developed
applications using any of these
languages port easily to iRMX-

based systems with minimal source
code modifications.

In addition to the wealth of languages
available, iRMX-based systems are com-
plemented by utilities with which to
create and manage object modules. For
the iRMX 286 system, utilities which
allow system programmers to initialize
and manage the memory protection fea-
tures of the 80286 transparently to the
applications programmer are pro-

vided. This latitude in configurability
allows programmers to team their efforts
in order to achieve a shorter development
time than would otherwise be possible.

Because the high-level languages are
actually resident on the iRMX-based
system, OEMs can pass application
software directly on to end users. End
users may then tailor the OEM s system
to better meet application needs by writ-
ing programs using the sarfie languages.

Language-independent
Application Development

Intel’s Universal Development Interface
(UDI) and Object Module Format
(OMF) enable several users to write
different modules of an application, in
different languages, then link them
together.

The OMEF provides users with the ability
to mix languages on a single application
system, affording the luxury of choosing
exactly the right language tools for
specific pieces of the application, rather
than compromising specialized tasks for
the sake of one, project-wide language.

iRMX languages are fully compatible
with the Intel Series III/IV Development
System, should the user choose to develop
applications on a specialized develop-
ment system. Applications are easily
moved to the final target system for test,
debug and minor redevelopment.

Fast, Lean Programs
for Rapid Processing

The iRMX language products enable
programmers to write the smallest,
fastest programs available in high-level
languages, due to the compiler’s superior
ability to optimize code.

It is also possible to make iRMX
operating system calls directly from
FORTRAN, PASCAL, C and PL/M.
This means that application developers
can take full advantage of the iRMX
multi-tasking capability, whereby
multiple applications execute concur-
rently on the operating system. Multi-
tasking, a requirement of most real-time
systems, is sometimes as necessary in
application software development as in
an operating system environment.

Standardized REALMATH
Support

All the iRMX languages (except BASIC
and C) support the REALMATH floating
point standard. This ensures universal
consistency in numeric computation
results and enables the user to take
advantage of the Intel 8087 and 80287
Numeric Data Processor or iSBX™ 337
MULTIMODULE™ boards, which boost
performance two to four times over that
possible on a mini-computer.

Complete Set of Program
Linkage and System
Building Utilities

Utilities for iRMX 86 operat-
ing systems include Intel’s
own LINK 86, LOCATE
86 and LIBRARIAN.
For iRMX 286 systems,
BIND 286 and BUILD 286
replace Link & Locate,

Using the LINK 86 or BIND 286
programs, users may combine individ-
ually compiled object modules to form a
single, relocatable object module. This
provides the ability to merge work from
several programmers into one cohesive
application system.

The LOCATE 86 utility maps relocatable
object code into the processor memory
segments, allowing user definition of
module/memory type allocation. For
example, often-used portions of an ap-
plication may be mapped to (P)ROM.

The BUILD 286 utility provides the major
capabilities of LOCATE 86 plus allows
the system programmer to specify the
memory protection scheme for the
80286 system. '

The LIBRARIAN object code library
manager affords easy creation, collection
and maintenance of related object code to
reduce the overhead of separately main-
tained modules.
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Finally, the MACRO Assemblers for the
8086 and 80286 processors generate
extremely efficient code and invoke
8086/8087 or 80286/287 machine
instructions.

iRMX™ Pascal

iRMX Pascal meets the proposed ISO
language standard and implements
several microcomputer extensions. A
compile-time option checks conformance
to the standard, making it easy to write
uniform code. Industry-standard specifi-
cations contribute to portability of appli-
cation programs and provide greater
reliability.

" iRMX Pascal supports e»tensions,ﬂ
such as an interrupt-handler and direct

port I/O extension, that allow programs
to be written specifically for micro-
computers. Separate module compilation
allows linkage of Pascal modules with
modules written in other high-level
languages.

iRMX™ FORTRAN

The iRMX FORTRAN compiler pro-
vides total compatibility with FORTRAN
66 language standards, plus most new

DEVELOPMENT &
TARGET *

features provided by the FORTRAN 77
language standard including complex
numbers. iRMX FORTRAN includes
extensions specifically for microcom-
puter application development. Pro-
gramming is simplified by relocatable
object libraries, which provide run-time

“support for execution time activities.
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iRMX FORTRAN 86 supports the 8087
math coprocessor and iRMX FORTRAN
286 supports the 80287 for the most pow-
erful microcomputer solutions available
in number-intensive applications.

iRMX™ PL/M

PL/M offers full access to micro-com-
puter architecture while simultaneously
offering all the benefits of a high-level
language. Invented by Intel in 1976,
PL/M 80 was the first microcomputer-
specific, block-structured, high-level
language available. Since then, thou-
sands of users have generated

ode for millions of microcomputer-
based systems using PL/M 80,
PL/M 86, and PL/M 286.

Software written for 8-bit
processors (PL/M 80)
are easily ported to the

more powerful 16-bit

(PL/M 86) environment. The

same portability is available for the

80286 (PL/M 286).

iRMX™ BASIC

Intel’s offering of Microsoft BASIC 86 is
a standardized version of the most popular
high-level language in the world. Exist-
ing BASIC programs are easily ported to
iRMX-based systems. BASIC is an ex-
cellent pass-through language by which

an OEM can offer customers the ability

to write and modify their own

applications.

iRMX™ C Compiler

The popular programming language C, is
fully supported on iRMX-based systeins.
iRMX C offers both small and large
segmentation models, enabling applica-
tions to be written efficiently. The iRMX
C compilers combine assembly language
efficiency with high-level language con-
venience; it can manipulate on a machine-
address level while maintaining the
power and speed of a structured
language. )

The iRMX C compiler affords easy
portability of existing C programs to
iRMX-based systems.

+Soft-Scope® is a registered trademark of Concurrent Sciences, Inc.

iRMX™ AEDIT Text Editor

The iRMX AEDIT Text Editor is screen-
oriented, menu-driven and easy to learn.
Guided by the menu of commands al-
ways before him, the user can edit text

and programs easily and efficiently.

iRMX. AEDIT Text Editor allows the
simultaneous edit of two files. This allows
easy transferral of text between files and
use of existing material in the creation of
new files. Creating macros, strings of
frequently-used commands, is also very
simple. The editor ‘‘remembers’ the
selected commands and allows the user to
re-use them repeatedly. The

iRMX 286 version also

supports operating system

level command execution.

iRMX™ 286 Soft-Scope* 286
High Level Language Debugger
The Soft-Scope 286 debugger allows
debugging programs running on the
iRMX 286 Operating System. Programs
written in PL/M 286, FORTRAN 286,
PASCAL 286, and C 286 can be de-
bugged using source

code listings.
Worldwide Service ;’/,. S
and Support W

All iRMX systems are completely sup-
ported by Intel’s worldwide staff of
trained hardware and software engineers.
Support available includes Hotline (tele-
phone) Support, Software Updates, and
a Subscription Service.

Complete documentation is provided for
all operating system and application
software languages, as well as for system
hardware components. An Intel system is
not a collection of hardware and software
pieces as much as a cohesive whole that
is supported and serviced as such.

R
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Intel Has Total Solutions
for Real-Time Systems

iRMX 86 and iRMX 286 are the fastest,
most powerful operating systems available
for multi-tasking, multi-user, real-time
applications. Complemented by a wide
range of industry-standard languages and
utilities, the iRMX-based systems are
highly flexible and configurable. -

Application development for iRMX-
based systems is possible at the board or
the system level. OEMs can integrate
functionality at the most profitable level
of product design, using one system for
both development and target use. Intel’s
choice of industry standard high-level
languages enables the end user to extend
OEM-provided functionality even
further, if desired.

Who is better qualified to write and sup-
ply software for Intel VLSI than Intel?
Today you have the ability to tap into
hundreds of available application soft-
ware packages, languages and utilities,
peripherals and controllers and
MULTIBUS® boards.

Tomorrow, and ten years down the road.
you will be able to tap into the latest,
high-performance VLSI— without losing
today s software investment.

»
-
—_—

iRMX LANGUAGE=




Specifications

Required Hardware

© Any 8086/286/386 based or iSBC 86/
286/386 based system including Intel’s
System 86/300, 286/300 and 386/300
family. In addition, object code from the
8086 compilers will run on 8088, 80186
or 80286 based systems.

© 700KB of memory

* Two iRMX compatible floppy disks or
one hard disk :

® One 5.25" double-density floppy disk

Required Software
The iRMX 86 Operating System Release
7 or later including the Nucleus, Basic 1/O
System, Extended I/O System and Human
interface layers.

— or —
The iRMX 286 Operating System includ-
ing the Nucleus, Basic I/0 System, Ex-
tended I/0 System and Human Interface.
Purchasing of any iRMX 86-resident
language requires signing of Intel’s Soft-

Data Sheets

® 8086 Compilers:
8086/88/186/188 Software Packages
(Intel order number 210689)

" & 80286 Compilers:

80286 Software Development Tools
(Intel order number 231665)

drive for distribution of software ware License Agreement (SLA). A soft-
* System console device ware license is shipped with each iRMX
286-resident language.
Ordering Information
IRMX 86 LANGUAGES iﬁMX 286 LANGUAGES
ASM 86, Utilities R86 ASM 86 ASM 286, Utilities R286 ASM 286
FORTRAN 86 - R86 FOR 86 ASM 86, Utilities R286 ASM 86
PL/M 86 R86 PLM 86 AEDIT Text Editor R286 EDI 286
AEDIT Text Editor RMX 864 PL/M 286 R286 PLM 286
BASIC 86 RMX 865 FORTRAN 286 R286 FOR 286
Pascal 86 R86 PAS 86 Pascal 286 R286 PAS 286 .
C 86 R86 C 86 C 286 R286 C 286
Soft-Scope* 286 R286 SSC 286
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Application Services

B INTEGRATED OFFICE
PRODUCTIVITY TOOLS

Intel offers an integrated set of office productivity tools
consisting of a database management system, wordpro-
cessor, desktop organizational utilities and spreadsheet.
Data can be interchanged among the iWORD Wordpro-
cessor, the iPLAN Spreadsheet and the iDB Database
System. These, together with the on-line help facility,
provide an easy-to-use powerful set of decision support,
analysis and productivity tools.

B iDB DATABASE MANAGER
AND REPORT WRITER

The iDB database management system is a full-function,
mainframe-caliber relational DBMS that supports an
interactive query/update language which is a functional
superset of IBM's SQL. The Report Writer package
included with iDB allows users to prepare custom
reports quickly. iDB, Intel’s version of the Empress*
database management system from Rhodnius, Inc., also
features a user-prompting data entry and updatc subsys-
tem, a bulk loading and unloading utility for rapid
transfer of data among files and databases, extensive
on-line help facilities, and programmatic interfaces to
the C language and XENIXY shell.

© INTEL CORPORATION, 1986
"EMPRESS IS A TRADEMARK OF RHODNIUS, INC.
TXENIX IS A REGISTERED TRADEMARK OF MICROSOFT CORPORATION

OFFICE
PRODUCTIVITY
TOOLS

» Friendly, easy-to-use

» Applications access from menus

» Integrated office productivity tools with

. online belp facility

» Fully relational DBMS option with report
writer and forms input -

» Wordprocessor

» Spreadsheet

» Enbanced electronic mail

» Personal calendars with group scheduling

» OpenNET ™ local area network
compatible

B _iWORD WORDPROCESSOR

The iWORD package, a version of the Latitude** Word-
processor from LatiCorp, Inc., is a powerful full-function
wordprocessor with mailmerge, spell checking and an
integrated tabulator (spreadsheet ). The wordprocessor
supports all standard text editing, storage and format-
ting functions. File management and editing concepts.
are very easy for beginning users yet powerful enough
for experienced users. The software allows users to
visually format documents and print them as they are
displayed on the screen.

B iDESK DESKTOP ORGANIZATIONAL UTILITIES

The iDESK Desktop Organizational Utilities, a version
of SYNC**: The Executive Desk from LatiCorp Inc.,
provides an enhanced set of office automation capabili-
ties. iDESK provides an enhanced electronic mail inter-
face, additional calendar capabilities including group

. scheduling, reminders and telephone message facili-

ties. iWORD is a prerequisite of iDESK.

JUNE, 1986

ORDER NUMBER: 270211-001

*LATITUDE IS A REGISTERED TRADEMARK OF LITICORP, INC.,
SYNC IS A TRADEMARK OF LATICORP, INC.



~ ®_iPLAN SPREADSHEET

The iPLAN Spreadsheet, a version of Microsoft’s Multi-
plant, is a powerful easy-to-use “electronic worksheet”
that supports ‘what-if decision modeling using simple
English commands. This two-dimensional matrix canbe
tailored to a variety of applications including financial
modeling, tabulations and formula calculations. Up to

is a

g of Microsoft Cory

ORDERING INFORMATION

eight windows are available for both vertical and
horizontal scrolling and as many as eight interrelated
worksheets can be linked and updated. iDB SQL queries
can be embedded in iPLAN cells to ensure spreadsheet
analysis utilizes current database data.

XNXIBASEKRI
) (includes iXTRACT)
XNXIDBKRI
documentation
XNXIWORDKRI
XNXIDESKKRI
XNXIPLANKRI

iBASE Base Application Software Environment obiect software and documentation
iDB relational database management and report writer object software and
iWORD word processor object software and documentation

iDESK desktop organization utilities object software and documentation
iPLAN spreadsheet object software and documentation
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HIGH PERFORMANCE MultiSERVER™
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HIGH PERFORMANCE MULTISERVER™

MultiSERVER is an effective way to link PC's, terminals, minicomputers, mainframes and
applications into an organizationally productive departmental services system. Intel combines
the power of its high performance System 320, its complete network service software and its
comprehensive customer support capabilities to deliver, install and maintain a.complete
DEPARTMENT SERVICE NETWORK.

MultiSERVER™ SYSTEM 320 FEATURES

¢ Complete Department Service Network « Complete Instaliation. Service and Support
File Services * Range of Configurations
Print Services . i
Communication Services
Network Application Services
Administrative Services
Compute Services

- e
Intet Corporation assumes no responsibility for the use of any circuitry other than cireaitey embodied i an Inted product. No other eircuit patent licenses are

implied. Information contained heren supersedes previously published specifications on these devices from Intel

June, 1987
© Intel Corporation 1987 2-51 Order Number: 280501001



ONE SERVER—MULTIPLE SERVICES

MultiSERVER delivers to “work groups” and individuals a
comprehensive, fully integrated set of services which
extend the computing and information resources of an
entire enterprise.

FILE SERVICES: Provide data, application and
message sharing transparently among PC users as well as
across peer level networks.

PRINT SERVICES: Provide cost effective and
controlled access to multiple print devices.

COMMUNICATION SERVICES: Provide controlled
access to higher level mini and mainframe computers to
download data as well as utilize existing applications.

NETWORK APPLICATION SERVICES: Provide
access to mail and messages, allow remote scheduling of
events, and allow PC's to become terminals virtually
connected to higher level computing resources.

ADMINISTRATION SERVICES: Provide a single,
integrated point to install and maintain the entire
Department Service Network.

COMPUTE SERVICES: Provide the development or
execution of complex multitasking applications such as
database, inventory and/or accounting.

INSTALLATION SERVICE AND
SUPPORT

The Intel MultiSERVER System 320 is backed by Intel’s
worldwide service and support organization. Installation is
available to quickly get your system up and running. Total
hardware and software support is available, including a
hotline number for when you need help fast. Intel also
provides hands-on training workshops to give the user a
thorough understanding of the MultiSERVER System 320.
These workshops are conducted at Intel training centers or
customer sites worldwide.

MultiSERVER™ CONFIGURATIONS

Intel offers a range of configurations for the MultiSERVER
System 320. Contact your local Intel representative for
further information.

APPROVED PRINTER AND
TERMINAL LIST

PRINTERS TERMINALS
C. Itoh D300 C. Itoh Cl 414A
C. Itoh D600 C. Itoh Cl 467
C. ltoh F10-40 Kimpro KT-67
C. Itoh F10-55 Wyse WY-50

C. Itoh 3500 Wyse WY-75
Tally 1602 Wyse 350

SPECIFICATIONS
ENVIRONMENT
Operating Temperature 10°C to 40°C

26°C maximum
85% at 40°C

Wet Bulb Temperature
Relative Humidity

Altitude Sea level to 10,000 feet
REGULATIONS
Meets or exceeds_the following requirements:
Safety
Us UL 478
Canada CSA C22.2
Europe IEC 435
EMI/RFI
us _FCC Class B Computing Device
Europe VDE Limit Class B
ELECTRICAL
DC Power Output 435 watt maximum

88-132 VAC or 176-264 VAC,
47-63 Hz, single phase

AC Power Input

DIMENSIONS

Height 8"

Width 175"

Depth 22.25"

Weight Approx. 55 Ibs
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XENIX IS A REGISTERED TRADEMARK OF MICROSOFT CORPORATION

PBG Subroutine Libraries
High Tech Business Graphics
GraphHopper

Grafsman

2-53

R Systems, Inc [ <<( >>
(N BRI aC R,,, XENIX 286
oW
o APPLICATION AND
i SO = i
, 0= ¢ F' R DEVELOPMENT
Aecess Technology, Inc. — 3
g ) ;&bﬁ}gﬁbl ra'n' £ uwry SOFTWARE
© 2
g ® =1 1 MCROSOFT ‘
§ B T ancaomosay a ] m‘“ » Choice of packages in most application areas
=l =7 Al . Lo
B s %‘ o 55 m@'m ﬂ » Choice of application development tools
';T <§ ) E S » Major software packages available ditectly from Intel
i ‘m Omtool E 9 . .
> e 2 » Worldwide support available for many software
AMERICAN BUSINESS SYSTEMS INC. < M“ o * k
CONETIC SYSTEMS INC. 3 3 packages
>4 SOFTWAREZEXPRESS & 2
CATEGORY PRODUCT NAME VENDOR
Accounting - MCBA Accounting MCBA
BACS _Accounting Amcripan Business Systems ‘
Conetic Accounting Conetic Systems
Thoroughbred Accounting Concept Omega
Open Systems Accounting Open Systems
MBSI RealWorld Accounting Megascore
Application Tools APPGEN Application Generator Software Express
p P
: APPGEN Query Language Software Express
* IMENU Intel
Communications Fusion Network Research Company
Database Management PROGRESS Data Language
C-ISAM Relational Database Systems
File IT! Relational Database Systems
* Informix Relational Database Systems
Informix SQL Relational Database Systems
C/Tools Conetic Systems
* iDB (Mistress) Intel ~
MDBS III Micro Data Base Systems
Unify Unify
ZIM Zanthe
FoxBASE Santa Cruz Operation
Graphics * PBG200 Pacific Basin Graphics

Pacific Basin Graphics
High Tech Marketing

Data Business Vision

Southwind Software

JANUARY, 1987
ORDER NUMBER: 270128-003



intel
CATEGORY

Languages

\

Manufacturing
Medical

Office Automation

Personnel
Project Management

Publishing

Spreadsheet

PRODUCT NAME

* ASM286 Assembler/RL286
* ASM386 Cross Assembler
* Mark Williams ‘C’
* Fortran-286
* MicroFocus Cobol
* Microsoft Basic
* cENGLISH
* dBASE II to cENGLISH
* PL/M-286 -
* PL/M-386 Cross Compiler
CCS Basic |
DB/C (Databus Compiler)
" 'DBL (Dibol)
Microsoft Fortran
Pascal
RM Cobol
RM Fortran
* Softbol '
Thoroughbred Basic
UX Basic
Unilisp

Manufacturing Control Systems
MDX

* i\WORD

* Q-Office
R Office
Lex86
Sofgram
CrystalWriter

* Lyrix

Personnel Searcher
VUE

Circulation Management
Sof Type

* iPLAN (Multiplan)
20/20
UltraCalc
SCO Professional

264

VENDOR

Intel

Intel

Intel

Intel

Intel

Intel

cLINE

cLINE

Intel

Intel

Control C

Subject Wills & Company
DISC

Microsoft

Human Computing Resources
Ryan McFarland

Ryan McFarland

Omtool

Concept Omega

Human Computing Resources
R/L Group

Micro Manufacturing

Clinical Data Design

“Intel

Quadratron

R Systems

SofTest

SofTest

Syntactics

Santa Cruz Operation

NMI
National Information Systems

NMI
SofTest

Intel

Access Technology
Olympus Software
Santa Cruz Operation
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INTRODUCTION

The iRMX® 286 operating system represents the evolution of the iRMX® 86 opéfating systein to the protected-mode
80286 and 80386 microprocessors. Therefore, the iRMX 286 operating system has most of the same features of its 8086
counterpart.

Many Intel customers are going to migrate their software from iRMX 86 to iRMX 286. Most customers should be
pleasantly surprised at the ease of migration between the two operating systems. This compatibility- between the two
operating systems was a key objective of the iRMX 286 project. Thus in the majority of cases, an iRMX user should
encounter no changes or only trivial changes when porting their software to iRMX 286. In the other cases, iRMX users
with a little patience, work, and the help of this paper, should quickly have their application running on iRMX 286.

Before reading this migration note, it is strongly suggested that readers acquaint themselves with the fundamentals of the
80286 architecture.

iRMX® 286 SYSTEM ARCHITECTURE

There are inherent differences between iRMX 86 and iRMX 286 due to the differences in microprocessor architectures.
To take advantage of some unique 80286 features additional system calls have been added in the iRMX 286 operating
system. These new calls can be identified by an RQES$ in their preface, with the E denoting “extended”, to take advantage
of the 80286’s 16MB addressability.

Figure 1 lists the differences for each layer of iRMX 286.

iRMX® Layer . iRMX® 286 Changes

Nucleus . - 16MB address space
— New hardware traps
- Descriptor management
- Privilege"h\anagement
- Round robin scheduling
~ Interrupt management

— New calls
BIOS - Memory buffer protection
EIOS - New calls
- Memory buffer protection
Application Loader - Only loads 80286 OMF records
— Only loads STL modules
— New calls
Human Interface - Enhanced CLI
~—= New commands
uDI - New calls
Bootstrap Loader — New third stage interface

ICU Single stage ICU

Figure 1. iRMX® 286 Architectural Differences
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iRMX® 286 NUCLEUS
16 Megabyte Address Space

Today’s applications have pushed beyond the 1IMB memory limitation of the 8086 architectures. Many Intel customers
have chosen iRMX 286 simply because of its ability to address 16MB of memory. While the 80286 architecture allows for
accessing 24 physical address lines, to yield 16MB physical and 16MB virtual addressability, the operating system is not
automatically allowed the same abilities. As further generations of CPUs become available and memory becomes cheaper,
operating systems will strive toward hardware independence. One method used is accessing memory logically, not physi-
cally. In the iRMX 286 operating system all memory addresses are logical addresses available via a descriptor table. A
logical address may be thought of as a pointer consisting of a selector and an offset. The selector will point to an entry in a
descriptor table containing the 24-bit physical address. Therefore, tokens are affected by containing selectors that refer-
ence an entry in the descriptor table. No longer do tokens contain the physical address of an object.

New Hardware Traps

Because the 80286 processor detects several types of exceptions and interrupts from exceptions, iRMX 286 also alerts
programs generating these exception conditions. These hardware traps will be generated from the following conditions:

INTERRUPT
VECTOR ' FUNCTION
8 Double exception
9 Processor extension segment overrun
10 Invalid task state segment *
11 Segment not present *
12 Stack segment overrun or not present
13 General protection

*Seldom seen

Users porting iRMX 86 code to iRMX 286 should be aware that the working code in iRMX 86 might still contain errors
that will be “trapped” in'iRMX 286.

Descriptor Management

While the 80286 CPU is in Protected Virtual Address Mode (PVAM), all application programs deal exclusively with
logical addresses. That is, the programs do not directly access actual physical addresses generated by the processor.
Instead, a memory-resident table, called a descriptor table, records the mapping between the segment address and the
physical locations allocated to each segment. Whenever the 80286 decodes a logical address, translating a full 32-bit
pointer into a corresponding 24-bit physical address, it implicitly references one of several descriptor tables. One table is
called the Global Descriptor Table (GDT) and provides a complete description of the global address space. Another table
is provided, the Local Descriptor Table (LDT), to describe the local address space for one or more tasks. To the applica-
tion programmer, much of the internal operation and management of the descriptor tables are transparent. However, the
systems programmer will need to manage the descriptors to:

A. Gain access to undefined or allocated memory areas, and
B. Add device drivers to the system.
Several new calls were added to help manage descriptor tables:
1. RQE$CREATE$DESCRIPTOR
2. RQESCHANGESDESCRIPTOR
3. RQESDELETES$DESCRIPTOR
For the applications programmer several features are available in iRMX 286.
1. Of the maximum 8K objects available, all are indexed in the GDT with the operating system using the LDT.
2. While using an iRMX 86-style task switch, iRMX 286 runs as one 80286 hardware task.
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Privilege Management

Some means of protection is required to prevent programs from improperly using code or data that belongs to the
operating system. The four privilege levels of the 80286 are numbered from O to 3, where 0 is the most trusted level. The
privilege level is an attribute assigned to all segments in a hierarchical fashion. Operating system code ‘and data segments
are placed at the most privileged level (0) which is where iRMX 286 operates. (See Figure 2.)

The privilege levels apply to tasks and three types of descriptors:
1. Main memory‘segments
v 2. Gates ,
3. Task state segments (not used in iRMX 286)

Of part:cular interest to discussions concerning iRMX 286 is the gate descriptor and its usage in apphcatxon programs.

Of the four types of gates in the 80286 processor, iRMX 286 uses call gates. Once invoked, control is transferred using
only the selector portion. This address becomes fixed, allowing any program to invoke another. This prohlblts tasks that
have not used these entry points from jumping into the middle of the operating system. The use of gates is fundamental to
the 80286 architecture and is reflected in other areas of iRMX 286.

All iRMX 286 system calls go through a call gate in order to invoke a given service procedure. In the iRMX 86 operating
system, all calls were through software interrupts, invoking an operating system extension handler, then finaily the service
procedure. For iRMX code that was written for the iRMX 86 operating system, this will have little impact until it comes
time to build the system, unless a conflict exists between the old and new nucleus calls: (See next section.) Analogous to
the iRMX 86 operating system having a software interrupt at each level, iRMX 286 possesses call gates for each system
call at each layer of the operating system, eliminating the need for an operating system extension handler. Call gates can
be specified through system calls and the Interactive Configuration Utility (ICU). (See the example for RQE$SET$0S$
EXTENSION.)

TASKA

pPPLICATIONG

6 KERNAL a

TASK C TASKB.

m-0802

Figure 2. Example Privilege Level Assignments
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IRMX® 86

(05 ’

System L» Software Extension Service
—_——— ——— ——

Calls /————» Interrupt Handles —\ Procedures

IRMX® 286

System Cal ————————— CallGate ————— > Service Procedure
System Cal ———————— CallGate ———— > Service Procedure

System Cal —————— CallGate —— > Service Procedure

Call Gates vs. Software Interrupts

Round Robin Scheduling

The iRMX 286 operating system schedules tasks based upon tasks competing for CPU resources. To prevent the occur-
rence of one or more tasks waiting indefinitely, round robin scheduling is available on the iRMX 286 operating system.
One area that could benefit from this scheduling scheme is multi-user environments.

Round robin scheduling will permit equal priority tasks a finite time they may have control of the processor. Once the time
expires, the task with the same priority and ready will gain CPU control. Hardware interrupts and higher-priority tasks
can still bump any of the lower-priority tasks from running. This scheme allows all equal priority tasks an opportunity to
execute.

This scheduling is determined in the “nucleus” screen of the Interactive Configuration Utility (ICU). (See the iRMX 286
Interactive Configuration Utility Reference Manual for details.)

Interrupt Management

In the iRMX 286 operating system interrupt management has changed. In the iRMX 86 operating system an interrupt
vector table contains the address of an-interrupt handler. In the iRMX 286 operating system this table has been called the
Interrupt Descriptor Table (IDT) and is very similar to the GDT and LDT, except that it is referred to only when an
interrupt occurs. Interrupt addresses can be entered into the IDT when using the iRMX 286 SETSINTERRUPT nucleus
system call. Entering interrupts is still identical for both operating systems, however, with PL/M 286 not having a
SETSINTERRUPT built in, interrupts have become easier to use. (See the section on PL/M 286.) The following is a
description of the allocated interrupt entries. (Also see the section on BUILD 286 for another way to set interrupts.)
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Entry Number ~ iRMX® 286 Interrupt Allocation Description
0 Divide by zero
1 Single step (used by iSDM™ 286)
2 Power failure (non-maskable interrupt, used by iSDM™ 286)
3 One-byte interrupt instruction (used by iSDM 286)
4 Interrupt on overflow
5 Run-time array bounds error
6 Undefined opcode
7 NPX not present/NPX task switch
-8 Double fauit
9 NPX segment overrun
10 Invalid TSS
11 Segment not present
12 Stack exception
13 General protection
14-15 ) <Reserved >
16 NPX error
17-55 <Reserved >
56-63 8259A PIC master
64-127 8259A PIC slaves
128-255 * Available to users *
New Calls
GENERAL RULES

IMPORTANT

Here are some general rules to apply.

1.
2.

L W

All iRMX 286 system calls beginning with RQ$ are 100% compatible with iRMX 86.
All iRMX 286 system calls beginning with RQES$... are new to iRMX and exist only in iRMX 286.

a. Al 1RMXi86 system calls beginning with RQS$... for which there is a like iRMX 286 system call beginning

. with a RQES. .. use the function procedure of the RQES... call.
All iRMX 286 system calls and user extensions use call gates.
All iRMX 86 BIOS, EIOS, and loader calls are 100% compatible with iRMX 286 calls.
All objects are identified by 16-bit tokens which represent an entry in the Global Descrlptor Table (GDT).

The iRMX 286 system call RQESSET$OS$SEXTENSION must be used in place of
RQ$SET$OS$EXTENSION This call dynamically attaches an operating system extension to a call gate.

" A few specific system calls merlt further discussion.
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RQES$SET$SOSSEXTENSION

This system call as mentioned in Rule 6 above will find the following usage.

DECLARE

: Typical PL/M 286 statements
MY$OS$EXT: PROCEDURE EXTERNAL;

. Typical PL/M 286 statements

END MY$OSSEXT:
CALL RQE$SETSEXTENSION (0141H, @MY$OSSEXT, @STATUS);

Where: 0141H represents the entry number of the call gate from the GDT. This parameter is named
GATE$NUMBER.

: @MYS$OSSEXT represents the pointer to first instruction of MY$OSS$EXT. This parameter is
named START$ADDR.

. @STATUS represents a pointer to a word containing the condition code for this call. This parame-
ter is named EXCEPT$PTR.

A user-written operating system extension can also be attached to a call by the Interactive Configuration Utility (ICU).

Example of an ICU screen:

OS Extension .
(GSN) GDT slot number [0140H-01FFEH] 0141H
(OCN) entry point name [1-45 characters] MYSOSSEXT

Enter changes [Abbreviation ?/ = NEW__VALUE}:
Do you need any more O.S. extensions?

This causes the GDT slot 141H to be configured as a call gate whose entry point is MY$OSSEXT.

RQES$CREATE$JOB

This call is an example of Rule 2a where two calls perform nearly the same function. In this case the extended versions of
POOLS$MIN and POOLSMAX parameters are DWORDS instead of WORDS. This is to allow a memory pool of up to
16MB for tasks and objects. While RQSCREATESJOB will create a memory pool of up to 1MB, it will use the same
function procedure as RQESCREATES$JOB. This is possible because the RQSCREATES$JOB interface procedure changes
the word pool parameters to DWORDS by padding them with zeros, then calling the RQESCREATES$JOB function
procedure. .

RQ$CREATE$SSEGMENT
This call’s first parameters, SIZE, yields a different value than in iRMX 86.

IniRMX 86: Segment = RQ$CREATE$SSEGMENT (SIZE, EXCEPT$PTR);

Where: SIZE is a word containing the size, in bytes, of the requested segment in MULTIPLES OF
16 BYTES.

IniRMX 286: SEGMENT = RQ$CREATE$SEGMENT (SIZE, EXCEPT$PTR);

Where: SIZE is a word containing the actual memory size in bytes.
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RQ$GETSPOOLSATTRIB

In this case more parameters have been added.
IniRMX 86: RQ$GETSPOOLSATTRIB (ATTRIB$PTR, EXCEPT$PTR);
Where: ATTRIB$PTR is a pointer to the following structure.

Structure (POOLMAX WORD,
POOLMIN WORD,
INITIAL$SIZE WORD,
ALLOCATED WORD,
AVAILABLE WORD);

IniRMX 286: RQE$GET$POOLSATTRIB has a different structure though everything else is the same

Structure (TARGET$JOB TOKEN,
: PARENT$JOB TOKEN,
POOLMAX DWORD,
POOLMIN DWORD,
INITIAL$SIZE DWORD,
ALLOCATED DWORD,
AVAILABLE DWORD,
BORROWED DWORD);

RQ$SETSINTERRUPT

Users should also be aware of the following when using this call in iRMX 286. When specifying interrupts in iRMX 286,
a special descriptor table called the Interrupt Descriptor Table (IDT) is located at a user-specified address in memory. This’
table is accessible through an entry in the Global Descriptor Table (GDT). This makes an interrupt procedure entry point
to be directly accessed via a jump to.the specific SELECTOR:OFFSET pointer in the IDT. All interrupts will have a
SELECTOR:OFFSET address just as in the iRMX 86 operating system. Therefore, the system calls syntax will remain
the same, except the parameter called INTERRUPT$HANDLER as shown below:

Example: iRMX 286

CALL RQ$SETSINTERRUPT (LEVEL, INTERRUPT$FLAGS, INTERRUP;F$HANDLER, ‘
INT$HANDLER$DS EXCEPT$PTR);

Where INTERRUPT$HANDLER, the entry point to the interrupt handler, should be coded dlrectly, i.e.,
@MY$HANDLER. ‘

By referencing a handlet directly, all other intermediate steps are unnecessary. (See the example in the PL/'M"286 section.)

BASIC INPUT/OUTPUT SYSTEM (BIOS)

The BIOS of the iRMX 86 operating system is nearly identical to the iRMX 86 operating system BIOS. The same system
calls are available with no changes or additions. The significant differences between the two BIOS’s are the 16MB
addressability and memory protection available in the iRMX 286 operating system.

Protection

The memory protection offered by the iRMX 286 operating system BIOS protects the code and data by preventing any task
from reading or wrmng a segment of memory unless explicit access has been granted. It also prevents memory reads or
writes from crossing segment boundaries. Therefore any task using the A$READ or ASWRITE BIOS system calls must
have read or write access privileges.
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Device Drivers

Not all iRMX 86 operating system device drivers have been included in the iRMX 286 operating system. Consult the
following list or the iRMX 286 Interactive Configuration Utility for the specific Intel-supplied drivers.

Intel Device Drivers Supplied With iRMX® 286 R. 2.0
iSBC® 215G iSBC 534

iSBC 214 iSBC 544
iSBX™ 218A Terminal Comm Cntlir
iSBX 217C to include:
iSBC 220 iSBC 188/48 iSBC 286/10
iSBC 208 iSBC 188/56 iSBC 286/10A
iSBX 251 iSBC 546 iSBC 286/1X
iSBC 264 iSBC 547 iSBC 386/2X
iSBX 350 Line Printer iSBC 548
Line Printer for 286/10 8274

8251A

82530

RAM disk

Not included are the following device drivers:

iSBC 204 SCsi
iSBC 206 iSBC 226

EXTENDED INPUT/OUTPUT SYSTEM (EIOS)

The EIOS of the iRMX 286 operating system is nearly identical to the iRMX 86 operating system EIOS. The same system
calls are available with few changes and additions. The significant differences between the two EIOS’s are the 16MB
addressability and memory protection available in the iRMX 286 operating system.

Protection

The memory protection offered by the iRMX 286 operating system EIOS protects the code and data by preventing any task
from reading or writing a segment of memory unless explicit access has been granted. It also prevents memory reads and
writes from crossing segment boundaries. The system calls SSREAD$SMOVE and SSWRITE$MOVE are two calls that
will send an exception code called ESBAD$BUFF whenever this occurs. -

Extended Memory Pool

Since the iRMX 286 operating system supports the 16MB addressability of the 80286 processor, the memory pools
created by I/O jobs can also be as large as I6MB. The new system call providing this feature is called RQESCREATES$
I0$JOB. .

New Calls .

Several new system calls have been added to the iRMX 286 operating system EIOS layer. They are:

1. RQESCREATESIO$JOB
POQLMIN and POOLMAX parameters changed to DWORDS for 16MB addressability.

2. RQS$GET$DIRECTORYSENTRY
Retrieve name of any file in a directory.

3. RQS$GET$PATH$COMPONENT
Retrieve name of any file as it is known in its parent directory.
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iRMX® 286 APPLICATION LOADER
80286 OMF .

Two utilities are supplied with the iRMX 286 operating system to load programs and data into system memory from
secondary storage devices. They are the bootstrap loader and the application loader. Typically the bootstrap loader is used
to load the initial system and begin its execution. The application loader will typically be called, by programs running in
the system, to load additional programs. The application loader can load I/0 jobs up to 16MB. These programs must be in
the 80286 Object Module Format (OMF). This differs from the iRMX 86 operating system, which loads only 8086 OMF
records. Further, the 80286 records must be in STL format. (See a later section called BND 286 for a dlscussmn of STL
format.)

New Calls
RQESASLOAD$IO$JOB
This calls memory pools changed to DWORD values from word. (See RQESCREATES$JOB call in the Nucleus section.)

RQE$SSLOADSIOS$SJOB

Same as above.

HUMAN INTERFACE
Enhanced Command Line Interpreter (CLI)

The new CLI provides line-editing features, as well as its own set of commands. With CLI commands, aliases
can be created, background programs ran, output redirected or redefined for a terminal in the configuranon file. The
commands are:

! ALIAS BACKGROUND CHANGEID DEALIAS EXIT
HISTORY JOBS KILL LOGOFF SET - SUBMIT SUPER _

- To include or customize features in the CLI, user extensions have been added to the Human Interface.

New Calls _ :

ADDLOC LOGOFF SHUTDOWN LOCK : UNLOCK ZSCAN
Old Calis
The following Human Intgrface commands have been revised: .

BACKUP DISKVERIFY FORMAT LOCDATA RESTORE
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uDI

New System Calls

The iRMX 286 UDI contains three system calls not contained in the iRMX 86 UDI. They are:
DQ$MALLOCATE
DQ$MFREE
DQ$GETSMSIZE

All of the calls have their counterparts in the iRMX 86 UDI, however, the new system calls use full pointers instead of
selectors and DWORD instead of WORD for memory block start address and size specifications, respectively.

These three calls are oﬁly supported in programs compiled in the compact or large segmentation models. Also, earlier
versions of these calls cannot be mixed. For example:

‘ After using DQ$MALLOCATE to allocate memory, do not use DQ$FREE to free it.

Use DQ$MFREE instead.

BOOTSTRAP LOADER
Two Stage Loader

To facilitate loading an application so that it may execute has been known as “pulling it up by its bootstraps™ or simply
“booting” the application. iRMX bootstrap loaders have been divided into stages, each possessing a unique purpose
and role. ‘

In the iRMX 86 operating system, the bootstrap loader exists as only two stages. The first stage resides in PROM located
on the CPU’s board. If supplied by Intel, it will occupy less than 8Kb of memory within the PROM. Once running, it will
identify the applications name and location, then load part of the second stage, passing control to it. The second stage
finishes loading itself, loads the application into memory, then passes control to the application. While the first stage is
user-configurable, the second stage is not. The second stage is only supplied by Intel and is present on all iRMX
formatted, named volumes.

New Third Stage

In the iRMX 286 operating system, the bootstrap loader exists as three stages. The extra stage was added to be able to load
80286 OMF files. This will also permit loading 8086 OMF files with just the first and second stages. This means either
system can be booted without compromising the other. To allow for this, some files have to be renamed and some new
conventions adopted. (See below and Figure 3.)

1. All 80286 OMF bootloader application systems must have the extension *“.286”.
2. The third stage bootstrap loader must have the same name as the application, less the extension.

3. The third stage bootstrap loader must reside in the same directory as the bootloadable system.

File Name Conventions

Third Stage System to be Loaded
/ISYSTEM/RMX86 | /SYSTEM/RMX86.286
/SYSTEM/RMX ISYSTEM/RMX.286
/BOOT/RMX286 /BOOT/RMX286.286

This chart indicates to those wanting to boot the iRMX 86 operating system that their file /SYSTEM/RMX86 had better
be renamed to avoid confusion.
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INPUT

TRACKO | OR

- -

B/SYSTEM/RMX86

15t STAGE
ON-BOARD
PROM

/SYSTEM/RME®

iRMX FORMATTED
VOLUME WITH iRMX® FORMATTED
iRMX® 286 VOLUME WITH
BOOTSTRAP 2rd STAGE iRMXC 286.
BOOTSTRAP 2nd STAGE
m-0803
Figure 3.

‘When installing the iRMX 286 operating system on a system containing the iRMX 86 operating system, the “BS”’ option
of the format command will install ONLY the new second stage bootstrap loader on track O of the hard disk. The
installation process will also add new directories as required by the iRMX 286 operating system.

Memory Locations of the Three Stages

Bootstrap Loader Locations
Description Default Approx. Size | Config. File
1st STAGE CODE Application 12KB BS1.CSD
: dependent

2nd STAGE CODE 0B800OH 8KB BS1.CSD.
~1st/2nd DATA '

and STACK

3rd STAGE 0BCO000H 16KB BS3.CSD

(specific) CODE

DATA and STACK

3rd STAGE 0BCO00H 8KB BG3.CSD

(generic) CODE .

3rd STAGE 0B8000H — BG3.csd

(generic)

DATA and STACK
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CONFIGURATION SIZE CHART

Operating iRMX® 286 iRMX® 86* iRMX® 286* iRMX® 86" iRMX® 286*
System Memory Code Code Data Data
Layer Requirements Size Size Size Size

Nucleus 34K 24K 27K 2K 3.5K
BIOS 95K 78K 67K 1K 19.5K
EIOS 19K 12.5K 16K 1K 16.75K
Application Loader 12K 10K 11K 2K 2K
HI 36K 22K 26K 15K 1K
UDI 11K 8K 9.4K 0K 0.1K
Bootstrap Loader — 1.5K 32K 6K 6K
ICU — — — 308K 384K

*These numbers reflect actual memory size required to support the different configurations of the operating systems.

FILE STRUCTURE

The file system of the iRMX 286 operating system provides for the same types of files as are on the iRMX 86 operating
system. In fact, both file systems can exist on the same volume using the same hierarchical file structure. This is made
possible through the installation of the iRMX 286 bootstrap loader’s second stage onto the iRMX 86 operating system’s
volume. This second stage will allow either: operating system to be booted from the same volume. One fact should be
remembered: iRMX 286 uses the 80286 OMF, while iRMX 86 uses the 8086 OMF. This stops either operating system
from loading and executing the other’s files or programs. Copying, deleting or other maintenance operations can still be
accomplished across the volume. iRMX 286 operating system will also read iRMX 86 back-up format files from another
volume. The following Figure 4 shows a file system with both operating systems installed, including the changes to its
structure. Remember, iRMX 286 can reside by itself or with iRMX 86 on the same volume.

Conventions

" New file conventions have been adopted to differentiate between several types of files. They are:

* P28 — PL/M 286 source files
* P86 — PL/M 86 source files
* A28 — ASM 286 source files
* A86 — ASM 86 source files

* GAT — Gate definition files

After booting iRMX 286, the following assignments are assumed:

:SYSTEM : = /SYS286
: UTIL : = /UTIL286
:LANG: = /LANG286

After booting iRMX 86, the following still apply:

:SYSTEM : = /SYSTEM
: UTIL : = /UTILS
:LANG : = /LANG
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LANGUAGES: ASM 286

Because ASM 286 supports the 80286 in protected mode, ASM 286 has more changes than other languages. Often users
converting their programs to ASM 286 from ASM 86 will assemble the programs in ASM 286 and store the error
messages generated and change the code accordingly. A few notable changes are listed below.

Group Directive

ASM 286 does not possess a group directive as in ASM 86. By giving the segments the same name, they will be grouped
together into one segment at link time.

Example: ASM 86

DATAGRP GROUP DATA1, DATA2
DATA1 SEGMENT

ABYTEDBO

DATA1 ENDS

DATA2 SEGMENT
AWORD DW 0

DATA2 ENDS

ASSUME DS:DATAGRP

ASM 286

DATA1 SEGMENT RW PUBLIC .
ABYTEDBO In one module
DATA1 ENDS

DATA1 SEGMENT RW PUBLIC

AWORD DW 0

DATA1 ENDS In another module
ASSUME DS:DATA1

Segment Dlrectlve

The fields of the SEGMENT dlrectlve are also different. ASM 286 does not use anythlng but para-allgned and
access-type. .

Example: ASM 86

NAME SEGMENT [ALIGN-TYPE] [COMBINE-TYPE]
WHERE [ALIGN-TYPE] = PARA, BYTE, WORD, PAGE, INPAGE,
OR NONE

ASM 286

NAME SEGMENT [ACCESS-TYPE] [COMBINE-TYPE]
WHERE SEGMENT IS ALWAYS PARA-ALIGNED AND
[ACCESS-TYPE] = READ-ONLY (RO),
_ EXECUTE-ONLY (EO),
EXECUTE-READ (ER), or
READ-WRITE (RW)

Class name is also not present in ASM 286
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Stack Segment

In ASM 286, stack segments are defined using the STACKSEG directive.
Example: ASM 286
PROG_STACK STACKSEG 10; /* MEANS 10 BYTES ON STACK */

The operator STACKSTART is used to define a label at the beginning of the stack to initialize the Stack Pointer (SP).
Example: ASM 286
MOV SP, STACKSTART PROG_STACK

Selector Access
In ASM 286 the selectors used for the DS, SS, and ES in the ASSUME directive must have certain access types.
Example: ASM 286

ASSUME DS:EDATA

EDATA SEGMENT RW PUBLIC
: WHERE DB 0
EDATA ENDS

Further, the ASSUME directive will not accept an assume for the code segment. The current code segment being assem-
bled is automatically assumed into the CS. For more information regarding other changes in ASM 286 consult: ASM 286
Reference Manual (Appendix G), order #122671

LANGUAGES: PL/M 286
Users migrating their code to PL/M 286 should be aware of the following:

Pointer and Selector Variables

Pointer and selector variables cannot be assigned absolute values. All values must be assigned by reference to another
variable or through based-variables.

Example: PL/M 86

Declare
A$SPOINTER POINTER,;
Start: DO;
ASPOINTER = 0;

Example: PL/M 286

Declare
ASPOINTER POINTER,;

Start: DO;
AS$POINTER = NIL;
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Similarly selectors can be assigned values as follows:
Example: PL/M 86

Declare token literally ’WORD’,F
ASTOKEN TOKEN;

Start: DO;
ASTOKEN = 0;

Example: PL/M 286

Declare token literally 'SELECTOR’,
ASTOKEN TOKEN;

Start: DO;
A$TOKEN = SELECTOR$OF(NIL);

The only relational operations allowed in PL/M 286 for pointers and selectors are “‘equals” and “‘not equals”.

Models of Compilation
In PL/M 86 the default is SMALL

In PL/M 286 the default is LARGE

Interrupt Vectors

In PL/M 286 all interrupt numbers on all interrupt procedures must be deleted. The required interrupt vectors will be
assigned by the 80286 system builder if not already defined by the iRMX 286 operating system call RQ$SET$
INTERRUPT.

Consequently the PL/M 86 built-ins SETSINTERRUPT and INTERRUPTS$PTR are unavailable in PL/M 286 and should
be removed. Also, all calls to interrupt procedures are not allowed. As the conversion process takes shape, all of these
changes turn out better than initially expected as the following example shows.

Example: PL/M 86

1. DECLARE ZERO LITERALLY ‘00001000b’,
2, INTERRUPT_HANDLER POINTER;
' TYPICAL PL/M 86 STATEMENTS

6. INTERRUPT_HANDLER : PROCEDURE INTERRUPT 56 PUBLIC REENTRANT:
" TYPICAL PL/M 86 STATEMENTS

10. CALL RQ$SIGNALSINTERRUPT (ZERO, @STATUS):
11. END INTERRUPT_HANDLER;

12. INTERRUPT_TASK : PROCEDURE PUBLIC REENTRANT,
' TYPICAL PL/M 86 STATEMENTS
16. INTERRUPT_H;(\NDLER = INTERRUPT$PTR (INTERRUPT_HANDLER);
17. CALL RQ$SETSINTERRUPT (ZERO, 1, INTERRUPT_HANDLER,
DATASSEG$ADDRESS.BASE, @STATUS);
TYPICAL PL/M 86 STATEMENTS

21. ‘ CALL RQ$WAITSINTERRUPT (ZERO, @STATUS);
22.  ENDINTERRUPT_TASK; - .
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Comments
Line
Number _ Description
2. INTERRUPT_HANDLER was defined as a pointer
6. Interrupt entry 56 was ‘““hard-coded”

16. INTERRUPT_HANDLER was assigned the location (address) of the first instruction of the
handler via the PL/M 86 built-in “INTERRUPT$PTR”

17. This call could have looked like: RQ$SET$INTERRUPT (ZERO, 1, INTERRUPT_ PTR(INTER-
RUPT_HANDLER), etc ehmlnatlng lines 2 and 16.

Example: PL/M 286
1. DECLARE ZERO  LITERALLY  ‘00001000b’;
. TYPICAL PL/M 286 STATEMENTS
5. INTERRUPT_HANDLER : PROCEDURE INTERRUPT PUBLIC REENTRANT;
. TYPICAL PL/M 286 STATEMENTS

9. CALL RQ$SIGNALSINTERRUPT (ZERO, @STATUS);
10. END INTERRUPTHANDLER,;

11. INTERRUPT_TASK  : PROCEDURE PUBLIC REENTRANT;
: TYPICAL PL/M 286 STATEMENTS

15. CALL RQ$SETS$INTERRUPT (ZERO, 1, @INTERRUPT_HANDLER,
' DATA$SEG$ADDRESS.BASE, @STATUS);

. TYPICAL PL/M 286 STATEMENTS
19. CALL RQ$WAIT$INTEHRUPT (ZERO, @STATUS);
20. END INTERRUPT_TASK;

Comments

Line
Number Description

5. Notice PL/M 286 does not need to identify the interrupt in this statement
15. The third parameter becomes simply a pointer to the first instruction of the handler.
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DEVELOPMENT TOOLS — BND 286

All iRMX 86 programs linked using LINK 86 will instead have to be bound using BND 286. BND 286 is used to create all
single-task application programs that will be dynamically loaded. (See Figure 5.) The following are tasks of the binder.

1. Creates a linkable or loadable module by combining input modules with other bindable modules.
2. Checks the type of variables and procedures.

3. Selects modules from libraries to resolve all symbolic references.

4

Combines logical segments by name, attribute, and privilege levels into physical segments that the processor can
manipulate efficiently.

5. Can create a module the application loader can load.

Linkable Modules

In a process called incremental linking, BND 286 combines linkable object modules, including library modules, output by
translators. The result is a file containing a linkable module.

Loadable Modules

A dynamically loadable module createdyby BND 286 is an executable module created by the combination of one or more
linkable modules. Loadable modules can be of two types:

1. Single-task loadable (STL)
2. Variable-task loadable (VTL)

r ------- ': r======= | r _-_‘.
i ! 1 ! LOADABLE ! \
SOURCE I i OBJECT ! WITHLOAD | OPERATING |
FLES [~ TRANSLATOR | (iopy) [} BNoass —— > (EXECUTABLE) > siTen |
! ! ! MODULE | LOADER 1
[ 4 . WITHNOLOAD b i
re————=- k]
1 ]
| |
—>! S5 |
! i
I J
¥
mETmEme—T a)
LIBRARY SNKED !- '
0BJECT
FILE MODULE >y MAP28E
“LINK” ‘
Leopmee J
Y 1
LEGEND: NG R , Pr:‘m;gn
~—— INPUT AND OUTPUT OF | A
SOFTWARE PRODUCTS [ [
I A

----- SOFTWARE PRODUCTS m-0804

Figure 5. BND 286 Application Program Development
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STL Modules

These modules are functionally similar to LTL-format records in the 8086 OMF. STL modules -are designed to optimize
loader execution time because each contains only one executable task. iRMX 286 and XENIX 286 operating systems.will
execute only files containing STL modules. BND 286 outputs STL modules when the FASTLOAD, RCONFIGURE, and

XCONFIGURE controls are specified. In iRMX 286 only, the RCONFIGURE control is used.

VTL Modules

VTL modules are designed, when provided by BND 286, to also contain a single executable task, but in a format
structured for multiple tasks. BND 286 outputs VTL modules when the LOAD control is specified.

FASTLOAD, RCONFIGURE, XCONFIGURE
I LINKABLE LOADABLE
MODULE(S) MODULE
recoe
I i ! f
1 BND 286 |
[_': ;
| SpSpEpp— |
LIBRARY PRINT
MODULES FILE
CONSOLE
MESSAGES

iRMX® 286 USAGE

LINKABLE

MODULE(S)

LIBRARY
MODULES

LOAD

CONSOLE
MESSAGES

LOADABLE
MODULE

m-0805
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BND 286 TO LINK 86 COMPARISON

BND 286 CONTROLS

LINK 86 CONTROLS

CONTROLFILE (pathname)

DEBUG/NODEBUG

SYMBOLS/NOSYMBOLS

ERRORPRINT (pathname)/
NOERRORPRINT

FASTLOAD/NOFASTLOAD

FASTLOAD/NOFASTLOAD

*LDTSIZE ([ +] number)

LOAD/NOLOAD

NAME (modulename)

NAME (modulename)

OBJECT (pathname)/ —

NOOBJECT

PACK/NOPACK —

PRINT (pathname)/ PRINT (pathname)/

NOPRINT ‘NOPRINT

PUBLICS/NOPUBLICS PUBLICS/NOPUBLICS/PUBLICSONLY

RCONFIGURE (dm,m)

BIND and MEMPOOL

RENAMESEG (old to new)

RESERVE (number) —

SEGSIZE (name(size)) SEGSIZE (name(size))
*TASKPRIVILEGE () —

TYPE/NOTYPE TYPE/NOTYPE
*XCONFIGURE ~

*Not used in iRMX 286
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The following is an example of BND 286 for a simple human interface Commonly Used System Program (CUSP) used oh
an iRMX 286 Release 1.0 system.

BND 286 EXAMPLE.OBJ,
\ ‘ EXAMPLE.LIB,

iRMX 286 Libraries—  /RMX286/LIB/UPIFC.LIB,

/RMX286/LIB/UDI.GAT,

/RMX286/LIB/HPIFC.LIB,

/RMX286/LIB/HI.GAT,

¥___ /RMX286/LIB/LPIFC.LIB,

IRMX286/LIB/LOA.GAT,

; /IRMX286/LIB/EPIFC.LIB,

/RMX286/LIB/EIO.GAT,

;__ /RMX286/LIB/IPIFC.LIB,

/RMX286/LIBIIOS.GAT,

~— /RMX286/LIB/NUCIFC.LIB, .
JRMX286/LIB/NUC.GAT & -/

RCONFIGURE (DM(10000H, 10000H))
(Analogous to BIND&MEMPOOL)

SEGSIZE (STACK(1024))

iRMX 286 Library Privilege
Gates

R R0 Q0 Q0 Qo Q0 QE Q0 ‘R Q0 P Qo Qo

(Analogous to segsize)
OBJECT (EXAMPLE)
(A new control)

The following is an example of BND 286 for a simple human interface Commonly Used §ys'tem Program (CUSP) on an
iRMX 286 Release 2.0 system. Notice all of the .GAT files and many of the .LIB files are gone. All of these “missing”
files are now contained in the files RMXIFC.LIB and UDIIFC.LIB for convenience.

BND 286 ’ EXAMPLE.OBJ,
EXAMPLE.LIB,
/RMX286/LIB/UDIIFC.LIB,
JRMX286/LIB/RMXIFC.LIB,
RCONFIGURE (DM(10000H,10000H))

R0 Qo Qo Qo

(Analogous to BIND & MEMPOOL) :
SEGSIZE (STACK(1024))
(Analogous to SEGSIZE)

OBJECT (EXAMPLE)
(A new control)
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iRMX(R) XXX.BLD File

system_bld;
segment

nucdat.code(dpl = 0),
nucdat.data(dpl = 0),

memory

gate

(reserve = (0..0001FFFH,
003A000H..0FFFFFFh));

Gate_CreateJob (entry =
RqCreatedJob, dpl =0, wc=0),

table

task

table

table

end

Idt1 (limit=00600h,dp! =0,

reserve = (2..2,4..4AH,

4CH..4EH, 51H..59h,

122H..005FFh),

entry = ( 0:nucdat.escape__ss,

3:nucdat.stack,

75:nucdat.jobdat,
79:nucdat.escape_ss,
80:nucdat.entry_code) );

rmxtask (dpl =0,0bject = nucdat,
Idt = Idt1, noie);

gdt (limit = 00600H, dpl =0,
reserve = (3..3BH, 3DH..4EH,
51H..53H, 55H..59H, 0C1H..0C7H,
0E3H..0E5H,0EAH..0EFH,
101H..103H, 00137h..00140h),
entry = (60:nucdat.data,
79:rmxtask,
80:nucdat.code,
84:ldt1,
90:Gate__AcceptControl,
91:Gate__AlterComposite,

308:sdbcenf.code,
309:sdbcenf.data,
310:sdbcnf.newstack,
291:bios_code,
292:bios_data,

idt(limit = 00080h, dpl =0);
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DEVELOPMENT TOOLS — BLD 286

BLD 286 exceeds LOC 86 in capability and versatility. In many cases the use of BLD 286 is transparent to iRMX 286
users, due to the ICU 286 automatically generating the BUILD file. All iRMX 286 users, however, should possess an
understanding of the following key functions:

A.  Assigns physical addresses to entities, sets segment limits and access rights. (See XXX.BLD file)
B. Allows memory ranges to be reserved or allocated for specific entities. (See XXX.BLD file)

C. Creates one Global Descriptor Table (GDT), one Interrupt Descriptor Table (IDT), and one Local Descriptor
Table (LDT). (See XXX.BLD file)

Creates gates. (See XXX.BLD file)

Creates task state segments and (task gates). (See XXX.BLD file)

Creates a bootloadable module. (See XXX.BLD file)

Creates object files containing exported system entries. (See XXX.BLD file)

Selects required modules from specified libraries automatically, as needed to resolve symbblic references.

Performs reference-resolution and typechecking.

S - Eommy

Detects and reports errors and warnings found during processing (in the XXX.MP2 file)

See Figure 6 for an example of BLD 286 program development.

Usage

BLD 286 is primarily used for building an application program that deals extensively with system interfaces to a hardware
environment. This could include configuring gates and/or segments that provide this interface, then place these interfaces
in a separate file for later exportation.

The types of executable output produced by BLD 286 are bootloadable, loadable, or incremental-built. Bootloadable
modules are absolutely-located object modules that are booted via a simple loader. Loadable modules consist of single- or
multiple-task modules used for dynamic loading. Incrementally-built modules are non-executable modules used interac-
tively to build large systems.

Many users will only use BLD 286 when they produce a new configuration using the ICU. ICU 286 generates a file called
ICUBLD.CSD which invokes the builder using the file XXX.BLD as the builder definition file.

The following is a typical example of the contents of ICUBLD.CSD:
BLD 286, i
NUCLUS.LNK;
SDB.LNK,
10S.LNK,
EIOS.LNK,

LOADER.LNK,
(Produced by BND 286)—*
' HILLNK,

UDI.LNK

© @ Qo g g o 0 o o

OBJECT (/BOOT/* e .286) ( Where to put the
bootloadable file)

NODEBUG NOTYPE

BUILDFILE (***.BLD) ( Where to obtain the
build information)
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Figure 6. BLD 286 Application Program Development

The build file contains a specific language used by BLD 286 to produce the system or system program. BLD 286 takes all
linked input modules and assigns all of the access and protection attributes for each subsystem. A build file is created to
specify the characteristics of the relationships among the subsystems. Segment attributes, gates, descriptor tables, aliases,
and memory allocation are also described in the build file and read by BLD 286.
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WITH NO BOOTLOAD [ LOADABLE

BLO286 (EXECTARLE) -
— WITH MODULE
BOOTLOAD r
| EXAMPLE 80286
| LOADER
LY repnpp——
poom=-- 3
: {3\
. 1BOOTLOADER !
I‘ ! [
- [ SRR |
[}
1 | ossecr BOOTLOADABLE |
SOURCE 1. TRANSLATORE- WODULE | OBUECT
LR MODULE |
4
r [ 4
LOADABLE i
: WITH LOAD (EXECUTABLE) | OPERATING
i BND286 OBJECT 1 SYSTEM
! ! LOADER
L MODULE v
| Shiaatnted S
] [}
s '
i SIM286 !
Comomed
LINKED T H
|| LBRARY OBJECT — WAP265 e
FILE MODULE L H
“LINK” i '
Cocamomd
== "I' "':
' PRINTED
LiIB286 : MAPS
(] )
Coeoewed
LEGEND:
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-----SOFTWARE PRODUCTS m-0806
Figure 7.
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MAP 286

. The 80286 mapper is a noninteractive utility that generates object module information that BND 286 and BLD 286 do not
produce. The utility is offered separately instead of having the builder and tinder performing identical functions. The user
should note that if debug information is contained in the invocation file, all of the maps will be produced.

MAP 286 will accept the following input:
A. Executable files containing a single executable module, and only one per invocation of MAP 286.
B. Executable files containing a single bootloadable module.

C. One or more linkable or library files.
MAP 286 produces the following output maps:

For executable input files:
A. An output object file with or without debug information.

B. Table MAP, segmeht MAP, gate MAP, public MAP, symbol MAP, task MAP, and crossreference MAP.

For linkable input files:

A. Only a cross reference map including a module list.
In iRMX 286 the following is a typical invocation of the mapper on an executable file called
MAP 286 MYPROG <CR>

If debug information is in “MYPROG” all of the maps will be produced.

iRMX® 86 OPERATING SYSTEM PROGRAM MIGRATION
Compiling in PL/M 286 ’

The following is an example of converting an iRMX 86 Commonly Used System Program (CUSP) called NOTE. To assist
readers, all of the conversion steps will be described.

Source Program

The program NOTE is written in PL/M 86 for use on iRMX 86 operating system. When invoked, the utility will echo a
line of keyboard input to the console.

The source code file name for NOTE is NOTE.P86. To adhere to PL/M 286 and iRMX 286 operating system file naming
conventions, the file should be renamed to NOTE.P28. Next, the file has to be changed to reflect changes in PL/M 286
and iRMX 286 library files. Finally the file is compiled and bound with BND 286. See the following examples for further
explanation. ‘

STEP 1
Copy NOTE.P86 to NOTE.P28 <CR>

STEP2
The NOTE. P28 file has to be edited to change
A. All ‘0’ pointers to ‘NIL’
B. All ‘0’ selectors to ‘SELECTORSSOF(NIL)’
Also notice all of the include ﬁlés assume an iRMX 86 operating system and have to be changed to iRMX 286 libraries.

STEP 3
The new NOTE.P28 program is compiled and any errors are corrected.
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$title(’iRMX 86 HI NOTE command’)
$subtitle(’module header’)
/***********************************************************************
TITLE: note

ABSTRACT:

This module contains the main routine for the HI note command.

NOTE message

Message - w1ll be printed on EO.
***********************************************************************/

hnote: DO;

$include(:sd:inc/hstand. 1lit)
$include(:sd: rmx86/inc/hgtchr.ext)
$include(:sd: rmx86/inc/hsneor.ext)
$include(:sd:inc/hutil.ext)

DECLARE
version(x*) BYTE DATA( ’program_version_number=F001’,
’program_name=Note’,0);

1 main: DO;
/* local variables %/
2 DECLARE
3 excep WORD,
4 char BYTE, -
5 count WORD,
6 msg STRUCTURE(
7 length BYTE,
8 char (STRING$MAX) BYTE);

9 count = 0;

10 char = rqg$Csget$char( @excep); -

11 DO WHILE( (char := rq$Csgetdchar( @excep)) <> 0);
12 IF count < LAST(msg.char) THEN

13 DO;

14 msg.char(count) = char;

15 count = count + 1;

16 END;

17 END;

18 msg.char(count) = cr;

19 count = count + 1; : THIS POINTER
20 msg.char(count) = 1f; . NEEDS CHANGING.
21 count = count + 1;

22 msg.length = count;
23 CALL rq$C$send3EO$response( 0, 0, @msg, @excep);

/¥ exit from command %/

24 CALL cusp$error( excep, @(0), @(0), ABORT);
25 END main;
END hnote;

PLM 86 Example

2-82 _ 280608-001



intel° AP-405

$title(’iRMX 286 HI NOTE command’)
$subtitle(’'module header’)
/KKK AR AR AR K KK K KKK KK KK K K K oK oK oK oK K K ok o o oK oK o KR KKK KKK Kk 3 3K oK 3K KKK KK KKK KK KK
TITLE: note
ABSTRACT:
This module contains the main routine for the HI note command.

NOTE message

Message will be printed on EO.
ok oK oK K 3Kk K oK 3K 5K ok 3K 5K oK 3K 5K 3K 3ok 3K 3 3K 3K 3K oK 3K 3K 3K 3K 3K 5K 3K 3K 5K 5K 3K K oK 3K 3K oK 3K 3K oK 3K K 3K 3K 3K oK 3K K oK 5K K oK 5K 3K K ok X ok sk Kk ok ok ok /

hnote: DO;

$include(:sd:inc/hstand.lit)
$include(:sd:rmx86/inc/hgtchr.ext)
$include(:sd: rmx86/inc/hsneor. ext)
$include(:sd:inc/hutil.ext)

DECLARE
version(*) BYTE DATA( ’program_version_number=F001’,
’program_name=Note’,0);

1 main: DO;

/% local variables x/
2 DECLARE
3 excep WORD,
4 char BYTE,
5 count WORD,
6
7
8

msg STRUCTURE(
length BYTE,
char(STRING$MAX) BYTE);

9 count = 0;
10 char = rq$Csget$char( @excep);

11 DO WHILE( (char := rq$Csget$char( @excep)) <> 0);
12 IF count < LAST(msg.char) THEN

13 DO;

14 msg.char(count) = char;

15 count = count + 1;

16 END;

17 END; )

18 msg.char(count) = cr;

19 count = count + 1; THIS IS
20 msg.char(count) = 1f; - OK NOW.
21 count = count + 1;

22 msg.length = count;
23 CALL rq3C¢send$3EO$response( NIL, 0, @msg, Q@excep);

/% exit from command %/

24 CALL cusp$error( excep, @(0), @(0), ABORT);
25 END main;

END hnote;
PLM 286 Version Example
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Binding an iRMX® 286 Application
STEP1

If a program was previously linked in iRMX 86, we then examine the original
LINK file used and notice the following: .

PLM86 %0.P86 COMPACT ROM OPTIMIZE(B) NOTYPE PW(132)

LlNK86 %0.0bj, &
/rmx86 /hi/hutil. lib, &
/1ib/p1m86/p1lm86.11ib, &
/rmx86/1ib/hpifc.1lib, &
/rmx86/lib/epifc.1ib, &
/rmx86/1lib/ipifc.1lib, &
/rmx86/1ib/rpifc. lib &
to %.86
bind mempool (10000, OBOOOUH)
nosb noty

1. The library names will change
2. The pathnames to access.the libraries will change
3. BIND and MEMPOOL will change

STEP 2

The following is the iRMX 286 Release 1.0 version of the file in Step 4.
Remember the Tibraries have changed names between iRMX 286 Release 1.0 and 2.0.

PLM286 %0.pZ8 COMFACT ROM OPTIMIZE(3) NOTYFE PW( 132)

~bnd286 %0.0bjJ,
/rmx286/1ib/hutil.lib,
/rmx286/1ib/plm286.1ib,
/rmx286/1ib/hpifc.lib, /rmx286/1lib/hi. gat
/rmx286/1lib/epifc.lib, /rmx286/lib/eio.gat,
/rmx286/1ib/ipifc.lib, /rmx286/1ib/ios.gat,
/rmx286/1ib/nucifc.lib, /rmx286/lib/nuc.gat
renameseg(hi_code to code, hi_data to data) seg51ze (stack(lOOOH)) &
object(%0) rc(dm(12000,1000000))
nodebug noty

Re 2o Ro R

STEP 3

This is an example of the Step 4 f11e modified to run on iRMX 286 Release
2.0. Notice the reduction of library statements.

PLM286 %0.p28 COMPACT ROM OPTIMIZE(3) NOTYPE PW( 132)

bnd286 %0.0bj, &
/RMX28€6/hi/hutil.lib, &
/RMX286/1ib/plm286/plm286.1ib, &
/RMX286/1ib/rmxifc.1lib &

renameseg(hi_code to code, hi_data to data) segsize (stack(1000H)) &
object(%0) rc(dm(12000,1000000))
nodebug noty

Though these few migration examples reflect trivial modifications, Targer
and more complex applications might require a Tittle more attention.

2:84 o 280608-001
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SUMMARY

The purpose of this application note is to provide insight and direction to those individuals contemplating usin‘g the iRMX
286 operating system. For those already familiar with the iRMX 86 operating system, this paper’s focus is to provide the
pathway to a superior product. ‘

The iRMX 286 operating system is a vast improvement over its previous counterpart. Some notable changes are round
robin scheduling, hardware-enforced protection, hardware-assisted debugging, and access to the 80386 processor. With
this operating system the capabilities of the 80286 processor can be fully utilized for multiple environments.

Since the iRMX product line was introduced, many applications, programs, and lines of code have been written to support
a tangible demand for real-time processing; in manufacturing, in medicine, and in finance, to name a few. As a result
more time is being spent on designing, writing, and testing software than ever before. The iRMX 286 operating system is
the preferred product for generating error-free programs while utilizing the highest CPU technology available in the OEM
modules market. .
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iSBC® 80/10B
SINGLE BOARD COMPUTER
m 8080A CPU Used as Central Processing ‘ [ | Programmable Synchronous/
Unit Asynchronous Communications
m One iSBX™ Bus Connector for iSBX™™ Interface with Selectable RS232C or
MULTIMODULET™ Board Expansion Teletypewriter Compatiblity
m 1K Byte of Read/Write Memory with m Single Level Interrupt with 11 Interrupt
Sockets for Expansion up to 4K Bytes Sources
m Auxiliary Power Bus and Power-Fail
- (S)zf: :;:::;r;p to 16K Bytes of Read Interrupt Control Logic for RAM
' Battery Backup
m 48 Programmable Parallel 1/0 Lines 1.04 Milli d Int I Ti
with Sockets for Interchangeable Line 1,04 Wilisecond intervas Timer
Drivers and Terminators m Limited Master MULTIBUS® Interface

The Intel iISBC 80/10B board is a member of Intel’s complete line of OEM microcomputer systems which take
full advantage of Intel’s LSI technology to provide economical, self-contained computer-based solutions for
OEM applications. The iSBC 80/10B board is a complete computer system on a single 6.75 x 12.00-inch
printed circuit card. The CPU, system clock, iSBX bus interface, read/write memory, read only memory sock-
ets, 1/0 ports and drivers, serial communications interface, bus control logic, and drivers all reside on the
board. ‘

280217-1

September 1987
3-1 Order Number: 280217-002
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iSBC® 80/10B COMPUTER

FUNCTIONAL DESCRIPTION-

Intel’s powerful 8-bit n-channel MOS 8080A CPU,
fabricated on a single LSI chip, is the central proces-
sor for the iSBC 80/10B board. The 8080A contains
six 8-bit general purpose registers and an accumula-
tor. The six general purpose registers may be ad-
dressed individually or in pairs, providing both single
and double precision operators. A block diagram of
iSBC 80/10B board functional components is shown
in Figure 1.

iSBX™ Bus MULTIMODULE™ Board
Expansion

The new iSBX bus interface brings an entirely new
dimension to system design offering incremental on-
board expansion with small iISBX boards. One iSBX
bus connector interface is provided to accomplish
plug-in expansion with any iSBX MULTIMOD-

ULE board. iSBX boards are available to provide ex-
pansion equivalent to the |/O available on the iSBC -
.80/10B board or the user may configure entirely
new functionality- such as math directly on-board.
The iSBX 350 programmable 1/0 MULTIMODULE
board provides 24 1/0O lines using an 8255A pro-
grammable peripheral interface: Therefore, the iSBX
350 module together with the iSBC 80/10B board
may offer 72 lines of programmable 1/0. Alternately,
a serial port may be added using the iSBX 351 serial
1/0 multimodule board or math may be configured
on-board with the iISBX 332 floating point math MUL-
TIMODULE board.

The iSBX board is a logical extension of the on-
board programmable 1/0 and is accessed by the
iSBC 80/10B single board computer as common I/O
port locations. The iSBX board is coupled directly to
the 8080A CPU and therefore becomes an integral
element of the iSBC 80/10B single board computer
providing optimum performance.
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SERIAL SERIAL
DATA/CONTROL
INTERFACE

DATA/CONTROL
INTERFACE
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SELECTOR
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RS232C
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INTERFACE INTERFACE
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INTERRUPT

USER USER DESIGNATED
DESIGNATED ISBX MULTIMODULE
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Figure 1.iSBC® 80/10B Single Board Computer Block Diagram

3-2



|ntel iSBC® 80/10B COMPUTER

Memory Addressing

The 8080A has a 16-bit program counter which al-
lows direct addressing of up to 64K bytes of memo-
ry. An external stack, located within any portion of
read/write memory, may be used as a last-in/first-
out storage area for the contents of the program
counter, flags, accumulator, and all of the six gener-
al purpose registers. A 16-bit stack pointer controls
the addressing of this external stack. This stack pro-
vides subroutine nesting bounded only by memory
size.

Memory Capacity

The iSBC 80/10B board contains 1K bytes of read/
write static memory. In addition, sockets for up to 4K
bytes of RAM memory are provided on board. Read/
write memory may be added in 1K byte increments
using two 1K x 4 Intel 2114A-5 static RAMs. All on-
board RAM read and write operations are performed
at maximum processor speed. Sockets for up to 16K
bytes of nonvolatile read-only-memory are provided
on the board. Read-only-memory may be added in
1K byte increments up to 4K bytes (using Intel 2708
or 2758); in 2K byte increments up to 8K bytes (us-
ing Intel 2716); or in 4K byte increments up to 16K
bytes (using Intel 2732). All on-board ROM or
EPROM read operations are performed at maximum
processor speed. :

Parallel 170 Interface

The iSBC 80/10B board contains 48 programmable
parallel 170 lines implemented using two Intel 8255A
programmable peripheral interfaces. The system
software is used to configure the 1/0 lines in any
combination of unidirectional input/output, and bidi-
rectional ports indicated in Table 1. Therefore, the
170 interface may be customized to meet specific
peripheral requirements. In order to take full advan-
tage of the large number of possible I/O configura-
tions, sockets are provided for interchangeable /0
line drivers and terminators. Hence, the flexibility of
the 1/0 interface is further enhanced by the capabili-
ty of selecting the appropriate combination of op-
tional line drivers and terminators to provide the re-
quired sink current, polarity, and drive/termination
characteristics for each application. The 48 pro-
grammable 1/0 lines and signal ground lines are
brought out to two 50-pin edge connectors that mate
with flat cable or round cable.

Serial 170 Interface

A programmable communications interface using
the Intel 8251A Universal Synchronous/Asynchro-
nous Receiver/Transmitter (USART) is contained on
the board. A jumper selectable baud rate generator
provides the USART with all common communica-
tions frequencies. The USART can be programmed

Table 1. Input/Output Port Modes of Operation

Mode of Operation
. Lines Unidirectional
Port @ty) Input Output Bidirectional | Control
Unlatched L;::::: d& Latched Lg::.::: d& '
1 8 X X X X X
2 8 X X X X
3 8 X X XM
4 8 X X
5 "~ 8 X X
6 4 X X
4 X X

NOTE:

1. Port 3 must be used as a control port when either port 1 or port 2 are used as a latched and strobed input or a latched

and strobed output port or port 1 is used as a bidirectional port.
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by the system software to select .the desired syn-
chronous or asynchronous serial data transmission
technique (including IBM Bi-Sync). The mode. of op-
eration. (i.e., synchronous or asynchronous), data
format, control character format and parity are all
under program control. The 8251A provides full du-
plex, double-buffered transmit and receive capabili-
ty. Parity, overrun, and framing error detection are all
incorporated in the USART. The inclusion of jumper
selectable TTY or RS232C compatible interfaces on
the board, in conjunction with the USART, provides
a direct interface to teletypes, CRTs, RS232C com-
patible cassettes, and asynchronous and synchro-
nous modems. The RS232C or TTY command lines,
serial data lines, and signal ground lines are brought
out to a 26-pin edge connector that mates with
" RS232C compatible flat or round cable.

Interrupt Capability

Interrupt requests may originate from 11 sources.
Two jumper selectable interrupt requests can be au-
tomatically generated by the programmable periph-
eral interface when a byte of information is ready to
be transferred to the CPU (i.e., input buffer is full) or
a byte of information has been transferred to a pe-

ripheral device (i.e:, output buffer is empty). Three .

jumper selectable interrupt requests can be auto-
matically generated by the USART when a character
is ready to be transferred to the CPU (i.e., receive
channel buffer is full), a character is ready to be
transmitted (i.e., the USART .is ready to accept a
character from the CPU), or when the transmitter is
empty (i.e., the USART has no character to trans-
mit). These five interrupt request lines are all maska-
ble under program control. Two interrupt request
lines may be interfaced directly to user designated
peripheral devices; one via the MULTIBUS system
bus and the other via the 1/0 edge connector. One
jumper selectable. interrupt request may be inter-
faced to the power-fail interrupt control logic. One

PowerQFail Control

A power-fail interrupt- may be detected through the
AC-low signal generated by the power supply. This
signal may be configured to interrupt the 8080A CPU
to initiate an orderly power down instruction se-
quence. .

Interval Timer

A 1.04 millisecond timer is available for interval inter-
rupts or as a clock output to the parallel /0 connec-
tor. The timer output is jumper selectable to the pro-
grammable parallel interface, the parallel I/0 con-
nector (J1), or directly to the 8080A CPU.

MULTIBUS® éystem -
Expansion Capabilities -

Memory and I/0 capacity may be expanded and ad-
ditional functions added using Intel MULTIBUS™
system compatible expansion boards. Memory may
be expanded to 65,536 bytes by adding user speci-
fied' combinations of RAM boards, EPROM boards,
or combination boards. Input/output capacity may
be increased by adding digital I/0 and analog I/0
expansion boards. In addition, the iSBC 80/10B

board performs as a.limited bus master:in that it

jumper selectable interrupt request may originate -

-from the interval timer. Two general purpose inter-
rupt requests are jumper selectable from the iSBX
interface. These two signals permit a user installed
MULTIMODULE board to interrupt to 8080A CPU.
The eleven interrupt request lines share a single
CPU interrupt level. When an interrupt request is
recognized, a restart instruction (RESTART 7) is
generated. The processor responds by suspending
program execution and executing a user defined in-
terrupt service routine originating at location 384g.

must occupy the lowest priority when used with oth-
er MULTIBUS masters. The bus master may take
control of the MULTIBUS system bus by halting the
iSBC 80/10B board program execution. Mass stor-
age capability may be. achieved by adding single

.density diskette, double density diskette, or hard:

disk controllers. Modular expandable backplanes
and cardcages are available to support multiboard
systems. )

SPECIFICATIONS

- Word Size

Instructlon 8, 16 or 24 bits
Da_ta 8 bits

‘Cycle Time

Basic Instruction Cydle: 1.95 ns

NOTE:

 Basic instruction cycle is defined as the fastest in-

struction (i.e., four clock cycles).
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Memoi'y Addressing 1/0 Addressing

0"0?8?,2?: ﬁg%’g;&??m On-Board Programmable 1/0
0-1FFF using 2716 . 170
0-3FFF using 2732 Device Address
On-Board RAM 8255 No. 1
‘3C00-3FFF with no RAM expansion Port A E4
3000-3FFF with 2114A-5 expansion Port B E5
: NOTE PortC E6
All RAM configurations are automatically moved up Control E7
to a base address of 4XXX when configuring 8255No. 2
EPROM for 2732. Port A E8
Port B E9
. PortC EA
Memory Capacity Control EB
On-Board ROM/EPROM 8251A
16K bytes (sockets only) Data EC
Control ED
On-Board RAM
1K byte with user expansion in 1K increments to iSBX Multimodule
4K byte using Intel 2114A-5 RAMs. MCSO0 FO-F7
MCS1 F8-FF
Off-Board Expansion
Up to 64K bytes using user specified combina-
tions of RAM, ROM, and EPROM.
Serial Baud Rates
Baud Rate (Hz)
Frequency (ki{z) Asynchronous
(Jumper Sglectablve) Synchronous (Program Selectable)
+16- - +64
307.2 — 19200 4800
153.6 — 9600 2400
76.8 — 4800 1200
38.4 38400 2400 600
19.2 19200 1200 300
9.6 9600 600 150
6.98 6980 —_ 110
4.8 4800 300 75
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Connectors
Double-Sided | Centers
Interface Pins (Qty) (in.) Mating Connectors 4
MULTIBUS System 86 0.156 |Viking 2KH43/9AMK12 Wire-wrap
iSBX Bus 36 0.1 |iSBX 960-5 .
Parallel 1/0 (2) 50 0.1 3M 3415-000 Flat
Serial I/0 26 0.1 |AMP87194-6 Flat
1/0 Capacity Interfaces ,
Parallel: 48 programmable lines MULTIBUS: All signals TTL compatible
Serial: 1 transmit, 1 receive iSBX Bus: All signals TTL compatible
MULTIMODULE: 1 iSBX Bus MULTIMODULE Parallel 1/0: All signals TTL compatible
Board RS232C or a 20 mil current

Serial Communications Characteristics ‘

Synchronous: . 5-8 bit characters; internal or ex-
ternal character synchronization;
automatic sync insertion

Asynchronous: 5-8 bit characters; break character
generation; 1, 115, or 2 stop bits;
false start bit detectors

Interrupts

Single-level with on-board logic that automatically
vectors the processor to location 38H using a restart
instruction (RESTART 7). Interrupt requests may
originate from user specified 1/0 (2); the program-
mable peripheral interface (2); the iISBX MULTIMOD-
ULE board (2); the programmable communications
interface (3); the power fail interrupt (1); or the inter-
val timer (1).

Electrical Characteristics

DC Power Requirements

Serial 1/0: ;
‘ loop TTY interface (jumper se-
lectable) '

Interrupt Requests:  All TTL compatible (active-low)

Clocks

System Clock: 2.048 MHz +0.1%
Interval Timer: 1.042 ms +0.1% (959.5 Hz)

Physical Characteristics

Width: 12.00 in (30.48 cm)
Height: 6.75in. (17.15 cm)
Depth: 0.05 in. (1.27 cm)
Weight: 14 oz. (397.3 gm)

Voltage Without With 2708 | With 2758,2716, | Power Down Requirements
9 EPROM() EPROM(2) | or 2732 EPROM(3) | (RAM and Support Circuit)
Voo = +5V £5% | Igc = 2.0A4) 3.1A 3.46A 84 mA + 140 mA/K (2114A-5)
Vpp = +12V £5% | Ipp = 160 mA [ 400 mA 150 mA Not Required
Vgg = —5V £5% Igg = 2mA 200 mA 2mA Not Required
Vaa = —12V £5% | Iaa = 175 mA 175 mA 175 mA Not Required
NOTES:

1. Does not include power required for optional ROM/EPROM, 1/0 drivers, or /0 terminators.

2. With four Intel 2708 EPROMS and 2200/330 for terminators, installed for 48 input lines. All terminator inputs low.
3. Same as #2 except with four 2758s, 2716s, or 2732s installed.

4. Igc shown without RAM supply current. For 2114-5 add 140.mA per K byte to a maximum of 560 mA.

3:-6
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Line Drivers and Terminators

1/0 Drivers: The following line drivers and termina-
tors are all compatible with the 1/0 driv-
er sockets on the iSBC 80/10B Board:

Driver | Characteristic | Sink Current (mA)
7438 I,0C 48
7437 | 48
7432 NI 16
7426 l,0C 16
7409 NI, OC 16
7408 NI 16
7403 l,0C 16
7400 | 16
NOTE:

l—inverting, NI—non-inverting, OC—open collector.

Port 1 has 25 nA totem pole drivers and

nators.

170 Terminators: 2200/330Q divider or 1 kQ pull
up.

1 kQ termi-

+5

2200/3300Q AN OPTION 1
._f 3300
1kQ
Ke +5 AN— OPTION 2
280217-3
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MULTIBUS® Drivers
Function | Characteristic | Sink Current (mA)
Data Tri-State 25
Address Tri-State 25
Commands Tri-State 25

Environmental Characteristics
Operating Temperature: 0°C to 55°C

Equipment Supplied

iSBC 80/10B Single Board Computer
iSBC 80/10B Schematics

Reference Manual

9803119-01— iSBC 80/10B Single Board Computer
Hardware Reference Manual (NOT
SUPPLIED).

Manuals may be ordered from any Intel sales repre-
sentative, distributor office or from Intel Literature -
Department, 3065 Bowers Avenue, Santa Clara,
California 95051.

ORDERING INFORMATION
Part Number Description

iSBC80/10B  Single Board Computer
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iSBC® 80/20-4
SINGLE BOARD COMPUTER

H 8080A CPU Used as Central Processor m Full MULTIBUS® Conffol Logic Allowing
m 4K Bytes of Static Read/Write Memory up to 16 Masters to Share System Bus
m Sockets for up to 8K Bytes of Erasable % ;’i"o Pr_?_grammable 16-bit BCD and

Reprogrammable or Masked Read Only nary Timers

Memory m Eight-Level Programmable interrupt
m 48 Programmable Parallel I/0 Lines Control

with Sockets for Interchangeable Line m Compatible with Optional Memory and

Drivers and Terminators I1/0 Expansion Boards
m Programmable Synchronous/ m Auxiliary Power Bus, Memory Protect,

Asynchronous RS232C Compatible
Serial Interface with Fully Software
Selectable Baud Rate Generation

and Power-Fail Interrupt Control Logic
Provided for Battery Backup RAM
Requirements

The iSBC 80/20-4 Single Board Computer is a member of Intel’s complete line of OEM computer systems
which take full advantage of Intel’s LSI technology to provide economical, self-contained computer-based
solutions for OEM applications. Each iSBC 80/20-4 is a complete computer system on a single 6.75 X 12.00-
inch printed circuit card. The CPU, system clock, read/write memory, nonvolatile read only memory, 1/0 ports
and drivers, serial communications interface, priority interrupt logic, two programmable timers, MULTIBUS

control logic, and bus expansion drivers all reside on each board.

280218-1

September 1987
Order Number: 280218-002
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FUNCTIONAL DESCRIPTION

Intel’s powerful 8-bit n-channel MOS 8080A CPU,
fabricated on a single LSI chip, is the central proces-
sor for the iSBC 80/20-4. The 8080A contains six 8-
bit general purpose registers and an accumulator.
The six general purpose registers may be addressed
individually or in pairs, providing both single and dou-
ble precision operators. Minimum instruction execu-
tion time is 1.86 microseconds. A block diagram of
iSBC 80/20-4 functional components is shown in
Figure 1.

Memory Addressing

The 8080A has a 16-bit program counter which al-
lows direct addressing of up to 65,536 bytes of
memory. An external stack, located within any por-
tion of read/write memory, may be used as a last-in/
first-out storage area for the contents of the program
counter, flags, accumulator, and all of the six gener-
al purpose registers. A 16-bit stack pointer controls
the addressing of this external stack. This stack pro-
vides subroutine nesting bounded only by memory
size.

Memory Capacity

The iSBC 80/20-4 contains 4K bytes of static read/
write memory using Intel low power static RAMs. All
on-board RAM read and write operations are
performed at maximum processor speed. Power for
on-board RAM memory is provided on an auxiliary
power bus, and memory protect logic is included for
battery backup RAM requirements. Sockets for up to
8K bytes of nonvolatile read only memory are pro-

vided on the board. Read only memory may be add-
ed in 1K byte increments using Intel 2708 erasable
and electrically reprogrammable ROMs (EPROMs),
or read only memory may be added in 2K byte incre-
ments using Intel 2716 EPROMSs. All on-board ROM
read operations are performed at maximum proces-
sor speed.

Parallel 1/0 Interface

The iISBC 80/20-4 contains 48 programmable paral-
lel 1/0 lines implemented using two Intel 8255
programmable peripheral interfaces. The system
software is used to configure the I/0 lines in any
combination of the unidirectional input/output, and
bidirectional ports indicated in Table 1. Therefore,
the 1/0 interface may be customized to meet speci-
fied peripheral requirements. In order to take full ad-
vantage of the large number of possible I/0 configu-
rations, sockets are provided for interchangeable
1/0 line drivers and terminators. Hence, the flexibility
of the 1/0 interface is further enhanced by the capa-
bility of selecting the appropriate combination of op-
tional line drivers and terminators to provide the re-
quired sink current, polarity, and drive/termination
characteristics for each application. The 48 pro-
grammable 1/0 lines and signal ground lines are
brought out to two 50-pin edge connectors that mate
with flat, woven, or round cable.

Serial 1/0 Interface

A programmable communications interface using In-
tel's 8251 Universal Synchronous/Asynchronous
Receiver/Transmitter (USART) is contained on the
iSBC 80/20-4 board. A software selectable baud

RS232C

USER DESIGNATED

COMPATIBLE
PERIPHERALS
DEVICE 48 PROGRAMMABLE .
PARALLEL 1/0 LINES
CONTROL SERIAL DATA
INTERFACE INTERFACE
DRIVER
RS232C - 8INTERRUPT TERMINATOR
INTERFACE REQUEST INTERFACE
LINES
1 2INTERRUPT PROGRAM:
E: IN
REQUESTUNES NI NTeR: OO0 [umrerseiectasie
. A Rupt
BLE V| con 2
WK x8 PREP— " TROLLER s " PROGRAMMABLE
FUEMORY RaM BAUDRATE  [»]  (USARD 8080A CPU L N"IINTERRUPT]  PERIPHERAL
Jyiguirdin MEMORY GENERATOR A3 NTERRaPT]  'INTERFACE
. LINES
N\
1l i 1 1 ]

ADDRESS BUS

DATABUS

CONTROL BUS 8INTERRUPT

e reien ] ADDRESS BUS REQUEST LINES
= SBC 80
ARBITRATION DATABUS SYSTEM BUS
Loaic — CONTROL BUS
280218-2

Figure 1.iSBC® 80/20 and iSBC® 80/20-4 Block Diagram Showing Functional Components

39°
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rate generator provides the USART with all common
communications frequencies. The USART can be
programmed by the system software to select the
desired asynchronous or synchronous serial data
transmission technique (including IBM Bi-Sync). The
mode of operation (i.e., synchronous or asynchro-
nous), data format, control character parity, and
baud rate are all under program control. The 8251
provides full duplex, double-buffered transmit and
recieve capability. Parity, overrun, and framing error
detection are all incorporated in the USART. The
RS232C compatible interface on each board, in con-
junction with the USART, provides a direct interface
to RS232C compatible terminals, cassettes, and
asynchronous and synchronous modems. The
RS232C command lines, serial data lines, and signal
ground line are brought out to a 26-pin edge connec-
tor that mates with RS232C compatible flat or round
cable.

Multimaster Capability

The iSBC 80/20-4 is a. full computer on a single
board with resources capable of supporting the ma-
jority of OEM system requirements. For those appli-
cations requiring additional processing capacity and
the benefits of multiprocessing (i.e., several CPUs
and/or controllers logically share system tasks with
communication over the system bus), the iSBC
80/20-4 provides full MULTIBUS arbitration control
logic. This control logic allows up to three iSBC
80/20-4 or high speed controllers to share the sys-
tem bus in serial (daisy chain) priority fashion, and
up to 16 masters may share the system bus with the

addition of an external priority network. Once bus
control is attained, a bus bandwidth of up to 5M
bytes/sec may be achieved.

The bus controller provides its own clock which is
derived independently from the processor clock.
This allows different speed controllers to share re-
sources on the same bus, and transfers via the bus
proceed asynchronously. Thus, transfer speed is de-
pendent on transmitting and receiving devices only.
This design prevents slow master modules from be-
ing handicapped in their attempts to gain control of
the bus, but does not restrict the speed at which
faster modules can transfer data via the same bus.
Once a bus request is granted, single or multiple
read/write transfers can proceed at a maximum rate
of 5 million data words per second. The most obvi-
ous applications for the master-slave capabilities of
the bus are multiprocessor configurations, high
speed direct-memory-access (DMA) operations and
high speed peripheral control, but are by no means
limited to these three.

Programmable Timers

The iSBC 80/20-4 board provides three fully pro-
grammable and independent BCD and binary 16-bit
interval timers/event counters utilizing an Intel 8253
Programmable Interval Timer. Two of these timers/
counters are available to the systems designer to
generate accurate time intervals .under software
control. Routing of these counters is jumper select-
able. Each may be independently routed to the pro-
grammable interrupt controller, the 1/0 line drivers

Table 1. Input/Output Port Modes of Operation

Mode of Operation
Lines Unidirectional
Port | (qty) Inpu'Lat — °“tp“-‘tt — Bidirectional | Control
che atche
Unlatched Strobed Latched Strobed

1 8 X X X . X X

2 8 X X X X

3 4 X X X(1)
4 8 X X X X X

5 8 X X X X

6 4 X X X@)

NOTES:

1. Part of port 3 must be used as a control port when either port 1 or port 2 are used as a latched and strobed input or a
latched and strobed output port or port 1 is used as a bidirectional port.
2. Part of port 6 must be used as a control port when either port 4 or port 5 are used as a latched and strobed |nput ora
latched and strobed output port or port 4 is used as a bidirectional port.

3-10
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and terminators, or outputs from the 8255 program-
mable peripheral interfaces. The third interval timer
in the 8253 provides the programmable baud rate
generator for the iISBC 80/20-4 RS232C USART se-
rial port. In utilizing the iSBC 80/20-4, the systems
designer simply configures, via software, each timer
independently to meet system requirements. When-
ever a given time delay or count is needed, software
commands to the programmable timers/event coun-
ters select the desired function. Seven functions are
available, as shown in Table 2. The contents of each

counter may be read at any time during system oper-

ation with simple read operations for event counting
applications, and special commands are included so
that the contents of each counter can be used “on
the fly.”

Table 2. Programmable Timer Functions

Function Operation

When terminal count is reached,
an interrupt request is generated.
This function is extremely useful
for generation of real-time clocks.

Interrupt on
terminal count

Programmable | Output goes low upon receipt of

one-shot .| an external trigger edge or
software command and returns
high when terminal count is
reached. This function is
retriggerable.

Rate Divide by N counter. The output

generator will go low for one input clock

cycle, and the period from one
low-going pulse to the nextis N
times the input clock period.

Square-wave
rate generator

Output will remain high until one-
half the count has been
completed, and go low for the
other half of the count.

Event counter

Software Output remains high until
triggered software loads count (N). N
strobe counts after count is loaded,
output goes low for one input
clock period.
Hardware Output goes low for one clock
triggered period N counts after rising edge
strobe on counter trigger input. The
counter is retriggerable.
On a jumper selectable basis, the

clock input becomes an input
from the external system. CPU
may read the number of events
occurring after the counting
“window’” has been enabled or
an interrupt may be generated
after N events occur in the
system.
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Interrupt Capability

Operation and Priority Assignments—An Intel
8259 Programmable Interrupt Controller (PIC) pro-
vides vectoring for eight interrupt levels. As shown in
Table 3, a selection of four priority processing
modes is available to the systems designer so that
the manner in which requests are processed may be
configured to match system requirements. Operating
mode and priority assignments may be reconfigured
dynamically via software at any time during system
operation. The PIC accepts interrupt requests from
the programmable parallel and serial 1/0 interfaces,
the programmable timers, the system bus, or directly
from peripheral equipment. The PIC then determines
which of the incoming requests is of the highest pri-
ority, determines whether this request is of higher
priority than the level currently being serviced, and if
appropriate, issues an interrupt to the CPU. Any
combination of interrupt levels may be masked
through storage via software, of a single byte to the
interrupt register of the PIC.
Table 3. Programmable Interrupt Modes

Mode Operation

Fully Interrupt request line priorities

nested fixed at 0 as highest, 7 as lowest.

Auto- Equal priority. Each level, after

rotating receiving service, becomes the
lowest priority level until the next
interrupt occurs.

Specific ' |. System software assigns lowest

priority priority level. Priority of all other
levels based in sequence
numerically on this assignment.

Polled System software examines
priority-encoded system interrupt
status via interrupt status register.

Interrupt Addressing—The PIC generates a
unique memory address for each interrupt level.
These addresses are equally spaced at intervals of
4 or 8 (software selectable) bytes. This 32- or 64-
byte block may be located to begin at any 32- or 64-
byte boundary in the 65,536-byte memory space. A
single 8080 jump instruction at each of these ad-
dressed then-provides linkage to locate each inter-
rupt service' routine independently anywhere in
memory.

Interrupt Request Generation—Interrupt requests
may originate from 26 sources. Four jumper select-
able interrupt requests can be automatically gener-
ated by the programmable peripheral interface when
a byte of information is ready to be transferred to the
CPU (i.e., input buffer is full) or a byte of information
has been transferred to a peripheral device (i.e., out-
put buffer is empty). Two jumper selectable interrupt
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requests can be automatically generated by the
USART when a character is ready to be transferred
to the CPU (i.e., receive channel buffer is full), or a
character is ready to be transmitted (i.e., transmit
channel data buffer is empty). A jumper selectable
request can be generated by each of the program-
mable timers. Nine additional interrupt request lines
are available to the user for direct interface to user
designated peripheral devices via the system bus,
and eight interrupt request lines may be jumper rout-
ed directly from peripherals via the parallel 1/0 driv-
er/terminator section. ’

Power-Fail Control—Control logic is also included
for generation of a power-fail interrupt which works
in conjunction with the AC-low signal from iSBC 635
Power Supply or equivalent. -

Expansion Capabilities

Memory and /0 capacity may be expanded and ad-
ditional functions added using Intel MULTIBUS com-
patible expansion boards. High speed integer and
floating-point arithmetic capabilities may be added
by using the iSBC 310A High Speed Mathematics
Unit. Memory may be expanded to 65,536 bytes by
adding user specified combinations of RAM boards,
EPROM boards, or combination boards. Input/out-
put capacity may be increased by adding digital 1/0
and analog I/0 expansion boards. Mass storage ca-
pability may be achieved by adding single or double
density diskette controllers as subsystems. Modular
expandable backplanes and cardcages are available
to support multiboard systems.

SPECIFICATIONS

Word Size

Instruction: 8, 16, or 24 bits
Data: 8 bits -

Cycle Time ,
Basic Instruction Cycle: 1.86 us

NOTE:
Basic instruction cycle is defined as the fastest in-
struction (i.e:, four clock cycles).

Memory Addressing _
On-Board ROM/EPROM—O-0FFF
0-1FFF (2716)

On-Board RAM—4K bytes ending on a 16K bounda-
ry (e.g., 3FFFy, 7FFFy, BFFFy, ... FFFFR)

(2708) ' or

Memory Capacity ,
On-Board ROM/ EPHOM—SVK bytes (sockets only) .

On-Board RAM—4K bytes

Off-Board Expansion—Up to 65,536 bytes in user
specified RAM, ROM, and EPROM

NOTE:

ROM/EPROM may be added in 1K or 2K-byte in- -
crements. B

I/0 Addressing
On-Board Programmable I/0 (see Table 1)

8255 8255 8255 | 8255 :
Port No. 1 No.2 | No.1 | No.2 |USART|USART
1123 4|5|6 Control|Control| Data |Control|

lAddress|E4|es|EelEs|es]eA]l €7 | s | Ec | ED

170 Capacity
Parallel—48 programmable lines (see Table 1)

NOTE:
Expansion to 504 input and 504 output lines-can be
accomplished using optional 170 boards.

Serial Communications Characteristics

Synchronous—5-8 bit characters; internal or exter-
nal character synchronization; automatic sync inser-
tion. )

Asynchrondus—-5-8 bit characters; break character
generation; 1, 11, or 2 stop bits; false start bit de-
tection.

312
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Baud Rates
Frequency (kHz)
(Software Baud Rate (Hz)
Selectable) | gynchronous | Asynchronous |.
+16 + 64
153.6 — 9600 2400
76.8 — 4800 1200
38.4 38400 2400 600
19.2 19200 1200 300
9.6 9600 600 150
4.8 4800 300 75
2.4 2400 150 —
1.76 1760 110 —
NOTE:

Frequency selected by 1/0 write of appropnate 16-bit fre-
quency factor to baud rate register.
Register Address (hex notation, 1/0 address
space)

DE Baud rate register

NOTE:
Baud rate factor (16 bits) is loaded as two sequen-
tial output operations to same address (DEp).

Interrupts

Register Addresses (hex notation, 1/0 address

space)

DA Interrupt request register
DA  In-service register

DB Mask register

DA Command register

DB Block address register
DA Status (polling register)

NOTE:
Several registers have the same physical address;
sequence of access and one data bit of control
word determine which register will respond.
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Timers
Register Addresses (hex notation, 1/0 address
space)

DF Control reglster
DC Timer 1
DD Timer 2

NOTE:
Timer counts loaded as two sequenﬂal output oper-
ations to same address, as given.

Input Frequencies
Reference

1.0752 MHz £10%
(0.930 s period, nominal)

Event Rate
1.1 MHz max

NOTE:
Maximum rate for external events in event counter func-
tion.

Interfaces -

Bus: All signals TTL compatible

Parallel I7/0: All signals TTL compatible
Interrupt Requests: All TTL compatible
Timer: All signals compatible

Serial 1/0: RS232C compatible, data set
configuration

System Clock (8080A CPU)
2.1504 MHz £0.1%

Auxiliary Power

An auxiliary power bus is provided to allow separate
power to RAM for systems requiring battery backup
of read/write memory. Selections of this auxiliary
RAM power bus is made via jumpers on the board.
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Memory Protect

An active-low TTL compatible memory protect signal
is brought out on the auxiliary connector which,
when asserted, disables read/write access to RAM

Line Drivers and Terminators

1/0O Drivers—The following line drivers are all com-
patible with the I/O driver sockets on the ISBC
80/20-4.

memory on the board. This input.is provided for the Driver | Characteristic | Sink Current(mA)
protection of RAM contents during system power-
down sequences 7438 1,0C 48
. 7437 | 48
7432 NI 16
7426 - 1,0C , 16
Connectors 7409 NI, OC 16
. Double- 7408 NI 16
Interface |Sided Pins Centers Mating Connectors* 7403 I, 0C 16
(in) 7400 | 16
(aty)
MULTIBUS 86 0.156 |ELFAB BS1562043PBB 'NOTE:
System Viking 2KH43/9AMK12 | = inverting; NI = non-inverting; OC = open collector.
Bus Soldered PCB Mount
EDAC 337086540201 Ports 1 and 4 have 20 mA totem-pole bidirectional
ELFAB BW1562D43PBB drivers and 1 kQ terminators.
EDAC 337086540202 .
ELFAB BW1562A43PBB 1/0 Terminators—2200/3309 divider or 1 k2 pull-
Wire Wrap up
Auxiliary 60 . | 0.100 |EDAC 345060524802 20
Bus ELFAB BS1020A30PBB 5 —AAA
EDAC 345060540201
ELFAB BW1020D30PBB 300 o oPTION 1
Wire Wrap L
Parallel /0 50 0.100 {3M 3415-001 Flat Crimp .
(2) GTESylvania | | e~
6AD01251A1DD
Soldered 180
1k0 + 5V —O OPTION 2
Serial I/0 26 0.100 |AMP 15837151 280218-3
EDAC 345026520202
PCB Soldered
3M 3462-0001
AMP 88373-5 Flat Crimp Bus Drivers
NOTE: 1 Driver Characteristic | Sink Current (mA)
*Connectors compatible with those listed may also be Data Tri-State 50
used. Address Tri-State 50
. Commands’ Tri-State 32
Output Frequencies/Timing Intervals
Dual Timer/Counter
Function Single Timer/Counter (Two Timers Cascaded)
_Min Max Min ~Max
Real-Time Interrupt 1.86 us 60.948 ms 3.72 us 1.109 hr
Programmable One-Shot 1.86 ps 60.948 ms 3.72 us 1.109 hr
Rate Generator 16.407 Hz 537.61 kHz 0.00025 Hz 268.81 kHz
Square-Wave Rate Generator 16.407 Hz 537.61 kHz 0.00025 Hz 268.31 kHz
Software Triggered Strobe 1.86 ps 60.948 ms 3.72 us 1.109 hr
Hardware Triggered Strobe 1.86 ps 60.948 ms 3.72 ps 1.109 hr
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Physical Characteristics
Width: 12.00 in. (30.48 cm)

Height: 6.75 in. (17.15 cm)
Depth: 0.50 in. (1.26 cm)
Weight: 14 oz. (397.6 gm)

Environmental Characteristics
Operating Temperature: 0°C to 55°C

Reference Manual

9800317D—iSBC 80/20-5 Hardware Reference
Manual (NOT SUPPLIED)

Reference manuals are shipped with each product
only if designated SUPPLIED (see above). Manuals
may be ordered from any Intel sales representative,
distributor office or from Intel Literature Department,
3065 Bowers Avenue, Santa Clara, California 95051.

ORDERING INFORMATION

Part Number Description
SBC 80/20-4 Single Board Computer with 4K

bytes RAM
Electrical Characteristics
DC POWER REQUIREMENTS
Voltage Without With 4K With RAM With 8K
(% 5.,/9) PROM(1) PROM(2) iSBC 530(3) Only(4) PROM(5)
v7 (max) (max) (max) (max) (max)
Voo = +5V Icc = 4.0A 4.9A 4.9A 1.1A 5.2A
) Vpp = +12V lop = 90 mA 350 mA 450 mA —_ 90 mA
Vpg = —5V lsg = 2mA 180 mA 180 mA - 2mA
Vaa = —12V laa = 20 MA 20 mA 120 mA — 20 mA
NOTES:

1. Does not include power required for optional PROM, /0 drivers, and 1/0 terminators.

2. With four 2708 EPROMs and 220£/3309 input terminators installed for 32 1/0 lines, all terminator inputs low.

3. With four 2708 EPROMSs, 2200/3304 input terminators installed for 32 1/0 lines, all terminator inputs low, and iSBC 530
Teletypewriter Adapter drawing power from serial port connector.

4. RAM chips powered via auxiliary power bus.

5. With four 8716 EPROMSs and eight 220£2/3309 input terminators installed, all terminator inputs low.
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iSBC® 80/24A
SINGLE BOARD COMPUTER
m Upward Compatible with iSBC 80/20-4 m Programmable Synchronous/
Single Board Computer Asynchronous RS232C Compatible
- ; Serial Interface with Software
| :no:fA 2 CPU Operating at 4.8 or 2.4 Selectable Baud Rates
m Two iSBX™ Bus Connectors for iSBX ~m Full MULTIBUS® Control Logic for
MULTIMODULE™ Board Expansion glultlma_ster Configurations and System
. ) Xpansion
B 8K Bytes of Static Read/Write Memory m Two Programmable 16-Bit BCD or
m Sockets for Up to 32K Bytes of Read Binary Timers/Event Counters
Only Memory )
. M 12 Levels of Programmable Interrupt
B 48 Programmable Parallel 1/0 Lines Control
_with Sockets for Interchangeable Line - '
m Auxiliary Power Bus, Memory Protect,

Drivers and Terminators

and Power-Fail Interrupt Control Logic
Provided for Battery Backup RAM
Requirements

The Intel 80/24A Single Board Computer is a member of Intel’s complete line of OEM microcomputer systems
which take full advantage of Intel’s LS| technology to provide economical, self-contained computer-based
solutions for OEM applications. The iSBC 80/24A board is a complete computer system on a single 6.7 X
12.00-inch printed circuit card. The CPU, system clock, iSBX bus interface, read/write memory, read only
memory sockets, 1/0 ports and drivers, serial communications interface, priority interrupt logic, and program-
mable timers all reside on the board. Full MULTIBUS interface logic is included to offer compatibility with the
Intel OEM Mlcrocomputer Systems family of Single Board Computers, expansion memory options, digital and
analog 1/0 expansion boards, and peripheral and communications controllers.

142927-1

September 1987
Order Number: 142927-004
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FUNCTIONAL DESCRIPTION

Central Processing Unit

Intel’'s powerful 8-bit N-channel 8085A-2 CPU fabri-
cated on a single LSI chip, is the central processor
for the iISBC 80/24A board operating at either 4.8 or
2.4 MHz (jumper selectable). The 8085A-2 CPU is
directly software compatible with the Intel 8080A
CPU. The 8085A-2 contains six 8-bit general pur-
pose registers and an accumulator. The six general
purpose registers may be addressed individually or
in pairs, providing single and double precision opera-
tors. Minimum instruction execution time is 826
nanoseconds. A block diagram of the iSBC 80/24A
functional components is shown in Figure 1.

MULTIMODULE™ Board Expansion

The iSBX bus interface brings designers incremental
on-board expansion. at minimal cost. Two iSBX bus
MULTIMODULE connectors are provided for plug-in
expansion of any iSBX MULTIMODULE board. The
iSBX MULTIMODULE concept provides the ability to
adapt quickly to new technology, the economy of
buying only what is needed, and the ready availabil-
ity of a spectrum of functions for greater application
potential. iISBX boards are available to provide ex-
pansion equivalent to the 1/0 available on the iSBC
80/24A board or the user may configure entirely
new functionality, such as math, directly on board.

The iSBX 350 Parallel I/0 MULTIMODULE board
provides 24 1/0 lines using an 8255A Programmable
Peripheral Interface. Therefore two iSBX 350 mod-
ules together with the iSBC 80/24A board may offer
96 lines of programmable 1/0. Alternately, a serial
port may be added using the iSBX 351 Serial 1/0
MULTIMODULE board and math may be configured
on-board with the iSBX 331 Fixed/Floating Point
Math MULTIMODULE board. Future iSBX products
are also planned. The iSBX MULTIMODULE board
is a logical extension of the on-board programmable
I1/0 and is accessed by the iSBC 80/24A single
board computer as common /0 port locations. The
iSBX board is coupled directly to the 8085A-2 CPU
and therefore becomes an integral element of the
iSBC 80/24A single board computer providing opti-
mum performance. All MULTIMODULE boards offer
incremental expansion, optimum performance, and
minimal cost. )

Memory Addressing'

The 8085A-2 has a 16-bit program counter which
allows direct addressing of up to 64K bytes of mem-
ory. An external stack, located within any portion of
read/write memory, may be used as a last-in/first-
out storage area for the contents of the program
counter, flags, accumulator, and all of the six gener-
al purpose registers. A 16-bit stack pointer controls
the addressing of this external stack. This stack pro-
vides subroutine nesting bounded only- by memory
size. s

RS232C
COMPATIBLE
DEVICE

CONTROL
INTERFACE

RS232C
INTERFACE

POWER FAIL
INTERRUPT

USER DESIGNATED
PERIPHERALS

USER

.

PROGRAMMABLE ) 4
PARALLEL MULTIMODULE™  MULTINODULE™ .

VOLINES BOARD _ BOARD

| ===~ -——n

i 1SBX™ BUS H

wrerraces | INTERFACE h

1 [ sexmeus sexous 1y

muLTivopuLE™ | | MuLTIMODULEM™
L CONNECTOR connector | |
-TT= — =T Tl

=

SELECTOR

o

==

a2kx8 PROGRAMMABLE 3 PROGRAMMABLE TWO T™WO
nomeerom | | BKX8 COMMUNICATIONS BAUD RATE sossa2 || PROGRAMMABLE,
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T
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G

J> 142927-2

Figure 1. iSBC® 80/24A Single Board Computer Block Diagram
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Memory Capacity

The iSBC 80/24A board contains 8K bytes of static
read/write memory using an 8K X 8 SRAMs. All
RAM read and write operations are performed at
maximum processor speed. Power for the on-board
RAM may be provided on an auxiliary power bus,
and memory protect logic is included for RAM bat-
tery backup requirements.

Four sockets are provided for up to 32K bytes of
nonvolatile read only memory on the iSBC 80/24A
board. EPROM may be added as shown with white-
out and 2732A. :

Parallel I/0 Interface

The iSBC 80/24A board contains 48 programmable
parallel I/0O lines implemented using two Intel 8255A
Programmable Peripheral Interfaces. The system
software is used to configure the 1/0 lines in any
combination of unidirectional input/output and bidi-
rectional ports as indicated in Table 1. Therefore,
the I/0 interface may be customized to meet specif-
ic peripheral requirements. In order to take full ad-
vantage of the large number of possible I/0 configu-
rations, sockets are provided for interchangeable
1/0 line drivers and terminators. Hence, the flexibility
of the 1/0 interface is further enhanced by the capa-
bility of selecting the appropriate combination of op-
tional line drivers and terminators to provide the re-
quired sink current, polarity, and drive/termination
characteristics for each application. The 48 pro-
grammable 1/0 lines and signal ground lines are

brought out to two 50-pin edge connectors that mate
with flat, woven, or round cables.

Serial 1/0 Interface

A programmable communications interface using
the Intel 8251A Universal Synchronous/Asynchro-
nous Receiver/Transmitter (USART) is contained on
the iISBC 80/24A board. A software selectable baud
rate generator provides the USART with all common
communication frequencies. The USART can be
programmed by the system software to select the
desired asynchronous or synchronous serial data
transmission technique (including IBM Bi-Sync). The
mode of operation (i.e. synchronous, or asynchro-
nous), data format, control character format, parity,
and baud rate are all under program control. The
8251A provides full duplex, double buffered transmit
and receive capability. Parity, overrun, and framing
error detection are all incorporated in the USART.
The RS232C compatible interface, in conjunction
with the USART, provides a direct interface to
RS232C compatible terminals, cassettes, and asyn-
chronous and synchronous modems. The RS232C
command lines serial data lines, and signal ground
line are brought out to a 26-pin edge connector that
mates with RS232C compatible flat or round cable.

Multimaster Capability

The iSBC 80/24A board is a full computer on a sin-
gle board with resources capable of supporting a
large variety of OEM system requirements. For

Table 1. Input/Output Port Modes of Operation

Mode of Operation
Lines Unidirectional
Port (qty) Input Output Bidirectional Control
Unlatched Lg:f::gd& Latched "g:f::: d'&
1 8 X X X X X
2 8 - X X X X
3 4 X X X1
4 X X X1
4 8 X . X X X X
5 8 X X X X
6 4 X X X2
4 X X X2
NOTES: ~

1. Part of port 3 must be used as a control port when either port 1 or port.2 are used as a latched and strobed input or a
latched and strobed output port or port 1 is used as a bidirectional port.
2. Part of port 6 must be used as a control port when either port 4 or port 5 are used as a latched and strobed input or a
latched and strobed output port or port 4 is used as a bidirectional port.
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those applications requiring additional processing
capacity and the benefits of multiprocessing (i.e.
several CPUs and/or controllers logically sharing
system tasks through communication over the sys-
tem bus), the iSBC 80/24A board provides full MUL-
TIBUS arbitration control logic. This control logic al-
lows up to three iSBC 80/24A boards or other bus
masters to share the system bus in serial (daisy
chain) priority fashion, and up to 16 masters to share
the MULTIBUS system bus with the addition of an
external priority network. The MULTIBUS arbitration
logic operates synchronously with a MULTIBUS
. clock (provided by the iSBC 80/24A board or option-
ally connected directly to the MULTIBUS clock)
while data is transferred via a handshake between
the master and slave modules. This allows different
speed controllers to share resources on the same
bus since transfers via the bus proceed asynchro-
nously. Thus, transfer speed is dependent on trans-
mitting and receiving devices only. This design pro-
vides slow master modules from being handicapped
in their attempts to gain control of the bus, but does
not restrict the speed at which faster modules can
transfer data via the same bus. The most obvious
applications for the master-slave capabilities of the
bus are multiprocessor configurations, high speed
direct memory access (DMA) operations, and high
speed peripheral control, but are by no means limit-
ed to these three.

Programmable Timers

The iSBC 80/24A board provides three indepen-
dent, fully programmable 16-bit interval timers/event
counters utilizing the Intel 8254 Programmable Inter-
val Timer. Each counter is capable of operating in
either BCD or binary modes. Two of these timers/
counters are available to the systems designer to
generate accurate time intervals under software
control. Routing for the outputs and gate/trigger in-
puts of two of these counters is jumper selectable.
The outputs may. be independently routed to the
8259A Programmable Interrupt Controller, to the I/0
line drivers associated with the 8255A Programma-
ble Peripheral Interface, or may be routed as inputs
to the 8255A chip. The gate/trigger inputs may be
routed to I/0 terminators associated with the 8255A
or as output connections from the 8255A. The third
interval timer in the 8254 provides the programma-
ble baud rate generator for the RS232C USART seri-
al port. In utilizing the iISBC 80/24A board, the sys-
tems designer simply configures, via software, each
timer independently to meet system requirements.
Whenever a given time delay or count is needed,
software commands to the programmable timers/
event counters select the desired function. Seven
functions are available, as shown in Table 2. The
contents of each counter may be read at any time
during system operation with simple read operations
for event counting applications, and special com-
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mands are included so that the contents of each
counter can be read “on the fly”.

Table 2. Programmable Timer Functions

Function Operation’
Interrupt on When terminal count is
terminal reached, an interrupt request
count is generated. This function is
extremely useful for
generation of real-time clocks.

Programmable | Output goes low upon receipt

one-shot of an external trigger edge or
software command and
returns high when terminal
count is reached. This
function is retriggerable.

Rate generator | Divide by N counter. The

output will go low for one input
clock cycle, and the period
from one low-going pulse to
the next is N times the input
clock period.

Output will remain high until
one-half the count has been
completed, and go low for the
other half of the count.

Output remains high until
software loads count (N). N
counts after count is loaded,
output goes low for one input
clock period.

Output goes low for one clock
period N counts after rising
edge on counter trigger input.
The counter is retriggerable.

On a jumper selectable basis,
the clock input becomes an
input from the external
system. CPU may read the
number of events occuring
after the counting “window’
has been enabled or an
interrupt may be generated
after N events occur in the

Square-wave
rate generator

Software
triggered
strobe

Hardware
triggered
strobe

Event counter

system.

Interrupt Capability

The iSBC 80/24A board provides vectoring for 12
interrupt levels. Four of these levels are handled di-
rectly by the interrupt processing capability of the
8085A-2 CPU and represent the four highest priority
interrupts of the iSBC 80/24A board. Requests are
routed to the 8085A-2 interrupt inputs—TRAP, RST
7.5, RST 6.5, and RST 5.5 (in decreasing order of
priority), each of which generates a call instruction to
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a unique address (TRAP: 24H; RST 7.5: 3CH; RST
6.5: 34H; and RST 5.5: 2CH). An 8085A-2 JMP in-
struction at each of these addresses then provides
linkage to interrupt service routines located indepen-
dently anywhere in memory. All interrupt inputs with
the exception of the trap interrupt may be masked
via software. The trap interrupt should be used for
conditions such as power-down sequences: which
require immediate attention by the 8085A-2 CPU.
The Intel 8259A Programmable Interrupt Controller
(PIC) -provides vectoring for the next eight interrupt
levels. As shown in Table 3, a selection of four priori-
ty processing modes is available to the systems de-

signer for use in designing request processing con-'

figurations to match system requirements. Operating
mode and priority assignments may be reconfigured
dynamically via software at any time during system
operation. The PIC accepts interrupt requests from
the programmable parallel and serial 1/0 interfaces,
the programmable timers, the system bus, iSBX bus,
or directly from peripheral equipment. The PIC then
determines which of the incoming requests is of the

highest priority, determines whether this request is’

of higher priority than the level currently being serv-
iced, and, if appropriate, issues an interrupt to the
CPU. Any combination of interrupt levels may be
masked, via software, by storing a single byte in the
interrupt mask register of the PIC. The PIC gener-
ates a unique memory address for each interrupt
level. These addresses are equally spaced at inter-
vals of 4 or 8 (software selectable) bytes. This 32 or
64-byte block may be located to begin at any 32 or
64-byte boundary in the 65,536-byte memory space.
A single 8085A-2 JMP instruction. at each of these
addresses then provides linkage to locate each in-
terrupt service routine independently anywhere in
memory. ‘ o

Table 3. Programmable Intefrupt Modes
Mode

Operation

Fully nested Interrupt request line priorities
fixed at 0 as highest, 7 as

lowest.

Equal priority. Each level, after
receiving service, becomes
the lowest priority level until
next interrupt occurs.

System software assigns
lowest priority level. Priority of
all other levels based in
sequence numerically on this
assignment.

System software examines
priority-encoded system
interrupt status via interrupt

Autorotating

Specific
priority

Polled

status register.
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Interrupt Request Generation

Interrupt requests may originiate from 23 sources.
Two jumper selectable interrupt requests can be
generated by each iSBX MULTIMODULE board.
Two jumper selectable interrupt requests can be au-
tomatically generated by each programmable pe-
ripheral interface when a byte of information is ready
to be transferred to the CPU (i.e., input buffer is full)
or a byte of information has been transferred to a
peripheral device (i.e., output buffer is empty). Three
jumper selectable interrupt. requests can be auto-
matically generated by the USART when a character
is ready to be transferred to the CPU (i.e., receiver
channel buffer is full), a character is ready to be
transmitted (i.e., the USART is ready to accept a
character from the CPU), or when the transmitter is
empty (i.e., the USART has no character to trans-
mit). A jumper selectable request can be generated
by each of the programmable timers. Nine interrupt
request lines are available to the user for direct inter-
face to user designated peripheral devices via the
MULTIBUS system bus. A power-fail signal can also
be selected as an interrupt source. .

Power-Fail Control

A power-fail interrupt may be detected through the
AC-low signal generated by the power supply. This
signal may be configured to interrupt the 8085A-2
CPU to initiate an orderly power down instruction se-
quence.

MULTIBUS® System Expansion
Capabilities

Memory and |/0 capacity may be expanded and ad-
ditional functions added using Intel MULTIBUS sys-
tem compatible expansion boards. Memory may be
expanded to 65,536 bytes by adding user specified
combinations of RAM boards, EPROM boards, or
combination boards. Input/output capacity may be
increased by adding digital 1/0 and analog 1/0 ex-
pansion boards. Mass storage capability may be
achieved by adding single or double density diskette
or hard disk: controllers as subsystems. Expanded
communication needs can be handled by communi-
cation controllers. Modular expandable backplanes
and card cages are available to support multiboard
systems.
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SPECIFICATIONS

Word Size

Instruction— 8, 16 or 24 bits
Data — 8 bits

Cycle Time

BASIC INSTRUCTION CYCLE

826 ns (4.84 MHz operating frequency)
1.65 us (2.42 MHz operating frequency)

NOTE:
Basic instruction cycle is defined as the fastest in-
struction (i.e., four clock cycles).

Memory Addressing

ON-BOARD EPROM

0-OFFF using 2708, 2758 (1 wait state)
0-1FFF using 2716 (1. wait state)
" 0-3FFF using 2732 (1 wait state)

usiné 2732A (no wait states)
0-7FFF using 2764A (no wait states)

ON-BOARD RAM

E000-FFFF
NOTE:

Default configuration—may be reconfigured to top
end of any 16K boundary.

Memory Capacity

ON-BOARD EPROM
32K bytes (sockets only)

May be added in 1K (using 2708 or 2758), 2K (using
2716), 4K (using Intel 2732A), or 8K (using Intel
2764A) byte increments.

ON-BOARD RAM

8K bytes

OFF-BOARD EXPANSION

Up to 64K bytes using user specified combinations
of RAM, ROM, and EPROM.

Up to 128K bytes using bank select control via 170
port and 2 jumper options.

May be disabled using PROM ENABLE via 1/0 port
and jumper option, resulting in off-board RAM over-
lay capability.

I/0 Addressing
ON-BOARD PROGRAMMABLE 1/0
Device 1/0 Address
8255A No. 1
Port A E4
Port B E5
Port C . E6
Control E7
8255A No. 2
Port A E8
Port B E9
Port C EA
Control EB
8251A
Data EC, EE
Control ED, EF
iSBX MULTIMODULE J5
MCS0 Co-C7
MCSH1 C8-CF
iSBX MULTIMODULE J6
MCS0 FO-F7
MCS1 F8-FF
1/0 Capacity
Parallel — 48 programmable lines
Serial — 1 transmit, 1 receive, 1 SID,
1 SOD
. iISBX MULTIMODULE— 2 iSBX MULTIMODULE
Boards
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Serial Communications Characteristics

Synchronous — 5-8 bit characters; internal or ex-

ternal character synchronization;

automatic sync insertion

Asynchronous— 5-8 bit characters; break charac- -
ter generation; 1, 115, or 2 stop

bits; false start bit detectors
Baud Rates
Output Baud Rate (Hz)
Frequency
in kHz Synchronous | Asynchronous
+16  +64
153.6 — 9600 2400
76.8 — 4800 1200
38.4 . 38400 2400 600
19.2 19200 1200 300
9.6 9600 600 150
4.8 4800 300 75
2.4 2400 150 —_
1.76 1760 110 —_
NOTE:

Frequency selected by 1/O write of appropriate 16-bit fre-

quency factor to baud rate register.

Register Address (hex notation, I/O address

space)
DE Baud rate register

NOTE:

Baud rate factor (16 bits) is loaded as two sequen-
tial output operations to same address (DEp).

Interrupts

Addresses for 8259A Registers (hex notation, |/0
address space)

DA or D8 Interrupt request register
DA or D8 In-service register

DB or D9 Mask register

DA or D8 Command register

DB or D9 Block address register
DA or D8 Status (polling register)

NOTE:
Several registers have the same physical address;
sequence of access and one data bit of.control
word determine which register will respond.

Interrupt levels routed to 8085A-2 CPU automatically
vector the processor to unique memory locations:

Interrupt | Memory L.

Input Address Priority Type
TRAP 24 Highest | Non-maskable
RST7.5 3C l Maskable
RST 6.5 34 Maskable
RST 5.5 2c Lowest | Maskable

Timers

Register Addresses (hex notation, I/0 address
space) )
DF Control register

DC Timer 0

DD Timer 1

DE Timer 2

NOTE:
Timer counts loaded as two sequential output oper-
ations to same address as given.

Output Frequencies/Timing Intervals

Dual Timer/Counter
Single :
wo Timers
Function Timer/Counter (-(r:asca ded)
Min Max Min Max

Real-Time Interrupt 1.86pus [ 60.948ms| 3.72us | 1.109hrs
Programmable One-Shot 1.86 us | 60.948 ms | 3.72 us 1.109 hrs
Rate Generator 16.407 Hz| 537.61 kHz | 0.00025 Hz | 268.81 kHz
Square-Wave Rate Generator | 16.407 Hz | 537.61 kHz | 0.00025 Hz | 268.81 kHz
Software Triggered Strobe 1.86us | 60.948ms| 3.72pus | 1.109 hrs
Hardware Triggered Strobe 1.86us | 60.948ms | 3.72pus | 1.109hrs

NOTE:

Input frequency to timers is 1.0752 MHz (default configuration).
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Input Frequencies

Reference: 1.0752 MHz +0.1% (0.930 ps period,
nominal)

Event Rate: 1.1 MHz max

Interfaces

MULTIBUS — All signals TTL compatible

iSBX Bus — All signals TTL compatible

Parallel I/0 — Al signals TTL compatible

Serial I/0 — RS232C compatible, configu-
rable as a data set or data ter-
minal

Timer — All signals TTL compatible

Interrupt Requests— All TTL compatible

System Clock (8085A-2 CPU)
4.84 or 2.42 MHz +0.1% (jumper selectable)

Auxiliary Power

An auxiliary power bus is provided to allow separate
power to RAM for systems requiring battery backup
of read/write memory. Selection of this auxiliary
RAM power bus is made via jumpers on the board.

Memory Protect

An active-low TTL compatible memory protect signal
is brought out on the auxiliary connector which,
when asserted, disables read/write access to RAM
memory on the board. This input is provided for the
protection of RAM contents during system power-
down sequences.

Line Drivers and Terminators
1/0 Driver— The following line drivers and termina-

tors are all compatible with the /0 driv-
er sockets on the iSBC 80/24A Board:

Driver | Characteristic | Sink Current (mA)
7438 l,0C 48
7437 | ' 48
7432 NI 16
7426 1,0C 16
7409 NI, OC 16
7408 NI 16
7403 1,0C 16
7400 | 16
NOTE:

| = inverting; NI = non-inverting; OC = open collector.

Ports E4 and E8 have 32 mA totem-pole drivers and
1K terminators.

1/0 Terminators— 220£/330Q divider of 1 k2 pull-

up.

Connectors ,
Double-Sided | Centers
Interface Pins (qty) (in) Mating Connectors*
MULTIBUS 86 0.156 | ELFAB BS1562043PBB
System Bus Viking 2KH43/9AMK12 Soldered PCB Mount
EDAC 337086540201
ELFAB BW1562D43PBB
EDAC 337086540202
ELFAB BW1562A43PBB Wire Wrap
Auxiliary Bus 60 0.100 | EDAC 345060524802

ELFAB BS1020A30PBB
EDAC 345060540201
ELFAB BW1020D30PBB Wire Wrap

iSBX Bus (2) 36 0.100 |iSBX 960-5

Parallel 1/0 (2) 50 0.100 | 3M 3415-001 Flat Crimp
GTE Sylvania 6AD01251A1DD Soldered

Serial I/0 26 0.100 | AMP 15837151
EDAC 345026520202 PCB Soldered
3M 3462-0001
AMP 88373-5 Flat Crimp

*NOTE:

Connectors compatible with those listed may also be used.
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2200/3300 OPTION 1
+5V

Bus Drivers

1k OPTION 2
+5V

1. Does not include power for optional EPROM, 1/0 drivers, and 1/0 terminators.
2. RAM chips powered via auxiliary power bus.
3. Does not include power for optional EPROM, 1/0 drivers, 1/0 terminators. Power for iSBC 530
Adapter is supplied via serial port connector.
4. Includes power required for four EPROM chips, and 1/0 terminators installed for 16 1/0O lines; all
terminators inputs low.

3-24

2200 Function | Characteristic | Sink Current (mA)

Data Tri-State 32

3300 Address Tri-State 32

W Commands Tri-State 32

T Physical Characteristics
1xa Width: - 12.00 in. (30.48 cm)
142927-3 - Height: 6.75in. (17.15 cm)
Depth: 0.50 in. (1.27 cm)
Weight: 12.64 oz. (354 gm)
Electrical Characteristics
DC POWER REQUIREMENTS
Current Requirements
Configuration | yoo = +5V | Vpp= +12V | Vgg= —5V | Vapn = —12V
+5% (max) +5% (max) +5% (max) +5% (max)
Without
EPROM() 2.66A 40 mA — 20 mA
RAM Only(@) 0.01A — — —
With
iSBC 530(3) 2.66A 140 mA — 120 mA
With 4K
EPROM(®) 3.28A 300 mA 180 mA 20 mA
(using 2708)
With 4K
EPROM®4) 3.44A 40 mA — 20 mA
(using 2758) .
With 8K .
EPROM(®) 3.44A 40 mA — 20 mA
(using 2716)
With 16K
EPROM() 3.46A 40 mA — -~ 20mA
(using 2732A)
With 32K
EPROM(4) 3.42A 40 mA — 20 mA
(using 2764A)
NOTES:
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Environmental Characteristics
Operating Temperature: 0°C to 55°C

Reference Manual

148437-001— iSBC 80/24A Single Board Computer
Hardware Reference Manual (NOT
SUPPLIED)

Manuals may be ordered from any Intel sales repre-
sentative, distributor office or from Intel Literature
Department, 3065 Bowers Avenue, Santa Clara,
California 95051.

ORDERING INFORMATION

Part Number Description
SBC 80/24A  Single Board Computer
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SINGLE BOARD COMPUTER

8085A CPU Used as Central Processing
Unit '
16K Bytes of Dual Port Dynamic Read/
Write Memory with On-Board Refresh

Sockets for up to 8K Bytes of Read
Only Memory

Sockets for 8041A/8741A Universal
Peripheral Interface and
Interchangeable Line Drivers and Line
Terminators

24 Programmable Parallel 1/0 Lines
with Sockets for Interchangeable Line
Drivers and Terminators

Full MULTIBUS® Control Logic Allowing
up to 16 Masters to Share the System

Programmable Synchronous/
Asynchronous RS232C Compatible
Serial Interface with Fully Software
Selectable Baud Rate Generation

' 12 Levels of Programmable Interrupt

Control

Two Programmable 16-Bit BCD or
Binary Counters

Auxiliary Power Bus, Memory Protect,
and Power-Fail Interrupt Control Logic
for RAM Battery Backup

Compatible with Optional iSBC® 80
CPU, Memory, and 1/0 Expansion
Boards

The iSBC 80/30 Single Board Computer is a member of Intel’s complete line of OEM computer systems which
take full advantage of Intel’s LS| technology to provide economical self-contained computer-based solutions
for OEM applications. The iSBC 80/30 is a complete computer system on a single 6.75 x 12.00-inch printed
circuit card. The CPU, system clock, read/write memory, nonvolatile read only memory, universal peripheral
interface capability, I/0 ports and drivers, serial communications interface, priority interrupt logic, programma-
ble timers, MULTIBUS control logic, and bus expansion drivers all reside on the board.

280219-1

September 1987
Order Number: 280219-002
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FUNCTIONAL DESCRIPTION

Central Processing Unit

Intel’s powerful 8-bit n-channel 8085A CPU, fabricat-
ed on a single LSI chip, is the central processor for
the iSBC 80/30. The 8085A CPU is directly software
compatible with the Intel 8080A CPU. The 8085A
contains six 8-bit general purpose registers and an
accumulator. The six general purpose registers may
be addressed individually or in pairs, providing both
single and double precision operators. The minimum
instruction execution time is 1.45 microseconds. The
8085A CPU has a 16-bit program counter. An exter-
nal stack, located within any portion of iISBC 80/30
read/write memory, may be used as a last-in/first-
out storage area for the contents of the program
counter, flags, accumulator, and all of the six gener-
al purpose registers. A 16-bit stack pointer controls
the addressing of this eternal stack. This stack pro-
vides subroutine nesting bounded only by memory
size.

Bus Structure

The iSBC 80/30 has an internal bus for all on-board
memory and /0 operations and a system bus (i.e.,
the MULTIBUS) for all external memory and 1/0 op-
erations. Hence, local (on-board) operations do not
tie up the system bus, and allow true parallel pro-
cessing when several bus masters (i.e., DMA devic-
es, other single board computers) are used in a mul-
timaster scheme. A block diagram of the iSBC
80/30 functional components is shown in Figure 1.

RAM Capacity

The iSBC 80/30 contains 16K bytes of dynamic
read/write memory using Intel 2117 RAMs. All RAM
read and write operations are performed at maxi-
mum processor speed. Power for the on-board RAM
may be provided on an auxiliary power bus, and
memory protect logic is included for RAM battery
backup requirements. The iSBC 80/30 contains a
dual port controller, which provides dual port capa-
bility for the on-board RAM memory. RAM accesses
may occur from either the iSBC 80/30 or from any
other bus master interfaced via the MULTIBUS.
Since on-board RAM accesses do not require the
- MULTIBUS, the bus is available for any other con-
current operations (e.g., DMA data transfers) requir-
ing the use of the MULTIBUS. Dynamic RAM refresh
is accomplished automatically by the iISBC 80/30 for
accesses originating from either the CPU or via the
MULTIBUS. Memory space assignment can be se-
lected independently for on-board and MULTIBUS
RAM accesses. The on-board RAM, as seen by the
8085A CPU, may be placed anywhere within the 0-

to 64K-address space. The iSBC 80/30 provides ex-
tended addressing jumpers to allow the on-board
RAM to reside within a one megabyte address
space when accessed via the MULTIBUS. In addi-
tion, jumper options are provided which allow the
user to reserve 8K- and 16K-byte segments of on-
board RAM for use by the 8085A CPU only. This
reserved RAM space is not accessible via the MUL-
TIBUS and does not occupy any system address
space.

EPROM/ROM Capacity

Sockets for up to 8K bytes of nonvolatile read only
memory and provided on the iSBC 80/30 board.
Read only memory may be added in 1 K-byte incre-
ments up to a maximum of 2 K-bytes using Intel
2708 or 2758 erasable and electrically reprogram-
mable ROMs (EPROMs); in 2 K-byte increments up
to a maximum of 4 K-bytes using Intel 2716
EPROMs; or in 4 K-byte increments up to 8K-bytes
maximum using Intel 2732 EPROMs. All on-board
EPROM/ROM operations are performed at maxi-
mum processor speed.

Parallel I/0 Interface

The iSBC 80/30 contains 24 programmable parallel
1/0 lines implemented using the Intel 8255A Pro-
grammable Peripharal Interface. The system soft-
ware is used to configure the I/0 lines in any combi-
nation of unidirectional input/output and bidirection-
al ports indicated in Table 1. Therefore, the 1/0 in-
terface may be customized to meet specific periph-
eral requirements. In order to take full advantage of
the large number of possible I/0 configurations,
sockets are provided for interchangeable 1/0 line
drivers and terminators. Hence, the flexibility of the
1/0 interface is further enhanced by the capability of
selecting the appropriate combination of optional
line drivers and terminators to provide the required
sink current, polarity, and drive/termination charac-
teristics for each application. The 24 programmable
1/0 lines and signal ground lines are brought out to a
50-pin edge connector that mates with flat, woven,
or round cable.

Universal Peripheral Interface (UPI)
The iSBC 80/30 provides sockets for a user sup-

plied Intel 8041A/8741A Universal Peripheral Inter-

face (UPI) chip and the associated line drivers and
terminators for the UPI's 1/0 ports. The
8041A/8741A is a single chip microcomputer con-
taining a CPU, 1K bytes of ROM (8041A) or EPROM
(8741A), 64 bytes of RAM, 18 programmable 1/0
lines, and an 8-bit timer. Special interface registers
included in the chip allow the 8041A to function as a
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slave processor to the iISBC 80/30’s 8085A CPU.
The UPI allows the user to specifiy algorithms for
controlling user peripherals directly in the chip,
thereby relieving the 8085A for other system func-
tions. The iSBC 80/30 provides an RS232C driver
and an RS232C receiver for optional connection to
the 8041A/8741A in applications where the UPI is
programmed to handle simple serial interfaces. For
additional information, including 8041A/8741A in-
structions, refer to the UPI-41A User's Manual and
application note AP-41.

Serial 1/0

A programmable communications interface using
the Intel 8251A Universal Synchronous/Asynchro-
nous Receiver/Transmitter (USART) is contained on
the iSBC 80/30. A software selectable baud rate
generator provides the USART with all common
communication frequencies. The USART can be
programmed by the system software to select the
desired asynchronous or synchronous serial data
transmission technique (including IBM By-Sync).
The mode of operation (i.e., synchronous or asyn-
chronous), data format, control character format,
parity, and baud rate are all under program control.
The 8251A provides full duplex, double buffered
transmit and receive capability. Parity, overrun, and
framing error detection are all incorporated in the
USART. The RS232C compatible interface on each
board, in conjunction with the USART, provides a
direct interface to RS232C compatible terminals,
cassettes, and asynchronous and synchronous mo-
dems. The RS232C command lines, serial data
lines, and signal ground line are brought out to a 26-
pin edge connector that mates with RS232C com-
patible flat or round cable.

Multimaster Capability

The iSBC 80/30 is a full computer on a single board
with resources capable of supporting a great variety

of OEM system requirements. For those applications
requiring additional processing capacity: and the
benefits of multiprocessing (i.e., several CPUs and/
or controilers logically sharing system tasks through
communication over the system bus), the iSBC
80/30 provides full MULTIBUS arbitration control
logic. This control logic allows up to three iISBC 80/
30’s or other bus masters to share the system bus in
serial (daisy chain) priority fashion, and up to 16
masters to share the MULTIBUS with the addition of
an external priority network. The MULTIBUS arbitra-
tion logic operates synchronously with a MULTIBUS
clock (provided by the iSBC 80/30 or optionally con-
nected directly to the MULTIBUS clock) while data is
transferred via a handshake between the master
and slave modules. This allows different speed con-
trollers to share resources on the same bus, and
transfer via the bus proceed asynchronously. Thus,
transfer speed is dependent on transmitting and re-
ceiving devices only. This design prevents slow
master modules from being handicapped in their at-
tempts to gain control of the bus, but does not re-
strict the speed at which faster modules can transfer
data via the same bus. The most obvious applica-
tions for the master-slave capabilities of the bus are
multiprocessor configurations, high speed direct
memory access (DMA) operations, and high speed
peripheral control, but are by no means limited to
these three.

Programmable Timers

The iSBC 80/30 provides three independent, fully
programmable 16-bit interval timers/event counters
utilizing the Intel 8253 Programmable Interval Timer.
Each counter is capabile of operating in either BCD
or binary modes. Two of these timers/counters are -
available to the systems designer to generate accu-
rate time intervals under software control. Routing
for the outputs and gate/trigger inputs of two of
‘these counters is jumper selectable. The outputs
may be independently routeq to the 8259A Program-

Mode of Operation
Port Lines Unidirectional . Control
(aty) Input ‘ Output _ Bidirectional
unitohed | H8ERAS | Latonoa | Lgiched

1 8 X X X X ) X
2 8 X X X X
3 4 X X X1

4 X X ) X1

NOTE:

1. Part of port 3 must be used as a control port when either port 1 or port 2 are used as a latched and strbbed input or a
latched and strobed output port or port 1 is used as a bidirectional port.
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mable Interrupt Controller, to the 1/0 line drivers as-
sociated with- the 8255A Programmable Peripheral
Interface, and to the 8041A/8741A Universal Pro-
grammable Interface, or may be routed as inputs to
the 8255A and 8041A/8741A chips. The gate/trig-
ger inputs may be routed to /0 terminators associ-
ated with the 8255A or as output connections from
the 8255A. The third interval timer in the 8253 pro-
vides the programmable baud rate generator for the
iSBC 80/30 RS232C USART serial port. In utilizing
the iSBC 80/30, the systems designer simply config-
ures, via software, each timer independently to meet
system requirements.

Whenever a given time delay or count is needed,
software commands to the programmable timers/
event counters select the desired function. Seven
functions .are available, as shown in Table'2. The

Table 2. Programmable Timer Functions

Function Operation

When terminal count is
reached, an interrupt request is
generated. This function is
extremely useful for generation
of real-time clocks. -

Interrupt on
Terminal Count

Programmable | Output goes low upon receipt of

One-Shot an external trigger edge or
software command and returns
high when terminal count is
reached. This function is
retriggerable.

Rate Divide by N counter. The output

Generator will go low for one input clock

cycle, and the period from one
low-going pulse to the next is N
times the input clock period.

Square-Wave | Output will remain high until

Rate Generator | one-half the count has been
' completed, and go low for the

other half of the count.

Software Output remains high until

Triggered software loads count (N). N

Strobe . | counts after count is loaded,
output goes low for one input
clock period.

Hardware Output goes low for one clock

Triggered period N counts after rising

Strobe edge on counter trigger input.
The counter is retriggerable.

Event Counter ' | On a jumper selectable basis,

the clock input becomes an
input from the external system.
CPU may read the number of
events occurring after the
counting “window” has been
enabled or an interrupt may be
generated after N events occur
in the system.
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contents of each counter may be read at any time
during system operation with simple read operations
for event counting applications, and special com-
mands are included so that the contents of each
counter can be read “on the fly”.

Interrupt Capability

The iSBC 80/30 provides vectoring for 12 interrupt
levels. Four of these levels are handled directly by
the interrupt processing capability of the 8085A CPU
and represent the four highest priority interrupts of
the iSBC 80/30. Requests are routed to the 8085A
interrupt inputs, TRAP, RST 7.5, RST 6.5, and RST
5.5 (in decreasing order of priority) and each input
generates a uniqué memory address (TRAP: 24H;
RST 7.5: 3CH; RST 6.5: 34H; and RST 5.5: 2CH). An
8085A jump instruction at each of these addresses
then provides linkage to interrupt service routines
located independently anywhere in memory. All in-
terrupt inputs with the exception of the trap interrupt
may be masked via software. The trap interrupt’
should be used for conditions such as power-down
sequences which require immediate attention by the
8085A CPU. The Intel 8259A Programmable Inter-
rupt Controller (PIC) provides vectoring for the next
eight interrupt levels. As shown in Table 3, a selec-
tion of four priority processing modes is available to
the systems designer for use in designing request
processing configurations to match system require-
ments. Operating mode and priority assignments
may be reconfigured dynamically via software at any
time during system operation. The PIC accepts inter-
rupt requests from the programmable parallel and
serial I/0 interfaces, the programmable timers, the
system bus, or directly from peripheral equipment.
The PIC then determines which of the incoming re-
quests is of the highest priority, determines whether
this request is of higher priority than the level cur-
rently being serviced, and, if appropriate, issues an
interrupt to the CPU. Any combination of interrupt
levels may be masked, via software, by storing a
single byte in the interrupt mask register of the PIC.
The PIC generates a unique memory address for
each interrupt level. These addresses are equally
spaced at intervals of 4 or 8 (software selectable)
bytes. This 32- or 64-byte block may be located to
begin at any 32- or 64-byte boundary in the 65,536-
byte memory space. A single 8085A jump instruction
at each of these addresses then provides linkage to
locate each interrupt service routine independently
anywhere in memory.

Interrupt Request Generation—Interrupt requests
may originate from 18 sources. Two jumper select-
able interrupt requests can be automatically gener-
ated by the programmable peripheral interface when
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a byte of information is ready to be transferred to the
CPU (i.e., input buffer is full) or a byte of information
has been transferred to a peripheral device (i.e., out-
put buffer is empty). Two jumper selectable interrupt
requests can be automatically generated by the
USART when a character is ready to be transferred
to the CPU (i.e., receive channel buffer is full), or a

Table 3. Programmable Interrupt Modes

Mode Operation

Fully Interrupt request line priorities

Nested fixed at 0 as highest, 7 as
lowest.

Auto- Equal priority. Each level, after

rotating receiving service, becomes the
lowest priority level until next
interrupt occurs.

Specific System software assigns lowest

Priority priority level. Priority of all other
levels based in sequence
numerically on this assignment.

Polled System software examines
priority-encoded system
interrupt status via interrupt
status register.

character is ready to be transmitted (i.e., transmit
channel data buffer is empty). A jumper selectable
request can be generated by each of the program-
mable timers and by the universal peripheral inter-
face, eight additional interrupt request lines are
available to the user for direct interface to user des-
ignated peripheral devices via the system bus, and
two interrupt request lines may be jumper routed di-
rectly from peripherals via the parallel 170 driver/ter-
minator section. ‘

Power-Fail Control

Control logic is also included to accept a power-fail
interrupt in conjunction with the AC-low signal from
the iISBC 635 Power Supply or equivalent.

Expansion Capabilities

Memory and 1/0 capacity may be expanded and ad-
ditional functions added by using Intel MULTIBUS
compatible expansion boards. High speed integer
and floating point arithmetic capabilities may be add-
ed by using the iISBC 310A High Speed Mathematics
Unit. Memory may be expanded to 65,536 bytes by
adding user specified combinations of RAM boards,
EPROM boards, or combination boards. Input/out-
put capacity may be increased by adding digital 1/0
and analog /0 expansion boards. Mass storage ca-
pability may be achieved by adding single or double

density diskette controllers as sub-systems. Modular
expandable backplanes ‘and cardcages are available
to support multi-board systems.

SPECIFICATIONS

Word Size

Instruction: 8, 16, or 24 bits
Data: 8 bits

Cycle Time

Basic Instruction Cycle: 1.45 us

NOTE:
Basic instruction cycle is defined as the fastest in-
struction (i.e., four clock cycles).

Memory Addressing

On-Board ROM/EPROM: 0-07FF (using 2708 or
2758 EPROMSs); 0-OFFF (using 2716 EPROMSs); 0-
1FFF (using 2716 EPROMs; 0-1FFF (using 2732
EPROMs).

On-Board RAM: 16K bytes of dual port RAM starting
on a 16K boundary. One or two 8 K-byte segments
may be reserved for CPU use only.

Memory Capacity

On-Board Read Only Memory: 8K bytes (sockets
only)

On-Board RAM: 16K bytes

Off-Board Expansion: Up to 65,536 bytes in user
specified combinations of RAM, ROM, and EPROM

NOTE: :

Read only memory may be added in 1K, 2K, or 4
byte increments.

1/0 Addressing
On-Board Programmable: 1/0.(see Table 1)

8255A 8041A/8741A USART

Port

2| 3 |Control| Data |Control|DatajControl

Address|EB|E9|EA| EB |E4orE6|E50orE7| EC | ED
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1/0 Capacity

Parallel: 42 programmable lines using one 8255A
(24 1/0 lines) and an optional 8041A/8741A (18 I/0
lines)

Serial: 2 programmable lines using one 8251A and
an optional 8041A/8741A programmed for serial op-
eration

NOTE:

For additional information on the 8041A/8741A re- -

fer to the UPI-41
9800504).

User's Manual (Publication

Serial Communications Characteristics

Synchronous: 5-8 bit characters; internal or external
character synchronization; automatic sync insertion.

Asynchronous: 5-8 bit characters; break character
generation; 1, 11, or 2 stop bits; false start bit de-
tection.

Baud Rates
Frequency (kHz) Baud Rate (Hz)
(Software
Selectable) Synchronous | Asynchronous
+ 16 =+ 64
153.6 — 9600 2400
76.8 — 4800 1200
38.4 38400 - 2400 600
19.2 19200 1200 300
9.6 9600 600 150
4.8 4800 300 75
24 2400 150 —
1.76 1760 110 —
NOTE:

Frequency selected by /0O write of appropriate 16-bit fre-

quency factor to baud rate register (8253 Timer 2) .

Interrupts

Addresses for 8259A Registers (Hex notation, 170
address space)

DA Interrupt request register

DA In-service register

DB Mask register

DA Command register

DB Block address register

DA Status (polling register)
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NOTE:
Several registers have the same physical address;
sequence of access and one data bit of control
word determine which register will respond.

Interrupt Levels routed to 8085A CPU automatically
vector the processor to unique memory locations:

Interrupt | Memory .
Input Address Priority Type
TRAP 24 Highest | Non-maskable
RST 7.5 3C T Maskable
RST6.5 34 d Maskable
RST 5.5 2C Lowest | Maskable
Timers

Register Addresses (Hex notation, 1/0 address
space) :
DF Control register

DC Timer 0

DD Timer 1

DE Timer 2

NOTE:
Timer counts loaded as two sequential output oper-
ations to same address, as given.

Input Frequencies -

Reference: 2.46 MHz +0.1% (0.041 ps period,
nominal); 1.23 MHz *+0.1% (0.81 ps period, nomi-
nal); or 153.60 kHz +0.1% (6.51 ps period nomi-
nal).

NOTE:
Above frequencies are user selectable

Event Rate: 2.46 MHz max

NOTE:
Maximum rate for external events in event counter-
function.

Interfaces

MULTIBUS: All signals TTL compatible
Parallel 1/0: All signals TTL compatible
Interrupt Requesfs: All TTL compatible
Timer: All signals TTL compatible

Serial 1/0: RS232C compatible, data set
configuration
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System Clock (8085A CPU)
2.76 MHz £0.1%

Auxiliary Power

An auxiliary power bus is provided to allow separate
power to RAM for systems requiring battery backup
of read/write memory. Selection of this auxiliary
RAM power bus is made via jumpers on the board.

Driver | Characteristics | Sink Current (mA)
7438 1,0C 48
7437 | 48
7432 NI 16
7426 1,0C 16
7409 NI, OC ' 16
7408 NI 16
7403 1,0C 16
7400 | 16
NOTE:

Connectors | = inverting; NI = non-inverting; OC = open collector
Interface | PiNS|CeNters| - Connectors | Port 1 of the 8255A has 20 mA totem-pole bidirec-
(aty)| (in.) tional drivers and 1 k) terminators.
Bus 86 | 0.156 |Viking 2KH43/9AMK12
Parallel 1/70]- 50 | 0.1 3M 3415-000 1/0 Terminators: 220£/3305 divider or 1 k€ pullup
Serial I/0 | 26 | 0.1 3M 3462-000

Memory Protect

An active-low TTL compatible memory protect signal
is brought out on the auxiliary connector which,
when asserted, disables read/write access to RAM
memory on the board. This input is provided for the
protection of RAM contents during system power-
down sequences.

Line Drivers and Terminators

1/0 Drivers: The following line drivers are all com-
patible with the 1/O driver sockets on the iSBC
80/30.

Output Frequencies/Timing Intervals

2209
+sv A

3300 1
OPTION 1 2200/3302 WA —O

Q
OPTION2 1k +5V VW —O
280219-3

Bus Drivers
Function | Characteristic | Sink Current (mA)
Data Tri-State 50
Address Tri-State - 50
Commands Tri-State 32

Physical Characteristics
Width: . 12.00 in. (30.48 cm)

" Height: 6.75 in. (17.15 cm)

Depth: 0.50 in. (1.27 cm)
Weight: 18 oz. (509.6 gm)

Single Timer/ Dual Timer/Counter
Function Counter (Two Timers Cascaded)
Min Max Min Max
Real-Time Interrupt 1.63 us 427.1 ms 3.26 us 466.50 min
Programmable One-Shot 1.63 us 4271 ms 3.26 us 466.50 min
Rate Generator 2.342 Hz 613.5 kHz 0.000036 Hz 306.8 kHz
Square-Wave Rate Generator 2.342 Hz 613.5 kHz 0.000036 Hz 306.8 kHz
Software Triggered Strobe 1.63 us 427.1 ms 3.26 us 466.50 min
Hardware Triggered Strobe 1.63 us 427.1ms 3.26 us 466.50 min
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Electrical Characteristics

DC POWER REQUIREMENTS

Current Requirements
Configuration Veg = +5V Vpp = +12V Vpg = —5V Vaa = —12V
+5% (max) - +5% (max) +5% (max) +5% (max)
Without EPROM(1) Icc = 3.5A Ipp = 220 mA I = — Iaa = 50 mA
With 8041/8741(2) 3.6A 220 mA — 50 mA
RAM only(3) 350 mA 20 mA 2.5mA —
With iSBC 530(4) 3.5A 320 mA — 150 mA
With 2K EPROM(5) 4.4A 350 mA 95 mA 40 mA
(using 8708) .
With 2K EPROM(5) 4.6A 220 mA — 50 mA
(using 2758)
With 4K EPROM(5) 4.6A 220 mA — 50 mA
(using 2716)
With 8K EPROM(5) 4.6A 220 mA — 50 mA
(using 2332)
NOTES: )

1. Does not include power required for optional EPROM/ROM, 8041A/8741A 1/0 drivers, and I/0 terminators.
2. Does not include power required for optional EPROM/ROM. 1/0 drivers and 1/0 terminators.

3. RAM chips powered via auxiliary power bus.

4.Does not include power required for optional EPROM/ROM, 8041A/8741A 1/0 drivers, and 1/0 terminators. Power for

iSBC 530 is supplied through the serial port connector.

5. Includes power regiured for two EPROM/ROM chips, 8041A/8741A and 2200/330 input terminators installed for 34

170 lines; all terminator inputs low.

Environmental Characteristics
Operating Temperature: 0°C to 55°C

Reference Manual

9800611B— iSBC 80/30 Single Board Computer
Hardware Reference Manual (NOT
SUPPLIED)
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Reference manuals are shipped with each product
only if designated SUPPLIED. Manuals may be or-
dered from any Intel sales representative, distributor
office or from Intel Literature Department, 3065
Bowers Avenue, Santa Clara, California 95051.

ORDERING INFORMATION
Part Number Description

SBC80/30  Single Board Computer with 16K
bytes RAM
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iSBC® 86/05A
SINGLE BOARD COMPUTER

m 8086/10 (8086-2) Microprocessor with 5 m Programmable Synchronous/

or 8 MHz CPU Clock Asynchronous RS232C Compatible
m Software Compatible with 8086, 8088, gorial Interface with Software

80186, 80286 Based 16-bit Single Board electable Baud Rate

Computers W 24 Programmable Parallel 1/0 Lines
m Optional 8086/20 Numeric Data m Two Programmable 16-Bit BCD or

Processor with iSBC® 337 A Binary Timers/Event Counters

MULTIMODULE™ Processor m 9 Levels of Vectored Interrupt Control,

"~ m 8K bytes of Static RAM; Expandable Expandable to 65 Levels
On-Board to 16K Bytes m MULTIBUS® Bus Interface for
m Sockets for up to 256K Bytes of JEDEC Multimaster Configurations and System
24/28-Pin Standard Memory Devices; Expansion

Expandable On-Board to 512K Bytes m Supported by a Complete Family of
m Two iSBX™ Bus Connectors Single Board Computers, Memory,
Digital and Analog 1/0, Peripheral
Controllers, Packaging and Software

The iSBC 86/05A Single Board Computer is a member of Intel's complete line of OEM microcomputer sys-
tems which take full advantage of Intel’s technology to provide economical, self-contained, computer-based
solutions for OEM applications. The iSBC 86/05A board is a complete computer system on a single 6.75 x
12.00 in. printed circuit card. The CPU, system clock, read/write memory, nonvolatile read only memory, I/0
ports and drivers, serial communications interface, priority interrupt logic and programmable timers, all reside
on the board. The large control storage capacity makes the iSBC 86/05A board ideally suited for control-ori-
ented applications such as process control, instrumentation, industrial automation, and many others.

143325-1

September 1987
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FUNCTIONAL DESCRIPTION

Central Processing Unit

The central processor for the iISBC 86/05A board is
Intel’s iAPX 86/10 (8086-2) CPU. a clock rate of 8
MHz is supported with a jumper selectable option of
5 MHz. The CPU architecture includes four 16-bit
byte addressable data registers, two 16-bit memory
base pointer registers and two 16-bit index registers.
All are accessed by a total of 24 operand addressing
modes for comprehensive memory addressing and
for support of the data ‘structures required for to-
day’s structured, high level languages as well as as-
sembly language.

Instruction Set

The 8086 instruction repertoire includes variable
length instruction format (including double operand
instructions), 8- and 16-bit signed and unsigned
arithmetic operators for binary, BCD and unpacked
ASCII data, and iterative word and byte string manip-
ulation functions.

For enhanced numerics processing capability, the
iSBC 337A MULTIMODULE Numeric Data Proces-
sor extends the iAPX 86/10 architecture and data
set. Over 60 numeric instructions offer arithmetic,
trigonometric, transcendental, logarithmic and expo-
nential instructions. Supported data types include
16-, 32-, and 64-bit integer, and 32- and 64-bit float-
ing point, 18-digit packed BCD and 80-bit temporary.

Architectural Features

A 6-byte instru\ction> queue provides pre-fetchiné of'

sequential instructions and- can reduce the 740 ns
minimum instruction cycle to 250 ns for queued in-
structions. The stack-oriented architecture readily
supports modular programming by facilitating fast,
simple, inter-module communication, and other pro-
gramming constructs needed for-asynchronous real-
time systems. The memory expansion capabilities
offer a 1 megabyte addressing range. The dynamic
relocation scheme allows ease in segmentation of
pure procedure and data for efficient memory utiliza-
tion. Four segment registers (code, stack, data, ex-
.tra) contain program loaded offset values which are
used to map 16-bit addresses to 20-bit addresses.
Each register maps 64K bytes at a time with activa-
tion of a specific register controlled explicity by pro-
gram control and selected implicity by specific func-
tions and instructions. All Intel languages support
the extended memory capability, relieving the pro-
grammer of managing the megabyte memory space
yet allowing explicit control when necessary.

Memory Configuration

The iSBC 86/05A microcomputer contains 8K bytes
of high-speed 8K x 4 bit static RAM on-board. In
addition, the above on-board RAM may be expand-
ed to 16K bytes with the iISBC 302 MULTIMODULE
RAM option which mounts on the iSBC 86/05A
board. All on-board RAM is accessed by the 8086-2
CPU with no wait states, yielding a memory cycle

time of 500 ns. :

The iSBC 86/05A board also has four 28-pin, 8-bit-
wide (byte-wide) sockets, configured to accept
JEDEC 24/28-pin standard memory devices. Up to
256K bytes of EPROM are supported in 64K byte
increments with Intel 27512 EPROMs. The iSBC
86/05A board also supports 2K x 8, 4K x 8, 8K x 8,
16K x 8 and 32K x 8 EPROM memory devices.
These sites also support 2K x 8 and 8K x 8 byte-
wide static RAM (SRAM) devices and iRAM devices,
yielding up to 32K bytes of SRAM in 8K byte incre-
ments on the baseboard.

When the addition of the iISBC 341 MULTIMODULE
EPROM option, the on-board capacity for these de-
vices is doubled, providing up to 512K bytes of
EPROM and 64K bytes of byte-wide SRAM capacity
on-board.

Parallel I/Q Interface

The iSBC 86/05A Single Board Computer contains
24 programmable parallel I/0 lines implemented us-
ing the Intel 8255A Programmable Peripheral Inter-
face. The system software is used to configure the
1/0 lines in any combination of unidirectional in-
put/output and bidirectional ports indicated in Table
1. In order to take advantage of the large number of
possible 170 configurations, sockets are provided for
interchangeable 1/0 line drivers and terminators, al-
lowing the selection of the appropriate combination
of optional line drivers and terminators with the re-
quired drive/termination characteristics. The 24 pro-
grammable I/0 lines and signal ground lines are
brought out to a 50-pin edge connector.

Serial 1/0

- A programmable communications interface using
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the Intel 8251A Universal Synchronous/Asynchro-
nous Receiver/Transmitter (USART) is contained on
the iISBC 86/05A board. A software selectable baud
rate generator provides the USART with all common
communication frequencies. The mode of operation
(i.e., synchronous or asynchronous), data format,
control character format, parity, and baud rate are all
under program control. The 8251A provides full du-
plex, double buffered transmit and receive capability.
Parity, overrun, and framing error detection are all
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Figure 1. iSBC® 86/05A Block Diagram

incorporated in the USART. The RS232C compati-
ble interface in conjunction with the USART, pro-
vides a direct interface to RS232C compatible termi-
nals, cassettes, and asynchronous/synchronous
modems. The RS232C command lines, serial data
lines and signal ground line are brought out to a 26-
pin edge connector.

Programmable Timers

The iSBC 86/05A board provides three indepen-
dent, fully programmable 16-bit interval timers/event
counters utilizing the Intel 8254 Programmable Inter-
.val Timer. Each counter is capable of operating in
either BCD or binary modes. Two of these timers/
counters are available to the systems designer to
generate accurate time intervals under software
control. Routing for the outputs and gate/trigger in-
puts of two of these counters is jumper selectable.
The outputs may be independently routed to the
8259A Programmable Interrupt Controller and to the
170 terminators associated with the 8255A to allow
external devices or an 8255A port to gate the timer

_ or to count external events. The third interval timer

in the 8254 provides the. programmable baud rate
generator for the iSBC 86/05A board -RS232C
USART serial port. The system software configures
each timer independently to select the desired func-
tion. Seven functions are available as shown in Ta-
ble 2. The contents of each counter may be read at
any time during system operation.

iSBXT™M MULTIMODULETM On-Board
Expansion

Two 8/16-bit iISBX MULTIMODULE connectors are
provided on the iSBC 86/05A microcomputer.
Through these connectors, additional on-board 1/0
and memory functions may be added. iSBX MULTI-
MODULE boards support functions such as addition-
al parallel and serial I/0, analog 1/0, mass storage
device controllers (e.g., cassettes and floppy disks),
BITBUS™ controllers, bubble memory, and other
custom interfaces to meet specific needs. By mount-
ing directly on the single board computer, less inter-
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Table 1. Input/Output Port Modes of Operation

Mode of Operation
Unidirectional
Port Lines Input Output Control
(aty) —— P Bidirectional
Latched | ,8°he0 | ‘Latched | gAoched

1 8 X X X X - X
2 8 X X X X
3 4 X X X1

4 X X X1

NOTE:

1. Part of port 3 must be used as a control port when either port 1 or port 2 are used as a latched and strobed input or a
latched and strobed output port or port 1 is used as a bidirectional port. .

Table 2. Programmable Timer Functions

Function Operation
Interrupt on When Terminal Count is Reached, an Interrupt Request is Generated. This Function
Terminal Count is Extremely Useful for Generation of Real-Time Clocks.
Programmable Output Goes Low upon Receipt of an External Trigger Edge or Software Command
One-Shot and Returns High when Terminal Count is Reached. This Function is Retriggerable.
Rate Generator Divide by N Counter. The Output will go Low for One Input Clock Cycle, and the

Period from One Low Going Pulse to the Next is N Times the Input Clock Period.

Square-Wave

Output will Remain High Until One-Half the Count has been Completed, and go Low

Rate Generator for the Other Half of the Count.

Software Output Remains High Until Software Loads Count (N). N Counts After Count is
Triggered Strobe Loaded, Output goes Low for One Input Clock Period.

Hardware Output Goes Low for One Clock Period N Counts After Rising Edge Counter Trigger
Triggered Strobe | Input. The Counter is Retriggerable.

Event Counter On a Jumper Selectable Basis, the Clock Input Becomes an Input from the External

System. CPU may Read the Number of Events Occurring After the Counter

. “Window” has been Enabled or an Interrupt may be Generated After N Events Occur

in the System. i

face logic, less power, simpler packaging, higher:

performance, and lower cost result when.compared
to other alternatives such as MULTIBUS form factor
compatible boards. The iSBX connectors on the

iSBC 86/05A board provide all signals necessary to.

interface to the local on-board bus, including 16 data
lines for maximum data transfer rates. iSBX MULTI-
MODULE boards designed with 8-bit data paths and
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using the 8-bit iSBX connector are also: supported
on the iISBC 86/05A microcomputer. A broad range
of iISBX MULTIMODULE options are available in this
family from Intel. Custom iSBX modules may also be
designed for use on the iSBC 86/05A board. An
iSBX bus interface specification is available from In-
tel.
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MULTIBUS SYSTEM BUS AND
MULTIMASTER CAPABILITIES

Overview

The MULTIBUS system bus (IEEE 796) is Intel’s in-
dustry standard microcomputer bus structure. Both
8- and 16-bit single board computers are supported
on the MULTIBUS structure with 24 address and 16
data lines. In its simplest application, the MULTIBUS
system bus allows expansion of functions already
contained on a single board computer (e.g., memory
and digital 1/0). However, the MULTIBUS structure
also allows very powerful distributed processing
configurations with multiple processors and intelli-
gent slave 1/0, and peripheral boards capable of
solving the most demanding microcomputer applica-
tions. The MULTIBUS system bus is supported with
a broad array of board level products, LSI interface
components, detailed published specifications and
application notes.

Expansion Capabilities.

Memory and I/0 capacity may be expanded and ad-
ditional functions added using Intel MULTIBUS com-
patible expansion boards. Memory may be expand-
ed by adding user specified combinations of RAM
boards, EPROM boards, or .combination boards. In-
put/output capacity may be added with digital I/0
and analog I/0 expansion boards. Mass storage ca-
pability may be achieved by adding single or double
density diskette controllers, or hard disk controllers.

Multimaster Capabilities

For those applications requiring additional process-
ing capacity and the benefits of multiprocessing (i.e.,
several CPUs and/or controllers logically sharing
system tasks through communication of the system
bus), the iSBC 86/05A board provides full MULTI-
BUS arbitration control logic. This control logic al-
lows up to three iSBC 86/05A boards or other bus
masters to share the system bus using a serial (dai-
sy chain) priority scheme and allows up to 16 mas-
ters to share the MULTIBUS system bus with an ex-
ternal parallel priority decoder. In addition to the mul-
tiprocessing configurations made possible with mul-
timaster capability, it also provides a very efficient
mechanism for all forms of DMA (Direct Memory Ac-
cess) transfers.

Interrupt Capability

The iSBC 86/05A board provides 9 vectored inter-
rupt levels. The highest level is the NMI (Non-Mask-
able Interrupt) line which is directly tied to the 8086
CPU. This interrupt is typically used for signaling cat-
astrophic events (e.g., power failure). The Intel
8259A Programmable Interrupt Controller (PIC) pro-
vides control and vectoring for the next eight inter-
rupt levels. As shown in Table 3, a selection of four
priority processing modes is available for use.in de-
signing request processing configurations to match
system requirements for efficient interrupt servicing
with minimal latencies. Operating mode and priority .
assignments may be reconfigured dynamically via
software at any time during system operation. The
PIC accepts interrupt requests from all on-board 1/0
resources and from the MULTIBUS system bus. The
PIC then resolves requests according to the select-
ed mode and, if appropriate, issues an interrupt to
the CPU. Any combination of interrupt levels may be
masked via software, by storing a single byte in the
interrupt mask register of the PIC. In systems requir-
ing additional interrupt levels, slave 8259A PICs may
be interfaced via the MULTIBUS system bus, to gen-
erate additional vector addresses, yielding a total of
65 unique interrupt levels.

Interrupt Request Generation

Interrupt requests to be serviced by the iSBC
86/05A board may originate from 24 sources. Table
4 includes a list of devices and functions supported
by interrupts. All interrupt signals are brought to the
interrupt jumper matrix where any combination of in-
terrupt sources may be strapped to the desired inter-
rupt request level on the 8259A PIC or the NM!I input
to the CPU directly.

Power-Fail Control and Auxiliary
Power

Control logic is also included, to accept a power-fail
interrupt in conjunction with a power-supply having
AC-low signal generation capabilities, to initiate an
orderly shut down of the system in the event of a
power failure. Additionally, an active-low TTL com-
patible memory protect signal is brought out on the
auxiliary connector which, when asserted, disables
read/write access to RAM for systems requiring bat-

“tery backup of read/write memory. Selection of this
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auxiliary RAM power bus is made via jumpers on the
board.
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Table 3. Programmable Interrupt Modes

Mode

Operation

Fully Nested

Interrupt Request Line Priorities Fixed at 0 as Highest, 7 as Lowest.

Auto-Rotating

Equal Priority. Each Level, After Receiving Service, Becomes the Lowest Priority
Level until next Interrupt Occurs.

Board

Specific System Software Assigns Lowest Priority Level. Priority of all Other Levels Based in
Priority Sequence Numerically on this Assignment.
Polled System Software Examines Priority-Encoded System Interrupt Status via Interrupt
Status Register.
Table 4. Interrupt Request Sources
Number of
Device Function Interrupts
MULTIBUS Bus Interface Requests from MULTIBUS Resident 8; may be Expanded to 64
Peripherals or Other CPU Boards with Slave 8259A PICs on
MULTIBUS Boards
8255A Programmable Signals Input Buffer Full or Output Buffer Empty; 3
Peripheral Interface also BUS INTR OUT General Purpose Interrupt
from Driver/Terminator Sockets
8251A USART Transmit Buffer Empty and Receive Buffer Full 2
8254 Timers Timer 0, 1 Outputs; Function Determined by 2
Timer Mode
iSBX Connectors Function Determined by iSBX MULTIMODULE 4

(2 per iISBX Connector)

Bus Fa_il Safe Timer

Indicates Addressed MULTIBUS Resident
Device has not Responded to Command within
6-10 ms

1

Power Fail Interrupt

Indicates AC Power is not within Tolerance

Power Line Clock

Source of 120 Hz Signal from Power Supply

External Interrupt

General Purpose Interrupt from Auxiliary (P2)
Connector on Backplane

iSBC 337A MULTIMODULE
Numeric Data Processor

Indicates Error or Exception Condition
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System Development Environment

Development support for the iISBC 86/05A Board is
offered on the System 310 and Series |V Microcom-
puter Development System from Intel as well as the
IBM Personal Computer.

In the Series IV, System 310 and IBM PC develop-
ment environments, languages offered are Assem-
bler, PLM-86, C, Fortran and Pascal. A powerful soft-
ware debugger, PSCOPE, is also offered on all
development systems. PSCOPE provides Software
Trace Execution, defineable breakpoints and user
defined/executable debugging procedures.

In-Circuit Emulator

The I2ICE™ In-Circuit Emulator provides the neces-
sary link between the software development envi-
ronment and the “target” iSBC 86/05A board, the
I2ICE In-Circuit Emulator provides a sophisticated
command set to assist in debugging software and
final integration of the user hardware and software.

iSDM™ System Debug Monitor

The Intel iSDM System Debug Monitor package con-
tains the necessary hardware, software, cables,
EPROMs and documentation required to interface,
through a serial or parallel connection, an iSBC
86/05A target system to System 310 or Series IV
Intellec® Microcomputer Development System for
execution and interactive debugging of applications
software on the target system. The Monitor can:
load programs into the target system; execute the
programs instruction by instruction or at full speed;
set breakpoints; and examine/modify CPU registers,
memory content, and other crucial environmental
details. Additional custom commands can be built
using the Command Extension Interface (CEI).

Software Support

The iRMX 86 operating system is offered for devel-
opment with a System 310 and provides users with a
powerful set of system building blocks for develop-
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ing many different real-time applications. Key iRMX
86 operating system features include multitasking,
multiprogramming, interrupt management, device in-
dependence, file protection and control, interactive
debugging, plus interfaces to many Intel and non-In-
tel developed hardware and software products.

The iIRMX 86 operating system is highly modular and
configurable, and includes a sophisticated file man-
agement, I/0 system, and powerful human inter-
face. The iRMX 86 operating system is also easily
customized and extended by the user to match
unique requirements. i

SPECIFICATIONS
Word Size

Instruction: 8, 16, 24, or 32 bits
Data: 8, 16 bits

System Clock
5.00 MHz or 8.00 MHz + 0.1% (jumper selectable)

Basic Instruction Cycle
At 8 MHz: 750 ns
250 ns (assumes
queue)
At 5 MHz: 1.2 sec.
400 ns (assumes instruction in the queue)

instruction in the

' NOTE: . )
Basic instruction cycle is defined as the fastest in-
struction time (i.e., two clock cycles).

Memory Cycle Time

500 ns cycle time (no wait states requires a memory
component access time of 250 ns or less)

RAM: 500 ns

EPROM: Jumper selectable from 500 ns to 875 ns
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Memory Capacity/Addressing Baud Rates
JEDEC 24/28 Pin Sites Frequency (KHz) Baud Rate (Hz)
Soft :

Device Total Capacity | Address Range S(e :; c;il;:) Synchronous | Asynchronous
2K X 8 8K bytes FEO000-FFFFFy
4K X 8 16K bytes FCO000-FFFFFy +16 +64
8K X 8 32K bytes F8000-FFFFF 153.6 — 9600 2400
16K X 8 | 64K bytes FO000-FFFFFy 76.8 — 4800 1200
32K X 8 | 128K bytes E0000-FFFFFy 38.4 38400 2400 600
64K X 8 256K bytes C0000-FFFFFy 19.2 19200 1200 300

With iSBC® 341 MULTIMODULET™ 96 9600 600 150

EPROM/SRAM ‘2‘-3 gigg ?gg 75
Device Total Capacity | Address Range 1:76 1760 110 . :
2K X 8 16K bytes FCO000-FFFFFy
4K X8 | 32K bytes F8000-FFFFFy NOTE: _
8K X 8 64K bytes FOO000-FFFFFH 1. Frequency selected by 1/0 write of appropriate 16-bit
16K X 8 128K bytes E0000-FFFFFy frequency factor to baud rate register (8254 Timer 2).
32K X 8 | 256K bytes CO0000-FFFFFy
64K X 8 | 512K bytes 80000-FFFFF,
v H1  TIMERS
NOTE:

iSBC 86/05A EPROM sockets support JEDEC 24/28-pin
standard EPROMs and RAMS.

ON-BOARD STATIC RAM

8K bytes — 0—1FFFy

16K bytes— 0-3FFFy (with iSBC 302 MULTIMOD-
ULE Board)

1/0 CAPACITY

PARALLEL — 24 programmable lines us-
ing one 8255A.
SERIAL — 1 programmable line using

one 8251A.

iSBXMULTIMODULE— 2 iSBX single wide
MULTIMODULE board or 1
iSBX double-width MULTI-
MODULE board.

SERIAL COMMUNICATIONS
CHARACTERISTICS

SYNCHRONOUS — 5-8 bit characters; internal or
external character synchroni-
zation; automatic sync inser-
tion.

ASYNCHRONOUS— 5-8 bit characters; break
character generation; 1, 11,
or 2 stop bits; false start bit di-
rection.

Input Frequencies

Reference: 2.46 MHz +0.1% (0.041 sec. period,
nominal); or 153.60 KHz +0.1%
(6.51 sec. period, nominal)

NOTE:
Above frequencies are user selectable

Event Rate: 2.46 MHz max

Output Frequencies/Timing Intervals

Dual
Single Timer/Counter
Function Timer/Counter (Two Timers
C ded)
Min Max Min Max
Real-Time 1.63us | 427.1ms 3.26s 466.50
Interrupt min
Programmable 1.63 us | 427.1ms 3.26s 466.50
One-Shot min
Rate Generator | 2.342Hz | 613.5 kHz | 0.000036 | 306.8 kHz
Hz
Square-Wave 2.342Hz | 613.5kHz | 0.000036 | 306.8 kHz
Rate Generator Hz
Software 1.63ps | 427.1ms 3.26s 466.50
Triggered Strobe min
Hardware 163 us | 427.1ms 3.26s 466.50
Triggered Strobe min
Event — 2.46 MHz — —
Counter
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INTERFACES

MULTIBUS Bus: All signals TTL compati-
ble

iSBX BUS Bus: All signals TTL compati-

~ ble ) ‘

PARALLEL 1/0: All signals TTL compati-
ble

SERIAL I/0: RS232C compatible,
configurable as a data
set or data terminal

TIMER: All signals TTL compati-

ble
INTERRUPT REQUESTS: All TTL compatible

Connectors
Double-
Sided | Centers Mating
Interface Pins (in.) Connectors
(aty)
MULTIBUS 86 0.156 Viking
System Wire Wrap
iSBX Bus
8-Bit Data 36 0.1 iSBX 960-5
16-Bit Data 44 0.1 iSBX 961-5
Parallel 170 50 0.1 3M Flat
(2 or
) T1 PINS
Serial I/0 26 0.1 3M Flat
or
AMP Flat

LINE DRIVERS AND TERMINATORS

1/0 Drivers

The foilowing line drivers are all compatible with the
1/0 driver sockets on the iSBC 86/05A board.

Driver | Characteristic | Sink Current (mA)
7438 1,0C 48
7437 | 48
7432 NI 16
7426 1,0C 16
7409 NI,OC 16
7408 NI 16
7403 1,0C 16
7400 | 16
NOTES:

I = inverting; NI = non-inverting; OC = open collector.

Port 1 of the 8255A has 20 mA totem-pole bidirec-
tional drivers and 1K terminators
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1/0 Terminators
220/330 divider or 1K pullup

2200/3300 2200
+5V
3300
J__;_ AvAvAv
1k 1KQ
+5V AWV o
143325-3
MULTIBUS® DRIVERS
Function | Characteristic | Sink Current (mA)
Data .| Tri-State 50
Address Tri-State 50
Commands | Tri-State 32
Bus Control | Open Collector 20

Physical Characteristics

Width:  12.00 in. (30.48 cm)
Height: 6.75in. (17.15 cm)
Depth: 0.70 in. (1.78 cm)
Weight: 14 oz (388 gm)

ELECTRICAL CHARACTERISTICS

DC Power Requirements

Current Requirements
Configuration (All Voltages *+5%)
+5V +12V | =12V
Without EPROM(1) 4.7A 25mA | 23 mA
RAM only(2 120 mA
With 8K EPROM@) 5.0A 25mA | 23 mA
(using 2716)
With 16K EPROM(@) 4.9A 25mA | 23mA
(using 2732)
With 32K EPROM@B) | 4.9A 25mA | 23 mA
(using 2764)
NOTES:

1. Does not include power for optional ROM/EPROM, I/0
drivers, and 170 terminators.

2. RAM chips powered via auxiliary power bus in power-
down mode.

3. Includes power required for 4 ROM/EPROM chips, and
170 terminators installed for 16 /0 lines; all terminator in-
puts low.
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ENVIRONMENTAL
CHARACTERISTICS

Operating ‘Temperature: 0°C to 55°C
Relative Humidity: to 90% (without condensation)

REFERENCE MANUAL

Order no. 147162-002—/SBC 86/05A Hardware
Reference Manual (NOT SUPPLIED)

,Part Number

Manuals may be ordered from any Intel sales repre-
sentative, distributor office or from Intel Literature
Department, 3065 Bowers Avenue, Santa Clara,
California 95051.

ORDER INFORMATION
Description

16-bit Single Board Computer with
8K bytes RAM

SBC 86/05A
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iISBC® 86/14 AND iSBC® 86/30
SINGLE BOARD COMPUTERS

8086 Microprocessor with 5 or 8 MHz
CPU Clock

Fully Software Compatible with iSBC®
86/12A Single Board Computer

Optional 8086 Numeric Data Processor

with iISBC® 337A MULTIMODULETM
Processor

32K/128K bytes of Dual-Port Read/
Write Memory Expandable On-Board to
256K bytes with On-Board Refresh

Sockets for up to 64K bytes of JEDEC
24/28-pin Standard Memory Devices

Two iSBX™ Bus Connectors
24 Programmable Parallel I/0 Lines

m Programmable Synchronous/

Asynchronous RS232C Compatible
Serial Interface with Software
Selectable Baud Rates

Two Programmable 16-Bit BCD or
Binary Timers/Event Counters

9 Levels of Vectored Interrupt Control,
Expandable to 65 Levels

MULTIBUS® Interface for Multimaster
Configurations and System Expansion

Supported by a Complete Family of
Single Board Computers, Memory,
Digital and Analog 1/0, Peripheral
Controllers, Packaging and Software

The iSBC 86/14 and iSBC 86/30 Single Board Computers are members of Intel’s complete line of OEM
microcomputer systems which take full advantage of intel's technology to provide economical, self-contained,
computer-based solutions for OEM applications. Each board is a complete computer system on a single 6.75 x
12.00-in. printed circuit card distinguished by RAM memory content with 32K bytes and 128K bytes provided
on the iSBC 86/14 and iSBC 86/30 board, respectively. The CPU, system clock, read/write memory, nonvola-
tile read only memory, I/0 ports and drivers, serial communications interface, priority interrupt logic and
programmable timers, all reside on the boards.
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