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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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B SYSTEM 310 AP PERFORMANCE

SYSTEM 310 AP

» Advanced Processor — based on the 8 MHz
80286 CPU and 80287 numeric coprocessor
with zero wait state memory access

» Advanced Peripherals — 3 peripberals in one
system: tape backup, Winchester storage,
floppy ,

» Open System MULTIBUS® architecture for
upgradeability and growth

» Winchester storage expandable to 560MB
using the 311 Peripberal Subsystem

» XENIX* Operating System

» Total bardware and software support from
Intel’s worldwide customer support
organization

B SYSTEM 310 AP — AN OPEN SYSTEM

The Sysicin 310 AF 15 fasicy ilan iy minicompuicrs.
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 can even accommodate additional CPUs
to deliver up to 4.8 MIPS using Intel’'s APEX performance
upgrade products.

B SYSTEM 310 AP EXPANDABILITY

The System 310 AP is an Intel open system designed with
expansion in mind. It accommodates up to 9MB of parity-
checked RAM, all accessible with no wait states across
Multibus’s Local Bus Extension (LBX™).

The System 310 AP supports 20MB-140MB of Winches-
ter storage on a single disk drive. Mass storage can be
expanded to 560MB using the 311 Peripheral Subsystem.
The 310 AP also supports a 320KB 5%” floppy drive and a
GOMB streaming tape cartridge drive.

For terminal communications, up to a total of 18 RS232

serial ports are supported in the System 310 AP. Intel’s

'T™ local area network is also available with the

system. Multiple 310 AP systems can interoperate over
_OpenNET for large installations.

© INTEL CORPORATION, 1986
* TRADEMARK OF MICROSOFT CORPORATION
°* TRADEMARK OF AT & T
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Tie Sysiern 310 AP is open, which means you can
upgrade performance and/or functionality in the future
without purchasin® a new system. The open system
design protects your investment from becoming obso-
lete. Open systems design also means easy system cus-
tomization with Intel and third-party add-in Multibus
boards.

W SYSTEM 310 AP MULTIUSER
AND SERVER SYSTEMS

The 310 AP is delivered in various multiuser system and
OpenNET server configurations. XENIX on the 310 AP
meets the microsystems marketplace head on with indus-
try standards delivered at high performance.

| SYSTEM 310 AP SUPPORTS A
FULL RANGE OF SOFTWARE

The System 310 AP runs the most popular microsystem
version of UNIX** — XENIX. That means lots of lan-
guages, utilities and application packages are available.
Intel’s XENIX features an optimized file I/O system,
Intel’'s Universal Development Interface for support of all
Intel UDI compatible languages and utilities, OpenNET
support, and Intel’s Virtual Protocol Machine.

B INTEL SERVICE AND SUPPORT

The System 310 AP is backed by Intel’s worldwide ser-
vice and support organization. Total hardware and soft-
ware support is available, including a hotline number for
when you need help fast.

JUNE, 1986
ORDER NUMBER 270129-003



THE RIGHT MODELS TO MEET YOUR NEEDS

SYSTEM 310 AP-17 | 310 AP-44 | 310 AP-41 | 310 AP-42 | 310 AP-88 | 310 AP-142 310 AP-82 | 310 AP-141| 310 AP-143 | 310 AP-145| 310 AP-146

Number of Users 2 4 8 8 8 8 12 Server* 12 Server* 16

Microprocessor 80286 80286 80286 80286 80286 80286 80286 80286 80286 80286 80286
8 MHz 8 MHz 8 MHz 8 MHz 8 MHz 8 MHz 8 MHz 8 MHz 8 MHz 8 MHz 8 MHz

Numeric

Coprocessor 80287 80287 80287 80287 80287 80287 80287 80287 80287 80287 80287

RAM Memory. 1IMB 1MB IMB MB 2MB 2MB 2MB IMB 2MB 2MB 2MB

- Expandable to IMB 9IMB 9MB 9MB 9MB 9MB 9MB 9MB IMB 9MB 9MB

Mass Storage 19MB 40MB 40MB 40MB 85MB 140MB 85MB 140MB 140MB 140MB 140MB

(unformatted) Winchester | Winchester | Winchester | Winchester | Winchester | Winchester |- Winchester | Winch h t

Serial 1/0 Ports 2 6 10 10 10 10 14 2 14 10 18

« Expandable to 18 18 18 18 18 18 18 18 18 18 18

Tape Backup N NA NA 60MB 60MB 60MB 6OMB 60MB 60MB 60MB 60MB

Parallel Ports 1 1 1 1 1 1 1 1 1 1 1

*Server delivered with OpenNET controller integrated (SXM 552).

W OPTIONAL FEATURES

B TECHANICAL SPECIFICATIONS

OpenNET: High-performance LAN delivering transpar-
ent PC interoperation.

iDIS Software: Menu-driven office productivity soft- -

ware package which provides word processing, spread-
sheet, and database management capabilites.

Host Communications: Several Host Commumca
tion packages, including 3270 BSC, 2780/3780 RJE, and
3270 HASP and 3270 SNA.

311 Peripheral Subsystem: Separate peripheral sys-
tem to accommodate up to thrce additional Winchester
mass storage devices.

312 Floorstand: A floorstand to allow the System 310
AP to be used in a tower orientation.

APEX: Advanced Processor EXtensions for
advanced performance: Transparently increase pro-
cessing power. APEX multi-CPU products deliver CPU
performance of up to 4.8 MIPS through dual, tri, and quad
286 CPU systems.

Over 400 Intel Multibus Boards: Add unique capa-
bilities to the System 310 AP through the use of Intel and
third-party Multibus boards inserted in the system.

ORDERING INFORMATION

System Expansion: 2 to 4 Multibus (IEEE796) slots for
adding Memory, Additional Communication Controllers
and/or other Multibus boards.

Environmental Specifications: 10°C to 35°C (Winchester
only); to 35°C (with diskette) (26°C maximum wet bulb
temp) (20% to 70% relative humidity, non-condensing).
Altitude: sea level to 8,000 feet. )
DC Power Output: 360 watt maximum

Meets: UL 114 — Safety; CSA 22.2 — Safety; FCC Docket
20780 Class A — RFI/EMI

Designed to Meet: IEC435 — Safety; VDE0871 Class A —
RFI/EMI

AC Power Input: 88-132VAC or 180-264VAC, 47-63Hz
(user-selectable on chassis)

310 Dimensions: Height, 6'2”; Width, 17”; Depth, 22"
Weight: Approximately 55 lbs.

A — Hardware only

XN

System 310 AP can be ordered in one of four models:

X — Includes XENIX operating system

— Includes XENIX operating system and OpenNET LAN .

— Includes XENIX and iDIS administration and application software package.
For example, a system 310 AP—142 with XENIX and the OpenNET LAN is SYS310AP142XN.




'WINCHES'
MODULE

311 PERIPHERAL EXPANSION
SUBSYSTEM

TAPE
MODULE

Intel’s 311 is a flexible peripheral expansion subsystem
for the Intel 310 Product Family. With three full-height
5.25" bays, the 311 provides a wide range of peripheral
expansion options.

B _45MB STREAMING TAPE BACK-UP

The 5.25" half-height streaming tape option provides the
user with 45MB of back-up capacity (or up to 60MB with
a 600’ tape cartridge). Thus, a 4OMB Winchester disk
drive can be quickly, conveniently, and reliably backed
up with a singl€ tape cartridge. The tape option also
presents the user with convenient removable archiving
capability. One tape cartridge functionally replaces more
than one hundred floppy diskettes.

W INCREASED DISK STORAGE CAPACITY

Users requiring higher Winchester disk storage capaci-
ties than those provided by a host system now have the
option of adding three full height 5.25" Winchester disk
drives. The 311 can be configured with a choice of 40 or
140MB drives, thus providing as much as 420MB of
additional disk storage.

B HIGH DEGREE OF CONFIGURABILITY

The 311 can be configured to most combinations of
5.25" peripherals desired by users. The 311 can be
ordered in its maximum configuration, with two full
height Winchester drives and tape, or in many subsets of
that configuration (for example, a “tape only” configura-
tion or a “Winchester disk/tape” configuration).

©INTEL CORPORATION, 1986

1-3

311
PERIPHERAL
EXPANSION
SUBSYSTEM

» 3 fullbeight peripheral bays, offering
— tape back-up and archiving
— high capacity Winchester drive expansion
» Ergonomically compatible with System 310
Product Family design
» High degree of configurability and
upgradeability
» Vebicle for custom peripberal configurations
» Support of bigh-capacity devices
» Worldwide service and support from Intel

B OPEN TO 5.25” PERIPHERALS
The 311 serves as an excellent base for OEMs who wish

tc integrate and remarket non Intel qualified peripherals.
Upgrade kits are available that provide the OEM with all
the necessary brackets, cabling, power supply upgrades
and documentation to integrate most non-Intel supplied
5.25" Winchester disks.

B A COMPLETE SOLUTION

The 311 provides the user with a complete solution. It
comes with all the external cables, power and docu-
mentation that are necessary to connect the 311 to its
host system.

“Host controller kits,” for preparing the host 310 with
appropriate cabling, are sold separately. Both
215/218/217- and 214-based hosts are supported.

B _THE POWER SUPPLY

The 311 power system consists of five independent
power supplies. The fully configured “W”nﬁ/Wini/tape"
311 usesallﬁvepowerwpphcs,wherwsthe “tape only”
and the “Wini only” configurations require only two.
Each power supply provides 2.5A of +12V, 2.5A of +5V
and 0.1A of -12V. To reconfigure the power supply
between 115V and 220V requires one jumper change.

® WORLDWIDE COMPATIBILITY

The 311 adheres to a broad set of worldwide safety and
signal radiation regulations. It meets class A FCC stand-
ards for radio frequency interference (RFI) and electro-
magnetic interference (EMI), and is designed to comply
with the UL, CSA, and the European TUV and IEC-435
safety regulations.

JUNE, 1986
ORDER NUMBER: 270023-004



B COMPLETE DEPARTMENT SERVICE
NETWORK CONFIGURATIONS

Complete DEPARTMENT SERVICE NETWORK
configurations include either MultiSERVER Model 1 or
Model 2, a single PC LAN add-in card, the PC network
service software, cables, and complete installation of
the entire network including attachment of one
approved printer and terminal (printer and terminal
not provided). Additional PC connections, communi-
cation links and peripheral expansion are available as
options. Ethernet backbone cable installation is the
responsibility of the customer.

ORDERING INFORMATION

Department Service Network Options. Options
include installation when purchased together with a
Department Service Network Configuration.

1. Additional 140MB Fixed Disk Subsystem

2. Additional PC Connection ( controller, cables, soft-
ware)

. 9-Channel Ethernet Multiplexer (eliminates the
need to install Ethernet cable and transceivers)

. Ethernet Transceiver

. IBM 3270 SNA Communication Subsystem

. IBM BISYNC Mainframe Protocols, include: HASP,
2780/3780, 3270BSC, RBTE (for Model 2 only)

AWV W W

" for transceiver connections.

DEPARTMENT SERVICE NETWORK CONFIGURATION 1
DSNCFGO1.

Complete installation is included. Customer supplies PCs and Ethernet backbone cabling as required. Backbone Ethernet cable and
installation can be provided by Intel for an additional charge. A 9-channel Ethernet Multiplexer (Intellink) installation may be substituted

— MultiSERVER Model 1 with: XENIX"* Operating System (includes print service), XENIX-NET File Service
Software, XENIX Virtual Terminal Service Software, iBASE Administration Service Software

— One MultiSERVER 10-meter Transceiver Cable
— One Complete PC LAN Connection with 20" Cable
— DOS Virtual Terminal Service Software
DEPARTMENT SERVICE NETWORK CONFIGURATION 2
DSNNCFG02 — MultiSERVER Model 2 with: XENIX Operating System (includes print service), XENIX-NET File Service
_ Software, XENIX Virtual Terminal Service Software, iBASE Administration Service Software
— ASYNC/BISYNC Virtual Protocol Comm Service Software
— One MultiSERVER 10-meter Transceiver Cable
— One Complete PC LAN Connection
— DOS Virtual Terminal Service Software

DEPARTMENT SERVICE NETWORK OPTIONS

Other devices may be attached for an additional charge.

DSNOPTO1 PC Connection with 20" Cable
DSNOPTO02 PC Connection with 160’ Cable
DSNOPTO03 9-Channel Ethernet Concentrator
DSNOPTO04 Ethernet Transceiver

- DSNOPTO05 SNA 3270 Communication Subsystem
DSNOPTO06 140MB Fixed Disk Expansion
MultiSERVER Model 1 OPTIONS
DSNMSO01 MultiSERVER Model 1
MultiSERVER Model 2 OPTIONS ) )
DSNMS02 MultiSERVER Model 2
DSNMSO20PTO1 IBM HASP Protocol Emulation
DSNMSO20PT02 IBM 2780/3780 Protocol Emulation
DSNMSO20PT03 3270BSC Protocol Emulation
APPROVED PERIPHERAL LIST: )
PRINTERS TERMINALS
C.Itoh D300 C. Itoh CI 414a
C. Itoh D600 C. Itoh CI 467
C. Itoh F10-40 Kimpro KT-67
C. Itoh F10-55 Wyse WY-50
C. Itoh 3500 Wyse WY-75
Tally 1602 Printer Wyse 350

“XENIX is 2

of Microsoft Ct
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B VERY HIGH PERFORMANCE

XENIX* SYSTEMS
The Advanced Processor EXtension series (APEX)

adds processing power ©©
microcomputer systems. The APEX architecture is
designed for as many as four CPUs in a system. The
addition of a second, third or fourth processor
provides a broad range of processing power from 2.4
MIPS extending up to 4.8 MIPS. The processing power
of multiple CPUs can be sized to accommodate a
wide range of application requirements, whether to
support a larger number of concurrent users, CPU-
intensive programs or the distributed processing
needs of a large-scale OpenNET™ local area network.

B PROTECT YOUR SOFTWARE INVESTMENT

Intel’s multiple processor technology is completely
transparent to your XENIX software investment, and
will remain compatible with future Intel XENIX
enhancements.

With APEX, you no longer have to wait for the next
generation of VLSI technology to get greater
processing power and application capabilities.

B PROTECT YOUR HARDWARE INVESTMENT

ardeva O OaulvaATUAdLU

Applications Services

APEX
ADVANCED PROCESSOR
EXTENSION SERIES

» Two to four 8 MHz 80286,/287 CPUs

» Transparent to users and applications

» Automatic CPU workload balancing

» Grapbic display of CPU, memory and 1/O
load

» Up to 16MB of zero wait state memory

» Upgrade kits for System 310 and 310 AP

» Supported by Intel’s worldwide service and
software support organizations

B THE APEX ARCHITECTURE

The APEX architecture is engineered to handle multi-
ple computing processes executed simultaneously. To
accomplish this, APEX divides the system nrocesces
between application tasks, and operating system and
1/0 tasks. APEX automatically balances the workload
over the number of processors in the system. Any
process that is created is sent to the least utilized CPU.
No special programming is required to take advantage
of this processing architecture.

B AN OPEN SYSTEM ENGINEERED
TO BE CONFIGURABLE

Each processor has its own memory with a-dedicated
local memory bus to maximize the performance of
each CPU. Additionally, portions of memory may be
configured into RAM disk for the ultimate in perfor-
mance. The amount of memory associated with each
CPU can vary. Shared memory is also supported.
Intel’s Open System design also allows integration of
Multibus I boards and software, host communication
and OpenNET networking.

B THE APEX ARCHITECTURE
IS ADDRESSABLE BY CPU

The 8 MHz APEX processors come with zero wait state
memory and can be installed in existing systems with 6
MHz or 8 MHz 286/287 CPUs by a trained Intel
Customer Engineer. This system upgrade capability
provides you with a smooth and transparent migration
path to the latest Intel System technology.

©INTEL CORPORATION, 1986
“XENIX IS A REGISTERED TRADEMARK OF MICROSOFT CORPORATION

Programs can be directed to execute on a specific CPU
within a multiprocessor system. A programmer Ofr sys-
tem administrator can use this feature to optimize
special processing requirements or to interleave exe-
cution of two or more programs. The APEX architec-
ture also supports automatic workload balancing and
scheduling. Analysis of the CPU utilization can easilybe
made using the graphic performance monitor.

JUNE, 1986
‘ORDER NUMBER: 270130-003



APEX PERFORMANCE MONITOR

CPU # PROCESSES 0 10 30 40 0 60 70 80 90 100
main ’ 15 [11113111 11111111 | | | | | |
Apex 1 35 111111111 IRERRRRRRERRRRRIN | | | |
Apex 2 offline | | | | | | | | |
Apex 3 a7 [111111111 IRERRERRRRRERERRRRR TN

MEMORY  TOTAL MEM (K) | | | | | | | | l |
main 1024 [11111111111 | | | | | | | |
Apex 1 2048 (11111111111 111 | | | | | | |
Apex 2 offline | | | B | | | | | |
Apex 3 4096 [IITIT1300000 000000000000 0000000001013011110101 |

DISK . . [ Hhdeokd ke kk ok kk ke k ko k Ak Kk kkkk | | | | |

DISTRIBUTED PROCESSING USING APEX ON AN OpenNET NETWORK

4

The APEX architecture is compatible with the OpenNET network. Thus, an Intel system with multiple APEX
processors can be used as a distributed “super processing node” on a XENIX OpenNET network. This feature also
permits large programs.or data files to be downloaded from a mainframe computer and processed locally in the

network.

TECHNICAL SPECIFICATIONS

chassis: from 40MB through 420MB storage.

RFI/EMI; VDE 0871 Class A RFI/EML

Central Processors: Up to 4 procmsors, each containing both an 80286 mlcroprocessor ‘and an 80287
math co-processor on each Multibus I (IEEE 796) single board computer.

Mass Storage: System 310 Product Family: from 40MB through 140MB Winchesters. System 311 Peripheral

System Expansion: System 310 Product Family: up to 4 Multibus I expansion slots. System 313 expansion
chassis: up to 6 additional Multibus I card slots available for APEX processors, memory or other boards.

Environmental Specifications: From 10°C to 35°C (with diskette), 26°C maximum wet bulb temperature,
20% to 80% relative humidity, non-condensing. Altitude: sea level to 8,000 feet.

Regulatory Specifications: Meets UL 114 Safety, CSA 22.2 Safety; IEC 435 Safety, FCC docket 20780

AC Power Input: 88-132 VAC or 180-264 VAC 47-63HZ (user selectable).
Required Hardware: A 286/310 system with at least a 270 W power supply.
Required Software: Intel’s XENIX 286 R 3.0 with update 3 applied.

ORDERING INFORMATION

APEX 8 MHz Upgrade Kits*
APEX21-6  First 1MB kit for 6 MHz 310s

“ APEX22-6  First 2MB kit for 6 MHz 310s
APEX21-8 First 1MB kit for 8 MHz 310 APs
APEX22-8 First 2MB kit for 8 MHz 310 APs
APEX24-8 * First 4MB kit for 8 MHz 310 APs

*All upgrade kits require a minimum power supply of 270 Watts.
YAPEX Expansion Chassis required for expansion of Systerh 310 and 310 AP to Tri and
Quad APEX systems.

APEX32
APEX34
APEX42

APEX44
SYS313

Second 2MB kit for 310s and 310
APs

Second 4MB kit for 310s and 310
APs - )
Third 2MB kit for 310s and 310 APs
Third 4 MB kit for 310s and 310 APs
APEX Expansion Chassis for 6
additional board slots¥

1-6




Custom
Systems
Integration

Factory
Integrated
Custom
Systems
Solutions

m Integrated Systems Which Fit
Your Application Requirements
Exactly

B Manufactured from Mutually
Developed Specifications

m Complete Hardware, Firmware
and Diagnostics Development

® Volume Manufacturing Process

m Tailored Service Through Intel
Customer Support Operation

280404-001



Custom

Systems
Integration
Affords
Unique
Added

1-8

s
IS A AN T
S S

Three
Easy
Steps

to your
Custom
Systems
Success...




SYSTEM 310 AP
ADVANCED
PERFORMANCE

System 310 AP Makes New Technologies Easy to
Use. Advanced microprocessors, high capacity
peripherals, graphics, networks: computer
innovations in all areas continue rapidly and it
can be difficult to keep up. How do you turn
technology advances into production quality
solutions — fast?

System 310 AP is the answer. Through our

Open Systems Design Methods, we’ve made it
easy to use new technology in a systems solution.
You no longer have to design your own
computer system from scratch in order to stay on
the leading edge.

Whether it’s magnetic bubble memory or speech
recognition, cartridge tape drives or host
communications, System 310 AP makes it easy
for you to stay ahead.

Technology leadership — Intel makes it easy
for you.

©INTEL CORPORATION 1986

ORDER NUMEBER: 280167-002



Performance aside, the MULTIBUS
system bus is a public standard which
has received official sanction from
the Institute of Electrical and
Electronic Engineers (IEEE 796). As
a result, you can count on
MULTIBUS architecture compatible
offerings from a wide variety of
vendors. You’re not locked into a
single vendor solution.

Multiprocessing, Multiple buses,
official IEEE sanction. A recent
survey showed that MULTIBUS
architecture is #1 on the factory
floor. It’s easy to understand why.

Designed for Original
Equipment Manufacturers

Choices. Options. Customization.
The System 310 AP was designed to
make it easy for Original Equipment
Manufacturers to succeed.

We designed our hardware around
Original Equipment Manufacturers. .
The choice of MULTIBUS archi-
tecture gives the System 310 AP one
of the most extensive sets of
hardware expansion options around.
More than 1000 MULTIBUS boards
are available for areas including
networking, mainframe communi-
cation, graphics, analog and digital
Input/Output, magnetic bubbles,
GPIB, speech recognition, and more.
With MULTIBUS expansion, you can
find the solution for your
application.

e

Nor did we forget the fine details

that make an OEM’s life easy. We
remembered things like lots of
Input/Output connectors (33), an
extra large power supply (360 watts),
three system mounting options
(desktop, rack mount, or floorstand),
and extensive regulatory agency
approval.

We even designed our service around
Original Equipment Manufacturers.
With over 80 offices, our service
operation is extensive and offers a
variety of service plans from Open
Systems Maintenance to the IMCDP
Diagnostics system. When you
choose Open Systems Maintenance
Intel takes care of everything, even
non-Intel equipment used with our
System 310 AP computers.

System 310 AP, designed for Original
Equipment Manufacturers.

Open Systems — Designs
with a Future

Intel’s Open Systems design methods
allow your system 310 AP to stay at
the leading edge of technology long
after other vendors machines have
been consigned to the scrapheap.

Some years ago, a group of people at
Intel began to wonder if there wasn’t
a better way to keep up with
technology than throwing away your
computer every few years. After
much thought and discussion, these
people began to talk about a design
philosophy called Open Systems.

g
e TR
et

Traditionally, when one key'
component of a computer system
becomes obsolete, the entire system
has to be replaced. The Open
Systems design philosophy proposed
a new approach. We would replace
only the obsolete component and
save the rest of the system. If we
could succeed in this goal, the
savings to our customers would be
enormous.

Making Open Systems a reality
required more than just a new design
philosophy. The hard part was
creating new design methods. We
had to carefully partition the system
into replaceable modules, and define
long lasting electrical and mechanical
interfaces between them. Proprietary
interfaces went out the window.
Industry standard interfaces came in.

System 310 made the Open System
concept a reality. Originally an 8086
based machine, it was upgraded to
the 6 megahertz 80286 as the first
production 80286 system in the

. world. Today the original System 310

is upgradeable to the same 8
megahertz 80286 which comes
standard with the System 310 AP.

System 310 AP continues the Open
Systems innovation. When you buy a
System 310 AP, you are buying not
only today’s performance but
tomorrow’s.
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COMMUNICATIONS
OPTIONS

RS232C Serial Input/Output

All System 310 AP models come with
a minimum of two RS232C serial
channels on the iSBC 286/12 Central
Processing Unit. These serial -
channels are ideal for console use, or
in one or two user systems. However,
for larger systems, a multiprocessing
solution is recommended for
optimum performance. The use of a
dedicated processor to handle serial
input/output frees the 80286 central
processor to work more effectively
on other tasks.

The 310 AP backpanel supports up
to 21 RS232C channels using
standard 25 pin D subminiature
connectors. All factory installed
RS232C serial channels come
configured as Data Communications
Equipment (DCE) to allow direct
connection to a terminal.

iSXM™ 544A
Multiprocessing 4 Channel
Serial Board

The iSXM 544 A board uses an

8085A microprocessor to support the
Input/Output activities of up to four
RS232C channels.

iSXM™ 188/48
Multiprocessing Serial
Controller

The iISXM 188/48 board uses an
~80188 microprocessor to support the
Input/Output activities of up to 8
RS232C serial channels. Two of the
iSBC 188/48 serial channels may be
configured to support host
communications such as SNA,
HDLC/SDLC, Async, and Bisync.

iSBX™ 354 Two Channel
Serial Board

Two additional serial channels which
may be added to the iSBC 188/48
board through the iSBX bus. Up to
two iSBX 354 boards may be added to
the iSBC 188/48 MULTIMODULES,
bringing the iSBC 188/48 board up to
atotal of 12 serial channels.

Communications and
Local Area Networks

Intel is a leader in communications
and the AP series offers a wide
variety of communications solutions
for the factory or office.

* iSXM™ 552
Multiprocessing Ethernet
Controller

Ethernet is a high performance office
network originally developed by
Intel, Digital Equipment
Corporation, and XEROX, and now
an industry standard (IEEE 802.3).
The iSXM 522 kit features an 80186
microprocessor and an 82586 Local
Area Network Coprocessor to
offload all networking tasks from the
central processor. OpenNET
software is available from Intel to
support this controller. OpenNET
allows file access among systems
running the iRMX 86, XENIX,
iNDX, MS-DOS 3.1, and PC-DOS
3.1 operating systems, and
communications via the Network
Resource Manager with the NDS-II
microprocessor development

environment including Series
L LA

* iSXM™ 554
Multiprocessing
Map Controller

The Manufacturing Automation
Protocol (MAP) is an industry
standard (IEEE 802.4) broadband
token bus network intended for
factory applications. The iSXM 554
kit features an 80186 microprocessor
to offload all networking tasks from
the 310 AP central processing unit,
and supports the full 10 megabits per
second specification.

* iSBC®561
Multiprocessing
Connection to IBM
Mainframes

The iSBC 561 board provides a high
speed serial link to IBM 4361
mainframes via the Serial OEM
Interface (SOEMI). The Serial OEM

Interface provides greater flexibility

and better performance (360 kilobits
per second average aggregate
throughput) than traditional
mainframe interfaces such as 3270.
The iSBC 561 board features an 8086
microprocessor to offload all
networking tasks from the 310 AP
central processing unit.

* iSBX™ 344
Multiprocessing BITBUS™
Controller

BITBUS serial bus provides a high
speed serial communication link for
real time distributed control
applications such as data acquisition
and monitoring, process control,
robotics, and machine control. The
iSBX 344 MULTIMODULE features
an 8044 microprocessor.

* iSBX™ 488 GPIB
Interconnect

The iSBX 488 provides complete
IEEE 488-1978 talker/listener and
control functions.

iSXM™ 188/48
Host Communications

Controller

The iSXM 188/48 board supports up
to two channels of host
communications such as X.25 and
SNA. This board is also discussed
under serial Input/Output expansion
for its ability to support up to 12
RS232C lines when used with the
iSBX 354 MULTIMODULE.

SPECIAL PURPOSE

* i{SBC®576
Multiprocessing
Speech Recognition Board

The iSBC 576 board recognizes up to
200 words or phrases even against
significant background noise. It
features an 8086 microprocessor to
completely offload the 310 AP
central processor from speech
recognition tasks.

* iSBC® 186/78A
Multiprocessing
Graphics Controller

The iSBC 186/78A board supports
graphic screen resolutions of

640 x 480 non interlaced, or

1024 x 800 interlaced. It allows you
to choose 16 colors from a palette of
4096 and supports simultaneous
multiwrite into all planes. The
polygon drawing rate is 150K pixels
per second. The iSBC 186/78A board
features an 80186 to completely
offload the 310 AP central processor
from graphics tasks.




SOFTWARE OPTION
iRMX™ Operating System

With over 4000 OEM licenses
outstanding, the iRMX 86
operating system is the
industry standard for
real-time micropro-
cessor applications.
Now the iRMX
286 operating
system is
available with
16 megabyte
memory
addressability
and hardware
traps for
enhanced
reliability
and easier
debugging.

Characteristics:

Real-time, event driven, priority
based scheduling

Object orientation

PROMable

Memory resident

Configurable

Modular

1 megabyte (iRMX 86 operating
system) or 16 megabyte (iRMX
286 operating system) memory
addressability

Available languages: PL/M,
System Utilities, Assembler,
FORTRAN, C on both operating
systems, PASCAL on iRMX 86
operating system (planned for
iRMX 286 operating system);
BASIC on iRMX 86 operating
system only.

Available software tools: AEDIT
Editor, PSCOPE symbolic
debugger software toolbox (iRMX
86 operating system only),
Softscope Symbolic debugger
(iRMX 286 Operating System
only), iSDM 86, iSDM 286
System Debug Monitors

XENIX 286 Operating
System

Intel’s XENIX 286 is a UNIX
System III compatible operating
system with a difference, and that
difference is performance. If you’ve
been running a UNIX operating
system on another computer, try the
same program on a System 310 AP
running XENIX 286. Chances are
you’ll see a dramatic difference. Our
performance is more than 200%
better than some of our competitors.

Characteristics:

® True licensed UNIX derivation
e System III compatible
e PC AT XENIX compatible
® Available Languages: C, COBOL,
BASIC; FORTRAN, PL/M
® Available application software:
—Application Environments
=iBASE
=iMENU
= Quadratron Office
Automation Package
—Word Processors
n Lyrix
"~ »iWORD
= Quadratron Office
Automation Package

—Databases

= Unify

= Informix

= File it

=iDBM
—Spread Sheets
=iPLAN
= Quadratron Office
Automation Package
—Accounting
= MCBA Accounting
—Graphics

= High Tech Graphlcs
—Host Communications

= HASP

=2780/3780

= 3270 BISYNC

{ OpenNET™
| | Networking
./ Software

Y Jointly developed by Intel,
Microsoft and IBM, the
OpenNET communications
protocols allow you
to share files between r“rv
personal computers run- J
ning MS-DOS 3.1 and rv‘
the System 310 AP. The
System 310 AP makes L‘JL-J
an ideal network manager and file
server when used in this way.
OpenNET software also allows the
System 310 AP to communicate
via the Network Resource Manager
+ with the NDS-II microprocessor
development environment
including Series TI/III/IV.

The OpenNET operating system is
currently available for use with the
iSXM 552 Ethernet controller.

DIAGNOSTICS

System Confidence Test

The System Confidence Test (SCT)
comes standard with every 310 AP
system. Factory Installed in EPROM
on the iSBC 286/12 board, the SCT
is a diagnostic which checks the
integrity of major system compo-
nents every time the System 310 AP
is powered on. The check takes about
30 seconds, and assures you that
your system hardware is reliable and
ready to run.




CONCEPTS

Advanced Performance

System 310 AP’s leadership
performance is made possible thanks
to impressive new system hardware
and a multiprocessing systems
architecture.

The heart of the System 310 AP is
the high speed 8 megahertz 80286
central processor and the 8 mega-
hertz 80287 numeric data processor.
These state of the art processors
communicate over the high speed
synchronous interface with up to

16 megabytes of zero wait state
random access memory.

The iSBC 214 multiprocessing
peripheral controller is a key part of
the System 310 AP. This controller
features its own 80186
microprocessor and 32 kilobytes of
software transparent cache memory.
The 80186 offloads the 80286 central
processing unit from virtually all
peripheral controller tasks, while the
cache memory greatly reduces
apparent access times to hard disk
memory.

AlsG available wiili the Sysicin 310
AP is a state of the art 126 megabyte
hard disk drive with 25 milliseconds
average access time. This new drive
significantly improves system
performance for applications which
are dependent on disk Input/Output.

Multiprocessing makes the System
310 AP’s leadership performance
possible. Most system options feature
their own dedicated microprocessors,
so the central processing unit can

concentrate on your job rather than
system tasks such as peripheral
control, communications, or
character handling.

8086 Family Architecture
— The World Standard

Other microprocessor architectures
have come and gone, but the 8086
family architecture continues to lead
the industry. The customer list for
the 8086 family microprocessors
reads like a Who’s Who of the
electronics industry: IBM, AT&T,
Hewlett-Packard, General Electric,
Wang, Compagq . . . With companies
like these, you can’t go wrong when
you choose the 8086 family
architecture.

The dramatic success of the 8086
family architecture means that you
have the broadest selection of
software available for any
microprocessor. Intel publishes a
book called the Intel Yellow Pages
which lists all the software available
for Intel microprocessors.

The 8086 family architecture is a
gnarantee of the future, When vou
choose the 8086 family architecture,
you can count on continuing
microprocessor advancements which
maintain software compatibility. We
have already delivered on this vision
with the 80186 and 80286 advanced
microprocessors — both of which are
used in the System 310 AP. Our
record of success continues with the
recently introduced 80386, the
emerging 32 bit microprocessor
standard.

The 8086 family architecture.... youf
guarantee of the future.

The MULTIBUS® System
Bus Difference

Performance is more than just a
matter of advanced microprocessors
and peripherals. The electronic bus
connecting your system components
is also critical. System 310 AP
features Intel’s MULTIBUS system
bus architecture — a multiprocessing
system bus designed with
performance in mind.

Many system buses require one
microprocessor to take total control
of the system bus until finished.
Meanwhile, other microprocessors
are locked out of system resources
which they need to complete their
tasks. Since only one microprocessor
at a time is fully efficient, this
traditional bus architecture doesn’t
give you all the performance
available from multiple
microprocessors.

MULTIBUS system bus architecture
is designed to take real advantage of
multiple microprocessors. Thanks to
priority based arbitration,
MULTIBUS system bus architecture
shares system resources efficiently
and allows mnltinle microprocessore
to operate concurrently. The result is
vastly improved performance and
flexibility.

Some system buses are jacks of all
trades, but masters of none. They
feature one general purpose system
bus which works at many different
tasks. MULTIBUS system bus
architecture is a master of all trades
because it features multiple buses,
each a'master in its class.
MULTIBUS architecture includes a
high speed memory bus (high speed
synchronous interface), an
Input/Output bus (iISBX™ bus), a
high speed Direct Memory Access
bus (MULTICHANNEL™ bus) a
high speed serial bus for real time
distributed control (BITBUS bus)
and of course the main system bus.
The MULTIBUS System bus features
a multiple bus architecture which
greatly enhances system performance
and flexibility.




HIGHLIGHTS

System 310 AP Advanced
Performance

Now with super minicomputer
performance on a desktop

8 megahertz 80286 central
processor

8 megahertz 80287 numeric data
processor

0 wait state random access
memory expandable to 16
megabytes

Multiprocessing peripheral
controller with 32 kilobytes of
cache memory

Multiprocessing serial
Input/Output controller options
Optional 126 megabyte hard disk
with 25 millisecond average access
time

Performance tuned software

Advanced Capability

MULTIBUS® System Architecture
Optional 1/4streaming cartridge
tape for backup or archiving

Up to 378 megabytes of hard disk
storage when used with the 311
peripheral expansion box
Simultaneous support of a hard
disk, flexible disk, and cartridge
tape in the 310 AP system package
360 watt power supply

8086 family microprocessor
architecture

Advanced Software

iRMX™ 286 Real-time Operating

System featuring:

—16 megabyte memory address-
ability-and hardware traps for
enhanced reliability and easier
debugging

iRMX 86 industry standard real

time operating system

XENIX* 286 time sharing

operating system featuring:

—UNIX* System III compatibility

—PC AT XENIX compatibility
with higher performance

Programming languages: C,

COBOL, FORTRAN, PL/M,

PASCAL, BASIC

A broad variety of applications

software including:

—applications environments

—word processors

—data bases

—spread sheets

—accounting

—host communications

OpenNET™ networking software

featuring:

—file access among computers
running the iRMX 86, XENIX
286, iNDX, PC-DOS 3.1, or
MS-DOS* 3.1 operating systems

—communications via the NRM
with the NDS-II microprocessor
development environment
including the Series II/III/IV

*MS-DOS and XENIX are trademarks of MICROSOFT
*UNIX is a trademark of Bell Labs
*MAP is a trademark of GM

Advanced Expandability

® Designed for Original Equnpment
Manufacturers

® Open Systems Design Methods

* Up to five MULTIBUS expansion
slots

¢ Over 1000 MULTIBUS expansion
boards available including:

—IEEE 802.4 (MAP#*) token network
—IEEE 802.3
(Ethernet)

network
—SOEMI
communica-
ion to
IBM 4361
mainframes
—Host Commu-
nication (SNA,
X.25)
—BITBUS™ distributed control
serial bus
—Analog and dlgltal Input/Output
—Magnetic bubble memory
—Graphics
—Speech recognition
—GPIB 488
—iAPEX Multiprocessing
—Mass Storage SMD Support




Bootloader and System Debugger

The bootloader and system debugger come standard with every 310 AP system. Factory installed in EPROM on the iSBC
286/12 board, the bootloader loads the operating system from disk into system memory on power up so that you are ready
to run. The system debugger is an operating system independent program which is ideal for people writing machine
dependent software.

*iMCDP Configured Diagnostic Program

This Open System diagnostic tool is intended for customers who wish to do their own custom configured diagnostics suites
for internal use. An iRMX development environment is required for this product.

DOCUMENTATION
iSYP 3144 Documentation

An extensive hardware documentation set is available as an option. All factory integrated System 310 AP’s normally ship
with the System 310 AP Owner’s Manual.
System 310 AP — Factory Integrated and Tested Systems

All models listed below are configured from the 310 AP base system that consists of the following: 8 MHz Processor,
peripheral controller, System Confidence Test diagnostics, 37MB Flexible Disk Drive, 360 watt power supply and system

packaging.

Total RAM WINI Total Serial Expansion
Model KB Formatted Tape 1/0 LAN Other Slots
17C 1 16 — 2 — — 5
40B 1 37 — 2 — - 5
41B 1 37 — 10 — — 4
42 1 37 Streamer 10 — - 4
445 i 37 - 2 6 - 4
53B 1 — e 2 - — 5
82 2 80 Streamer 14 — — 3
88 2 80 Streamer 10 — — 3
142 2 126 Streamer 10 — — 3
145 2 126 Streamer 10 OpenNET™ — 2
344 1 37 — 2 — BITBUS™ 5
401 1 37 Streamer 2 — — 5
404 1 37 Streamer 6 — — 5

Custom Systems Integration

Looking for something a little different? In addition to the standard models listed above, System 310 AP is also available

in custom models designed to your specification.

Our Custom Systems Integration (CSI) facility creates System 310 AP models with almost any combination of building

blocks including other Intel boards, other vendor’s boards, and special Peripherals. Custom colors, logos, and packaging

are also available. Customer volumes for this service are typically a minimum of 200 systems per year.

Technology.leadership — Intel makes it easy for you.

Intel believes that the information in tis document is accurate as of its publication data; such information is subject to change without notice. Intel is not responsible for any inadvertent errors.
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iSBC® 286/12 Central
Processing Unit

The iSBC 286/12 is a new high
speed central processing unit
featuring the following:

* 8 megahertz 80286 microprocessor

¢ 8 MHz 80287 numeric data
processor

© 1 megabyte of 0 wait state memory

® Support for the high speed
synchronous memory interface

® 16 levels of vectored interrupts

® One parallel channel configured for a
Centronics compatible printer

® Two serial channels

® Soft reset. The iSBC 286/12 board is
set for real or protected mode (i.e. 1
megabyte or 16 megabyte memory
addressability) by a software bit.
Physical restrapping is not required.

80287 Numeric Data
Processor

An 8 megahertz 80287 numeric data
processor comes standard with every
310 AP system. The 80287 executes
floating point and trigonometric
functions 50 to 100 times faster than
standard software routines. The
80287 complies with the IEEE P754
standard, so you’re assured that
software written for the 80287 will be
compatible with future IEEE P754
floating point processors.

Random Access Memory Options

All AP series systems come with a minimum of 1 megabyte of 0 wait state
random access memory on board the iSBC 286/12 board. In addition customers
may add up to an additional 15 megabytes of 0 wait state random access memory
through the use of the EX memory boards. These memory boards feature 256
kilobit memory devices and parity for reliability. They also have dual port
addressing for communication to both the main system bus and the high speed
synchronous interface.

Three EX boards are available:
iSBC® 010EX Board

® Provides an additional 1 megabyte of 0 wait state random access memory.

iSBC® 020EX Board

* Provides an additional 2 megabytes of O wait state random access memory.

iSBC® 040EX Board

® Provides an additional 4 megabytes of 0 wait state random access memory.

Other MULTIBUS memory cards (such as the CX series) may also be used with
the System 310 AP, but will generally have less performance.

MASS STORAGE
iSBC® 214 Multiprocessing Peripheral Controlier

The iSBC 214 board features an 80186 microprocessor, Direct Memory Access,
and a 32 kilobyte memory cache for extremely high performance hard disk

Input/Output. With its own 80186 microprocessor, the iSBC 214 board gives a -
big boost to system performance. This single MULTIBUS board will support up

to two hard disks, four flexible disk drives and four streaming tapes.

Characteristics

MULTIBUS Memory
Addressability

MicroProcessor
DMA
Devices Supported

Software Transparent Cache
Data Integrity — Flexible Disk Drive
Data Integrity — Hard Disk

Data Integrity — Streaming Tape

Device Interfaces Supported

1 or 16 megabytes
80186
Yes

Up to two hard disks (more with
multiplexor), four flexible disk
drives, and four streaming tapes

32 kilobytes random access memory
Cyclic Redundancy Check (CRC)

Error Detection and Correction
(ECC) using a 32 bit polynomial
with up to 11 bits of error
correction

Cyclic Redundancy Check and

| -rewriting of bad blocks. The CRC

on tape is a function of the tape
device rather than the iSBC 214

SA450/460 Flexible Disk Drives;
ST506 Hard Disk Drives; QIC-02
Cartridge Tape Devices




MASS STORAGE OPTIONS

Flexible Disk Drive

A flexible disk drive with 320 kilobytes of formatted capacity is available for

the 310 AP.

This half height 5 1/4” drive is media compatible with the IBM PC and when
used in conjunction with the XENIX 286 operating system allows you to use
many off the shelf programs available for XENIX 286 on the IBM PC AT.

Characteristics

Data Capacity Formatted
Data Capacity Unformatted
Average Access Time

Step Rate

Data Transfer Rate
Recording Mode

Hard Error Rate
Controller Interface

327.68 kilobytes per disk
500 kilobytes per disk

93 milliseconds

6 milliseconds

250 kilobits per second
MFM

1 in 10" bits read
SA450

Streaming Tape Option

Hard disk backup and data archiving are greatly simplified with the streaming
tape option. Instead of fumbling with dozens of floppies and directory copy
commands you can back up an entire 37MB hard disk on one cartridge with
simple XENIX or iRMX commands.

The streaming tape option provides 4SMB of formatted capacity on a 450’
long 1/4" cartridge tape. Transportability between systems is assured
because everything about the streaming tape option is standard: QIC-02
controiier inierface, QiC-z4 recording format, and a pubiicly avaiiabie
1/4" tape cartridge.

The design of the streaming tape option is highly compact. The tape mechanism
fits into a single 1/2 height 5 1/4” peripheral bay. A tape formatter board is
located behind the system backplane. This compact design allows you to have a
hard disk, a flexible disk drive, and a streaming tape—all internal to the 310 AP.

Characteristics
Tape Cartridge Archive
Storage Capacity Formatted Mod 09C-45MB;
Mod 60C-60MB
9 track serpentine

Number of Tracks

Controller Interface QIC-02

Tape Format QIC-24

Recording Format NRZI with GCR encoding
Hard Error Rate 1in 10" bits -

Dimensions-Tape Mechanism 5.87" x8.0” x 1.69”
Dimensions-Formatter Board 5.5"%7.75" x 1.7"
Cyclic Redundancy Check (CRC) Yes

Rewriting of Bad Blocks - Yes

Recording Speed — iRMX System 800 kilobytes/minute
Recording Speed — XENIX using TAR | 900 kilobytes/minute




‘ Hard Disk Options

System 310 AP offers you up to 378
megabytes of hard disk storage in a
variety. of options.

16 MB Hard Disk Drive

The 16 megabyte drive offers you
exceptional value in a full height 5
1/4" peripheral.

Characteristics:

Formatted capacity 16 megabytes
Unformatted

capacity 19 'megabytes
Average access time 80 milliseconds
Data transfer rate 5.0 megabits/sec

. Interface ST506/ST412
Hard errors 1 in 10" bits
37 MB Hard Disk Drive

The 37 megabyte drive offers you
excellent capacity and performance in
a full height 5 1/4” peripheral.

Characteristics:

Formatted capacity 37.75 megabytes
- Unformatted
capacity - 42.66 megabytes
. Average access time 50 milliseconds
Data transfer rate 5.0 megabits/sec

Interface ST506/ST412
Hard errors 1 in 10" bits
75 MB Hard Disk Drive

The 75 megabyte drive offers you
excellent capacity and performance .
with full height 5 1/4” peripheral.

Characteristics:
Formatted capacity ~ 75.5 megabyes
Unformatted

capacity 85.3 megabytes

27 milliseconds
5.0 megabits/sec

Average access time
Data transfer rate

Interface STS506/ST412
Hard Errors 1 in 10" bits
126 MB Hard Disk Drive

The 126 megabyte drive offers you
state of the art performance and
capacity in a full height 5 1/4"
peripheral.

Characteristics:
Formatted capacity 126.9 megabytes
Unformatted

capacity 143.55 megabytes
Average access time 25 milliseconds
Data transfer rate 5.0 megabits/sec
Interface ST506/ST412
Hard Errors 1 in 10" bits

Dimensions and environmentals are
identical to the System 310 AP.

311 Peripheral Expansion Box
The 311 peripheral expansion subsystem allows you to add additional hard disk

expansion to your System 310 AP system. Up to two additional 126 megabyte
hard disks may be attached.

Dimensions and environmentals are identical to the System 310 AP.

NONVOLATILE MEMORY OPTIONS
Magnetic Bubble Memory

Rotating media such as disk and tape drives are the most unreliable pan of any
computer system. Now with the availability of magnetic bubble memory it is
possible to build a system of amazing reliability by replacing these mechanical
devices with solid state magnetic bubble memory. Magnetic bubbles have a
Mean Time Between Failure of 40 years, and a standard temperature range of 0
to 60° C. Compare that to any disk drive on the market!

Magnetic bubble memory is non-volatile so it is also exceptionally valuable
when your computer system may be subject to power failures or ﬂuctuauons,
and it requires no preventive maintenance.

* iSBC® 264 Two Megabyte Bubble Memory Card

The iSBC 264 board is a full size MULTIBUS card with two megabytes of -
magnetic bubble memory.

It is a super reliable replacement for small hard disk drives or a non-volatile
replacement for random access memory. :

* Characteristics

Memory Type Magnetic bubble, non-volatile,
: read/write memory

Two megabytes

88 milliseconds

100 kilobytes/second maximum

Polled, Interrupt and DMA

Memory Size
Average Access Time
Data Transfer Rate
Data Transfer Modes

Error Detection and Correction Yes

Automatic Power Fail Circuitry Yes .

ACLO Input - Yes

Power Requirements 7.0 Amps + 5 volts maximum

Dimensions At .59" depth, the iSBC 264 varies
from the standard MULTIBUS
form factor and may require
two slots.

Mean Time Between Failures 40 years, serial access; 10 years,

parallel access

% {BCK 12 Bubble Memory Cassette

Say goodbye to the unrehablhty of flexible disk drives, with the bubble memory
cassette option.

Characteristics

Magnetic bubble, non-volatile,
read/write memory
Average Access Time | 48 milliseconds
Memory Size 128 kilobytes per cassette
ECC Yes
Data Transfer Modes Polled. Interrupt and DMA
Data Transfer Rate 50 kilobytes/second maximum;
8 kilobytes/second average
.285 Amps + 5 volts
Takes one full height 5 1/4” peripheral bay

Memory Type

Power Requirements
Dimensions




PRODUCT DESCRIPTION

System 310 AP building blocks are
described below. The customer is
responsible for installation and
testing of options marked with an
asterisk (*).

AP System Package

. The AP System Package supports
seven MULTIBUS board slots and
up to three 5 1/4” peripherals.
Several features of the 310 AP are
new. For example, the AP systems
package will now support a full
height hard disk, half height flexible
disk drive, and a pseudo half height
cartridge tape simultaneously. Also
new are a 360 watt power supply,
and an Input/Output panel with

additional connector and cable space.

Characteristics:

SYSTEM BACKPLANE:

® Seven MULTIBUS slots, two
double wide

® Parallel priority arbitration

HIGH SPEED SYNCHRONOUS
MEMORY INTERFACE:

e Standard: three slots

*Extended: a maximum of five slots

MAIN SYSTEM BUS MEMORY

ADDRESS SPACE:

® Standard: seven slots with 16
megabytes of memory address
space.

*QOptional:

—one to three slots with 1
megabyte of memory address
space;

—Remaining slots with 16
megabytes of memory address
space.

(This option allows the use of
MULTIBUS boards which do not
support 16 megabytes of
memory address space.)

PERIPHERAL MOUNTING
AREA (Two full height 5 1/4"
peripheral bays with the
following total area):

—Height: 8.5 centimeters 3 3/8”"
—Width: 30.0 centimeters11 3/4”
—Depth: 22.0 centimeters 8 3/4”

SYSTEM DIMENSIONS (Hori-
zontal Orientation):
—Height: 16.5 centimeters 6 1/2”
—Width: 43.2.centimeters ~ 17"
—Depth: 55.9 centimeters = 22"

WEIGHT:

® Less than 25 kilograms (55
pounds)

® Varies with configuration

SYSTEM MOUNTING:

o Standard desk top mounting
® Optional rack mounting

* Optional floorstand

AVAILABLE POWER:
Continuous
Output Maximum
+ 5.1VDC 45 Amps
+12.4VDC 8 Amps
-12.1VDC 2.5 Amps

® Maximum from all three outputs is
360 watts.

AC POWER INPUT:

e User selectable: 88-132 Volts
Alternating Current or 180-264
Volts Alternating Current, 47-63
Hertz

® Maximum power consumption:
540 watts

SYSTEM COOLING:
® Two cooling fans

INPUT/OUTPUT CONNECTOR
SUPPORT:

Connector Typical
Type Use Qty
25 pinD
subminiature | RS232C 21
15 pinD
subminiature | Networks 2
37 pinD
subminiature | Misc. 3
. Parallel
36 pin Delta printer 1
26 pin Delta .| GPIB 488 1
BNC Video 5

OPERATING ENVIRONMENT:
® Temperature: 10°C to 35°C
* Humidity: 20% to 80% relative
humidity non-condensing; 26°C
maximum wet bulb temperature
e Altitude: sea level to 2400 meters
Shock: 30 G nonoperating
Vibration: SHz to 1IKHz Random
0.001 G*/Hz (1 G rms) operating
Note: The operating environment
is defined by flexible disk drive
specifications. Configurations
without flexible disk drives have
broader environmental
specifications.

REGULATORY AGENCY
SPECIFICATIONS:
® Factory integrated and tested
systems are:
—UL listed to UL478 5th edition
—Certified to CSA22.2 no. 154
—Certified to TUV for IEC 435
and VDE 0806
—Certified to FCC 47 CFR Part 15
Subpart J Class A
—Certified to VDE 0871 Level A
® Compliance for non-factory
integrated systems is the
responsibility of the integrator.

* iSYP 312 Floorstand

A floorstand which encloses either
the System 310 AP or the 311
peripheral expansion box. None of
the environmental specifications of
the 310 AP are changed by use of the
floorstand.

DIMENSIONS:
—Height: 62.0 centimeters 24.4"
—Width: 21.6 centimeters 8.5”
—Depth: 58.4 centimeters 23.0”

WEIGHT:
® Less than 6.8 kilograms (15 pounds)

* Rack Mount Slides

Chassis Trak 300S non-pivoting
rack slides or equivalent

are available from:
% Chassis Trak, Inc.,

“_ Post Office Box 39100,

%, Indianapolis,

% Indiana 46239.

Phone: (317) 897-7000




SYSTEM 310
- MODEL 35

© INTEL CORPORATION, 1986

¢ A Complete Base Unit for Process Control, Data
Concentration or SCADA Systems

¢ Real-Time Operating Support iIRMX™ 86),
(Optional) R

* 8§MHz 8086 CPU and 8087 NDP

¢ Five MULTIBUS® Expansion Slots

¢ 16MB Formatted Winchester Drive

¢ 320KB Floppy Disk Drive

¢ Operational from 47Hz to 63Hz,
100/120/220/240 VAC + 10%

¢ Designed for Slide Rack Mounting, Table Top or
Floorstand Use

- Meets UL, CSA, and FCC Class A requirements

for data processing equipment

Order Number: 280296-001
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APPLICATIONS

The Model 35 is a perfect
platform for many appli-
cations in the fields of
process control, data
concentration and
SCADA. The units con-
nect to OpenNet™/
Ethernet (IEEE 802.3)
and OpenNET/MAP
(IEEE 802.4) networks as
concentrator nodes or
gateways or can operate as
stand-alone computing devices.

PC

MOD 35

LOCAL AREA NETWORK

MAINFRAME

MOD 35

MOD 35

BITBUS™ INTERCONNECT

|

MOD 35

DCM DCM

DCM DCM GPIB

AD

ADD A/D

EXPANDABILITY

Additional features may be added to
the system within the bounds of DC
power, expansion slots, and back
panel mechanical ports. A short menu
of the most popular options for the

Model 35 is listed below. The System
310/310AP Configuration Guide
(175203) contains a complete list of

expansion options.

Power Required
Short Menu of Options For the Model 35 Slots iRMX 86 Driver +5V +12V —12V
Memory Expansion
128KB RAM, Parity iSBC 304 1 N/R 75
512KB RAM, Parity iSBC 314 1 N/R 11
2MB BUBBLE iSBC 264 1 N/R 3.0 1.4
Serial /O '
8-Channel iSBC 188/48 1 Y 7.5 0.2 0.18
4-Channel iSXM 544A 1 Y 2.7 0.33 0.2
2-Channel iSBX 354 1 Y 0.5 0.05 0.05
BITBUS Interconnect iSBX 344 1 Y 0.90
GPIB/488 iSBX 488 1 Y 0.6
Communications
Ethernet (IEEE 802.3) iSBC 186/51 1 Y 6.8 0.05 0.45
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MAJOR SYSTEM COMPONENTS

vOCcupied

]
i
1

Number indicates |

type of ‘D’ shell :

|
)
i
i
]
]

(e
/ iSBX™ board

—A/ iSBX site
sl <«—— MULTIBUS® board
]

CARDCAGE

BACK PANEL'

A ;gth;.DISKCONTROL Cio(CTiHOYCEZEOCEDO
== = —-mem-em— SLOTE: . O cdcED

.—SLOT 4: O Co DO 3O
_SLoT a: ' ®OEO®®
—S8LoT 2: ‘ GO Co

#SLOT 1 CPU

< FIELD 1 —-—»{4—— FIELD 2 —» | «~FIELD 3 | FIELD 4| «——— FIELD 5 —» |
OPTION PORT TYPE DRIVER POWER REQUIRED
cobe: [stots|[1 [2[3[4]s]6e| RTRR]I X | hsi |@+5v]@+12v]@-12v
SBX218A 1 ‘ Y|N|N 1.7
SLOT 7 | SBC215G ’ YN |N 3.5 0.1
SLOT 6 -
SLOT 5
SLOT 4
SLOT 3
SLOT 2
SBC337A/
. 304 N/R [N/R |N/R
SLOT 1 | SBC86/35 1 1 1 Y|N|N ) 5.8 0.01 0.01
CARDCAGE SUBTOTALS= |
x0.8= .
' + + o+
BAY A [15MBWIN [ 1 BAY N/R[N/R [N/R 2.9 25 .
BAY B1 ’ i
BAY B2 | 320KBFLP |2 BAY N/R [N/R [N/R 7 1.0
CURRENT TOTALS |[MAX 30| MAX 4.7 [MAX 4.7
: _ x5 x12 x12
POWER TOTALS j
PRODUCT- | DISK | RAM TE??NAgng EC%?RHESNTT & POWER? TOTAL \ | /
CODE REQ. | REQ. e ENOUGH SLOTS & BAYS? SYSTEM
0.S. i * ENOUGH BACK PANEL PORTS? POWER MAX 220
AN, : DRIVERS FOR OPTIONS?

ENOUGH DISK & RAM?

For complete details see System 310/310AP Configuration Guide (175203).
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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: 5'/4” units:
320KB Flexible disk drive,
16MB Formatted 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
Shack: 30 GG Non-operating
Vibration: 5 Hz to 1KHz Random
0.001 G2/Hz (1 G rms) Operating
System 310 Model 35 is not intended for use in mobile or
high vibration environments.

Regulatory Agency Specifications:
Meets: UL 114-Safety
CSA 22.2 Safety
Docket 20780 Class A - RFI/EMI
Designed to Meet: 1IEC 435-Safety
VDE 0871 Class A - RFI/EMI

Actual compliance 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

System with iRMX 86 Software: SYS31035R

System with iRMX 86 Software and Debug tools:
SYS31035SK

System with OpenNet Software: SYS31035AN

Floorstand: SYP312

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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¢ Optional Real-Time Operating System
support; iRMX™ 286, iRMX 86

¢ 8 MHz 80286 CPU and 80287 NPD

¢ 1 Parallel, 2 Serial ports, 1 BITBUS port
¢ Five MULTIBUS® Expansion Slots

¢ 40 MB unformatted Winchester Drive

* Meets UL, CSA, FCC Class A, IEC 435
and VDE Level A requirements for data
processing equipment

UL
ORDER NUMBER: 280297-001
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APPLICATIONS

The Model 344 is the ideal platform
for applications in the fields of pro-
cess control, data concentration and
SCADA that require distributed intelli-
gence. The unit may also connect to
OpenNET™/Ethernet (IEEE802.3)
networks as a concentrator node or as
a gateway using optional MULTIBUS
products. Integral to the Model 344 is
the BITBUS distributed control bus
that allows decentralized application
management.

Such distribution

of intelligence allows a dramatic expansion of processing power. Each DCM is fully

programmable and may be dedicated to manage individual processes within the
overall application. By using BITBUS distributed control bus to support up to 250
real-time devices at each level, real-time control of the target environment is
improved, resulting in increased safety, quality and product throughput.

SPECIFICATIONS
CPU: 8 MHz 80286
NDP: 8 MHz 80287

RAM: IMB dual ported 0 wait state
on-board RAM

¥/0O: Two RS232 serial communica-
tions ports
One Centronics parallel port
One BITBUS Control Bus port

Mass Storage: 5% ” units
320KB Flexible disk drive
36MB Formatted Winchester drive

DC Power Output: 360 Watts
Maximum

+5V @ 45A

+12V @ 8A

-2V @ 2.5A

MULTIBUS® Expansion Slots:
5 @ 065 in.
Environmental Specifications:
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
0001 G2/Hz (1 G rms)
Operating
System 310 Model 344 is not intended
for use in mobile or high vibration
environments

Regulatory Agency Specifications:
Meets: UL 487 Safety
CSA C22.2 no. 154 - Safety
FCC Class A 47CFR Part 15
IEC 435 and VDE 0806 - Safety
Subpart J - EMI
VDE 0871 Level A - EMI

Actual compliance will depend on any
user installed options.

Dimensions: Height: 165 mm (6.5 in)
Width: 432 mm (17.0 in)
Depth: 508 mm (20.0 in)

. Weight: 27Kg/56 Ib

ORDERING INFORMATION

System Hardware: SYS310AP344
System with iRMX 86_Software:
SYS420AP344R
Floorstand: SYP312
Chassis Trak 300S non-pivoting rack
slides or equivalent are available from
Chassis Trak, Inc., P.O. Box 39100,
Indianapolis, Indiana 46239.
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
erTors.
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MAJOR SYSTEM COMPONENTS

The following diagrams show the configuration of the system as it ships to you. The planning sheet below can be used to deter-
mine the power budget that you have to work with in the event that you need to add additional hardware to the Model 344.

r 1
{ § Occupied E
I
| Number indicates !
E S ype of ‘D shell i
1 N ]
iSBX™ board |
E . ! !
! —‘/ iSBX site H
| el <«—— MULTIBUS® board |
b e e o e o - —— - )
CARDCAGE BACK PANEL
. - 4 —— ( J1
[_ SLOT 7: DISK CONTROL
............... —-SLOT 6:
J12
Ji8
®
hsi %

BACK .
PLANE I B SLOT 1: CPU

A

NOTE: J13-BITBUS PORT

| [ I |
I |
I

|<-— FIELD 1 -—->|<-— FIELD 2 -—»:4— FIELD 3-»' FIELD 4! «——— FIELD 5 ——»'

H
OPTION PORT TYPE DRIVER POWER REQUIRED
copE [stots|1[2[3la[s5[6 [ R[RE]X | hsi [@+sV]@+t12v[@-12V
SLOT 7|SBC214 1 ylvy |y 36 | 005
SLOT 6 ‘
SLOT 5
SLOT 4
';;: SLOT 3
ISt
BACK SLOT 2 ,
PLANE Noior1|sacoser2| 1 |3 1 y|ly |y Y 1065 | 005 | 005
: CARDCAGE SUBTOTALS =
' x0.8=
: + + +
BAY A | 37MBWIN [ 1 BAY , N/R [N/R [N/R 15 | 20
BAY B1 ~ N/R [N/R [N/R
BAY B2 | 320KBFLP |12 BAY ; NRINRINR| 07 | 1.0
CURRENT TOTAES |MAX 45| MAX 8 | MAX 2.5
x5 x12 x12
POWER TOTALS
PRODUCT | DISK | RAM TE?PELr?gSg: g%'I(RHESJT&POWER'? TOTAL - \ ‘ / -
CODE REQ. | REQ. « ENOUGH SLOTS & BAYS? SYSTEM )
0.S. o ENOUGH BACK PANEL PORTS? POWER MAX 360
« DRIVERS FOR OPTIONS?
LANG. « ENOUGH DISK & RAM?
« hsi CONFIGURED CORRECTLY?

For complete details see System 310/310AP Configuration Guide (175203).
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SYSTEM 310 ¢ A complete base unit for a Process Control

System requiring tape backup

¢ Optional Real-Time Operating System
support; iRMX™ 286, iRMX 86

* 8 MHz 80286 CPU and 80287 NPD

¢ Five MULTIBUS® Expansion Slots

¢ 40 MB Unformatted Winchester Drive
¢ 320 KB Floppy Disk Drive

® 45 MB Streamer Tape

® Meets UL, CSA, FCC Level A, IEC 435 and
VDE Level A requirements for data
processing equipment

MODEL 401

S TR

©INTEL CORPORATION 1986 ] JULY 1986
ORDER NUMBER: 280398-001
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APPLICATIONS
The Model 401 is
the ideal platform
for real-time
applications in the

MAINFRAME
b

fields of process

control, and data MOD 404
concentration that

require tape backup.

The unit connects to
OpenNET™/Ethernet
(IEEE802.3) networks
as a concentrator
node or as a gateway
with the use of

the appropriate com-
munications options.

LOCAL AREA NETWORK

DATA
COLLECTOR

WORK
STATION

EXPANDABILITY

Additional features may be added to
the system within the bounds of DC
power, expansion slots, and back panel
mechanical ports. A short menu of the
most popular options for the

MOD 404

Model 401 is listed below. The
System 310/310AP Configuration Guide
(175203) contains a complete list of
expansion slots.

‘ : e iRMX™ Driver Available Power Required
Short Menu of Options for the Model 401  Slots 86 286 +5V +R22V -RV
Memory ‘Expansion .

t MB-RAM iSBC 0I0EX 1 N/R NR 50
2'MB RAM iSBC 020EX 1 N/R N/R 52
2 MB BUBBLE iSBC 264 1 N/R NR 30 14
Serial 1/O
8-Channel iSBC 188/48" 1 Y Y 75 0.2 0.18
4-Channel iSXM :544A 1 Y Y 34 0.35 0.2
BITBUS™ Interconnect  iSBX 344 1 Y Y 0.93
Communications : : "
Ethernet (IEEE 802.3) . * iSBC 552 1 iRMXNET N 59 05
N/R — Not Required '
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MAJOR SYSTEM COMPONENTS

The following diagrams show the configuration of the system as it ships to you. The planning sheet below can be used to deter-
mine the power budget that you have to work with in the event that you need to add additional hardware to the Model 401.

r -
| LEGEND Occupied '
1 1
! Number indicates !
E - type of ‘D’ shell !
H iSBX™ board H
E / |SBX oar i
—— i site
1 |
! */4__. MULTIBUS" board |
| VT ——— 4
CARDCAGE BACK PANEL
SLOT 7: DISK CONTROL
- —SLOT 6
:_ SLOT 5
SLOT 4
SLOT 3
nsi BB - - - - m -t -SsLOT 2:
BACK
PLANE #SLOT 1: CPU
! ! ! [ 1 |
i<_ FIELD 1 —-»i<—-— FIELD 2 -—»i‘- FIELD 3 -»: FIELD 4| «—— FIELD 5 —>:
OPTION PORT TYPE DRIVER POWER REQUIRED
cobeE [stots|[1[2[3Ja[s[6[R[RR][X | hsi [@+5v][@+12v]@-12v
SLOT 7 |SBC214 1 Y|y ]y 36 005
SLOT 6
SLOT 5
SLOT 4
" SLOT 3
SI
Back  J[SLoT2
PLANE
SLOT 1|sBC286/12| 1 |2 1 yiy |y Y 975 | 005 005
CARDCAGE SUBTOTALS =
x0.8=
+ + +
BAY A |37MBWIN | 1 BAY N/RN/RTN/R 2.1 15
BAY B1 |320KBFLP | V2 BAY N/R [N/RIN/R 07 | 10
BAY B2 [45/60MBST| 12 BAY N/R [N/R[N/R 24 | 45
CURRENT TOTALS |MAX 45| MAX 8 |MAX 2.5
x5 x12 x12
POWER TOTALS
TEMPLATE CHECK LIST \ |
PRODUCT | DISK | RAM e ENOUGH CURRENT & POWER?  TOTAL /
CODE REQ. | REQ. * ENOUGH SLOTS & BAYS? SYSTEM
0.S. * ENOUGH BACK PANEL PORTS? POWER MAX 360
« DRIVERS FOR OPTIONS?
LANG. » ENOUGH DISK & RAM?
o hsi CONFIGURED CORRECTLY?

For complete details see System 310/3I0AP Configuration Guide (175203).
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SPECIFICATIONS

CPU: 8 MHz 80286

NDP: 8 MHz 80287

RAM: 1MB dual ported 0 wait state on-board RAM

1/0: Six RS232 serial communications ports
One Centronics parallel port

Mass Storage: 5% " units
320KB Flexible disk drive
40MB Unformatted Winchester drive
45/60MB. Streamer Tape

DC Power Output: 360 Watts Maximum
+5V @ 45A
+12V @ 8A
-12V @ 2.5A

MULTIBUS Expansion Slots: 5 @ 0.65 in.

Environmental Specifications:
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
0.01 G2/Hz (3.16 G rms) Operating

System 310 Model 404 is not intended for use in mobile or
high vibration environments

Regulatory Agency Specifications:
Meets: UL 487 Safety
CSA C22.2 no. 154 - Safety
FCC Class A 47CFR Part 15
IEC 435 and VDE 0806 - Safety Subpart J - EMI
VDE 0871 Level A - EMI

Actual compliance will depend on any user installed
options.

Dimensions: Height: 165 mm (6.5 in)
Width: 432 mm (17.0 in)
Depth: 508 mm (20.0 in)
Weight: 27Kg/56 1b

ORDERING INFORMATION

System Hardware: SYS310AP401
Floorstand: SYP312

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

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
MODEL 404

® A complete base unit for Process Control,
Data Concentration or SCADA Systems requir-
ing multiple serial I/0 ports and tape backup

¢ Optional Real-Time Operating System
support; iRMX™ 286, iRMX 86

¢ 8 MHz 80286 CPU and 80287 NPD

¢ Four MULTIBUS® Expansion Slots

¢ 40 MB Unformatted Winchester Drive
¢ 320 KB Floppy Disk Drive

® 45 MB Streamer Tape

® Meets UL, CSA, FCC Level A, IEC 435 and
VDE Level A requirements for data
processing equipment

APPLICATION CODE

©INTEL CORPORATION 1986

1-31
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APPLICATIONS

The Model 404 is the ideal MAINFRAME
platform for real-time
applications in the
fields of process
control, and
SCADA that WORK
require up to STATION MOD 404
six channels
of serial /O
and tape backup.
The unit connects to
OpeaNET™/Ethornct LOCAL AREA NETWORK
(IEEE802.3) networks
as a concentrator node
or as a gateway with the
use of the appropriate
communications options. MOD 404
WORK WORK
STATION STATION
AD AD AD
EXPANDABILITY
Additional features may be added to Model 404 is listed below. The
the system within the bounds of DC System 310/310AP Configuration Guide
power, expansion slots, and back panel (175203) contains a complete list of
mechanical ports. A short menu of the expansion slots.
most popular options for the

iRMX™ Driver Available Power Required

Shert Menu of Options for the Model 404  Slots 86 286 +5V  +R2V -RV
Memory Expansion

1 MB RAM iSBC 0I0EX 1 N/R “N/R 50

2'MB RAM iSBC 020EX 1 N/R N/R 52

2 MB BUBBLE iSBC 264 1 N/R N/R . 30 1.4
Serial /O .

8-Channel iSBC 188/48 1 Y Y 75 0.2 0.18

4-Channel iSXM 544A 1 Y Y 34 0.35 02

BITBUS™ Interconnect  iSBX 344 1 Y Y 0.93
c ieations ° ‘ _

Ethernet (IEEE 802.3) . iSBC 552 1 iRMXNET N 5.9 0.5

N/R — Not Required

1-32




MAJOR SYSTEM COMPONENTS

The following diagrams show the configuration of the system as it ships to you. The planning sheet below can be used to deter-
mine the power budget that you have to work with in the event that you need to add additional hardware to the Model 404.

LEGEND:

: Occupied :
] ]
! Number indicates !
E — type of ‘D’ shell i
1 N 1
SBX™ board
: / I . oo E
: —‘/ iSBX site H
! iy < MULTIBUS" board |
b e e - - - —————— - —— 4
CARDCAGE BACK PANEL
i T " m PR
: ® )
SLOT 7: DISK CONTROL 7
............... _SLoT 6:
............... _SLOTS:
SLOT 4: SERIAL I/0
................... _SLOT 3:
hei BB - === mm e .=.—SLOT 2:
BACK
PLANE - B SLOT 1: CPU
| | | I |
\ .
i<—- FIELD 1 —-bi <——F|ELD 2 —>i<—FlELD 3—»: FIELD 4i —— FIELD § ———> |
OPTION PORT TYPE DRIVER | POWER REQUIRED
CODE SLOTS|1]|2|3|4|5|6| R |R2| X hsi @+5V|@+12V]|@-12V
SLOT 7 | SBC214 1 Y|lY]Y 36 0.05
SLOT 6
SLOT 5
SLOT 4 | SBC548 1 4 y Y 39 6.25 0.25
i SLOT 3
SI
BACK SLOT 2
PLANE
SLOT 1 | SBC286/12 1 2 1 Y|Y]Y Y 9.75 005 0.05
CARDCAGE SUBTOTALS =
x0.8=
+ + +
BAY A |37MBWIN | 1 BAY N/R |N/R |N/R 2.1 1.5
BAY B1 | 320KBFLP |12 BAY' N/R |N/R |N/R 7 1.0
BAY B2 | 45/60MBST| 2 BAY N/R |N/R |[N/R 2.4 4.5
CURRENT TOTALS |MAX 45| MAX 8 |MAX 1.8
x5 %12 x12
POWER TOTALS
TEMPLATE CHECK LIST
PRODUCT | DISK [ RAM » ENOUGH CURRENT & POWER?  TOTAL \ I /
CODE REQ. | REQ. o ENOUGH SLOTS & BAYS? SYSTEM
0.S. o ENOUGH BACK PANEL PORTS?' POWER MAX 360
* DRIVERS FOR OPTIONS?
LANG. « ENOUGH DISK & RAM?
» hsi CONFIGURED CORRECTLY?

For complete details see System 310/310AP Configuration Guide (175203).
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SPECIFICATIONS

CPU: 8 MHZ 80286

NDP: 8 MHz 80287

RAM: 1MB dual ported O wait state on-board RAM

1/0: Six RS232 serial communications ports
One Centronics parallel port

Mass Storage: 5% " units
320KB Flexible disk drive

_ 40MB Unformatted Winchester drive
45/60MB' Streamer Tape .

DC Power Output: 360 Watts Maximum
+5V @ 45A
+12V @ 8A
-12V @ 2.5A

MULTIBUS Expansion Slots: 5 @ 0.65 in.

Environmental Specifications:
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
0.01 G2/Hz (3.16 G rms) Operating

System 310 Model 404 is not intended for use in mobile or

high vibration environments

Regulatory Agency Specifications:
Meets: UL 487 Safety
CSA C22.2 no. 154 - Safety
FCC Class A 47CFR Part 15 -
IEC 435 and VDE 0806 - Safety Subpart J - EMI
VDE 0871 Level A - EMI

Actual compliance will depend on any user installed
options.

Dimensions: Height: 165 mm (6.5 in)
Width: 432 mm (17.0 in)
Depth: 508 mm (20,0 in)
Weight: 27Kg/56 Ib

ORDERING INFORMATION

System Hardware: SYS310AP404

Floorstand: SYP312 :
Chassis Trak 300S non-pivoting rack slides or equivalent
are available from Chassis Trak, Inc., P.O. Box 39100,
Indianapolis, Indiana 46239. :

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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PRELIMINARY

iSXM™ SERIES
SYSTEM EXTENSION MODULES

m iSXMT™M 953 RS232 Serial I/0 Cable
Extension Module for Use with iSXM™T™
534 or 544 in Intel SYSTEM 380 Family
Microcomputer Systems, or as a
Second Cable Set for the
SYSTEM 86/330A

m iSXM™ 951 RS232 Serial 1/0 Cable
Extension Module for Use with iSXMT™M
534 or 544 in Intel SYSTEM 310 Family
Microcomputer Systems

B iISXMT™ 544A inteligent Four-Channel
Serial Communication Extension
Modules for High-Performance Multi-
User Systems

B iISXM™ 955 Communication Cabling for
Use with the iISBC® 188/48 Eight
Channel Communication Board in the
SYSTEM 310 Family

The iSXM family of System Extension Modules is designed to extend the hardware capability of the SYSTEM
86/300, SYSTEM 310AP, and SYSTEM 286/300 Series microcomputers. All hardware is fully configured and
can easily be installed in the system. An easy-to-follow installation manual as well as all hardware documenta-

- tion is included in each package.

iSXMTM 544A Intelligent FOUR-
CHANNEL 1/0 EXTENSION MODULE

The iSXM 544A intgligent Four-channel Serial 1/0
Module contains the iSBC 544A board, fully config-
ured for use in Intel SYSTEM 300 Series microcom-
puter systems, two 2732A EPROMS containing
firmware to control the iSBC 544A, installation in-
structions and Hardware Reference Manual.

Installation of this module adds four serial I/0 chan-
nels to the one already resident on the 86/35 proc-
essor board, or to the two resident on the 286/12
processor board. They interface directly to the sys-
tem through the MULTIBUS® system bus. The four
serial ports fully support RS232C (configured) asyn-
chronous communications.

This System Extension Module is fully supported by
RMX86, RMX286 and XENIX 286.

Cables and mounting hardware are required for use
in Intel microcomputer systems. Order the iSXM
951, 952, or 953 depending on your system type.

For a full explanation of the iSBC 544, please refer
to the data sheet.

TXENIX is a trademark of Microsoft Corporation.

iSXM™ 951 RS232 SERIAL 1/0
CABLES

This module contains four 1-foot cables for use from
the edge connectors of the iISXM 534 or 544 to the
back of the SYSTEM 86/310 Series or SYSTEM
286/310 Series chassis. An installation guide is also
included.

iSXM™ 953 RS232 SERIAL 1/0
CABLES

This module contains four 2-foot cables for use from
the edge connectors of the iISXM 534 or 544 to the
back of the SYSTEM 86/380 Series or SYSTEM
286/380 Series chassis, and an installation guide.

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.
1-35 Order Number: 230877-003

© Intel Corporation, 1986

October 1986
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iSXM™ SERIES PRE&HUN&@V

REFERENCE MANUALS

173177-001 System Termmal Communlcatlon In-
stallation Guide

980450 iSBC 534 Hardware Reference Manual

980616 iSBC 544 Hardware Reference Manual

173074-001 iSXM 951 Installation Guide

173076-001 iSXM 953 Installation Guide

1-36

ORDERING INFORMATION
iSXM 544Aor PSXM544  intgligent 4-channel 1/0
k Extension Module

iSXM 544A or PSXM 544A 16 MB intgligent 4 Chan-
nel 110 Extens:on Mod-

ule .

iSXM 251 or PSXM 951  Cables for ~SYSTEM
86/310, SYSTEM
286/310

iSXM 953 or PSXM 953 Cables for SYSTEM
86/380, SYSTEM
286/380

iSXM 955 or PSXM 955 Cables . for the iSBC
. 188/48 in. any SYSTEM
310
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MULTIBUS® 11
STARTER SYSTEM

¢ Ready-to-Run MULTIBUS® II system
based on Intel’s 80286

¢ Supports Industry standard iRMX™
Operating System and languages

® 5.25" 40 MB Winchester disk and
320 KB floppy disk for data storage,
backup, and software interchange

. & One day of free technical consultation
on the customer site

e Total system support from Intel’s
world-wide field service and support
organization

‘ORDER NUMBER: 280146-002
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Ready-to-Run MULTIBUS® I
System

Intel’s MULTIBUS II System offers
OEMs a complete hardware and
software MULTIBUS II development
environment. Intel has done the
integration so you get a ready-to-run
system. (The iRMX Operating
System must be ordered separately.)
Use the system for software
development in the iRMX™/
MULTIBUS II environment or move
existing iRMX applications to the
system with no changes needed to the
application code. The system also
offers an excellent development and
test environment for custom
MULTIBUS II board design.

Intel is offering one day of free
technical consultation on the
customer site with the system. Use
this valuable resource in any way you
wish - for software installation, for
orientation to the MULTIBUS 11
environment, for training on the
iRMX Operating System, or for your
own unique needs. (Travel expenses
not included if beyond a 50 mile
radius of major Intel Service
Centers.) In addition, the system
comes with a 90 day warranty.

MULTIBUS® II Architecture
at the Highest Level of
Integration

As a fully integrated MULTIBUS II
hardware and software environment,
the system takes advantage of the
new system features of the
MULTIBUS 1I architecture:
geographic addressing, bus parity
protection, software configurability,
message based interrupts, centralized
system-wide control, 32 bit transfers,
and high reliability physical
connections.

The system employs the
MULTIBUS II multiple bus
architecture to achieve a high
performance 80286-based design.
These busses are the Parallel System
Bus (iPSB), the Local Bus Expansion
Bus (iLBX™ II), and the IO
expansion bus (iISBX™). For detailed
information on the iPSB, iLBX II,
and iSBX busses see the
MULTIBUS II Data Book (Order
Number: 280055-002).

Ample Storage for Software
Development

The MULTIBUS II System ships with
a 40 MB Winchester disk drive and a
320 KB diskette drive. The system

also includes 1 MB of RAM. This
provides more than enough system
memory and mass storage for most
development environments.

Industry Standard iRMX™
Operating System and
Languages

Intel’s MULTIBUS II System
supports iRMX 86 - the industry
standard real-time operating system
for Intel microprocessors. The
iRMX 86 Operating System is
supported by a wide range of
development tools and high level
languages including PSCOPE 86,
ASM 86, C, FORTRAN, Pascal, and
BASIC. With the MULTIBUS II
system these tools are now available
in a MULTIBUS II system
environment.

Expansion Capability for
Custom Design

The MULTIBUS II System provides
both peripheral and board-level
expansion capabilities. As shipped,
the system has one and a half 5.25"
peripheral bays available for
expansion and two MULTIBUS II
expansion slots. 16.7A of + 5V is
available for expansion power.

Specifications: Ordering Information:

CPU: 80286 on SBC 286/100 board MULTIBUS II Starter System: ' SYSMB2
Optional 80287 (Includes Documentation) .

&‘:shsdgt orage: ;%’ﬁg'}gg&“ﬁw 310 board il;r\;(x 86 Operating System: SYR86]

) 40 MB Winchester (Release 7 required)

Temp Range: 10°C - 40°C MULTIBUS II Starter System Kit: SYSMB2R

AC Power Input:  88-132 VAC or 180-264 VAC; 47-63Hz (Includes SYPMB?2, SYR86J)

Designed to Meét: UL 114; CSA 22.2; FCC Class A;
VDE Class A

Height: 7.75"

Width: 17"

Depth: 23"

Weight: 60 lbs.
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iISDMTM 86
SYSTEM DEBUG MONITOR

m Supports Target System Debugging for m Supports Application Access to ISIS-lI
iSBC®/8086, 8088, 80186 and 80188- Files

Based Applications m Provides Program Load Capability from
m Provides Interactive Debugging an Intellec® Development System
(E:ommtaimds In:’clgdmbg IsilngD[e-sltep C;)de m Contains Configuration Facilities which
xecution and Symbolic Displays o Allow an Applications Bootstrap from

Results iRMX™ 86 and 88 File Compatible

m Supports 8087 Numeric Processor Peripherals
Extension (NPX) for High-Speed Math m Modular to Allow Use from an Intellec®
Applications

Development System or from a Stand-
m Allows Building of Custom Commands Alone Terminal

Through the Command Extension

Interface (CEI)

The Intel iISDM™ 86 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, or 8086, 8088, 80186 or 80188 target
system to an MDS 800, Series |l, Series Ill, 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 break-
points; and examine/modify CPU registers, memory content, and other crucial environmental details. Addition-
al custom commands can be built using the Comimanu Extension interiace (CEi). The vionitor supports the
OEM's choice of the iRMX 86 Operating System, the iIRMX 88 Real-Time Multi-Tasking Executive or a custom
system for the target application system. OEM’s may utilize any iRMX 86, 88 supported target system periph-
eral for a bootstrap of the application system or have full access to the ISIS-ll files of the Intellec System.

230882~1

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. November 1986
© Intel Corporation, 1986 31 Order Number: 230882-003
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iSDM™ 86 MONITOR

FUNCTIONAL DESCRIPTION

Overview

The iSDM 86 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 86 package consists of four parts:
¢ The loader program

e The iSDM 86 Monitor

¢ The Command Extension Interface (CEIl)
e The ISIS-Il Interface

The user can use the iSDM 86 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 iISDM 86 Moni-
tor and the CEl in a stand-alone application, without
the use of an Intellec development system.

Powerful Debugging Commands

The iSDM 86 Monitor contains a powerful set of
commands 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, mcludlng NPX registers. All results are dis-
played in clearly understandable formats. Refer to
Table 1 for a more detailed list of the iSDM 86 moni-
tor commands.

Numeric Data Processor Support

Arithmetic applications utilizing the 8087 Numeric
Processor Extension (NPX) are fully supported by
the iSDM 86 Monitor. In addition to executing appli-
cations with the full NPX performance, users may
examine and modify the NPX'’s registers using deci-
mal 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 (CEIl)

The Command Extension Interface (CEI) allows the
addition of custom commands to the iISDM 86 Moni-
tor commands. The CEI consists of various proce-
dures that can be used to generate custom com-
mands. Up to three custom commands (or sets of

Table 1. Monitor Commands

Command Function

B Bootstrap application program from target system penpheral device
C Compare two memory blocks

D Display contents of memory block
E* Exit from loader program to ISIS-l Interface

F Find specified constant in a memory block

G Execute application program

I Input and display data obtained from input port
L* Load absolute Intellec® object file into target system memory

M Move contents of memory block to another location

N Display and execute single instruction

(0] Output data to output port

P Print values of literals
R* Load and execute absolute Intellec® object file in target system memory
S Display and (optionally) modify contents of memory
T Transfer block of memory to an Intellec® file

U Vv,w User defined custom commands extensions
X Examine and (optionally) modify CPU and NPX registers

*Commands require an attached Series |i/Series lIl.
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iSDMT™ 86 MONITOR

commands) can be added to the monitor without
programming new EPROMs or changing the moni-
tor’s source code.

ISIS-II Interface

The ISIS-ll interface consists of libraries which con-
tain interfaces to ISIS-1 1/0 calls. A program running
on an 8086, 8088, 80186, or 80188-based system
can use the ISIS-l 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 II/Series Il system. Table 2
contains a summary of the major 1/0 calls and pa-
rameters.

Program Load Capability

The iSDM 86 loader allows the loading of 8086,
8088, 80186, or 80188-based programs into the tar-
get system. It executes on an Intellec Microcomput-
er Development System and communicates with the
target system through a serial or a parallel load inter-
face. If a Series Il/Series lll/Series IV system con-
taining:an Intel 1/0 expansion board is being used,
ihe board can be used as a fast paraiiel ioad iner-
face, freeing up the UPP port for application use.

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 86/05, 86/12A, 86/14, 86/30, 88/45, 186/
03, 186/51, and 188/48 boards. The monitor must
be configured by the user for the iSBC 88/25, 88/40
boards and for other 8086, 8088, 80186, or 80188
applications. iRMX 86 and iRMX 88 system users
may use the configuration facilities to include the
8086, 8088 Bootstrap Loader (V5.0 or newer) in the

" monitor.

Variety of Connections Available

The physical interface between the Intellec Micro-
computer Development System and the target sys-
tem 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 fast parallel link re-
quires the use of an iSBC 108(A), 116(A), 517 or 519
170 expansion board in the Intellec system and is
only available for connections with the Series [I/Se-
ries |ll/Series IV systems. The cabling arrangement
is different depending upon the development system
being used. Figure 1 displays the cable connections
needed between an Intellec Series Ill system and a
target system for a serial interface.

The iSDM 86 Monitor does not require the use of a
development system. The monitor can be used by
simply attaching a stand-alone terminal to the target
system. Figure 1 also displays the cable connections
needed for this arrangement.

Table 2. Routines for ISIS-1l Services Available to Target System Applications

. LOAD
OPEN
READ
RENAME
SEEK
WRITE

Routine Target System Function

ATTRIB Changes to ISIS-li file attribute

Cl Returns a character input from the console

(e0] Transfers a character for console output

CLOSE Closes an opened ISIS-lI file

DELETE Deletes the specified ISIS-l file

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

EXIT . Exits to the target system monitor
_Loads target system memory with ISIS-1| object code file
- Opens an ISIS-ll file for access
Reads up to 4096 bytes from an ISIS-li file to memory
Renames an ISIS-|I disk file
Seeks to the specified ISIS-II file location
Writes up to 4096 bytes from memory to an ISIS-Il file




iSDMT™ 86 MONITOR

INTELLEC"® SERIES Il
DEVELOPMENT SYSTEM

iSDM™ 86
MONITOR PROMS

OP'I‘IO
VIDEO TERMINAL

SERIAL /O
PORT

APPROPRIATE
iSBC* BOARD

230882-2

Figure 1. Typical iSBM™ 86 Serial Connection Environment

SPECIFICATIONS

Development System Environment

The Intellec Microcomputer Development System
may be utilized for application program development
and, if used, requires the following to support the
iSDM 86 package:

e 48 Kbytes memory

® Double density or single density diskette subsys-
tem

® [SIS-Il Operating System and associated lan-
guage translators

8086, 8088, 80186, or 80188 TARGET SYSTEM
ENVIRONMENT

To support the iSDM 86 package, the target éystem
must contain the following:
® 2K read-write memory beginning at location OH

® 16K read-only memory beginning at location
FCO00H :

e For parallel Link:
— 8255A Programmable Peripheral Interface
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e For Serial Link:

— 8251A USART or 8274 Multiprotocol Serial Con-
troller, and 8253/4 or 80130 or iAPX 186/188
timer, or '

— 82530 Serial Communications Controller, includ-
ing 82530 timer

Hardware

e Supported iISBC Microcomputers:
iSBC 86/05  Single Board Computer
iSBC 86/12A  Single Board Computer
iSBC 86/14  Single Board Computer
iSBC 86/30  Single Board Computer
iSBC 88/25 Single Board Computer
iSBC 88/40  Single Board Computer
iSBC 88/45 Single Board Computer
iSBC 186/30  Single Board Computer
iSBC 186/51  Single Board Computer
iSBC 188/48  Single Board Computer

® Supported iSBX MULTIMODULE Boards:
iSBX 350 Parallel I/0 MULTIMODULE Board
iSBX 351 Serial I/0 MULTIMODULE Board
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iSDMT™ 86 Package Contents
Cables:

1—~Parallel I/0O Cable (upload/download)
2—RS232 Cables

Adaptors:

1—Parallel Status Adapto;
1—Parallel Adaptor

I/0 Drivers and Terminators:
4—Pull-up Resistor Packs

4—Pull-up/down Resistor Packs
4—Line Driver Packs

Interface and Execution Software Diskettes:

1—S8SISD, ISIS 11-Format 8"
1—SSIDD, ISIS 11-Format 8"
1—DSIDD, iRMX-Format 5"

System Monitor EPROMSs:

Microcompuier EPROM

iSBC 86/05 :

iSBC 86/12A

iSBC 86/14 Four 2732A EPROMs
iSBC 86/30
iSBC 88/45 Two 2764 EPROMs
iSBC 186/03 )

iSBC 186/51 Two 2764 EPROMs
iSBC 188/48 Two 2764 EPROMs

3-5

Reference Manual (Supplied):

146165-001—iSDM 86 System Debug Monitor Ref-
erence Manual '

ORDERING INFORMATION
Part Number Description

iSDM 86 RO  Object Software

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

The OEM license option listed here
allows users to incorporate iSDM 86
into their applications. Each use re-
quires payment of an Incorporation
Fee.

The iSDM 86 package, also includes
90 days of support services that in-

- clude Software Program Report
Services.

As with all Intel Software, purchase
of any of these options requires exe-
cution of a standard Intel Software

License Agreement.
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| iSDMT™ 286
IAPX 286 SYSTEM DEBUG MONITOR

m Development Sdp‘port for iISBC® 286- m Universal Development Interface (UDI)
and iAPX 286-Based Applications Support Via Development System
m Real Address Mode (RAM) and Connection
Protected Virtual Address Mode m Command Execution, Including
(PVAM) Support Program Load Capability from intellec®
™ Support of MULTIBUS® 1 and Series Ill or Series IV Development,
MULTIBUS® Il Environments Systems
» ~ Supports 80287 Numeric Processor
m Powerful Debugging Commands, - i
Including Single Step CPU Operation Extension (NPX) for High-Speed Math
. Applications

m For MULTIBUS® Ii, Software
Configuration of System Boards at
Start-up and Automatic Configuration
of Memory Boards

The Intel iSDM™ 286 System Debug Monitor package contains the necessary software, cables, EPROMSs,
and documentation required to interface an iISBC® 286 board or iAPX 286 application to an Intellec® Series lli
or Series IV through a high-speed link. The System Debug Monitor supports OEM's choice of MULTIBUS® | or
MULTIBUS Il'environments, and the iRMX™™ Real-Time Multitasking Operating System or a custom operating
system. The monitor contains debugging tools that examine CPU registers, memory content, CPU descriptor
tables, and other crucial environmental details. The Monitor also allows programs to access files on the
development system via the internal UDI support and the serial communication link.

280382-1

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.  October 1986
© Intel Corporation, 1986 3-6 Order Number: 280382-003
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iSDM™ 286 SYSTEM DEBUG MONITOR

FUNCTIONAL DESCRIPTION

Overview

The iSDM 286 System Debug Monitor provides pro-
grammers of iAPX 286-based applications with the
debugging tools needed to test new applications
ranging from single-user systems to complex operat-
ing systems executing in either a MULTIBUS | or
MULTIBUS Il environment. Programmers are given
direct access to both the Real Address (RAM) and
Protected Virtual Address (PVAM) modes of the
CPU via a simple terminal interface or via an Intellec
Series Il or Series IV Development System.

Powerful Debugging Commands

The iSDM 286 Monitor contains a powerful set of
user functions, including commands to:

e Examine and modify CPU registers

Examine, modify, and move memory locations
Symbolic reference to variable names

Find and compare memory contents

Set program breakpoinis '

Bootstrap load application software from iRMX

file compatible peripherals (requires the iRMX
Operating System for Bootstrap Loader)

Single-step CPU operation

Switch from Real Address Mode to Protected Vir-
tual Address Mode

Formatted Displays

The iSDM 286 Monitor formats all iAPX 286 prede-
fined data structures into clearly understandable dis-
plays. This display gives programmers a formatted
view of such CPU structures as LDTs, GDTs, IDTs,
Segment Selectors, and Task State Segments—not
just a series of unconnected digits.

Universal Development Interface (UDI)

Via the Universal Development Interface (UDI), the
iSDM 286 Monitor can support the excecution of
iRMX Operating System, Series I, Series IV, or any
other UDI-based applications. The Monitor emulates
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many of the UDI calls (RAM or PVAM), and passes
all requests for a file system to the host develop-
ment system. UDI applications, such as compilers
and other programs available from Independent
Software Vendors, can be tested in the target iAPX
286 environment immediately.

MULTIBUS® Il Software Configuration
of System Boards

The MULTIBUS Il Interconnect Space Registers al-
low the software to configure boards, eliminating:
much of the need for jumpers and wire wraps. The
iSDM 286. Monitor can initialize these registers at
configuration time using user-defined values. The

.Monitor can also automatically configure memory

boards, defining the addresses for each board se-
quentially in relation to the board’s physical place-
ment in the card cage. This feature allows for the
swapping, adding, and deleting of memory boards
on a dynamic basis.

Command Execution

Commands to the iISDM 286 Monitar are entared in-
teractively via a stand-alone terminal, an Intellec®
Series lll or a Series IV Development System. The
target application hardware is connected to the ter-
minal or development system via a serial link. Figure
1 shows a typical MULTIBUS | environment and Fig-
ure 2 shows a typical MULTIBUS Il environment. All
control operations and UDI file manipulations occur
over the serial link through the cables supplied.
More than one channel can be configured for the
communication since the Monitor scans all config-
ured channels to determine which channel is in use.

Numeric Data Processor Support

In addition to executing 80287 Numeric Processor
Extension (NPX) applications with full NPX perform-
ance, programmers may examine and modify NPX
registers using decimal and real number format. Any
location in memory known to contain numeric values
in standard real format (IEEE-P754) may be exam-
ined or modified using normal decimal notation.
In this manner, programmers may feel confident that
correct and meaningful numbers are available to ap-
plications without having to encode and decode
complex real, integer, and BCD hexadecimal for-
mats.
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iSDM'™ 286

MONITOR PROMS SERIAL 10

PORT

SERIAL 11O

iSBC 286/10

INTELLEC - SERIES Ill
DEVELOPMENT STATION

-—
OPTIONAL
VIDEO TERMINAL

280382-2

SERIAL /O
PORT -

iSBC* 286/100

INTELLEC* SERIES IV
DEVELOPMENT SYSTEM RS232

=
OPTIONAL \
VIDEO TERMINAL

280382-3

Figure 2. Typical MULTIBUS® II Environment
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iSDM™ 286 SYSTEM DEBUG MONITOR

SPECIFICATIONS

Development System Environment

Intellec Series Ill or Series IV Development System
with 128K of memory and 1 disk drive.

Target System Environment

Any iAPX 286 system with at least 4K of read-write
memory starting at location OH and 32K of read-only
memory starting at location OFF8000H.

Serial communication with a stand-alone terminal or
development system requires either a 8274 USART
and 8253 or 8254 PIT, or an 82530 SCC.
Monitor EPROMs are supplied for locations
OFF8000H through OFFFFFFH.

ORDERING INFORMATION

The iSDM 286 System Debug Monitor package in-
cludes cables. EPROMSs. software. and a reference
manual. The software is provided on a single-sided,
double-density ISIS-format 8" diskette for Series Il
Development System use and on a double-sided,
double-density iRMX-format 51/," diskette for Series
IV Development System use. )

39

The OEM license option listed here allows users to
incorporate iSDM 286 into their applications. Each
use requires payment of an Incorporation Fee.

ORDER CODE: iSDM 286 RO.

The iISDM 286 RO product also includes 90 days of
support services that includes the Software Problem
Report service.

Another licensing option includes prepayment of all
future incorporation fees.

As with all Intel software, purchase of any of these
options requires the execution of a standard Intel
Software License Agreement.



iRMX™ 86 OPERATING SYSTEM

‘Real-time processor management for
time-critical iAPX 86, iIAPX 88, iAPX 186,
iAPX 188, and iAPX 286 (Real Address
Mode) applications .- = = .

On-target system development with
Universal Development Interface (UDI) -

Configurable system size and function
for diverse application requirements

m Multi-terminal support with muiti-user
human interface

m Broad range of device drivers included
for industry standard MULTIBUS®
peripheral controllers

m Complete support of 8087 and 80287
processor extension

m All iRMX™ 86 code can be (P)ROM’ed to
support totally solid state designs

m Configured systems for the iAPX 86 and
iAPX 286 processors in Intel integrated
system products (iSYS 86/300 and iSYS
286/300)

m Powerful utilities for interactive
configuration and real-time debugging

The iRMX™ 86 Operating System is an easy-to-use, real-time, multi-tasking and multi-programming software
system designed to manage and extend the resources of iSBC® 86, iSBC 88, iSBC 186, iSBC 188, and iSBC 286
Single Board Computers, as well as other iAPX 86, iAPX 88, iAPX 186, iAPX 188, and iAPX 286 (Real Address
Mode) based microcomputers. iRMX 86 functions are available in silicon with the iAPX 86/30, 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 Oper-
ating System provides a number of standard interfaces that allow iRMX 86 applications to take advantage of
industry standard device controllers, hardware components, and a number of software packages developed
by Independent Software Vendors (ISVs). Many high-performance features extend the utility of iRMX 86 Sys-
tems into applications such as data collection, transaction processing, and process control where immediate
access to advances 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 ac-
cess 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 Interface
(UDI) for each user terminal, Original Equipment Manufacturers (OEMs) can pass program development and
target application customization capabilities to their users.

TYTENDED /O SYSTEM

APPLICATION ™
SIC 110 SYSTE 4D
D

NUCLEUS

USER APPLICATIONS

iRMX™ VLS| Operating System

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 supercedes previously published specifications on these devices from Intel. October 1986

©Intel Coproration, 1986 Order Number: 210885-002
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iRMX™ 86 OPERATING SYSTEM

The iRMX 86 Operating System is a complete set of
system software modules that provide the resource
management functions needed by computer systems.
These management functions allow Original Equip-
ment Manufacturers (OEMs) to best use resources
available in microcomputer systems while getting their
products to market quickly, saving time and money.
Engineers are relieved of writing complex system soft-
ware 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 users
who want to take advantage of improving microcom-
puter price and performance are explained. The first
section outlines the system resource management func-
tions of the Operating System and describes several
system calls. The second section gives a detailed over-
view 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 Operat-
ing System is incorporated.

FUNCTIONAL DESCRIPTION

To take best advantage of iAPX 86, 88, 186, 188, and
286 (Real Address Mode) microprocessors in applica-
tions where the computer is required to perform many
functions simultaneously, the iRMX 86 Operating System
provides a multiprogramming environment in which
many independent, multi-tasking application programs
may run. The flexibility of independent environments
allows application programmers to separately manage
each application’s resources during both the develop-
ment and test phases.

The resource management functions of the iRMX 86
System are supported by a number of configurable
software layers. While many of the functions supplied
by the innermost layer, the Nucleus, are required by
all systems, all other functions are optional. The I/O
systems, for example, may be omitted in systems having
no secondary storage requirement. Each layer provides
functions that encourage application programmers to
use modular design techniques for quick development
of easily maintainable programs.

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

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 num-
ber of facilities to efficiently manage these process-
es, 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 issu-
ing system calls in order to perform a function. Tasks
are characterized by their register values (including
those of an optional 8087 or 80287 Numeric Proces-
sor Extension), a priority between 0 and 255, and the
resources associated with them.

Each iRMX 86 task in the system is scheduled for op-
eration by the iRMX 86 Nucleus. Figure 1 shows the
Tive states it WiliCi eacii iask may be piaced, 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 sys-
tem calls. Each task has a priority to indicate its rela-
tive 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 ob-
jects into one group. Because the environment for ex-
ecution 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 primary
techniques for real-time event synchronization in multi-
task applications: regions and semaphores.

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

Semaphores are used to provide mutual exclusion
between tasks. They contain abstract ‘‘units’ that are
sent between the tasks, and can be used to implement
the cooperative sharing of resources.
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Figure 1. Task State Diagram -

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

Mailboxes are used by tasks wishing to share objects
with other tasks. A task may share an object by send-
ing the object token via a mailbox. The receiving task
can check to see if a 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 know-
ing its name, and job environment that contains the
directory. .

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

Figure 2. Multiple Jobs Example

known to the programmer at the time the tasks were
developed. Both Job ‘A’ and Job ‘B’ exist within the
environment of the ‘Root Job’ that forms the founda-
tion of all iRMX 86 systems. Each job possesses a
directory in which tasks may catalog the name of an
object. Semaphore ‘RS’, for example, is accessable
by all tasks in the system, because its name is cataloged
in the directory of the Root Job. Mailbox ‘AN’ can be
used to transfer objects between Tasks ‘A2’ and ‘A3’
because its token is accessable in the object directory
for Job ‘A’.

Table 1 lists the major functions of the iRMX 86 Nucleus
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 between
16 Bytes and 64K Bytes in length, that exist within the
environment of the job in which they were created. Seg-
ments form the fundamental piece of system memory
used for task stacks, data storage, system buffers,
loading programs from secondary storage, passing in-
formation between tasks, etc.

" The example in Figure 2 also demonstrates when in-

formation is shared between Tasks ‘A2’ and ‘A3’; ‘A2’
only needs to create a segment, put the information
in the memory allocated, and send it via the Mailbox
‘AM’ using the RQ$SEND$SMESSAGE system call (see
Table 1). Task ‘A3’ would get the message by using
the RQ$SRECEIVESMESSAGE system call. The Figure
also shows how the receiving task could signal the
sending task by sending an acknowledgement viathe
second Mailbox ‘AN’.
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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$DELETE$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.

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

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

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

RQ$CREATE$MAILBOX Creates a mailbox with queues for waiting tasks and objects with FIFO or PRIORITY
discipline.

RQ$DELETE$MAILBOX 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$DISABLESDELETION Prevents the deletion of a specified object by increasing its disable count by one.

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

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

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

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

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

RQ$RESUMES$TASK Resumes a task. If the task had been suspended multiple 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$SET$PRIORITY Dynamically alters the priority of the specified task.

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

RQ$CREATES$REGION Creates a region, with an associated queue of FIFO or PRIORITY ordering discipline.

RQ$DELETE$SREGION Deletes the specified region if 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$SEND$CONTROL Relinquishes control of a region.

RQ$CREATE$SEMAPHORE Creates a semaphore.

RQ$DELETE$SEMAPHORE 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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Each job is created with both maximum and minimum
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 al-
lowed to borrow memory from the pool of its containing
job (the job from which it was created). In this manner,
initial jobs may efficiently allocate memory to jobs they
subsequently create, without knowing their exact re-
quirements.

The iRMX 86 Operating System supplies other memory
managment functions to search specific address ranges
for available memory. The System performs this search
at system initialization, and can be configured to ig-
nore non-existent memory and addresses reserved for
1/0 devices and other application requirements.

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

Interrupt Management

Real-time systems, by their nature, must respond to
asynchronous and 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
activities.

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 Interrupt Tasks.

Interrupt Handlers are the first tier of interrupt
service. For small simple functions, interrupt handlers
are often the most efficient means of responding to an
event. They provide faster response than interrupt
tasks, but must be kept simple since interrupts (except
the iAPX 86, 88, 186, 188, and 286 non-maskable in-
terrupt) are masked during their execution. When ex-
tended service is required, interrupt handlers ‘‘signal”
a waiting interrupt task that, in turn, performs more
complicated functions.

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

' Table 3 shows the iRMX 86 System Calls provided to

manage interrupts.

Table 2. Memory Management System Calls

System Call

Function Performed

RQ$CREATE$SEGMENT
RQ$DELETE$SEGMENT
RQ$GET$POOLSATTRIBUTES

RQS$GETS$SIZE
RQS$SET$POOLSMIN

Dynamically allocates a memory segment of the specified size.
Deletes the specified segment by deallocating the memory.

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.

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

containing the calling task.

Table 3. Interrupt Management System Calls

System Call Function Performed

RQ$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$RESETSINTERRUPT 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$GETSLEVEL 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$EXIT$SINTERRUPT Used by an interrupt handler to relinquish control of the System.

RQS$SENABLE Enables the hardware to accept interrupts from a specified level.

RQ$DISABLE Disables the hardware from accepting interrupts at or below a specified level.
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INTERRUPT MANAGEMENT EXAMPLE

Figure 3 illustrates how the iRMX 86 Interrupt System
may be used to output strings of characters to a printer.
In the example, a mailbox named ‘PRINT’ is used by
all tasks in the system 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 complete, the same interrupt
task passes the messages on to another application
via the FINISHED Mailbox so that an operator message
can be displayed.

CALLTO
MAILBOX | RQSRECEIVE
SMESSAGE

‘ [IT1] PRINTER ..I

EXTERNAL !
INTERRUPT

PRINTER
INTERRUPT

PRINTER
CALLTO DATA
RQSSENDS

MESSAGE

FINISHED
MAILBOX

PRINTER
INTERRUPT
HANDLER

CALLTO

T
iRMX™ 86 SYSTEM RQS$SIGNALSINTERRUPT J l

{

Figure 3. interrupt Management Example

Basic I/0 System

The Basic I/0 System (BIOS) provides the direct ac-
cess to I/O devices needed by real-time applications.
The BIOS allows I/O functions to overlap other system
functions. In this manner, application tasks make asyn-
chronous calls to the iRMX 86 BIOS, and proceed to
perform other activities. When the 1/0 request must
be completed before an application can continue, the
task waits at a mailbox for the result of the operation.

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

The Basic I/0 System communicates with peripheral
devices through device drivers. These device drivers
provide the System with four basic functions needed
to control and communicate with devices: Initialize I/O,
Finish 1/0, Queue 1/0, and Cancel I/O. Using the de-
vice driver interface, users of non-standard devices may
write custom drivers compatible with the I/O System.

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

Multi-Terminal Support

The iRMX 86 Terminal Support provides line editing
and terminal control capabilities. The Terminal Support
communicates with devices through simple drivers that
do only character I/O functions. Dynamic terminal re-
configuration is provided so that attributes such as ter-
minal type and line speed may be changed without
modifying the application or the Operating System.
Dynamic configuration may be typed in, generated pro-
grammatically or stored in a file and copied to a termi-
nal I/O connection.

Table 4. Key BIOS I/0 Management System Calls

System Call Function Performed

RQ$ASATTACHSFILE Creates a Connection to an existing file.

RQ$ASCHANGES$ACCESS 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$A$SCREATE$DIRECTORY Creates a Named File used to store the names and locations of other Named Files.

RQ$A$SCREATESFILE Creates a data file with the specified access rights.

RQ$ASDELETE$CONNECTION Deletes the Connection to the specified file.

RQ$ASGETSFILE$STATUS 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.

RQS$SWAITSIO Synchronizes a task with the I/O System by causing it to wait for I/O operation
results. )
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The iRMX 86 Terminal Support provides automatic
translation of control characters to specific control se-
quences for each terminal. This translation enables
-applications using standard control characters to func-
tion with non-standard terminals. The translation re-
quirements for each terminal can be stored in terminal
description files and copied to a oonnection, as des-
cnbed above.

Disk 1/0 Perfoi’mancé

Figure 4 shows iRMX 86 performance obtained using
the iSBC 215 Winchester Disk and iSBX 218A Dis-
kette 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 64K bytes.
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 num-
ber 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 Flexible Disk Controlier
(when mounted on an |$BC 215 board). Each device
controller may, in turn, control a number of separate
device units. In addition, each driver may control a
number of like device controllers. This capabullty allows
the use of large storage systems with a minimum of
1/0 system code to write or malntam

Extended I/O System

The iRMX 86 Extended I/O System (EIOS) adds a num-
ber of /0 management capabilities to simplify access
to files. Whereas the BIOS provides users with the basic
system calls needed for direct management of 1/O re-
sources, many users prefer to have the system perform
all the buffering and synchronization of 1/O requests
automatically. The EIOS allows users to access /O
devices without having to write procedures for buffer-
ing data, or to specify particular devices with constant
device names. ‘ !
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Figure 4. iRMX™ 86 Disk I/O 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 other
devices. Often, when an application task asks the Sys-
tem to READ a portion of a file, the System is able to
respond immediately with the data it has read in ad-
vance of the request. Similarly, the EIOS will not de-
lay a task for writing data to a device unless it is
specifically told to, or if its output buffers are filled.

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

The EIOS uses the functions provided by the BIOS to
synchronize individual I/O 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 I/O requests
are completed. : )

Two new primitives have been added to the EIOS.
These are: RQ$HYBRID$DETACHS$DEVICE and
RQ$GET$LOGICALSDEVICE$STATUS.

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

3-17

RQ$GETSLOGICAL$SDEVICE$STATUS provides infor-
mation about a logical device: the physical device name;
file driver, number of connections to the device, and
the owner of the device.

File Management

The iRMX 86 Operating System provides three distinct
types of files to ensure efficient management of both
program and data files: Named Files, Physical Files,
and Stream Files. Each file type provides access to
1/0 devices through the standard device drivers men-
tioned earlier. The same device driver is used to ac-
cess physical and named files for a given device.

NAMED FILES

Named files allow users to access information on se-
condary storage by referring to a file with its ASCII
name. The names of files stored on a device are stored
in special files called directories. As directories are
themselves named files, the iRMX 86 File System allows
directories to contain the names of other directories.
Figure 6 illustrates the resulting hierarchical file struc-
ture. 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. Using different branches on
the directory tree, different users do not have to coor-
dinate 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 writing
the directory and data information into secondary stor-
age. This standard iRMX 86 format is fully compatible
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 additional I/O 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 operators
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 selectively

3-18

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 pro-
grammers and programs need to share information

" stored in a file. The World classification 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 de-
vice, treated as a single stream of individually access-
able bytes. No access control is provided for Physical
Files as they are typically used for such applications
as driving a printing device, translating from one device
format to another, driving a paper tape device, real-
time data acquisition, and controlling analog mech-
anisms.

STREAM FILES

Stream Files provide applications with a method of us-
ing iRMX 86 file management methods for data that
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 use-
ful to programs, for example, wishing to preserve file
and device independence allowing data sent to a printer
one time, to a disk file another time, and to another
program on a different occasion.
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BOOTSTRAP AND APPLICATION LOADERS

Two utilities are supplied with the System to load pro-
grams and data into system memory from secondary
storage devices:

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

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

Human Interface

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

MULTI-USER ACCESS

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

Each terminal attached to the iRMX 86 multi-user Hu-
man Interface is automatically associated with a user,
amemory 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. 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 Inter-
face, or the standard iRMX 86 Command Line
Interpreter (CLI). For example, you may choose to use
the Microsoft Basic Interpreter as this initial program.
After system start-up, each terminal user would be able
to run the interpreter without asking for it to be 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 re-
sults. When finished entering, changing, or running
a BASIC program, the terminal would remain in BASIC
for the next user.

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

Specifying the standard iRMX 86 Human Interface CLI
as the initial program enables users of the terminals
to access all iRMX 86 functions. This CLI makes it easy
to manage iRMX 86 files, load and execute Intel-supplied
&nd CuSIoIM piogiains, and submit command fiies for
execution.

FEATURE OVERVIEW

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

Execution Environment Features

REAL-TIME PERFORMANCE

The iRMX 86 Operating System is. designed to offer
the high performance, multi-tasking functions required
by real-time systems. Designers can make use of the
latest VLSI devices such as the 8087 or 80287 Numeric
Processor Extension. Typical iRMX 86 system perfor-
mance characteristics are shown in Table 5.
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Many real-time systems require high performance op-
eration. To meet this requirement, all of iRMX 86 can
be put into zero wait-state P(ROM). This approach elimi-
nates the possibility of disk-access times slowing down
performance, while allowing system designers to take
advantage of high performance memory devices.

CONFIGURABILITY

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

Ta‘ble 5. iRMX™ Real-Time Performance
Using iSBC® 86/30 and iSBC® 286/10

Single Board Computers
ISBC®86/30 |iSBC®286/10
Real-Time Execution | Execution
Function 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 switgh)

Receive Control 0.26 0.19
(no waiting)

SYSTEM BUFFERS
AND DATA

APPLICATION CODE

OPERATOR
CONSOLE
APPLICATIONS

COMMON
UTILITIES

BACKGROUND
APPLICATION

RAM
. . HUMAN INTERFACE

EIOS

FLOPPY
DISK
DRIVER DRIVER

WINCHESTER
B10S © DISK

NUCLEUS

PROM BOOTSTRAP LOADER

BUILDING SECURITY
SYSTEM

SYSTEM
RAM 1| BUFFERS

DATA
PROM l

16K BYTES
APPLICATION CODE

23K BYTES NUCLEUS CODE

DATA COMMUNICATION
CONTROLLER

Context switch time.is the time between executing in the
context of a task, and the first instruction to execute in the
context of another task. - R

The execution times shown in Column 2 were measured us-
ing an 8MHz iSBC Single Board Computer, 256K on-board
RAM, and all program and data stored in on-board RAM.
The execution times shown in Column 3 were measured us-
ing a 5MHz iSBC 286/10 Single Board Computer, no on-
board RAM, and all program and data stored in LBX RAM.
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Figure 7. Typical iRMX™ 86 Configurations

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

The chart shown in Table 6 indicates the actual memory
size required to support these different configurations
of the iRMX 86 System. Systems requiring only Nucleus
level functions may require no more than 13K bytes
for the Operating System. (Use of the iAPX 86/30 re-
quires only 4K bytes of RAM, and 23K bytes of initializa-
tion code in EPROM.) Other applications, needing 1/O
management functions, may select portions of addi-
tional layers that fit their needs and size constraints.

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

Min. ROMable Max. Data

System Layer Size Size Size

Bootstrap Loader 1K 1.5K 6K*
Nucleus 10.5K 24K 2K
BIOS 26K i 78K 1K
Application Loader 4K 10K 2K
EIOS 10.5K 12.5K 1K
Human Interface 22K 22K 15K
uDI 8K 8K 0

Terminal Handler 3K 3K 0.3K
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 collected data.
The iRMX 86 System provides easy-to-use support for
applications to access multiple terminals. It also en-
ables muilipie and difierent users io access different
applications concurrently.

Figure 8 illustrates a typical iRMX 86 application si-
multaneously supporting multi-terminal data collection
and real-time environments. Shown is a group of ter-

minals used by machinists on a shop floor to commu- -

nicate with a job management program, a building
security system that constantly monitors energy usage
requirements, a system operator console capable of
accessing all system functions, and a group of termi-
nals in the Production Engineering department used
to monitor job costs while developing new device con-
trol specifications instructions. The iSBC 544 Intelligent
Terminal Interface supports multiple user terminals
without degrading system performance to handle char-
acter 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 added features.
This ability is provided by: user-defined operating sys-
tem calls, user-defined objects (similar to Jobs, Tasks,
etc.), and the ability to add functions later in the pro-
duct life cycle. The modular, layered structure of the
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System easily facilitates later additions to iRMX 86 ap-
plications. User-defined objects are supported by the
functions listed in Table 7.

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

SYSTEM
CONSOLE

CUSTOM
INTERFACE

DATA
COLLECTION
TERMINALS

Figure 8. Multi-Terminal and Multi-User
Real-Time System
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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 abjects.
RQS$DELETESCOMPOSITE . | Deletes the custom object, but not the various objects from which it was built.
RQ$INSPECT$COMPOSITE Returns a list of Token Identifiers for the component objects from which the specified
. . composite object is built.
RQS$ALTER$COMPOSITE Replaces a component object of a composite object.
RQ$CREATE$EXTENSION Creates a new type of object and assigns a mailbox used for collecting these objects "
’ when they are deleted.
RQ$DELETESEXTENSION Deletes an extension definition.
EXCEPTION HANDLING as the iIMMX 800 MULTIBUS Message Exchange, and

The System includes predefined exception handlers
for typical /O and parameter error conditions. The error
handling mechanism is both configurable and extend-
able.

SUPPORT OF STANDARDS

The iRMX 86 Operating System supports the many
hardware and software standards needed by most ap-
plication systems to ensure that commonly available
hardware and software packages may be interfaced
with a minimum of cost and effort. The iRMX 86 System
supports the iISBC 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

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 iAPX 86
and 88 based systems, the iRMX 86 system has been
enhanced to support iAPX 186, 188, and 286 (Real Ad-
dress Mode)-based Systems. This new support ena-
bles the user to take advantage of the faster speed
and higher performance of Intel’s 286 based micro-
processors such as the iISBC 286/10 single board
computer. By choosing the appropriate CPU, designers
can choose from a wide range of performance options,
without having to change application software.

COMPONENT LEVEL SUPPORT

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

o

l FORTRAN

I BASIC

PASCAL

coBOL

. APPLICATIONS
SUPPORT

INTEL .
LANGUAGES

SOFTWARE

VENDOR APPLICATIONS

LANGUAGES

LANGUAGE
SUPPORT.

" STANDARD 0
SUPPORT

RESOURCE
MANAGEMENT

SOFTWARE ARCHITECTURE INTERFACE '

= UNIVERSAL DEVELOPMENT

MULTIPROCESSING SYSTEMS BUS
MU 3

INTERFACE

* ETHERNET is a registered trademark of Xerox Corp.

Figure 9. iRMX™ 86 Standard Interfaces
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only an iAPX 86, iAPX 88, iAPX 186, iAPX 188, or iAPX
286 microprocessor, an 8259A Programmable Interrupt
Controller (PIC), and either an 8253, 8274, or 82530
Programmable Interval Timer (PIT) are required as
follows: .

e {APX 86 and iAPX 88 systems need either:

- 8253 PIT and 8259A PIC (master) or
— 80130 firmware (PIC is master)

¢ jAPX 186 and iAPX 188 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:
- Uses 186 PIT for the system clock; no external
PIT is needed
- Can use either
186 PIC (master) only or
8259A/80130 PIC (slave)

* iAPX 286 systems need
- 8253 PIT and 8259A PIC.

For systems requiring extended mathematics capabil-
ity, ain 8057 or 86287 Nurmeric Daia Frocessor may be
added to perform these functions up to 100 times faster
than equivalent software. For applications servicing
more than 8 interrupt sources, additional 8259A’'s may
be configured as slave controllers.

BOARD LEVEL SUPPORT

The iRMX 86 Operating System includes device drivers

to support a broad range of MULTIBUS device con-

trollers. The particular boards and types of devices

supported are listed in Table 8. The device controllers

all adhere to industry standard electrical and functional
_interfaces.

. In addition to the on-CPU board terminal drivers, the
iRMX 86 BIOS includes two iSBC board-level device
drivers to support multiple terminal interfaces:

The iSBC 544 Intelligent Four-Channel Terminal In- |
terface Device Driver provides support for muiltiple

controllers each supporting up to four standard RS232
terminals. The iSBC 544 driver takes advantage of an
on-board 8085 processor to greatly reduce the system
processor time required for terminal I/O by locally
managing input and output buffers. The iISBC 544
firmware provided with the operating system can off-
load the system CPU by as much as 75% when do-
ing character outputting.

' The iSBC 534 Four-Channel USART Controller Device
Driver also provides support for' multiple controller
boards each supporting up to four standard RS232

terminals.
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The new RAM disk feature in iRMX 86 makes a por-
tion of the memory address space look like a disk drive
to the 1/O 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 Cartridge-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 an iSBC 215(G)).

iSBX® 218A Single or Double Density, Single: or
Double Sided, 8” & 5.25" Diskette
(when used on an iSBC 215G Win-
chester Controller).

iSBC® 220 Standard Storage Module Board.

iSBX® 251 Bubble Memory Muitimodule 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.

NOTE: (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 efficient
utilization of programming time by providing important
tools for program development. Some of the tools nec-

"essary to develop and debug real-time systems are in-

cluded with the Operating System. Others, such as
language compilers, are available from Intel and from
leading Independent Software Vendors.

LANGUAGES

The iRMX 86 Operating System supports 31 standard
system calls known as the Universal Development In-
terface (UDI). Figure 9 shows the iRMX 86 standard
interfaces to many compilers and language translators,

-including the iAPX 86 and 88 Macro Assembler; the

PASCAL 86/88, PL/M 86/88, FORTRAN 86/88 and C86
compilers available from Intel. Also included are other
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Intel development tools, language translators and utili-
ties available from other vendors. Any application that
ran on the iRMX 86 Release 5 Universal Runtime Inter-
face (URI) will run on the iRMX 86 Release 6 UDI. The
full set of UDI calls (which includes the URI system

calls) is required to run a compiler.

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

Table 9. :UDI System 'Callsb'

System Call

Function Performed

Memory Management:
DQ$ALLOCATE

DQSFREE
DQSGET$SIZE*
DQSRESERVESIOSMEMORY*

File Management:
DQ$ATTACH

DQ$CHANGESACCESS*
DQ$CHANGESEXTENSION
DQ$CLOSE

DQ$CREATE

DQ$DELETE

DQ$DETACH

DQ$OPEN
DQ$GETSCONNECTIONSSTATUS*
DQS$FILESINFO*

DQ$READ

DQ$RENAME*

DQ$SEEK

DQ$TRUNCATE
DQSWRITE

Process Management:
DQSEXIT

DQSOVERLAY*
DQ$SPECIAL -

DQ$TRAP$CC
Exception Handling:

DQ$GET$EXCEPTION$HANDLER

DQ$DECODESEXCEPTION -
DQ$TRAPSEXCEPTION

Application Assistance:
DQ$DECODES$TIME

 DQ$GET$ARGUMENT*

DQSGET$SYSTEMS$ID*
DQS$GET$TIME*
DQ$SWITCH$BUFFER

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

Creates a Connection to a specified file.

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

Closes the specified file Connection.

Creates a Named File.

Deletes a Named File.

Closes a Named File and deletes its Connection.

Opens a file for a particular type of access.

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

Reads the next sequence of bytes from a file.

Renames the specified Named File.

Moves the position pointer of a file.

| Truncates a file.

Writes a sequence of bytes to a file.

Exits from the current application job.

‘Causes the specified overlay to be loaded.

Performs special I/0 related functions on terminals wnh special control
features.

~ Captures control when CNTRL/C is typed.

Returns a pointer to the program curremly being used to procéss errors.
Returns a short description of the specified error code.
Identifies a custom excép,tion processing program for a particular type of error.

Returns system time and date ih binary and ASCII character format.

Returns the next argument from the character string used to invoke the ap-
plication program.

Returns the name of the underlying operating system supporting the 'UDI. :

‘Returns the current time of day as kept by the underlying operating system.

Selects a new buffer from which to process commands.

* Calls available only through the UDI.
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The high performance of the iRMX 86 Operating Sys-
tem enhances the throughput of compilers and other
development utilities. Table 10 indicates the average
performance of typical development environment
functions operating in the same configuration
described in Figure 4.

Table 10. Development Environment Performance

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

Command Function
TIME Set the system time-of-day clock.
VERIFY Verify the structure of an iRMX™ 86

Named File volume, and check for

possible disk data errors.

. Average
Function Execution Time
Directory Command

(S Format with 25 files) 53sec
Load the COPY Command 1.2 sec
Copy a 1K Byte File '

(Winchester to Winchester) 10800
Copy a 16K Byte File 1.7 sec
Copy a 64K Byte File 3.9 sec
Copy a 1K Byte File

(Winchester to Diskette) 1.4 sec
Compile PL/M 86 393 Ipm
Compile PASCAL 86 453 Ipm

Program

TOOLS

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

Table 11. Major Human Interface Utilities

Command Function
BACKUP Copy directories and files from one
device to another.
COPY Copy one or more files to one or
more destination files.
CREATEDIR Create a directory file to store the

names of other files.

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

ATTACHFILE Give a logical name to a specified
location in a file directory tree.

PERMIT Grant or rescind user access to a
file.

RENAME Change the name of a file.

SUBMIT Start the processing of a series of
commands stored in a file.

SUPER Change operator’s ID to that of the

System Manager with global access
rights and privileges.

INTERACTIVE CONFIGURATION UTILITY

The iRMX 86 Operating System is designed to provide
OEMs the ability to configure for specific system hard-
ware and software requirements. The Interactive Con-
figuration Utility (ICU) builds iRMX 86 configurations
by asking appropriate questions and making reasonable
assumptions. It runs on either an Intellec® Series lli
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 liI:
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

Figure 10 shows one of the many screens 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 (sometimes
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 Excep-
tion Mode question. In response to a request for help,
the ICU displays an additional screen outlining pos-
sible choices and some overall system effects.

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

(ASC) Al Sys Calls [YesiNo] Yes
()] Parameter Validation [Yes/No] Yes
(ROD) Root Object Directory Size [0~ 0FFOh] 0014H
MT8) Minimurn Transfer Size [0 - OFFFFH]. 0040H -
(DEH) Default Exception Handler {Yes/No/Deb/Use] Yes
(NEH) + Name of Ex Handler Object Module {1~ 32chs]

(EM) Exception Mode [MeverlProgramIEnvumnlAll] Never
(NR) Nucleus in ROM {Yes/No] No

Enter Changes [Abbreviations 7/ = new-value] : ASC=N
pv=no

:rod=48

em?

Figure 10. ICU Screen for iRMX™ 86 Nucleus

REAL-TIME DEBUGGING TOOLS

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

System Debugger

The static debugging aid is the iRMX 86 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 facilities when
the system hangs or crashes, when the Nucleus is in-
advertently overwritten or destroyed, or when synchron-
ization requirements prevent the debugging of certain
tasks. The System Debugger stops the system and al-
low you to examine the state of the system at that in-
stant, and allows you to:

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

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

iRMX™ 86 Dynamic Debugger

The iRMX 86 Dynamic Debugger runs as part of an
iRMX 86 application. It may be used at any time during
program development, or may be integrated into an
OEM system to aid in the discovery of latent errors.
The Dynamic 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 Debugger com-
municates with the developer via a terminal 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 System includes

e o o o

an optional set of routines to validate these parameters’
to ensure that correct numeric values are used and that

correct object types are used where the System expects

to manipulate an object. For systems based only on the
iRMX 86 Nucleus, these routines may be removed to
improve the performance and code size of the System
once the development phase is completed.

START-UP SYSTEMS

Two ready-to-run, multi-user start-up systems are in-
cluded in the iRMX 86 Operating System package.

‘These iRMX 86 start-up systems are fully configured,

multi-user iRMX 86 Operating Systems ready to be
loaded into memory by the 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 independent vendors.

The start-up system for the iAPX 86 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 215G/iSBX 218A
iSBC 254(S)

Line Printer

8251A Terminal Driver

iSBC 544 Terminal Driver

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

e iSBC 208

iSBC 215/iSBX 218 or iSBC 21SG/|SBX 218A
iSBC 254(S)

e 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 reconfiguredon a

standard system with at least 512K bytes of RAM. Def-
inition 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 develop
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.
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SPECIFICATIONS
Supported Software Products

iRMX 860 iRMX 86 Development Utilities
Package, including the iAPX 86
and 88 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
Supported Hardware Products

COMPONENTS

iAPX 86 and 88 Microprocessors

iAPX 186 and 188 Microprocessors

iAPX 286 Microprocessors (Real Address Mode only)
8087 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 SYSTEM PRODUCTS

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

iSBC 186/03 Single Board Computer

iSBC 186/51 Ethernet Controller

iSBC 188/48 Communications Controller

iSBC 286/10 Single Board Computer(Real Address
Mode only)

iSBC 204 Diskette Controller

iSBC 206 Hard Disk Controller

iSBC 208 Diskette Controller

iSBC 215(G) Winchester Disk Controller

iSBX 218(A) Flexible Diskette Multi-Module
Controller

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
Interface)

iSBX 351 Serial Communications Port

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

SYSTEM 286/300 Family

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
GLUIDFS

Order Number: 148001

Volume Il iRMX 86 SYSTEM CALLS
Order Number: 148002

Volume Il iRMX 86 OPERATING SYSTEM
UTILITIES
Order Number: 148003

Volume IV iRMX 86 INSTALLATION AND
PROGRAMMER'’S GUIDES
Order Number: 148004

Volume V iRMX 86 INTERACTIVE
CONFIGURATION UTILITY
REFERENCE GUIDE
Order Number: 148005

Training Courses
The iRMX 86 Operating System

Customer Seminars

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

The iRMX 86 Operating System is available under a
number of different licensing options as noted here.
Souirce listings are available on microfiche. Reconfig-
urable object libraries are provided on double density
ISIS-formatted diskettes or on either double density,
single sided iRMX 86-formatted 8" diskettes, or double
density, double sided, 5.25" diskettes. I1SIS-format disk-
ettes may be used on Intel Intellec Development Sys-
tems. The iRMX 86-format may be used on any iRMX
86-based system supporting 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

|RMX 86 KIT BRO Double density, single-sided 8"
ISIS format OEM license
Double density, single sided 8”
iRMX 86-Format OEM license
for use on iRMX 86-based en-
vironments. -

iRMX 86 KIT ERO:

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

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

As with all Intel software, purchase of any of these op-
tions requires the execution of a standard Intel Master
Software License. The specific rights granted to users
depends on the specific option and the License signed.
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m Real-Time Processor Management for m Configured System for the iIAPX 286
Time-Critical iAPX 286 (Native Mode) Processors in Intel Integrated System
Applications Products (iSYS 286/300)

m 16 Megabytes of Memory Addressable m Multi-Terminal Support with Multi-User

m Hardware Traps Aid in Debugging Human Interface

m Call Gates Provide Fast Access to m Range of Device Drivers Included for
System Calls and OS Extensions Industry Standard MULTIBUS®

Peripheral Controllers

Complete Support of 80287 Processor
Extension

m Powerful Utilities for Interactive

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

" m Configurable System Size and Function
for Diverse Application Requirements Configuration and Debugging
m All iRMX® 286 System Code Can Be

) i Application Source Code Compatible
(s':)a'::grs?;nt: Support Totally Solid with the [RMXTM 86 Operating System

The iRMX 286 Operating System is an easy-to-use, real-time, multi-tasking and multi-programming software
system designed to manage and extend the resources of iISBC® 286 Single Board Computers, as well as other
iAPX 286 (Native Mode) based microcomputers. The iRMX 286 Operating System functions are also fully
integrated into the SYSTEM 286/300_ family of microcomputer systems. The operating system provides a
number of standard interfaces that allow applications to take advantage of industry standard device control-
lers, hardware components, and software packages developed by Independent Software Vendors (ISVs). With
the processing power of the IAPX 280 piccessur and ine 16V dyie address space, the utility of iRMX 286
systems extends into applications such as communications networks, transaction processing, and simulation
where immediate access to advances in VLSI technology is paramount. These systems 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 com-
mands provided by a comprehensive multi-user human interface. By providing access to the standard Univer-
sal Development Interface (UDI) for each user terminal, Original Equipment Manufacturers (OEMs) can pass
program development and target application customization capabilities to their users. By maintaining applica-
tion source code compatibility with the iRMX 86 Operating System, users can preserve their software invest-
ment. :

APPLI| A”Nlo
AS\C VO SYSTE, 40
D

NUCLEUS

USER APPLICATIONS

2800821
iRMX® 286 VLSI Operating System )

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. November 1986
© Intel Corporation, 1986 3-29 Order Number: 280082-002
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OVERVIEW

The iRMX 286 Operatmg System is a complete set
of system software. modules that provide the re-
source management functions needed by computer
systems. These management functions allow Origi-
nal Equipment Manufacturers (OEMs) to best use
resources available in microcomputer systems while

getting their products to market quickly, saving time

and money. Engineers are relieved of writing com-
plex operating system software and can instead
concentrate on their application software.

This data sheet describes the major features of the
iRMX 286 Operating System. The benefits provided
to engineers who write application software and to
users who want to take advantage of improving mi-
crocomputer price and performance are explained.
Compatibility with the iRMX 86 Operating System is
discussed. The first section outlines the system re-
source management functions of the operating sys-
tem and describes several system calls. The second

section gives a detailed overview of iRMX 286 sys- -
tem features aimed at serving both the iRMX 286

system designer and programmer, as well as the
end users of the product into which the operating
system is incorporated.

Comparisoh of iRMX® 86 and
iRMX® 286 Operating Systems

The iRMX 286 Operating System is application
source code compatible with the iRMX 86 Operating
System to preserve the software investments of the
iRMX 86 Operating System users. In several areas
there are differences between the two operating
systems, to allow the iRMX 286 Operating System to
take advantage of some of the iAPX 286 processor
features available in the native mode. Some new

system calls have been added to support these ad-

ditional features. The new system call names begin
with RQES. All calls beginning with RQ$ are support-f
ed by both operating systems.

New calls have been added in the Nucleus,' the
EIOS, and the Application Loader to take advantage
of the 16M byte addressibility of the iRMX 286 Oper-
ating System. New calls have been added to the
Nucleus to allow the use of descriptor tables, and to
allow marking access rights to segments. Call gates
rather than software interrupts are used to gain ac-
cess to system calls, and to implement OS exten-
sions. The 286 OMF is used by the iRMX 286 Oper-
ating System, which requires that application source
code be recompiled using the iAPX 286 translators
and utilities. '

FUNCTIONAL DESCRIPTION

To take best advantage of iAPX 286 microproces-
sors in applications where the computer is required
to - perform many functions simultaneously, the
iRMX 286 Operating System provides a muiti-pro-
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 286 Operating System are supported by a
number of configurable software layers. While many
of the functions supplied by the innermost layer, the
Nucleus, are required by all systems, all other func-
tions are optional. The I/0 systems, for example,
may be omitted in systems having no secondary
storage requirement. Each layer provides functions
that encourage application programmers to use
modular design techniques for quick development of
easily maintainable programs.

The components of the iRMX 286 Operating System
provide both implicit and explicit management of
system resources. These resources include proces-
sor scheduling, up to sixteen megabytes of system
memory, up to 57 independent interrupt sources, all
input and output devices, as :well as directory and
data files contained on mass storage devices and
accessed by a number of independent users. Man-
agement of these system resources is discussed in
the following sections.

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 286 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 286
system refers to these structures as “objects’

Tasks are the basic element of all applications built
on the iRMX 286 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 80287 Numeric Proces-
sor Extension), a priority between 0 and 255, and the
resources associated with them.
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Each task in the system is scheduled for operation
by the iRMX 286 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 286 Nucleus ensures that each
task is placed in the correct state, defined by 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 envi-
ronment. 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 a
job, separate applications can be efficiently devel-
oped by separate development teams.

(NON-EXISTENT)
m

READY

5 9

(@ @ m

AN

SUSPENDED

14) &)

ASLEEP

RUNNING

9 5)

ASLEEP
SUSPENDED

[} B}

(10)

(NON EXISTENT)
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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 priority.

4. Task calls SLEEP or task waits at an exchange.

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 resume that
did not bring suspension depth to zero.

9. Task was resumed by other task.

10. Task is deleted.

Figure 1. Task State Diagram

The iRMX 286 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 286 Operat-

ing System gives a task access to resources guard-
ed by a region, no other tasks may make use of the
resources and the task is given protection against
deletion and suspension. Regions are typically used
to protect data structures from being simultaneously
updated by multiple tasks. )

Semaphores are used to provide mutual exclusion
between tasks. The contain abstract “units” that are
sent between the tasks, and can be used to imple-
ment the cooperative sharing of resources.

Multi-tasking applications must communicate infor-
mation and share system resources among cooper-
ating tasks. The iRMX 286 Operating System as-
signs a unique 16-bit number, called a token, to
each object created in the system. Any task in pos-
session of this token is able to access the object.
The iRMX 286 Nucleus allows tasks to gain access
to objects, and hence system resources, at run-time
with two additional mechanisms: mailboxes and ob-
ject directories.

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 chock to sec if 2 token is thers, or

wait at the mailbox until a token is present.

Ann
Vs

Obiject 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.

Two example jobs are shown in Figure 2 to demon-
strate how two tasks can share an object that was

SYSTEM ROOT JOB
JOB A jJoeB
MAILBOX
A
mw.! OBJECT DIRECTORY
MAILBOX AM TASK B2
MAILBOX AN
TASK A3
280082-3
OBJECT DIRECTORY
Mailbox RMJOB A -
Semaphore RSJOBB
TaskB2

Figure 2. Multiple Jobs Example
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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 286 systems. Each job pos-
sesses a directory in which tasks may catalog the
name of an object. Semaphore ‘RS’, for example, is
accessable by all tasks in the system, because its
name is cataloged in the directory of the Root Job.
Mailbox ‘AN’ can be used to transfer objects be-
tween Tasks ‘A2’ and ‘A3’ because its token is ac-
cessable in the object directory for Job ‘A’. Mailbox
‘AN’ cannot be used by tasks in Job ‘B’.

Table 1 lists the major functions of the iRMX 286
Nucleus that manage system processes.

Memory Management |

Each job in an iRMX 286 system defines the amount
of the. 16M bytes of addressable memory to be used
by its tasks. All addresses: used by the iRMX 286
Operating System are logical addresses. The ad-
dress is a selector which points to an entry in a de-
scriptor table, and an offset. The iRMX 286 Operat-
ing System manages system memory and allows
jobs to share this critical resource by providing an-
other object type: segments.

Segments are contiguous pieces of memory up to
64K bytes 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, load-
ing programs from secondary storage and passing

Segments may be accessed only in the modes
(read, write or execute) permitted for them. Segment
bound checking and stack overflow are enforced by
the hardware. It is estimated that 90% of coding er-
rors will be caught by these hardware traps.

The example.in Figure 2 also demonstrates sharing
information between Tasks ‘A2’ and ‘A3’; ‘A2’ only
needs to create a segment, put the information in
the A2 and memory allocated, and send its token via
the Mailbox ‘AM* using the RQ$SENDSMESSAGE
system call (see Table 1). Task ‘A3’ would get the
message by using the RQ$RECEIVESMESSAGE
system call. The figure also shows how the receiving
task could signal the sending task by sending an
acknowledgement 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 286 Operating System supplies other
memory management functions to search specific
address ranges for available memory. The system
performs this search at system initialization, and can
be configured to ignore non-existent memory and
addresses reserved for /0 devices and other appli-
cation requirements.

information between tasks.

Table 1. Process Management System Calls

System Call

RQS$OFFSPRING

Function Performed
RQ$CREATES$JOB Creates an environment with a memory pool of up to 1M byte for a
number of tasks and other objects, as well as creating an initial task
B and its stack.
RQ$DELETE$JOB Deletes a job and all the objects currently defined within |ts bounds.

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

Provides a list of all the current jobs created by the specified job..
Enters a name and token for an object into the object dlrectory of a

'Removes an object’s token and its name from a job’s ob;ect

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

Returns a code for the type of object referred to by the specified

Creates a mailbox with queues for waiting tasks and objects with

RQ$CATALOGS$OBJECT
: |ob

RQ$SUNCATALOGS$OBJECT

directory.
RQ$LOOKUP$OBJECT
RQ$GETSTYPE

token.
RQ$CREATES$SMAILBOX

) v FIFO or PRIORITY discipline.

RQ$DELETE$SMAILBOX Deletes a mailbox.
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Table 1. Process Management System Calls (Continued)

System Call Function Performed

RQ$SENDSMESSAGE 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$DISABLESDELETION Prevents the deletion of a specified object by increasing its disable
count by one.

RQ$ENABLESDELETION Reduces the disable count of an object by one, and if zero, enables
deletion of that object.

RQ$FORCESDELETE Forces the deletion of a specified object if the disable count is either
Oori. ‘

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

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

RQS$SLEEP Causes 2 task to enter the ASLEEP state for a specifisd nuimiver of
system time units.

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

: environment.

RQ$SET$PRIORITY Dynamically alters the priority of a specified task.

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

RQ$CREATES$SREGION Creates a region, with an associated queue of FIFO or PRIORITY
ordering discipline.

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

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

RQ$RECEIVE$SCONTROL 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$DELETE$SEMAPHORE Deletes a semaphore.

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

RQS$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.

RQE$CHANGES$OBJECTSS Changes the access byte of an object.

ACCESS
RQE$GET$OBJECTS Returns the value of an object’s access byte.
ACCESS

RQE$CREATE$JOB Creates an environment with a menory pool of up to 16M bytes for
tasks and objects, and creates an initial task and its stack.

RQES$GET$ADDRESS Returns the physical address of an object.
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Code written using the system calls which exist in
the iRMX 86 Operating System will run on an
iRMX 286 Operating System after recompiling, with
few exceptions. The RQ$SETSOSSEXTENSION call
is replaced by the new RQE$SET$OSSEXTENSION
system call. If more than one megabyte of memory
is required in an individual task or job, the new
iRMX 286 system calls must be used. Table 2 lists
the major system calls used to manage thé system
memory.

Descriptor Management

Descriptors are used by the iRMX 286 Operating
System to make an-area of memory addressable.
Each descriptor is an entry in a descriptor table and
contains the physical address of a segment. Each
object is assigned a descriptor when it is created.

There are three types of descriptor tables. The Glob-
al Descriptor Table (GDT) is a table containing up to
8000 descriptor entries which contain 24-bit physical
addresses used by the system. One Local Descrip-
tor Table (LDT) is reserved for system use. The In-
terrupt Descriptor Table (IDT) replaces the interrupt
vector table used by the iRMX 86 Nucleus. When an
interrupt occurs, the processor refers to the IDT to
determine the address of the interrupt handling code
to be executed.

System calls. used in: descriptor management are
shown in Table 3.

Interrupt Management

Real-time systems, by their nature, must respond to
asynchronous and unpredictable events quickly. The
iRMX 286 Operating System uses interrupts and the
event-driven Nucleus described earlier to give real-
time response to events. Use of a preemptive
scheduling technique ensures that the servicing of
high priority events always takes precedence over
other system activities.

The iRMX 286 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 interrupt
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 iIAPX 286 non-maskable interrupt) are
masked during their execution. When extended
service is required, interrupt handlers ‘“signal” a
waiting interrupt task that, in turn, performs more
complicated functions.

Table 2. Memory Management System Calls

RQ$GET$SPOOLSATTRIB

System Call Function Performed
RQ$CREATESSEGMENT Dynamically allocates a memory segment of the specified size.
RQ$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. Attributes have a maximum size of 1M byte.

RQ$GETSSIZE 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.

Returns minimum, maximum, and current size of memory pools up
to 16M bytes. Also returns the amount of memory borrowed and the
token of the parent of the target job.

Table

RQE$CHANGE$DESCRIPTOR

RQES$DELETESDESCRIPTOR

3. Descriptor Management System Calls
System Call Function
RQE$CREATE$DESCRIPTOR Returns a segment token for a hardware descriptor.

Changes the physical address contained in the GDT to a different
physical address or size.

Removes a déscriptor slot from the descriptor table and returns the
slot to the free space manager.
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Interrupt Tasks are distinct tasks whose priority is
associated with a hardware interrupt level. They are
permitted to make any iRMX 286 system call. While
an interrupt task is servicing an interrupt, interrupts
of lower priority are not allowed to preempt the sys-
tem.

Table 4 shows the iRMX 286 system calls provided
to manage interrupts.

Interrupt Management Example

Figure 3 illustrates how the iRMX 286 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.

| g

PRINTER
DATA

PRINT cALLTS
MAILBOX | RQSRECEIVE
SMESSAGE

PRINTER
INTERRUPT

EXTERNAL
CALL TO INTERRUPT
RQSSENDS

MESSAGE

FINISHED
MAILBOX

PRINTER
INTERRUPT
HANDLER

CA

LLTO
iAMX™ 286 SYSTEM RQSSIGNALSINTERRUPT

280082-4

Figure 3. Interrupt Management Example

Hardware Traps

Hardware traps (exception conditions) and their re-
sulting exception codes have been added as a result
of the hardware protection features of the iAPX 286
processor. These traps may occur, for example,
when a program tries to execute out of its segment
bounds, causes a stack overflow, or tries to write in
a segment that has been defined as read only.

Basic I/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 286
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BIOS, and proceed to perform other activities. When
the 1/0 request must be completed before an appli-
cation can continue, the task waits at a mailbox for
the result of the operation.

The BIOS will check segment boundaries and ac-
cess rights of segments when system calls are
made, which aids in debugging programs. Some sys-
tem calls provided by the BIOS are listed in Table 5.

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 1/0, Finish 1/0, Queue I/0, and Cancel I/0.
Using the device driver interface, users of non-stan-
dard devices may write custom drivers compatible
with the 1/0 system.

The iRMX 286 Operating System includes a number
of device drivers to allow applications to user stan-
dard USART serial communications devices, multi-
ple CRTs and keyboards, bubble memories, disk-
ettes, disks, a Centronics-type parallel printer, and
other Intel iISBC and iSBX device controllers (see
Table 12). If an application requires use of a non-
standaia Gsvice, users need uniy wrile a device ariv-
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 system.
Use of this technique ensures that applications can
remain device independent.

Multi-Terminal Support

The iRMX 286 Terminal Support provides line edit-
ing and terminal control capabilities. The Terminal
Support communicates with devices through simple
drivers that do only character I/0 functions. Dynam-
ic terminal reconfiguration is provided so that attri-
butes such as terminal type and line speed may be
changed without modifying the application or the
iRMX 286 Operating System. Dynamic configuration
may be typed in, generated programmatically or
stored in a file and copied to a terminal /0 connec-
tion.

The iRMX 286 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.
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Table 4. Interrupt Management System Calls

System Call Function Performed
RQ$SETSINTERRUPT Assigns an interrupt handler and, if desired, an interrupt task to the
: specified interrupt level. Usually the calling task becomes the
interrupt task.
RQ$RESETSINTERRUPT Disables an interrupt level, and cancels the assignment of the
‘ interrupt handler for that level. If an interrupt task was assigned, itis
deleted.
RQ$GETS$LEVEL Returns the number of the highest priority interrupt level currently
being processed.
RQ$SIGNALSINTERRUPT Used by an interrupt handler to signal the associated interrupt task
‘ that an interrupt has occurred.
RQSWAITSINTERRUPT Used by an interrupt task to SLEEP until the associated interrupt
handler signals the occurrence of an interrupt.
RQSEXITSINTERRUPT Used by an interrupt handler to relinquish control of the System.
RQS$ENABLE Enables the hardware to accept interrupts from a specified level.
RQ$DISABLE Disables the hardware from accepting interrupts at a specified level.
Table 5. Key BIOS 1/0 Management System Calls
System Call Function Performed
RQS$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$A$SCREATES$DIRECTORY Creates a Named File used to store the names and locations of
other Named Files.
RQ$ASCREATESFILE Creates a data file with the specmed access rights.
RQ$ASDELETESCONNECTION Deletes the Connection to the specified file.
RQSASGETSFILESSTATUS Returns the current status of a specified file.
RQ$ASOPEN Opens a file for either read, write, or update access. v
RQ$ASREAD Reads a number of bytes from the current position in a specified
file.
RQS$ASSEEK Moves the current data pointer of a Named or Physical file.
RQ$ASWRITE Writes a number of bytes at the current position in a file.
RQ$WAITS$IO Synchronizes a task with the 1/0 System by causing it to wait for

170 operation results.
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Random Access Support

Random access devices supported include the iSBC
215G Winchester Disk, iSBX 218A Diskette Control-
lers and the iSBX 251 Bubble Memory Controller.

Each device driver can be used to interface to a
number of separate and, in some cases, different
devices (see Figure 4). The iSBC 215G Device Driv-
er, supplied with the system, is capable of support-
ing the iISBC 215G Winchester Disk Controller and
the iSBX 218A Flexible Disk Controlier. Each device
controller may, in-turn, control a number of separate
device units. In addition, each driver may control a
number of like device controllers. Other device driv-
ers may be added using the random access support
code provided in the operating system. This capabili-
ty allows the use of large storage systems with a
minimum of /0 system code to write or maintain.

Extended 1/0 System

The iRMX 286 Extended 1/0O System (EIOS) adds a
number-of 1/0 management capabilities to simplify
access to files. Whereas the BIOS provides users

with the basic system calls needed for direct man-
agement of 1/0 resources, many users prefer to
have the system perform all the buffering and syn-
chronization of 1/0 requests automatically. The
EIOS allows users to access 1/0 devices without
having to write procedures for buffering data, or to
specify particular devices with constant device
names.

By performing device buffering automatically, the
iRMX 286 EIOS optimizes accesses to disks and
other 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
EIOS to give applications complete file and device
independence. Applications may send data to the
‘line printer’ (:LP:) without knowing which specific
device will be used as the printer. This logical name
may, in fact, not be a printer at all, but it could be a
disk file that'is later scheduled for printing.
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L4 -y - 1 N—M N H
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FILE FILE ! DRIVER
DRIVER DRIVER
TREAM  STREAM
n n ] i FILE FILE
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215G 251 DEVICE
DEVICE CONT- DRIVER
DRIVER ROLLE
_ - L L s
isBX™ isBC®
ISBC®
2184 2156 281 BUBBLE
DEVICE DEVICE CONT- MEMORY
CONT- CONT- ROLLER
ROLLER ROLLE
V| AR YPvil ")
un T o—'8\ o
CONN. | CONN. CONNECTED FILE]FILE FILE FILE
DEVICE | DEVICE DEVICE FILE 128 KBYTE BUBBLE
UNIT UNIT UNIT CONN. DEVICE UNITS | CONNECTED DEVICE UNIT
280082-8
Conduits represent device connections.
Wires in conduits represent file connections.

Figure 4. Device Driver and Controllelf Relationships
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The EIOS uses 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. The - RQE$-
CREATES$IO$JOB system call can be used to allow
jobs of up to 16M bytes to be created. I/0 jobs can
also be created using the RQ$CREATES$IO$JOB
system call, which will allow compatibility with exist-
ing application code, and has a 1M byte memory.
limitation.

The EIOS will check segmsnt boundaries and ac-
cess rights of segments when system calls are
made, which aids in debugging programs.

File Management

The iRMX 286 Operating 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 1/0 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 referring 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 file system al-
lows directories to contain the names of other direc-
tories. Figure 5 illustrates the resulting hierarchical
file structure. This structure is useful for isolating file
names-to particular user applications, and for tailor-
ing system data to-the requirements of users and
applications sharing storage devices. Using different
branches on.the dlrectory tree, different users do not
have to coordinate .in naming their files to ensure
unigue. names. .

Whenever a request is made involvinga file name,
the .system will search the appropriate directory in
order to find the necessary information about the
file's size, access rights, and specmc location on the
storage device. ;

The iRMX 286 BIOS uses an efficient format for writ-
ing the directory and data information into secondary
storage. This standard iRMX format is fully compati-

_ ble with the ISO media standard and other Intel sys-

tems such as the iRMX 86 and iRMX 88 Operating
Systems.

DEPT 1
DEPT 2
DEPT 3
DEPT 1 [ oEPT 2| - DEPT 3I
BILL GEORGE SUE
TOM ann BILL

Q. o

TEST-DATA
TEST-OBJECT

SIM-SOURCE
SIM-OBJECT

BiLL ] TOM GEORGE I HARRY

A A

SIM- SiM-
SOURCE OBJECT

TEST-OBJECT

TEST-DATA

BATCHY |
BATCH-2

A

BATCH-1 BATCH-2

| = precTony

= NAMED
o DATA FILE |
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Figure 5. Hierarchical Named File Stn]ctufe
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This structure enables the system to directly access
any byte in a file, often without having to do addition-
al 1/0 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
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 speci-
fied when certain programmers and programs need
to share information stored in a file. The World clas-
sification 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 286 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 by allowing
data to be sent to a printer one time, to a disk file
another time, and to another program on a different
occasion.
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Bootstrap and Application Loaders

Two utilities are supplied with the iRMX 286 Operat-
ing System to load programs and data into system
memory from secondary storage devices.

The iRMX 286 Bootstrap Loader is typically used to
load the initial system from the system disk into
memory, and begin its execution.

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 loads relocatabie code as well as pro-
gram overlays. The Application Loader retains the
existing system calls which can load 1/0 jobs of up
to 1M byte in size. New system calls are also includ-
ed to allow loading I/0 jobs up to 16M bytes in size.
The Application Loader system calls are listed in Ta-
ble 6.

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 7 lists iRMX 286 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 286 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 286 Nu-
cleus to schedule tasks. High-performance interrupt
response is guaranteed even while users interact
with various applications packages. For example,
multi-terminal support allows one person to be using
the AEDIT 286 Editor, while another compiles a
PL/M 286 program, while several others load and
access applications.

Each terminal attached to the iRMX 286 multi-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.
Changes are effective the next time the system is
initialized. '
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Table 6. Application Loader System Calis

System Call Function Performed
RQS$ASLOAD Asynchronously loads code or data into memory.
RQ$ASLOADSIOS$JOB Asynchronously creates an 1/0 job with a memory pool of up to 1M
byte, and loads the code as the initial task.
RQE$AS$SLOADSIOS$JOB Asynchronously creates an 1/0 job with a memory pool of up to
16M bytes, and loads the code as the initial task.
RQ$S$LOADSIOS$JOB Synchronously creates an I/0 job with a memory pool of up to 1M
byte, and loads the code as the initial task.
RQE$S$LOADSIO$JOB Synchronously creates an 1/0 job with a memory pool of up to 16M
bytes, and loads the code as the initial task.
RQ$SSOVERLAY Synchronously loads an overlay into memory.
Table 7. Major Human Interface Utilities
Command Function
ATTACHDEVICE Attach a physical device to the system and catalog its logical name.
ATTACHFILE Give a logical name to a specified location in a file directory tree.
COPY Copy one or more files to one or more destination files.
CREATEDIR Creat a directory file to store the names of other files.
DIR List the names, sizes, owners, etc. of the files contained in a
directory.
DISKVERIFY Verify the structure of an iRMX named file volume, and check for
possible disk data errors.
PERMIT Grant or rescind user access to a file.
RENAME Change the name of a file.
RESTORE Copy files from a backpp volume to a named volume.
SUBMIT Start the processing of a series of commands stored in a file.
SUPER Change operator’s ID to that of the System Manager with global
access rights and privileges.
TIME Set the system time-of-day clock.

The initial program specified for each terminal can
be a special application program, a custom Human
Interface, or the standard iRMX 286 Command Line
Interpreter (CLI).

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.
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Specifying the standard iRMX 286 Human Interface
CLI as the initial program enables users of the termi-
nals to access all iRMX 286 systems functions. This
CLI makes it easy to manage files, load and execute
Intel-supplied and custom programs, and submit
command files for execution.

FEATURE OVERVIEW

The iRMX 286 Operating System is well suited to
serve the demanding needs of real-time applications
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executing on complex microprocessor systems. The
iRMX 286 system also provides many tools and fea-
tures 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 286-
based systems. The development environment fea-
tures also describe the ease with which the iRMX
286 Operating System can be incorporated into
overall system designs.

Execution Environment Features

REAL-TIME PERFORMANCE

The iRMX 286 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 80287
Numeric Processor Extension to improve their sys-
tem cost/performance ratio.

Primitives that create objects will in general take
longer in the iRMX 286 Operating System than in the
iRMX 86 Operating System because the iAPX 286
has some instructions which take longer to execute
in native mode than in real address mode. However,
other primitives which manipulate the created ob-
jects are in general faster. Typical iRMX 286 system
performance characteristics are shown in Table 8.

Many real-time systems require high performance
operation. To meet this requirement, all of the
iRMX 286 Operating System can be put into zero
wait-state P(ROM). This approach eliminates the
possibility of disk access times slowing down per-
formance, while allowing system designers to take
advantage of high performance memory devices.

CONFIGURABILITY

The iRMX 286 Operating System is configurable by
system layer, and by system call within each layer. In
addition all the 1/0 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 6. Most configuration op-
tions are selected during system design stages. Oth-
ers may be selected during system operation.

Table 8. iRMX® 86 and 286
Real-Time Performance Using
iSBC® 286/12 Single Board Computer

Real-Ti iRMXT™™ 86 | iIRMXT™ 286
Fea ;ﬂme Execution | Execution
unction Time(ms) | Time (ms)

Interrupt Latency 0.012 0.015
(to handler) (Min) (Min)
0.016 0.019

(Typical) (Typical)
0.101 0.093
(Max) (Max)
Context Switch from 0.137 0.132
Handler to Task (Min) (Min)
0.155 0.150

(Typical) (Typical)
0.456 0.428
(Max) (Max)
Task Switch 0.164 0.149
Create Task 0.831 1.718
Send Messags 0.3C5 0.051

(no context switch) (Typical) (Typical)
Send Control 0.077 0.065

(no context switch) (Typical) (Typical)
Receive Control 0.095 0.081

(no waiting) (Typical) (Typical)

NOTES:

1. Interrupt latency is defined to be the time elapsed be-
tween the point when the interrupt occurred and the point
when the interrupt handler got control. The interrupt laten-
cy measurement is based upon the interrupt level zero
(highest priority interrupt). The background environment in-
cluded two tasks performing job management primitives
and an active interrupt task at level four. The system clock
was at level one. Note that these times are for a Nucleus
only system, and that the latency will probably be higher if
an 1/0 system is used. All memory is contiguous.

2. Context switch time is defined to be the time elapsed
from the signal interrupt until the first instruction of the in-
terrupt task.

3. The execution times shown in Columns 2 and 3 were
measured using an 8 MHz iSBC 286/12 Single Board Com-
puter, 1M byte on-board memory, and all program and data
stored in on-board memory. All memory was at 0 wait
states.
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SYSTEM BUFFERS
AND DATA

APPLICATION CODE

Table 9. iRMX® 286 System
Configuration Size Chart

Code Data
Size - Size

System Layer

OPERATOR
. .CONSOLE
APPLICATIONS

COMMON
UTILITIES

BACKGROUND
APPLICATION

RAM
HUMAN INTERFACE

EIOS

WINCHESTER FLOPPY
B10S DISK DISK
DRIVER DRIVER

NUCLEUS

BOOTSTRAP LOADER

PROM {

BUILDING SECURITY
SYSTEM

SYSTEM
RAM BUFFERS
. DATA

APPLICATION CODE

EPROM
NUCLEUS CODE

DATA COMMUNICATION
CONTROLLER
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Fugure 6. Typlcal iRMX® 286 System
Configurations

The chart shown in Table 9 indicates the actual
memory size required to support these different con-
figuration of the iRMX 286 system. Systems requir-
ing only Nucleus level functions may require no
more than 27K bytes for the Operating System. Oth-
er applications, needing I/0O management functions,
may select portions of additional layers that fit their
needs and size constraints.

This configurability also applies to the System De-
bugger. The debugger needs to be included only as
a debugging tool (usually only during system devel-
opment). .

MULTI-USER ACCESS

Many real-time systems must provide a variety of
users access to system control functions and col-
lected data.

The iRMX 286 system provides easy-to-use support
for applications to access multiple terminals. It also
enables multiple and different users to access differ-
ent applications concurrently.

Nucleus ' 27K 3.5K
BIOS ‘ 67K 19.5K
EIOS 16K 16.75K
Application Loader 11K 2K
Human Interface 26K 1K
upDl - 94K 0.1K
Bootstrap Loader 32K 6K
System Debugger 23K 0.8K
Interactive Configuration 384K
Utility

Figure 7 illustrates a typical iRMX 286 Operating
System application simultaneously supporting multi-
terminal data collection and real-time environments.
Shown is a group of terminals used by machinists on
a shop floor to communicate with a job management
program, a building security system that constantly
monitors energy usage requirements, a system op-
erator console capable of accessing all systems
functions, and a group of terminals in the production
engineering department used to monitor job costs
while developing new device control specifications
instructions. The iSBC 188/48 Intelligent Terminal
Interface supports multiple user- terminals without
degrading system performance to handle character
1/0.

SYSTEM
CONSOLE

TERMINALS
iSBC" 188/48

= il

iSBC" 215G
BOARD

CUSTOM
INTERFACE

AIR
CONDITIONER

DISKETTE
_WINCHESTER

. 280082-9

Flgure 7. Muiti-Terminal and Multi-User
Real-Time System
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EXTENDABILITY

The iRMX 286 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 using OS extensions, 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 iRMX 286 sys-
tem easily facilitates later additions to applications.
User-defined objects are supported by the functions
listed in Table 10.

Using standard iRMX 286 system calls, users may
define custom objects, enabling applications to easi-
ly manipulate commonly used structures as if they
were part of the original operating system. OS exten-
sions are implemented using call gates rather than
software interrupts. This allows OS extensions to
have high performance and yet be easy to use.

EXCEPTION HANDLING

The system includes predefined exception handlers
for tvpical 1/0 and parameter arror conditions. Tha
error handling mechanism is both configurable and
extendable.

SUPPORT OF STANDARDS

The iRMX 286 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 286 system supports the iSBC board family of

products built on the Intel MULTIBUS architecture
specification (IEEE Standard 796), and a number of
standard software interfaces such as the UDI and
the common device driver interface (see Figure 8).
The procedural interfaces of the UDI are listed in
Table 11.

The operating system includes support for the pro-
posed IEEE 80-bit extended real-variable format of
the 80287 Numeric Data Processor, and the MULTI-
BUS hardware interface (IEEE 796).

CPU PERFORMANCE

The iRMX 286 Operating System supports iAPX
80286-based systems. This support enables the
user to take advantage of the faster speed and high-
er performance of Intel’s 80286-based microproces-
sors and the iSBC 286/10, iSBC 286/10A, and iSBC
286/12 Single Board Computers.

COMPONENT LEVEL SUPPORT

The iRMX 286 System may be tailored to support
specific hardware configurations. In addition to sys-
iem memory only an IAPX 286 microprocessor, an
8259A Programmable Interrupt Controller (PIC), an
8255A Programmable Parallel Interface, and- either
an 8253 or 8254 Programmable Interval Times (PIT)
are required.

For systems requiring extended mathematics capa-
bility, an 80287 Numeric Data Processor may be
added to perform these functions up to. 100 times
faster than equivalent software. For applications
servicing more than 8 interrupt sources, additional
8259A’s may be configured as slave controllers.

Table 10. 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$ALTER$COMPOSITE 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.
RQE$SET$OSSEXTENSION Attaches the entry point address of a user written OS extension to a
call-gate.
RQ$SIGNALSEXCEPTION Used by OS extensions to signal the occurence of an exception.
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Table 11. 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
DQS$SATTACH Creates a Connection to a specified file.
DQ$CHANGES$SACCESS* 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.
DQS$SCREATE Creates a Named File.
DQS$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.
DQ$GETSCONNECTIONSSTATUS* | Returns the current status of the specified file Connection.
DQS$FILESINFO* " Returns data about a file Connection.
DQS$READ Reads the next sequence of bytes from a file.
DQ$RENAME* Renames the specified Named File.
DQS$SEEK Moves the position pointer of a file.
DQ$TRUNCATE Truncates a file.
DQS$SWRITE Writes a sequence of bytes to a file.

Process Management )
DQSEXIT Exits from the current application job.
DQ$OVERPLAY* Causes the specified overlay to be loaded.
DQ$SPECIAL Performs special I/0 related functions on terminals with special

control features.

DQ$TRAP$CC Captures control when CNTRL/C is typed.

Exception Handling
DQ$GETSEXCEPTIONSSHANDLER

DQ$DECODESEXCEPTION
DQ$TRAPSEXCEPTION

Application Assistance
DQ$DECODESTIME

DQ$GETSARGUMENT*
DQ$GET$SYSTEMSID*
DQS$GETS$TIME*

DQ$SWITCH$BUFFER

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

Returns a short description of the specified error code.”

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

Returns system time and date in binary and ASCII character
format.

Returns the next argument from the character string used to
invoke the application program.

Returns the name of the underlying operating system supporting
the UDL.

Returns the current time of day as kept by the underlying
operating system.

Selects a new buffer from which to process commands

*Calls available only through the UDI.
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BOARD LEVEL SUPPORT

The iRMX 286 Operating System includes device
drivers to support a range of MULTIBUS architecture
device controllers. The particular boards and types
of devices supported are listed in Table 12. The de-
vice controllers all adhere to industry standard elec-
trical and functional interfaces.

Table 12. Supported Device

Device

Controller Description
iSBC 215G Board Standard Winchester Disks
iSBX 218A Board Single or Double Density,
Single or Double Sided,
8" & 5.25" Diskette
iSBX 251 Board Bubble Memory

MULTIMODULET™ Board

iSBX 350 Board 1-Channel Parallel Port

iSBX 351 Board 1-Channel Serial Port to

CRTs, Modems

iSBC 188/48 Board | 8-Channel Serial Ports to
CRTs, Modems

8274 Usart 2-Channel Serial Ports to
CRTs, Modems

iSBC 286/10 Board | Line Printer Port

Line Printer

Development Environment Features

The iRMX 286 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. Others,
such as language compilers, are available from Intel
and from leading independent software vendors.

LANGUAGES

The iRMX 286 Operating System supports 31 stan-
dard system calls known as the Universal Develop-
ment Interface (UDI). Figure 8 shows the iRMX 286
standard interfaces to many compilers and language
translators, including the iAPX 286 Macro Assembler
and PL/M 286 compilers available from Intel. Also
available are other Intel development tools, lan-
guage translators and utilities available from other
vendors. The full set of UDI calls is required to run a
compiler.

These standard software interfaces (the UDI) ensure
that users of the iRMX 286 Operating System may
transport their applications to future releases of the
IRMX 286 Operating System and other Intel and in-
dependent vendor software products. The calls
available in the UDI are shown in Table 11.

APPLICATIONS
SUPPORT

INTEL
LANGUAGES

SOFTWARE
VENDOR
LANGUAGES

APPLICATIONS

LANGUAGE
SUPPORT

STANDARD I/O
SUPPORT

RESOURCE |
MANAGEMENT |-

'MULTIPROCESSING
SUPPORT

SOFTWARE ARCHITECTURE INTERFACE

UNIVERSAL DEVELOPMENT

-t Y

INTERFACE
(UD)

UBBLE
% EMOR

MULTIBUS* MULTIPROCESSING SYSTEMS BUS

280082-6

Figure 8. iIRMXT™ 286 Operating System Standard Interfaces
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The high performance of the iRMX 286. Operating
System enhances the throughput of compilers and
other development utilities. Table 13 indicates. the
average performance of typical development envi-
ronment functions. : :

TOOLS

Certain tools are necessary for the development of
microcomputer applications. The iRMX 286 Human
Interface includes many of these tools as 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 7.

INTERACTIVE CONFIGURATION UTILITY

The iRMX 286 Operating System is designed to pro-
vide OEMSs the ability to configure for specific sys-
tem hardware and software requirements. The Inter-
active Configuration Utility (ICU) builds iRMX 286
system configurations by asking appropriate ques-
tions and making reasonable assumptions. It runs on
either an Intellec® Series Ill or Series IV develop-
ment system or iRMX 286 development system that
includes a hard disk and the UDI. Table 14 lists the
hardware and support software requirements of dif-
ferent development evironments for iRMX 286 Oper-
ating Systems-based development.

Figure 9 shows one of the many screens 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-

Table 13. Development Environment

Performance _ »
iIRMX® 286 | iIRMX® 86
: System System
Function Execution | Execution
Time Time

Directory Command 8.8 sec 9.2 sec
(S format with
79 files)
Load the COPY 0.9 sec 1.5sec
Command
Copy a 4K Byte File 2.4 sec 2.6 sec
(Winchester to
Winchester)
Copy a 32K Byte 3.7 sec 3.9 sec
File
Copy a 128K Byte 7.9 sec 8.7 sec
File (Winchester to
Winchester)
Compile PL/M 49 sec 45 sec
(555 line program) 680 Ipm 740 lpm

ble answers in the center, and the current (some-
times default) choice on the right. The bottom of the
screen shows the 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 outlin-
ing possible choices and some overall system ef-
fects.

Table 14. iRMX® 286 Development Environments

iRMXT™ 286 System

Series Il Series IV
Order Media B d E or J
Type: _(iSIS 8in) (iIRMX 5.25in) . (IRMX 8 in) (IRMX 5.25 in)
Languages ASM 286 Available ASM 286 Available
Available: R&L 286 Available R&L 286 ‘Available
‘ PL/M 286 Available .. PL/M 286 Available
ASM 86 Available ASM 86 Available
R&L 86 Available . R&L 86 Available
. : FORTRAN 286 *
Pascal 286 Available .- Pascal 286 *
MW C 286 ) o .- MW C 286 *
PL/M 86 Available PL/M 86 *
Tools AEDIT Available AEDIT 286 Available
Available: PSCOPE 286 *
OpenNet *
architecture
Minimum System - 192 KB . 192KB- 700 KB
Requirements: " Hard Disk Hard Disk Hard Disk

*Contact sales office for availability dates.
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pv=no
:rod =48
:em?

Nucleus
(NGE) Number of GDT Entries [140H-01FFFH] 0400H
0080H

Number of IDT Entries [0-0100H)
All Sys Calis [Yes/No]
Parameter Validation [Yes/No)

Root Object Directory Size [0-0F00H]

Detault Exception Handler [Yes/No/SDB/Use]
Name of Ex Handler Object Module [1-55chs]
Exception Mode [Never/Program/Environ/All]
Low GDT/LDT Slot Excluded from FSM
[140H-1FFEH/NONE])

High GDT/LDT Slot Excluded from FSM
[140H-1FFEH/NONE]

Enter Changes [Abbreviation ?/= new__value): ASC =N

Yes
Yes
0032H
Yes
Never
NONE

NONE
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Figure 9. ICU Screen for iRMX® 286 Nucleus

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
smaii changes are necessary, this file can be modi-
fied. A completely new session is not required.

SYSTEM DEBUGGER

The static debugging aid is the iRMX 286 System
Debugger. This debugger is an extension of the
iSDM 286 System Debug Monitor. The System De-
bugger provides static debugging facilities when the
system hangs or crashes, when the Nucleus is inad-
vertently overwritten or destroyed, or when synchro-
nization requirements prevent the debugging of cer-
tain 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 286 system calls.
¢ Display information about iRMX 286 system ob-
jects.

® Examine a task’s stack to determine system call
history.

While the iRMX 286 Operating System does support
a multi-user Human Interface, the System Debugger
is usually most useful in a single-user environment
where modifications made to the system cannot af-
fect other users.

PARAMETER VALIDATION

Some iRMX 286 system calls require parameters
that may change during the course of developing

iRMX 286 applications. The iRMX 286 Operating
System includes an optional set of routines to vali-
date these parameters to ensure that correct numer-
ic values are used and that correct object types are
used where the operating system expects to manip-
ulate an object. For systems based onlv on the iRMX
286 Nucleus, these routines may be removed to im-
prove the performance and code size of the System
once the development phase is completed.

START-UP SYSTEMS

A ready-to-run, multi-user start-up system is included
in the iRMX 286 Operating System package. This
iRMX 286 start-up system is a fully configured, multi-
user iRMX 286 Operating System ready to be loaded
into memory by the Bootstrap Loader. The start-up
system is configured to include all of the system
calls for each layer and most of the features provid-
ed by the iRMX 286 Operating System. The iRMX
286 start-up system includes UDI support so that
users may run languages such as PL/M 286, the
AEDIT 286 editor, and software packages from inde-
pendent vendors.

The start-up system for the iAPX 286 processor is
configured for Intel SYSTEM 286/310 or SYSTEM
286/380 with a minimum of 700K bytes of RAM. The
System Debugger is included in the start-up system.
The following devices are supported:

® iSBC 215G/iSBX 218A disk controllers
e Line Printer for iSBC 286/10 CPU board
® 8274 Terminal Driver .

The system will run without hardware or software
configuration changes and can be reconfigured on a
standard system with at least 700K bytes of RAM.
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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 6. As shipped, the Human Interface supports
two users.

SPECIFICATIONS

Supported Software Products

R286ASM286 iRMX 286 Development Utilities
Package, including the iAPX 286
Builder, Binder, Librarian, Mapper,
Overlay Generator and Macro As-
sembler

R286PLM286 PL/M 286 Compiler

R286ASM86 iRMX 286 Development Ultilities
Package, including the iAPX 86 Link-
er, Locator, Macro Assembler, Ob-
ject to Hex Converter, and Librarian

R286EDI286 AEDIT 286 Screen-oriented Editor

The following products are also planned. Check lo-
cal Intel Sales offices for availability information.

e Mark Williams C 286 Compiler
e FORTRAN 286 Compiler

e Pascal 286 Compiler

e PL/M 86 Compiler

Supported Hardware Products

COMPONENTS

iAPX 286 Microprocessors (Native Mode)
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 Controlier

iSBC® MULTIBUS® BOARD AND
SYSTEM PRODUCTS

iSBC 286/10 Single Board Computer (Native Mode)
iSBC 286/10A Single Board Computer (Native
Mode)

iSBC 286/12 Single Board Computer (Native Mode)
iSBC 215G Winchester Disk Controller

iSBX 218A Flexible Diskette Multi-Module Controller
iSBX 251 Bubble Memory Multl-Module

iSBX 350 Parallel Port (Centromcs-type Pnnter Inter-
face)

iSBX 351 Serial Commumcatlons Port

SYSTEM 286/300 Family

AVAILABLE LITERATURE

The iRMX 286 Documentation Set is comprised of .
the following five volumes of reference manuals. Or-
der numbers are associated with these five volumes

onty.
iRMX 286 REFERENCE MANUAL FOR RELEASE 1
Order Number: 146693-001

iRMX 86 INTRODUCTION AND OPERATOR’S
REFERENCE MANUAL FOR RELEASE 6
Order Number: 146545-001

Introduction to the iRMX 86 Operating System
iRMX 86 Operator’s Manual
iRMX 86 Disk Verification Utility Reference Manual

iRMX 86 PROGRAMMER'S REFERENCE MANUAL
FOR RELEASE 6, PART |
Order Number: 146546-001

iRMX 86 Nucleus Reference Manual
iRMX 86 Basic I/0 System Reference Manual
iRMX 86 Extended 1/0 System Reference Manual

iRMX 86 PROGRAMMER’S REFERENCE
MANUAL FOR RELEASE 6, PART Il
Order Number: 146547-001

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

iRMX 86 Universal Development Interface Refer-
ence Manual

Guide to Writing Device Drivers for iRMX 86 and
iRMX 88 1/0 Systems

iRMX 86 Programming Techniques

iRMX 86 Terminal Handler Reference Manual
iRMX 86 Debugger Reference Manual

iRMX 86 System Debugger Reference Manual
iRMX 86 Crash Analyzer Reference Manual
iRMX 86 Bootstrap Loader Reference Manual

iRMX 86 INSTALLATION AND CONFIGURATION
GUIDE FOR RELEASE 6
Order Number: 146548-001

iRMX 86 Installation Guide

~ iRMX 86 Configuration Guide

Master Index for Release 6 of the |RMX 86
Operation System
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TRAINING COURSES

Intel offers training workshops related to the iRMX
Operating Systems, the PL/M high-level program-
ming language, and other microcomputer topics. An
advanced iRMX Application and Debug workshop
was announced in Spring 1985.

CUSTOMER SEMINARS

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

ORDERING INFORMATION

The iRMX 286 Operating System is available under
a number of different licensing options as noted
here. Reconfigurable object libraries are provided on
double density ISIS-formatted diskettes or on either
double density, single sided iRMX-formatted
8" diskettes, or double density, double sided, iRMX-
formatted 5.25" diskettes. ISIS-format diskettes
may be used on Intel Intellec Series Ill Development
Systems. The iRMX-format diskettes may be used
on any iRMX 286-based system supporting the an-
propriate compilers and development environment.
The 5.25” iRMX-formatted diskettes may be used
on the Intellec Series IV Development System.

The OEM license options listed here allow users to
incorporate the iRMX 286 Operating System into
their applications. Each use requires payment of an
Incorporation Fee:

Order Code Description

RMX286KITBRO: Double density 8” ISIS format
OEM license

RMX286KITERO: Double density, single sided 8”
iRMX-format OEM license for
use on iRMX 286-based environ-
ments

RMX286KITJRO: Double density, double sided

5.25" iRMX-format OEM license
for use on iRMX 286-based envi-
ronments or Intellec Series IV
Development Systems

Other licensing options include prepayment of all fu-
ture incorporation fees, single use rights for a single
machine, use at a second development site and the
right to make copies for additional development sys-
tems.

Each option includes 90 days of support service that
provides the quarterly iRMX 286 Technical Report,
Software Problem Report Service, and copies of
System Updates that occur during this period. All
initial licenses include a complete set of iRMX 286
Documentation. Service after this 90 day period is

available through Software Support Contracts.

As with all Intel software, purchase of 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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XENIX* NETWORKING SOFTWARE

MEMBER OF THE OpenNET PRODUCT FAMILY

m Transparent Network File Access m Runs under XENIX 3.0 on 2867310,
Allows Existing Applications to be 286/310AP and 286/310APEX
Distributed without Change m Supports OpenNET™ Hardware and

m Interoperation between iRMX™T™, XENIX Software
and MS/DOS* Based Systems overa - — ISXM™ 552 Ethernet COMMengine
Local Area Network (LAN). —iNA 960 Transport Software
— Interoperation between XEN!X and

Dos v [ | Supports File Server Applications

— Interoperation between XEN!X and
iRMX by Rel 2.0

" XENIX Networking software is a part of !ntel's OpenNET Product Family which provides transparent file
access between iRMX, /ENIX and MS/DOS systems across a LAN. Users can use local file systems com-
mands to read, write, open, ciose, etc. files residing at remote iRMX, MS/DOS and XENIX systems. The
XENIX Networking Software iinplements the upper layer protocols used by Microsoft Networks. Interoperation
among these systems is supported by Intel’s OpenNET LAN product line including the iSXM 552 Transport
Engine, iNA 961 (a preconfigured version of iNA 960 transport software) the iSBC® 186/51 COMMputer™
and the INATM 960 Transport software. Networked XENIX systems serve in a wide range of applications, such
as distributed data processing, development, scientific and engineering applications, and graphics. Below is a
diagram of the OpenNET.Local Area Network.

XENIX*
OPERATING SYSTEM

iIRMXTM
OPERATING SYSTEM

PC

231380-1

* 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. Information contained herein supersedes previously published specifications on these devices from Intel. December 1985
© Intel Corporation, 1986 350 Order Number: 231380-002
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XENIX—NETWORKING FUNCTIONAL
DESCRIPTION

The XENIX Networking software provides transpar-
ent remote file access capability through a file con-
sumer and a file server module. The consumer inter-
cepts file commands from the local user application
and transmits them across the LAN to the server at
a network system or node where the target file re-
sides. The server receives, interprets, and executes
the command acting as a user to its local file sys-
tem. The user has the option of configuring either or
both the consumer and server in his target system.

The XENIX Networking Software also includes a
name server which allows a logical name to be used
to refer to remote nodes instead of the physical LAN
address.

The capabilities allow XENIX systems to interoper-
ate over the LAN with RMX systems (with release
2.0) configured with RMX Networking software or
MS/DOS systems using Microsoft Networks. This in-
teroperation entails accessing data and loading pro-
grams through the network, sharing common serv-
ers, and communication between users.

The XENIX Networking Software requires the sup-
port of an underlying ISO 8073 compatible transport
service provided in the iNA 960 network software
running on the iSXM 552 Transport Engine. In terms
of the ISO OSI reference model, XENIX Networking

in conjunction with the transport service and Ether-
net hardware provides complete seven layer func-
tionality and serves as the fundamental building
block for the development of other services such as
mail and remote execution (see Figure 1).

TRANSPARENT REMOTE FILE
ACCESS

XENIX Networking provides transparent remote file
access at the application interface level. This means
that all XENIX 3.0 applications written using operat-
ing system file access commands can be used with-
out change in a networked environment where the
referenced files may reside at other nodes of the
network.

With the XENIX Networking software, the user (file
consumer) can transparently access files resident at
remote systems configured with XENIX or MS/DOS
file servers. While a XENIX file server supports re-
mote nodes configured with both XENIX and Micro-
soft Networks and file consumers. For a table show-
ing the combinations supported with the OpenNET
product line, please refer to Figure 2.

Transparent remote file access enables the user to
manipulate and use remote files as if they were lo-
cal. This capability is used for key network services,
such as mail, print server, and remote execution on
other XENIX nodes.

) XNX-NET
7 APPLICATION XENIX* NETWORKING
SOFTWARE
6 PRESENTATION
5 SESSION
iNA9G1 1SO TRANSPORT
4 TRANSPORT | ? SOFTWARE
3 NETWORK
2 DATA LINK ISXMTMs52
1 PHYSICAL J T ETHERNET COMMENGINE

231380-2

Figure 1. OpenNet™ Product Offerings
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Protocol | Supported
COnsqmer Server | Used in
" iIRMX™™ ‘iRMXT™ EXT. R1.0
iRMX™ XENIX* EXT. R2.0
XENIX* iRMX™™ EXT. R2.0
XENIX* XENIX EXT. R1.0
XENIX MS/DOS*| CORE R1.0
MS/DOS* | iRMX™ CORE R1.0
MS/DOS* | XENIX* CORE R1.0
MS/DOS* | MS/DOS* | CORE | MICROSOFT
NETWORKS

Figure 2. Interoperation.

NETWORK FILE ACCESS
PROTOCOLS :

File sharing among different operating systems
across the network is made possible through imple-
menting a common set of file access (or file sharing)
protocols under these operating systems. Network
file sharing protocols are a set of rules governing the
interaction between a file consumer and a file server
on the same local area network. The file access pro-
tocols used by the OpenNET product line were joint-
ly developed by Intel, Microsoft, and IBM.

Since the file systems of DOS, XENIX, and iRMX are
not identical, two protocol sets have devised to sup-
port transparency in the various server-consumer
combinations. The core protocols support transpar-
ent file access between a MS/DOS consumer and
-remote server. The “extended protocols” support
transparent file access between RMX and XENIX
nodes. The extended protocols contain the core pro-
tocols as a subset. See Figure 3 for an illustration.

The core and extended protocols are in public do-
main and can be implemented under other operating
systems, thus enabling a host of otherwise incom-
patible systems to share data resources and to com-
municate across the network.

EXTENDED NFA PROTOCOLS

(XENIX; IRMXTM
OPERATING SYSTEMS)

231380-3

Figure 3. Network File Access Protocols

NETWORK HIERARCHICAL FILE
SYSTEM

The file sharing protocols implemeted in a network
extend the file systems of the individual nodes into a
hierarchical file system. Within a network any user
can access each of the “public” files through a
unique path of the network directory. For an illustra-
tion of the latter, refer to Figure 4. Within a network
hierarchical file system the same access right op-
tions are available as under XENIX 3.0, that is a re-
mote file can be read only, written into or searched if
the requesting user has the appropriate permissions.

NODE 1

)

NETWORK

231380-4

Figure 4. Network Hierarchical File System
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USER APPLICATION

USER APPLICATION

XENIX* 3.0 OS

XENIX 3.0 0S

CONSUMERJ SERVER

CONSUMER I SERVER

ISXMTM552
RUNNING iNA961

ISXMTM552
RUNNING iNA961

ETHERNET

231380-5

Figure 5. XENIX Networking Consumer/Server

IMPLEMENTATION

The XENIX Networking software implements file ac-
cess across the network through enhancing the file
naming syntax. The logical name associated with a
remote system (or node) is appended by the user to
the path name of the required file. This nomencla-
ture is distinguished from normal path names by a
double slash (//). A similar technique is used for
MS/DOS and RMX.

//<node name>/ <path name

The standard XENIX 3.0 Operating System offered
by Intel detects remote file accesses. XENIX Net-
working consists of a consumer task and server
task. All local commands referencing remote files
are intercepted at the kernel level and are redirected
through the consumer software to the network.

The server software receives the command from the
network and forwards it to the local operating sys-
tem acting as a user for the local file system. For an
implementation block diagram see Figure 5.

The consumer includes a name server module
which is configured to run with the iNA 961 Trans-
port Software and is operating system independent.
The name server accesses a local file which keeps
track of valid node names and their physical LAN
address.

3-53

SYSTEM ENVI

The XENIX Networking software can be used on any
system running Intel’s XENIX 3.0. This includes the
286/310, 286/310AP and 286/310APEX systems.
Since networking “hooks” are already included in
the operating system nothing other than loading the
XENIX Networking software onto the local system is
necessary. Special network utilities are included for
building and maintaining the network configuration
files so that the network can be tailored to meet
each customers needs. o

The network supports a single community of users
which means that a user name is unique across the
network and therefore users can log-in at any sys-
tem on the network.

File security is provided by the standard XENIX 3.0
file protection of owner, group, and other access. A
local node can restrict local access for remote users
by allowing all, none, or a selected few remote
nodes.

USING XENIX NETWORKING

When the networking software and configuration
files are located in each node, all each node has to
do is start the consumer and/or start its server to
make its files available to other network systems to
start referencing remote files immediately. Each
node can talk to as many as 20 other nodes at
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the same time. This is dynamic and a node can
switch to any other nodes at any time as long as it
doesn’t exceed 20. This limit is only for consumer
tasks talking to server tasks and vice versa and in no
way limits the number of users at a node which can
have remote file access, i.e., all user requests from
a single node are multiplexed through a single
consumer.

The standard XENIX 3.0 mail works via XENIX Net-
working across the LAN as well as remote execution
on XENIX 3.0 systems via the AT command.

As a consumer to RMX servers there are a few limi-
tations to transparency, for example, the “LOCK”
and “LINK” XENIX commands are not supported
under RMX. As a file server to a RMX consumer,
XENIX Networking does provide full transparency.

SPECIFICATIONS

—Code size: —about 60 KB

plus 40 KB for buffers
—System requirements —XENIX 3.0

—iNA 961
— XENIX Networking along with the iNA 961 soft-
ware and the iSXM 552 have been qualified for
the 286/310-17, 286/310-41, and 286/380 sys-
tems.

ORDERING INFORMATION

XNX-NET-NSO Xenix Networking Software
(564" double sided, double
density) plus rights for eight
copies

XENIX Networking and iNA
961 Object Software (54"
double sided, double density)
plus rights for 8 copies
XENIX Networking and iNA
961 Object Software (54"
double sided, double density)
plus iSXM 552 Transport En-
gine for pass through use
XENIX Networking and iNA
961 Object Software (54"
double sided, double density)
plus license rights

Software Incorporation Fee
Machine Readable source
code for the XENIX Network-
ing Software. (5%," double
sided, double density)

iNA 961 Transport Software
plus license rights

Ethernet Transport Engine
plus one iNA 961 Software In-
corporation Fee

XENIX System 286/310-41
with Xenix Networking Soft-
ware, iNA961 Transport Soft-
ware and iSXM 552 Transport
Engine

Ethernet Transceiver Cable
Ethernet Transceiver
Ethernet Cable

Intellink TM

XNX-NET-961-NSU

XNX-NET-KIT-NRI

XNX-NET-RO

XNX-NET-RF
XNX-NET-NSR

iNA-961-RO

iSXM 552

SYS 310-41XN

iMDX 457
iMDX 3015
iMDX 3016-1
iDCM 911-1

Ethernet hardware and software for the IBM Person-
al Computer is available from Ungermann Bass, Inc.
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XENIX*

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
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Administration Services

iBASE — BASE
APPLICATION SOFTWARE
ENVIRONMENT

» Friendly, easy-to-use menus

» Menu-driven system and network
administration

» Platform for integrated and independently
provided application software

» Peripberal 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
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 automatic
reminder of future appointments.

File management. The file management 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



B 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 allocation. 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.

®_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 multiuser XENIX systems. The user
can convert database and spreadsheet files from stand-
ard PC formats (including Lotus 1-2-3, dBASE-II, and
Multiplan) to relational database formats during the
two-way file transfer. The package can be used in four
distinct modes: terminal emulation, local MS-DOS con-
trol, passthrough host sessions, and file transfer/trans-
form operations. The PC connection operates either
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 regi of Lotus D C
BASE 1i is a registered trademark of Ashton-Tate.
Multiplan and MS are trademarks of Microsoft Corporation.

iBASE Base Application Software Envxromnent obyect software and documentation

iMENU menu and forms development object software and documentation

XNXIBASEKRI
(includes iXTRACT)
XNXIMENUKRI
XNXIBPCKRI iBPC iBASE PC Extensions
DOSNETVTSKRI DOS-NET Virtual Terminal (formerly iPC)




iIRMX™ ¢ Industry-standard languages and

LANGUAGES 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

¢ Intel 8087 and 80287 math coprocessor
support

© 8086 and 80286 compatibility

© Worldwide post-sales service and
support organization

UNIVERSAL RUN-TIME

URI

©Intei Corporation, 1985 ‘ORDER NUMBER 230749-005
*XENIX is a trademark of Microsoft Corporation.
‘TUNIX s 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 same 1

Standardized REALMATH
Support

All the iRMX languages (except BASIC
and C) support the REALMATH floating
point standard. This ensures universal
consi 'y in numeric computation

=)

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 OMF 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 piler’s superior
ability to optimize code.

It is also possible to make iRMX
operating system calls directly. from..
FORTRAN, PASCAL and PL/M. This
means that application developers can
take full advantage of the iRMX multi-
tasking capability, whereby multiple
applications execute concurrently 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.

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, BIND

286 & 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.

OBJECT
CODE

+—
1
1
!
|

TARGET

iRMX 86 Pascal supports extensions,
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 medules 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

" UNIVERSAL RUN-TIME INTERFACE

URI

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 simplificd 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

code 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™ 86 C Compiler

The popular programming language C, is
fully supported on iRMX-based systems.
iRMX C offers both small and large

segmentation models, enabling applica-
tions to be written efficiently. The iRMX
C compilers combine assembly 1

(2

) efﬁgiency with high-level language con-

- e; it can p on a machine-
‘address level while maintaining the
power and speed of a structured
language. :

The iRMX 86 C compiler affords easy
portability of existing C programs to’
iRMX-based systems.

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.

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.

'l. ‘\\\\\39

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.

»
-
—_—
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Specifications

Required Hardware

® Any 8086/286 based or iSBC 86/286
based system including Intel’s System
86/300 and 286/300 family. In addi-
tion, object code from the 8086 com-
pilers will run on 8088 or 80186
based systems.

® 700KB of memory

o Two iRMX compatible floppy disks
or one hard disk

® One 8" single density or 5.25"
double-density floppy disk drive for
distribution of software

® System console device

Required Software
The iRMX 86 Operating System Release
6 or later including the Nucleus, Basic
1/0 System, Extended 1/O System and
Human Interface layers.

—or —
The iRMX 286 Operating System includ-
ing the Nucleus, Basic I/O System, Ex-
tended I/0 System and Human Interface.

Purchasing of any iRMX 86-resident
language requires signing of Intel’s Soft-
ware License Agreement (SLA). A soft-
ware license is shipped with each iRMX
286-resident language.

Data Sheets

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

® 80286 Compilers:

80286 Software Development Tools
(Intel order number 231665)

Ordering Information
iRMX 86 LANGUAGES iRMX 286 LANGUAGES

Language Order Code Language Order Code
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 R7R6 PT M 286
BASIC 86 RMX 865
Pascal 86 R86 PAS 86 ’
C 86 R86 C 86
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iRMX® 86
OPERATING
SYSTEM

o High-performance, real-time, multi-
tasking operating system for Intel’s
86/3xx and 286/3xx microcomputer
systems

o Highly configurable, modular structure
for easy system expansion

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

¢ Application software portable to next
generation of Intel VLSI

o Supported by Intel’s post-sales software

support organization

EXTENDED
1/0 SYSTEM

NUCLEUS

©INTEL CORPORATION, 1986

ORDER NUMBER 230751-005



The Total Solution for the
Real-Time Application OEM

Intel’s iRMX® 86 Operating System is

a real-time, multi-tasking, multiuser,
multiprogramming operating system
designed to support high performance,
time-critical applications such as factory
automation, industrial control and com-
munications networks. The iRMX 86
operating system serves as an optimized
event-driven executive for managing and
extending the resources of Intel’s System
86/3xx and 286/3xx series micro-
computers in real-time applications
where high speed and low interrupt
latency are required. Added performance
for demanding numeric-intensive tasks
comes from support of Intel’s floating
point math coprocessors.

Comprised of modular layers, Intel’s
iRMX 86 operating system is highly
configurable, allowing the OEM to
easily customize the system to meet the
needs of target applications. In addition,
the iRMX 86 operating system provides
OEMs with complete development
capabilities. It has system debuggers,
screen editors, utilities, and an Inter-
active Configuration Utility (ICU) —
everything the development engineer
needs to design and configure
efficiently.

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

Speed, the Name of the
Real-Time Game

In a real-time system the computer must
respond to interrupts instantly; time is
always at a premium. Intel’s iRMX 86
Operating System delivers superior
real-time performance, thanks to ultra-
fast context switching, task synchroniza-

makes possible the utilization of the
high-performance capabilities of Intel’s
80286 microprocessor for those
demanding high-speed application:

Tasks running on one board may
communicate with tasks running on
other boards by using dual-port
messages.

Overall system performance and flex-
ibility can be greatly enhanced by off-
loading the main CPU with such
intelligent I/O boards as Intel’s serial
communication controllers, digital con-
troller or Ethernet communications
controller.

Modular Software for
Versatile, Easy Configuration

The iRMX 86 Operating Systems

Further accelerating processing power in
number-crunching and floating point
math applications is the iRMX 86
Operating System’s support of Intel’s
math coprocessors.

Our 8087 numeric data processor in our
iRMX 86-based systems can perform
floating point operations four times
faster than competitive minicomputers
with hardware math processors. For
even greater performance. OEMs can
select the 80286 and the 80287
coprocessor working in tandem in the
iRMX 86 system.

The superior price/performance ratio
that results from combining Intel’s
iRMX 86 Operating System and the
System 3xx family makes the choice
clear: a more competitive Intel micro-
based system over a more expensive
minicomputer-based system.

Add More Processors for
More Power, More Speed

Need still more micro-muscle in your
application? In an iRMX 86-based

system, additional intelligent boards can 3

be added to enhance system throughp

With the MULTIBUS 11, the iRMX 86

tion and memory-based ge | 4
The iRMX 86 Operating System
manages the resources of the

System 286/3xx series microcomputer in
real-address mode. iRMX 86 software

Operating system supports a loosely-
coupled multiprocessing environment.

hipped with Intel’s 86/3xx and 286/3xx
hardware systems are preconfigured at
the factory to support a standard board
set; however, the OEM can additionally
configure or extend the operating system
to meet specific needs.

EXTENDED
/O SYSTEM

" MULTITERMIN
MULT-USER

HUMAN
INTERFACE

USER APPLICA]
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Intel’s iRMX 86 Operating System is
configurable by system layer and by
system. call within each layer, Such
flexibility gives designers the ability to
choose software features that best suit
their application’s size and functional
requirements. The iRMX 86 Operating
System also includes I/O drivers for
many of Intel’s MULTIBUS I and
MULTIBUS 1I boards and. industry-

BASIC

1/0 SYSTEM
APPLICATION
LOADER

standard peripherals. You simply select
the ones you need. '

The Interactive Configuration Utility
(ICU) is a built-in facility for assisting
the OEM in the configuration process.
The ICU prompts the user for system
par and requi then
builds a command file to compile, as-
semble, link, and locate necessary files.

The net results for the OEM: fast, easy
system configuration with quick time-
to-matket benefits.

For customizing and extending your
iRMX 86 system, Intel has provided all
the “hooks” necessary to make the job
easy. The iRMX 86 Operating System
contains extendability features that en-
able the OEM to add custom operating
system calls, custom features, and cus-
tom functionality to his application—at
any time in the appilcation’s life. The
ability to add functions late in a prod-
uct’s life is key to an OEM s competitive
edge in a fast-changing market.

iRMX® 86 Operating system
Has All the Furidamentals,
Too!

In addition to multiprocessing, Intel’s
iRMX 86 Operating System has all the
basics you would expect to find in a
minicomputer operating system. . .
capabilities such as multitasking,
multiprogramming, and multiterminal
support.

Multitasking requires a method of
managing the different processes
of an application and for allowing
these processes to communicate
with each other. The iRMX 86
Nucleus provides these facilities
plus task scheduling. The Basic
1/0 System provides users with
the system calls for direct man-
agement of 1/0 devices needed
for real-time applications. The
Extended I/O Systém adds a
ber of I/O :
capabilities to simplify access to
files, such as automatic buffering

NVHIHOA

and synchronization of I/O requests.

The Human Interface functions give
users and applications simple access to
the file and system management capa-
bilities. Using the multiterminal support
provided by the Basic I/O system, the
Human Interface can support several
simultaneous users. For example,
multi-terminal support allows one per-
son to use the iRMX 86 Editor, while
another compiles a FORTRAN or Pascal
program, while several others load and
access applications.

On-Target Development:
One System Does It All

The beauty of Intel systems lies in their
flexibility. Engineers developing an
iRMX 86-based target system can use
the same iRMX 86-based system in the
development process; the development
and target systems are one in the same.
The bottom-line benefit is low entry-
level costs for the OEM.

On-target development contributes im-
measurably to a shorter development
curve and decreased time-to-market,
since it isnt necessary to purchase and
learn separate development systems.
With Intel’s iRMX 86-based system,
one system does it all.

Tap into a Wide Range of
Languages and Utilities

An Intel iRMX 86-based system sup-
ports many industry-standard and widely
available languages: FORTRAN 77,
Pascal (ISO Draft Standard) and PL/M
compilers; Intel Assemblers, and popu-
lar independent vendor products, such as
Microsoft’s BASIC and Mark Williams’
C compiler.

The iRMX 86 Operating System also
has a menu-driven, screen-oriented text
editor and a variety.of utilities for




manipulating object code to facilitate \

the development process.

Multiple-language support is made
possible by a set of systems calls known

8

as the Universal Development Interface
(UDI) which enables the iRMX 86 sys-
tem to interface with many compilers
and language translators. UDI ensures
that users will be able to transport appli-
cations to future releases of the iRMX
86 Operating System as well as use lan-
guage and utilities of other software
vendors that support UDI. (For more
information on Intel iRMX languages,
see the iRMX Langauges Fact Sheet.)

Intel’'s Open Systems
Approach Means Freedom
to Grow

At Intel, we believe that systems need to

expand in order to meet the needs of a
changing market; and that is how we
design our products.

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

Intel’s iRMX 86 Operating System is
built from the inside-out with industry
standards: UDI (Universal Development
Interface), RTI (Runtime Interface),
MULTIBUS System Bus (IEEE 796),
Ethernet (IEEE 802.3) extended math
format (IEEE P754), and industry-
standard peripheral device interfaces.

An OEM who builds his product around
one of Intel’s iRMX 86-board systems is
assured of multi-vendor hardware/
software alternatives and a future up-
grade path. In today s highly competi-
tive markets, that is the only kind of
system to build.

Today, you’ll have the ability to tap into
readily available application software
packages, languages, and utilities,
MULTIBUS boards, and peripherals.
Tomorrow, you will be able to tap into
the latest, high-performance VLSI with-
out sacrificing today’s software invest-
ment. Applications written on iRMX 86
will run on Intel’s 8086, 8088, 80186,
80188 and 80286 (Real Address Mode)
based systems.

Not to be forgotten are the advantages of
starting from the systems level to begin
with. Intel has invested hundreds of
man-years in software and hardware de-
velopment for its systems products. For
the OEM trying to meet a market win-
dow, time-to-market is much faster
when starting with a system instead of
boards or components. It makes good
business sense to let Intel provide the
“‘micro- engine”’, so you can concentrate
on your area of expertise and get to mar-
ket sooner!

Worldwide Service and
Support

The iRMX 86 Operating System is a
mature proven product with thousands
of installations at the componet, board
and systems level. Post-sales software
support is available to Intel iRMX 86
Operating System OEMs in the form of
software updates and routine systems
software maintenance. Software support

is extendable in one-year increments
after the initial 90-day support period.
Technical Information Phone Service is
available separately to customers needing
quick regional software support. All
software is completely documented, and
users receive monthly technical reports,
newsletters and access to the iRMX 86
Users Group (iRUG) and software
libraries.

iRMX 86 users can also take advantage
of Intel’s worldwide staff of trained
hardware and software engineers for
application design assistance. We offer
complete training for operating system
software and associated system
hardware, bringing OEM s up to speed
and helping get their products to market
quickly.

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

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

Intel’s technology leadership has, by
necessity, extended from micro-
processors into operating system
software. The iRMX 86 system is rec-
ognized as one of the industry s leading
real-time VLSI operating systems.

OEMs can enhance their product’s mar-
ketability by leveraging their value-
added on top of the solid foundation of
an iRMX 86-based Intel Series 3xx
microcomputer system. Intel’s solution
offers the most price/performance with
the least risk to progressive OEMs.. . .
because we know the real-time game
from the inside out.

»
-
]
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Specifications

Supported Software Products

iRMX 860 iRMX 86 Development
Utilities Package
including the 8086 and
88 Linker, Locator,
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 TX Screen-Oriented
Editor

iRMX 865 BAS!C Interpreter

iRMX 866 C Compiler

~ Supported Hardware Products
iSBC® MULTIBUS® Products

iSBC 86/12A, 86/05 86/14, 86/30, "
5, 88/25 and 88/40
Slngle Board Computers

iSBC 186/03  Single Board Computer

iSBC 186/51  Ethernet Controller

iSBC188/48,  188/56, 546, 547, 548
Communications
Controller

) iSBC 186/224 Disk Contro{ler
iSBC 286/10," 286/12, 286/20, 286/100
-+ Single Board Computers
_(Real Address Mode
only)

iSBC 204
iSBC 206
iSBC 208
iSBC 214
iSBC 215(G)
iSBC 217C
iSBC 220
iSBC 226

iSBX 251
iSBC 254,

iSBC 534

" ISBC 544

iSBX 218(A)
iSBX 350

iSBX 351

iSBX 270

Flexible Disk Controller
Hard Disk Controller
Flexible Disk Controller-

* Multi-Math-Peripheral

Controller
Winchester Disk

* Controller

Tape Controller

SMD Disk Controller
SMD Disk Controller
Bubble Memory System
264 Bubble Memory
System

4-Channel Terminal
Interface

Intelligent 4-Channel
Terminal Interface and

_Controller

Flexible Disk Controller

Parallel Port (Centronix-
type Printer Interface)

Serial Communications
Port

- CRT, Light Pen and

Keyboard Interface

System 86/3xx Family
System 286/3xx Family

Available Literature

The iRMX 86 Documentation Set -

consists of the following five volumes of
reference manuals. Order numbers are
associated with these five volumes only.

Volume 1: iRMX 86 Operating System
User's Guides (Order Number
148001-001)

Volume 2: iRMX 86 System Calls (Order
Number 148002-0071)

Volume 3: iRMX, 86 Operating System
Utilities (Order Number 148003-001)

Volume 4: iRMX 86 Installation and
Programmer’s Guides (Order Number
148004-001)

Volume 5: iRMX 86 Interactive .
Configuration Utility Reference (Order
Number 148005-001)

Entlre Set: (All volumes and binders)
(Order Number 148000-001)

System Layer

Bootstrap Loader
Nucleus '
BIOS

Application Loader

Human lnterface
uDI

Terminal Handler
Debugger

Human Interface Commands
Interactive Configuration Utility

System 86/300 Memory:

Maximum Adressable Memory:
Minimum Memory Required with ICU Loaded: 512KB

iRMX® 86 Configuration Size Chart

Min. ROMable Max. Data
Size Size Size
1K 15K 6K*

105K 24K 2K
26K 78K 1K
4K 10K 2K
105K 125K 1K
22K 22K 15K
8K 8K 0
3K 3K 03K
285K 285K 1K
116K
308K

384KB
1MB

*Usable by System after Bootloading: S




intel

Ordering Information

Each iRMX operating system includes four startup systems
supporting Intel’s System 300 standard hardware and Intel
processor boards. Intel System customers also receive the 8086
Assembler, Linker, Locator, Libraries, Editor, Utilities, the
PL/M 86 and the AEDIT screen editor. Also included: Software
Problem Reporting Service (SPR), and a 90 day System Soft-
ware Subscription (new s/w release updates). Also includes
System Software documentation. '

Refer to Intel's OEM price list, OEM Microcomputer System section, for
ordering information.

As with all Intel software, purchase of the iRMX 86 Operating System
requires the execution of a standard Intel Software License Agreement.
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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 ement 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 update 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
on-line 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.
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8 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

iplan is a regi of Microsoft C

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 iBASE Base Application Software Environment object software and documentation
} (includes iXTRACT)
XNXIDBKRI iDB relational database management and report writer object software and
documentation
XNXITWORDKRI iWORD word processor object software and documentation
XNXIDESKKRI iDESK desktop organization utilities object software and documentation
XNXIPLANKRI iPLAN spreadsheet object software and documentation
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XENIX"*
'LANGUAGES

¢ COBOL, BASIC, FORTRAN and
PL/M support for XENIX-based systems
 Conformation to international
standards: ANSI 77 subset FORTRAN,
ANSI X3.231974 COBOL to Federal
High Level and ANSI X3.60—1978
subset BASIC
® Powerful microcomputer extensions to
ANSI standards
o Easy porting of mainframe and
minicomputer applications to micro
environment i
® Intel 80287 math coprocessor support
in FORTRAN
® Worldwide service and support
organization )

COBOL FO

mAL A

FORTRAN CO#H
ORTRAN COB(
RTRAN COBOL
TRAN COBOL
RAN COBOL F
AN COBOL FO

3

N

©INTEL CORPORATION 1986
*XENIX is a trademark of Microsoft Corporation

ORDER NUMBER: 230750-005
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High-level Language
Support for XENIX-Based
Systems

Intel’s XENIX operating system,
available for component, board, or
system-level integration, is a multi-user
operating system well suited for both
technical and commercial interactive
applications. Typical applications
include small business systems, software
development/engineering workstations,
distributed data processing and
graphics.

For OEM and end-user application
development on XENIX, Intel has pro-
vided four industry-standard, high-level
languages — FORTRAN, COBOL,
PL/M and BASIC — with which to
build microcomputer-based solutions for
systems .products. or component and
board-level applications. XENIX
BAISC, PL/M, FORTRAN and
COBOL accommodate easy porting of
existing mainframe and mini-based
applications to the micro environment.

XENIX FORTRAN for
Scientific and Technical
Applications

FOKTKAN 1s the most popular pro-
gramming language for scientific and
numerical applications. There are
thousands of existing FORTRAN pro-
grams and subroutines written in main-
frame and microcomputer environments,
most of which can be ported to a micro
environment via Intel’s FORTRAN.

Compliance with the 1977 ANSI
standard for FORTRAN at the subset
level ensures portability with minimal
source sode modifications. By moving
to a microcomputer-based system, you
lose none of your mainframe and mini-
- developed software investment.

Speed and Accuracy
Where They’re Needed

Scientific, math-oriented applications
usually require fast, highly accurate

processing. XENIX FORTRAN delivers
" accuracy with double-precision
arithmetic which handles numbers con-
taining 15 significant digits.

High speed results from XENIX
FORTRAN support of the Intel 80287
floating point coprocessor, as well as
from an extensive subroutine library,
which includes subroutines for 16- and
32-bit integer arithmetic and 32- and
64-bit floating point arithmetic. Because
of XENIX FORTRAN’s 80287 math
COprocessor support, some programs
written in XENIX FORTRAN will exe-
cute from two to four times faster than
their minicomputer counterparts. The
product also inlcudes the CMO-286
object module format converter.

[
FORTRAN COB
RTRAN CO[™™
RAN COB
N COBOL
OBOL FO
OL FORT

XENIX COBOL for
the Micro Environment

Intel’s offering of Microfocus COBOL
is a mainframe-caliber compiler for
ANSI 1974 COBOL programs, enabling
XENIX-based systems to compile and
run existing COBOL programs with

NO
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I source code modification.
XENIX COBOL also contains features
specifically aimed at facilitating the
interactive program development of new
applications in a microcomputer
environment.

These features include a facility for
dynamically loading sub-programs from
disk as required which effectively
removes limits on the size of the appli-
cation code that can be run. XENIX
COBOL augments the functionality of
the ANSI standard with additional com-
piler features, such as interactive
screen-handling, that further increase
convenience and programmer
productivity.




Users can license a separate run-time
support package. This enables OEMs to
pass COBOL applications on to cus-
tomers at a much lower cost than that
involved in transferring full COBOL
packages.

XENIX COBOL is one of only eleven
COBOL compilers in existence — and
the only one for microcomputers — that
has been GSA-certified as error-free at
the High Level. A special ANSI-defined
communications module provides the
user with a standfard mechanism for
program-to-program message-passing in
multi-user networks such as those found
in an “office of the future” setting.

Forms-2™ Support for
Screen-Painting

XENIX COBOL supports FORMS-2, a
powerful visual programming tool that

speeds the creation of programs involv-
ing interactive screen-handling. In an

extremely user-friendly environment,
the user “paints” a form on the screen,
and FORMS-2 generates the COBOL
source code to support it. FORMS-2
results in greatly improved programmer
productivity in a microcomputer,
screen-building environment.

XENIX BASIC for Maximum
Flexibility

Intel’s offering of Microsoft BASIC
opens a whole window of applications
to the XENIX user. Since their BASIC
is the same as that used on MS-DOS*
based machines, most programs written
for MS-DOS can now run on XENIX
unchanged. When developing your own
programs, BASIC is simple and easy
for quick prototyping, yet complete
enough for total development. Conform-
ing to the ANSI X3.60 1978 subset
standard, BASIC also has powerful
extensions, 16 significant digit Double
Precision floating point arithmetic, and
assembly languages routine calling
capabilities. From using applications to
designing your own programs BASIC is
easy, complete, and extremely flexible.

and Support

All XENIX systems are fully supported
by Intel’s worldwide staff of trained
hardware and software engineers. Com-
plete documentation is provided for all
operating sysems and application soft-
ware languages, as well as for system
hardware components. The XENIX and

XENIX Languages warranty includes

Hotline support, Software Updates, and
Subscription Service.

* XENIX PL/M for Systems

Programming

PL/M is an advanced, structured, high-
level systems programming language.
PL/M was the first high-level language
written for microprocessors. It was
created specifically for software
development under the 8086 architec-

*MS-DOS is a trademark of Microsoft Inc.

ture and to support program modularity
in a manner that makes managing large
or small development projects-easier
and programs more readable and main-
tainable. Its object modules are com-
patible with modules generated by all
other 8086 compilers and assemblers.
PL/M 286 also includes the CMO-286
object module format converter for
native XENIX modules.

PL/M is a cost-effective alternative to

A progr for

4 y languag g 3
high-performance system software. Pro-
grams written in PL/M are largely self-
documenting due to the fact that
program statements naturally express
program algorithms, and substantially
fewer PL/M statements are necessary
for a given application requirement than
are required for assembly or machine
code-level programs. Thus, initial
development costs as well as ongoing
maintenance costs are minimized. Four
levels of optimization are offered with
PL/M compilers to further enhance its
efficiency and performance. PL/M is an
easy-to-learn, block-structured language
which has been highly optimized for
the 80286 architecture and provides
one of the most powerful system soft- .
ware development and management
environments available for any micro-
processor today.

Total Solutions for
Interactive, Multi-
User Applications

Intel’s XENIX-based systems offer the
most complete solutions for interactive,
multi-user applications requiring fast,
accurate throughput and a friendly pro-
gramming environment. XENIX is
complemented by industry-standard,
high-level languages with which OEMs
can create flexible and open end-user
systems.

XENIX languages are completely port-
able — from one level of integration to
another (chip to board to system).

Intel is paving the way into the future
of VLSI and pioneering VLSI-based
systems. We are committed to providing
customers with smooth, uninterrupted
application development on the latest
VLSI-based systems — today and
tomorrow.

IIIFssaImaNN XENIX LANGUAGES
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Specifications
Required Hardware: Required Software:
* Any 80286 based or iSBC 286 * Intel’s XENIX 286 3.0 Operating System

based system including Intel’s © Purchase of any Xenix Language
286/300 family requires signing of Intel’s Softwae
® 196 KB memory License Agreement (SLA)
* Two floppy disks or one hard disk
* One 8" double-density or 5.25"
double-density floppy disk drive for
distribution of media

Ordering Information

Language Order Code Product Contents Warranty
COBOL XNX 2867 Three 5.25" diskettes 90 days:
Level I COBOL Language Reference Software Updates, Subscription Service

Manual — 122158
Level II COBOL Operating
Guide — 122159
Forms II Utility Manual — 122160
Level II COBOL Pocket Guide — 122161

XNX 2868 Incorporation Fee for passing through the
COBOL Runtime System
BORTR AN NM28€E0R28E Tour 5.25 "disketics 50 Gays:
Fortran Reference Manual Software Updates, Subscription Service
Fortran User’s Guide
BASIC XNX 2865 One 8" diskette and one 5.25" diskette 90 days:
BASIC Reference Manual Software Updates, Subscription Service
BASIC User’s Guide
PL/M X286PLM286 Two 5.25” diskettes 90 days:
PL/M 286 User’s Guide Software Updates, Subscription Service

FORMS-2 is a trademark of Micro Focus.
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W POWERFUL, PORTABLE, FLEXIBLE

Intel 286 XENIX is the highest performance UNIX 286

available. XENIX, UNIX and DOS* applications can be -

ported quickly and all system elements are user configu-
rable. Over 200 utilities support a rich, Open System
environment.

B INTEL XENIX ... THE MOST CONFIGURABLE

Intel XENIX supports a 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.

B NETWORK AND HOST COMMUNICATION

Intel XENIX supports OpenNET ™. OpenNET’s Network
File Access is compatible with Microsoft’s MS* NET and
IBM’s PC Networks Program and is a powerful superset.
System resources and the processing power of XENIX
286 can be shared among PCs and terminal users over
the network. Extensive mail facilities are supported
across an OpenNET network. Intel XENIX also supports
all popular host communication protocols sold directly
by Intel or by third-party suppliers.

B A LARGE SOFTWARE BASE

Intel XENIX supports a broad range of application and
system software. Programs for business data processing,

"XENIX AND MS ARE REGISTERED TRADEMARKS OF MICROSOFT CORPORATION
FUNIX IS A REGISTERED TRADEMARK OF AT&T
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XENIX*
OPERATING
SYSTEM

» Industry standard multiuser,
multi-tasking operating system

» Licensed version of the UNIXY
operating system optimized for
the 80286 processor

» Extensive commercial and
Dperformance enbancements

» Configurable for specific
applications and requirements

» Muitiple 80286 processor support
» Supported by Intel’s worldwide
software support organizations

scientific and engineering applications, communication,
database management, word processing, graphics and
many more are available from Intel and third-party sup-
pliers. A complete set of ing languages are
also available, in addition to the C compiler included
with the system.

B _MULTIPLE 286 PROCESSOR SUPPORT

Up to four 80286/287 processor and memory subsys-
tems can be transparently configured into your Intel
XENIX system. CPU-intensive and application code
intensive environments can benefit from this significant
boost in system processing power. The addition of APEX
CPUs is totally transparent to applications and users.

B _FAST FLOATING POINT PROCESSING

XENIX offers complete support for the 80287 numeric
coprocessor, which implements the IEEE floating point
standard.

B COMPLETE SOFTWARE SUPPORT

A range of software support services are available for
XENIX 286 from Intel. The XENIX warranty includes 90
days of support. Software support contracts are available
to provide ongoing software updates, hotline services,
troubleshooting guides, a technical newsletter and soft-
ware consulting services.

JUNE 1986
‘ORDER NUMBER: 270221-001



TECHNICAL SPECIFICATIONS

System Configurations 286/310 and 311

1-9MB RAM, Single 80286 processor

2-16MB RAM, Multiple 286 processors

40-560MB ST506 Winchester Disk Storage

320KB Floppy Disk

6OMB Cartridge Tape

OpenNET LAN

Host Communications

Multiple Modems, Terminals, PCs and Printers are supported.
MULTIBUS ® system architecture is the standard (IEEE 796 ) system bus supported by XENIX 286. It supports many
special-purpose Intel boards and a multitude of third-party MULTIBUS boards can be configured into the operating
system.
iLBX, the local memory bus, is an Intel innovation and extension of the MULTIBUS standard. It significantly
increases system throughput.
Automatic disk recovery is an improvement of the UNIX file system that supports automatic recovery of the file
system in the event of unexpected or improper system shutdown.
Three standard editors are provided: vi, the Visual editor, which is a screen-oriented editor; sed, a stream editor; and
ed, a line editor.
MS-DOS/PC-DOS File Access and Transfer are supported with doscat, doscp, dosdir, dosls, dosld, dosrm, dosmkdir
and dosrmdir commands.
Intel XENIX and OpenNET support a broad range of PC applications services and resource sharing.
Intel XENIX system software is completely configurable. The kernel can he tuned for specific annlication reqnire-
ments and all system and buffer parameters may be set independently.
Four command shells and a business menu system are available: the CShell, RShell, Visual Shell and the Bourne Shell,
plus Intel’s iBASE option. iBASE is a menu-driven, user-friendly interface for multiple integrated applications.
Complete documentation is available. Full installation, configuration, maintenance and user documentation is
provided in two sets: a basic set of seven volumes serving all users and a development documentation set serving the
program developer.
Software development tools for the 80286 and 80386 processors are supported by the Intel XENIX 286 environ-
ment. High-level languages, assemblers, debugging tools and many development utilities are available.

ORDERING INFORMATION

XNX286CTR3.4 Basic and Extended (for development) system software. 1" Cartridge tape media.
XNX286KR3.4 Same as above. 5'%” flexible disk media.
XNX286HR3.4 Same as above. 8” flexible disk media.

XNX286DOCAR43.4 Basic documentation: XENIX 286 Overview, System Administrator’s Guide, User’s Guide,
Command Reference Manual, Communication Guide, Visual Shell User’s Guide (Installa-
tion and Configuration Guide included in System Software package).

XNX286DOCBR3.4  Development documentation for the Extended System: XENIX 28 Programmer’s Guide, C
Library Guide, Device Driver Guide, Text Formating Guide.

XNX286RI3.4 Incorporation license code.
XNX286RF3.4 Incorporation unit code for complete (basic and extended) system software.
XNX286RTF3.4 Incorporation unit code for XENIX runtime (basic) system software
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Application Services
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Aecess Mno/ogy, Inc.

XENIX' 286
APPLICATION AND
DEVELOPMENT

3
3
o
[
PO i | SOFTWARE
(2]
| g]! = [J2  MICROSOFT. § m | |
© % 2 55 CLNICAL DATADESGN 8 /‘m » Choice of packages in most application areas
2N o g ’
% g g‘ Eﬂ@'m = "él > Choice of application development tools
g i § %:ﬁ s » Major software packages available directly
g A z Omtool £ 9 Jfrom Intel
g 222(% RHODNIUS 8 g » Worldwide support available for many
5 CONETIC SYSTEMS INC. 2 software packages
SOFTWAREZEEXPRESS & |
CATEGORY PRODUCT NAME VENDOR
Accounting MCBA Accounting MCBA
BACS Accounting American Business Systems
Conetic Accounting Conetic Systems
Thoroughbred Accounting Concept Omega

Application Tools

Communications

Database Management

Graphics

© INTEL CORPORATION, 1986

“XENIX IS A REGISTERED TRADEMARK OF MICROSOFT CORPORATION

Open Systems Accounting
MBSI RealWorld Accounting

APPGEN Application Generator
APPGEN Query Language
*iMENU

Fusion

C-ISAM

File IT!
‘Informix
Informix SQL
C/Tools
*iDB(Mistress)
MDBS III

Unify

ZIM

*PBG200

*PBG Subroutine Libraries
*High Tech Business Graphics
GraphHopper

Grafsman
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Open Systems
Megascore

Software Express
Software Express
Intel

Network Research Company

Relational Database Systems
Relational Database Systems
Relational Database Systems
Relational Database Systems
Conetic Systems

Intel )

Micro Data Base Systems
Unify

Zanthe

Pacific Basin Graphics
Pacific Basin Graphics
High Tech Marketing
Data Business Vision
Southwind Software

JUNE, 1986
ORDER NUMBER: 2701 28-002



CATEGORY PRODUCT NAME

Languages *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 Manufacturing Control Systems

‘ ProfitKey
Medical MDX

Office Automation *iWORD
*Q-Office
R Office
Lex86
Sofgram
CrystalWriter
“Lyrix

Personnel Personnel Searcher
Project Management VUE

Publishing Circulation Management
SofType

‘Spreadsheet *iPLAN (Multiplan)
20/20
UltraCalc

* Available Directly from Intel
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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
UX Software
R/L Group

Micro Manufacturing
ProfitKey International

Clinical Data Design

Intel

Quadratron

R Systems

SofTest

SofTest

Syntactics

Santa Cruz Operation

NMI
Natijonal Information Systems

NMI
SofTest

Intel
Access Technology
Olympus Software
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iSBC® 80/10B
SINGLE BOARD COMPUTER
m 8080A CPU Used as Central Processing m Programmable Synchronous/
Unit Asynchronous Communications
m One iSBX™ Bus Connector for iSBXT™ Interface with Selectable _nszazc 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
" g?‘f: en;:r::;r;’p to 16K Bytes of Read Interrupt Control Logic for RAM
Battery Backup
m 48 Programmable Parallel I/0 Lines 1.04 Milli d Int | Ti
with Sockets for Interchangeable Line m 1.04 Millisecond Interval Timer
Drivers and Terminators m Limited Master MULTIBUS® Interface

The Intel® iSBC 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, I/0 ports and drivers, serial communications interface, bus control logic, and drivers all reside on the
board.

@

280217-1

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. October 1986
© intel Corporation, 1986 4-1 Order Number: 280217-001
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iSBC® 80/10B COMPUTER R

. 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. .

iSBXT Bus MULTIMODULETM Board
Expansion

The new iSBX bus interface brings an entirely new
dimension to system design offering incremental on-
board expansion with small iSBX 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 1/0 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 .1/0 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 /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 floatmg point math MUL-
TIMODULE board.

The iSBX board is a logical extension of the on-
board programmable 1/O and is accessed by the
iSBC 80/10B single board computer as common |/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.

USER DESIGNATED
ISBX MULTIMODULE
BOARD

ISBX BUS
INTERFACE
————— —_————

DESIGNATED
PERIPHERALS

48 PROGRAMMABLE
PARALLEL 1/O LINES

1.04 MSEC
INTERVAL
TIMER

DRIVER/ is8X BUS
MULTIMODULE

INTERFACE CONNECTOR

RS232C
COMPATIBLE
DEVICE v
SERIAL SERIAL
DATA/CONTROL . DATA/CONTROL
INTERFACE INTERFACE
BAUD RATE
RS232C Ty SELECTOR
INTERFACE INTERFACE (JUMPERS)
N S

JUMPER

YT SELECTED

1
1}
1
1
!
1
TERMINATOR H
1
1
1
1
1

i

AN

S

INTERRUPT SELECTOR
(JUMPERS)

'l' |

16K x 8 WxoRAM: | PROGRAMMABLE i " soeiA N PROGRAMMABLE
ROM/EPROM (socx:n 10 | COMMUNICATIONS s PERIPHERAL
(SOCKETS) ¢« | INTERFACE (uSM“’) INTERFACES
{\ ON-BOARD SYSTEM BUS
1

MULTIBUS
INTERFACE

\/

<

MULTIBUS® SYSTEM BUS

—>
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Figure 1.iSBC® 80/10B Single Board Computer Biock Diagram
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Inter '~ 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 1/0 Interface

The iSBC 80/10B board contains 48 programmable
parallel I/0 lines implemented using two Intel 8255A
programmable peripheral interfaces. The system
software is used to configure the 170 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/0 configura-
tions, sockets are provided for interchangeable 1/0
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 |/0 lines and signal ground lines are
brought out to two 50-pin edge connectors that mate
with flat cable or round cable.

Serial 1/0 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 "g:f::: | Latched ";:f::: o
1 8 X X X X X
2 8 X X X X
3 8 X X X
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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iSBC® 80/10B COMPUTER

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.

I‘nterrupt 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 I/0O edge connector. One.

jumper selectable interrupt request may be inter-
faced to the power-fail interrupt control logic. One
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 384¢.

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 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 170 connec-
tor. The timer output is jumper selectable to the pro-
grammable parallel interface, the parallel 1/0 con-
nector (J1), or directly to the 8080A CPU.

MULTIBUS® System
Expansion Capabilities

‘Memory and 1/0 capacity may be expanded and ad-

ditional functions added using Intel MULTIBUST™
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 1/0
expansion boards. In addition, the iSBC 80/10B
board performs as a limited bus master in that it
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.

System Dévelopm‘ent Capability

. The development cycle of iISBC 80/10B-based prod-

ucts may be significantly reduced using Intel’s sys-
tem development tools available today. For those
not requiring hardware emulation capability, Intel
provides a new low cost microcomputer develop-
ment ‘system. The iPDS, Personal Development Sys-
tem, provides low cost system development for the
iSBC 80/10B board, while at the same time provid-
ing personal computer capability for the engineer.
The Intellec® Series Il family of compatible micro-
computer development systems provides a range of

"capability from a low cost disk-based edit debug

workstation to a high performance, fully compatible
hard-disk-based software development system. A
unique in-circuit emulator (ICE-80) option provides
the capability of developing and debugging software
directly on the iSBC 80/10B.
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Programming Capability

PL/M-80—Intel’s high level programming language.
PL/M, is also available as a resident Intellec micro-
computer development system option. PL/M pro-
vides the capability to program in a natural, algorith-
mic language and eliminates the need to manage
register usage or allocate memory. PL/M programs
can be written in a much shorter time than assembly
language programs for a given application.

FORTRAN-80—For applications requiring computa-
tional and formatted 1/0O capabilities, the ANSI 77
standard high level FORTRAN-80 programming lan-
guage is available as a resident option of the Intellec
system. The FORTRAN compiler produces relocat-
able object code that may be easily linked with
PL/M or assembly language program modules. In
addition, the iISBC 801 FORTRAN-80 run-time pack-
age is a complete, ready-to-use set of linkable ob-
ject modules which are fully compatible with iRMX
80 systems. The modules, when combined with the
FORTRAN-80 coded application, provide the appro-
priate interfaces to the disk file and terminal 1/0 of
iRMX 80, and to the iSBC 310A Math Unit for appli-
cations requiring high speed math.

BASIC-80—A high level language interpreter is
available with extended disk capabilities which oper-
ates under the iRMX 80 Real-Time Multitasking Ex-
ecutive and translates BASIC-80 source programs
into an internally executable form. This language in-
terpreter, provided as a set of linkable object mod-
ules, is ideally suited to the OEM who requires a
pass through programming language. The BASIC-80
programs may be created, stored, and interpreted
on the iSBC 80 based systems using the iSBC 802
BASIC-80 Configurable iRMX 80 Disk-Based Inter-
preter. The iSBC 802 Interpreter has a complete
ready-to-use set of linkable object modules which
are fully compatible with Intel’s iRMX 80 Real-Time
Multitasking Executive Software. The modules pro-
vide interfaces to disk file and terminal 170, software
floating point, or interface to other routines provided
by the user.

SPECIFICATIONS

Word Size

Instruction: 8, 16, or 24 bits
Data: 8 bits

Cycle Time
Basic Instruction Cycle: 1.95 us

NOTE:
Basic instruction cycle is defined as the fastest in-
struction (i.e., four clock cycles).

45

Memory Addressing

On-Board ROM/EPROM
0-OFFF using 2708, 2758
0-1FFF using 2716
0-3FFF using 2732

On-Board RAM
3C00-3FFF with no RAM expansion
3000-3FFF with 2114A-5 expansion

NOTE:
All RAM configurations are automatically moved up
to a base address of 4XXX when configuring
EPROM for 2732.

Memory Capacity

On-Board ROM/EPROM
16K bytes (sockets only)

On-Board RAM
1K byte with user expansion in 1K increments to
4K byte using Intel 2114A-5 RAMs.

Uii-Board Expansion
Up to 64K bytes using user specified combina-
tions of RAM, ROM, and EPROM.

1/0 Addressing
On-Board Programmable 1/0
. 170
Device Address
8255 No. 1
Port A E4
Port B E5
PortC E6
Control E7
8255 No. 2
Port A E8
Port B E9
PortC EA
Control EB
8251A
Data EC
Control ED
iSBX Multimodule
MCS0 FO-F7
MCSH1 F8-FF




Inu iSBC® 80/10B COMPUTER
Serial Baud Rates
Baud Rate (Hz)
Frequency (kHz) Asynchronous
Jumper Selectable
ump ) | 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 3000 75
Connectors
Double-Sided | Centers .
Interface Pins (Qty) (in.) Mating Connectors
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 AMP 87194-6 Flat
1/0 Capacity Interfaces
Parallel: 48 programmable lines MULTIBUS: . All 'signals TTL compatible
Serial: 1 transmit, 1 receive iSBX Bus: Al signals TTL compatible
MULTIMODULE: 1 iSBX Bus MULTIMODULE Parallel 1/0: All signals TTL compatible
Board Serial /0 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, 114, 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 iSBX MULTIMOD-
ULE board (2); the programmable communications
interface (3); the power fail interrupt (1); or the inter-
val timer.(1).

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: 6.75 in. (17.15 cm)
Depth: 0.05 in. (1.27 cm)
Weight: 14 oz. (397.3 gm)



intel

iSBC® 80/10B COMPUTER
Electrical Characteristics
DC Power Requirements
Voltage Without With 2708 | With 2758, 2716, Power Down Requirements
9 EPROM(1) EPROM(2) | or 2732 EPROM(3) | (RAM and Support Circuit)
Veg = +5V 5% Icc = 2.0A(4) 3.1A 3.46A 84 mA + 140 mA/K (21 14A-5)'
Vpp = +12V £5% | Ipp = 150mA | 400 mA 150 mA Not Required
Vgg = —5V 5% Isg = 2mA 200 mA 2mA Not Required
Vaa = —12V £5% | lIapa = 175 mA 175 mA 175 mA Not Required
NOTES:

1. Does not include power required for optional ROM/EPROM, 1/0 drivers, or I/0 terminators.

2. With four Intel 2708 EPROMS and 220€/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. Icc shown without RAM supply current. For 2114-5 add 140 mA per K byte to a maximum of 560 mA.

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:

MULTIBUS® Drivers

Function | Characteristic | Sink Current (mA)
Data Tri-State 25
Address Tri-State 25
Commands |  Tri-State 25

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.

Port 1 has 25 nA totem pole drivers and 1 kQ termi-
nators.

1/0 Terminators: 2200/330$ divider or 1 kn pull

up.

+5 A

2200

2200/330Q A OPTION 1

._[ 3300

1k2
1KQ +5 MA- OPTION 2 .
280217-3

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

8080A CPU Used as Central Processor

-Sockets for up to 8K Bytes of Erasable
Reprogrammable or. Masked Read Only
Memory

48 Programmable Parallel 1/0 Lines
with Sockets for Interchangeable Line
Drivers and Terminators

® Programmable Synchronous/
Asynchronous RS232C Compatible
Serial Interface with Fully Software
Selectable Baud Rate Generation

4K Bytes of Static Read/Write Memory.

Full MULTIBUS® Control Logic Allowing
up to 16 Masters to Share System Bus

Two Programmable 16-bit BCD and
Binary Timers ‘

Eight-Level Programmable Interrupt
Control

Compatible with Optional Memory and
1/0 Expansion Boards

Auxiliary Power Bus, Memory Protect,
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 LS| 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

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.

© Intel Corporation, 1986

4-8

October 1986
Order Number: 280218-001
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FUNCTIONAL DESCRIPTION

Intel’s powerful 8-bit n-channel MOS 8080A CPU,
fabricated on a single LS| chip, is the central proces-
sor for the iISBC 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-

videtd on the board. Read only memory may be add-
ed ir1 1K byte increments using Inttel 2708 erasable
and electrically reprogrammable FROMs (EPROMs),
or re:ad only memory may be added in 2K byte incre-
men ts using Intel 2716 EPROMs. All on-board ROM
read operations are performed at maximum proces-
sor ¢3peed.

Parallel 1/0 Interface

The iSBC 80/20-4 contains 48 programmable paral-
lel 1./0 lines implemented using two Intel 8255
progirammable peripheral interfaces. The system
softw vare is used to configure the 1/O lines in any
comi sination of the unidirectional input/output, and
bidire 3ctional ports indicated in Table 1. Therefore,

—the | /0 interface may be customized to meet speci-

fied | peripheral requirements. In order to take full ad-
'vant: age of the large number of possible 1/0 configu-
ratio ns, sockets are provided for interchangeable
1/0 | ine drivers and terminators. Hence, the flexibility
of th e I/0 interface is further enhanced by the capa-
bility of selecting the appropriate combination of op-
tione 1l lind drivers and terminators to provide the re-
quire :d sink current, polarity, and drive./termination
Ghiar acteristics for sach appiication. Tihe 48 pro-
gran y1mable 1/0 lines and signal ground lines are
brou ght out to two 50-pin edge connectors that mate
with flat, woven, or round cable.

Ser 1ial I/0 Interface

A pr ogrammable communications interface us.ing In-
tel's: 8251 Universal Synchronous/Asynchronous
Rec eiver/Transmitter (USART) is contained ory the
iSB(C 80/20-4 board. A software selectable taud

RS232C
COMPATIBLIE
DEVICE

|
CONTROL
INTERFACE

SERIAL DATJ A
INTERFACE

RS232C
INTERFACE

2INTERRI UPT

PROGRAMMABLE

PROGRAMMABLE INTERFACE
BAUD RATE L]

GENERATOR

ROM/PROM
MEMORY
SOCKETS

4K x8 4K x 8 SBC 801204
RAM
MEMORY

REQUEST L INES MABLE

)\ i )

2
TROLLER PROGRAMMABLE
PROGRAMMABLE TIMERS
8080A CPU AINTERRUPT]  PERIPHERAL
REQUEST INTERFACE
—

USER DESIGNATED
PERIPHERALS

48 PROGRAMMABLE

PARALLEL /O LINES

DRIVER

8 T
REQUEST
LINES

INTERFACE

3 JUMPER SELECTABLE
'EEE" aog

LINES

JE Ui |

ADDRESS BUS

DATA BUS

CONTROL BUS

ﬁ —d REQUEST Li
AULTIMA (STER ADDRESS Bus AEQUEST LINES
BUS } SBC 80
smeiTRs Mo [ DATABUS SYSTEM BUS
Loat ic CONTROL BUS
—

280218-2

Figure 1. iSBC® 80/20 and iSBC® 80/20-4 Blocl« D' iagram Showing Functional Components
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rate generator provides the USART with all comimon
communications ‘frequencies. The USART cain be
programmed by the system software to selec't the
desired asynchronous or synchronous serial data
transmission techinique (including IBM Bi-Sync). The
mode of operation (i.e., synchronous or async:hro-
" nous), data format, control character parity, and
baud rate are all under program control. The {3251
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 inte rface
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 cor 1nec-
tor that mates with RS232C compatible flat or r ound
cable. :

Multimaster Capability

The iSBC 8()/20-4 is a full computer on a s ingle
board with re:sources 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 (PUs
and/or. controllers logically share system tasks . with
communiication over the system bus), the iSBC
80/20-4 provides full MULTIBUS arbitration cc introl
logic. T'nis control logic allows up to three iiSBC
80/20-44 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 witl 1 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/Ot itput Port Modes of Operation

Mode of Operation
' Lines Unidir ectional
Port | (qty) Input Output Bidirectional | Control
Latched & Latched &
Unlatched Strobed Latched Strobed
1 8 X X X _ X X
2 8 X X X X .
3 4 X X X(1)
4 X X X(1)
4 8 X X X X X
5 8 X X X X
NOTES:

1. Part of port 3 must be used as a control port when ¢3ither 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 b idirec:tional port.
2. Part of port 6 must be used as a control port when «ither: 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 b idirerctional port.

4-10
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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
one-shot

Output goes low upon receipt 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 nextis N
times the input clock period.

Square-wave | Output will remain high until one-

rate generator | 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 edge

strobe 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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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 I/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 O 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 170 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 I/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 /O 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.

System Development Capability

The development cycle of iSBC 80/20-4-based
products may be significantly reduced using Intel’s
system development tools available today. For
those not requiring hardware emulation capability,
Intel provides a new low cost microcomputer devel-
opment system. The iPDS, Personal Development
System, provides low cost system development for
the iSBC 80/20-4 board, while at the same time pro-
viding personal computer capability for the engineer.
The Intellec Series Il family of compatible microcom-
puter development systems provides a range of
capability from a low cost disk-based edit debug
workstation to a high performance, fully compatible
hard-disk-based software development system. A
unique in-circuit emulator (ICE-80) option provides
the capability of developing and debugging software
directly on the iSBC 80/20-4 board.
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Programming Capability

PL/M-80—Intel’s high-level programming language,
PL/M, is also available as a resident Intellec micro-
computer development system option. PL/M pro-
vides the capability to program in a natural, algorith-
mic language and eliminates the need to manage
register ‘usage or allocate memory. PL/M programs
can be written in a much shorter time than assembly
language programs for a given application.

FORTRAN-80—For applications requiring computa-
tional and formatted 1/0 capabilities, the high level
FORTRAN-80 programming language is also avail-
able as a resident option of the Intellec system. The
FORTRAN compiler produces relocatable object
code that may be easily linked with PL/M or assem-
ably language program modules. This gives the user
a wide flexibility in developing software.

BASIC-80—A high level language interpreter. with
extended disk capabilities which operates under the
RMX/80 Real-Time Multi-Tasking Executive and
translates BASIC-80 source programs into an inter-
nally executable form. This language interpreter,
provided as a set of linkable object modules, is
ideally suited to the OEM who requires a pass
through programming language. The BASIC-80 pro-
grams may be created, stored and interpreted on the
iSBC 80 based system. The BASIC-80 language has
a rich complement of statements, functions, and
commands to program applications requiring a full
range of 1) string manipulation and disk 1/0 for data
processing, 2) single and double precision floating
point and array handling for numeric analysis, or 3)
port 1/0 with mask operations controlled through bit-
wise Boolean logical operators.

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).
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Memory Addressing
On-Board ROM/EPROM—O0-OFFF
0-1FFF (2716)

On-Board RAM—4K bytes ending on a 16K bounda-
ry (e.g., 3FFFy, 7FFFy, BFFFy, ... FFFFp)

(2708) or

Memory Capacity

On-Board ROM/EPROM—S8K 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.

1/0 Addressing
On-Board Programmable 1/0 (see Table 1)
8255 8255 | 8255 | 8255
Port No. 1 No. 2 No.1 | No.2 |USART|USART
1]l2l3lal5]6 Control|Control| Data |Control
Address|E4|ES|E6|EB|E9JEA| E7 EB EC ED
1/0 Capacity

Parallel—48 programmable lines (see Table 1)

NOTE:
Expansion to 504 input and 504 output lines can be
accomplished using optional 1/0 boards.

Serial Communications Characteristics

Synchronous—5-8 bit characters; internal or exter-
nal character synchronization; automatic sync inser-
tion.

Asynchronous—5-8 bit characters; break character
generation; 1, 1,, or 2 stop bits; false start bit de-
tection. i

4-13

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 appropriate 16-bit fre-
quency factor to baud rate register.

Register Address (hex notation,
space)
DE Baud rate register

1/0 address

NOTE:
Baud rate factor (16 bits) is loaded as two sequen-
tial output onerations to ecame addrese (DE)

SoC ey

Interrupts

Register Addresses (hex notation, /O 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, I/0 address
space)

DF " Control register
DC Timer 1
DD. Timer 2

NOTE:
Timer counts loaded as two sequential output oper-
ations to same address, as given.

Input Frequencies
Reference

1.0752 MHz £10%
(0.930 us period, nominal)

Event Rate
1.1 MHz max

NOTE:
Maximum rate for external events in event counter func-
tion.

Interfa,g:es

Bus: All signals TTL compatible

Parallel 1/0: 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

Output Freqdéncies/Timing Intervals

of read/write memory. Selections 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.

Connectors

Double-
Interface |Sided Pins
(aty)
MULTIBUS 86 ELFAB BS1562043PBB
System Viking 2KH43/9AMK12
Bus Soldered PCB Mount
EDAC 337086540201
ELFAB BW1562D43PBB
EDAC 337086540202
ELFAB BW1562A43PBB
Wire Wrap

Auxiliary 60 0.100 |EDAC 345060524802

Bus ELFAB BS1020A30PBB

EDAC 345060540201

ELFAB BW1020D30PBB
Wire Wrap

Parallel /0 50 0.100 |3M 3415-001 Flat Crimp
2) GTE Sylvania
6AD01251A1DD
Soldered

AMP 15837151

EDAC 345026520202
PCB Soldered

3M 3462-0001 !

AMP 88373-5 Flat Crimp

Centers
(in.)

0.156

Mating Connectors*

Serial I/0 26 0.100

NOTE: .
*Connectors compatible with those listed may also be
used. .

. Single Timer/Counter Dual Timer/Counter
Function (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 pus 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 us 60.948 ms 3.72 us 1.109 hr
Hardware Triggered Strobe 1.86 us 60.948 ms 3.72 us 1.109 hr
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Line Drivers and Terminators

1/0 Drivers—The following line drivers are all com-
patible with the 1/0O driver sockets on the ISBC
80/20-4.

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 I,0C 16
7400 | 16
NOTE:
| = inverting; NI = non-inverting; OC = open collector.

Ports 1 and 4 have 20 mA totem-pole bidirectional
drivers and 1 k() terminators.

170 Terminators—220$/330¢ divider or 1 k2 pull-
up

2200
+5V N

3300

~O OPTION 1

Bus Drivers

Driver 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. (1.26 cm)
Weight: 14 o0z. (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

T Part Number Description
1k 4+ 5V M —O OPTION 2 . .
280218-3 SBC 80/20-4 Single Board Computer with 4K
bytes RAM
Electrical Characteristics
DC POWER REQUIREMENTS
Voltage Without With 4K With RAM With 8K
(+ 592) PROM(1) PROM(2) iSBC 530(3) Only(4) PROM(5)
B (max) (max) (max) - (max) (max)
Voo = +5V lcc = 4.0A 4.9A 4.9A 1.1A . 5.2A
Vpp = +12V Ipp = 90 mA 350 mA 450 mA — 90 mA
Vgg = —5V Igg = 2mMA 180 mA 180 mA f — - 2mA
Vaa = —12V IaA = 20 MA 20 mA 120 mA — 20mA .

NOTES:

1. Does not include power required for optional PROM, |/0 drivers, and 1/0 terminators. )
2. With four 2708 EPROMs and 2200/3304 input terminators installed for 32 1/0 lines, all terminator inputs low.
3. With four 2708 EPROMs, 2200/3300 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 220/330 input terminators installed, all terminator inputs low.
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iSBC® 80/24A
SINGLE BOARD COMPUTER
[ | ‘Upwa‘rd Compatible with iSBC 80/20-4 l. Programmable Synchronous/
Single Board Computer Asynchronous RS232C Compatible
- ‘ wrati ) Serial Interface with Software
| :‘O'ng 2 CPU Operating at 4.8 or 2.4 Selectable Baud Rates
m Two iSBX™ Bus Connectors for iSBX = Full MULTIBUS® Control Logic for
MULTIMODULE™ Board Expansion Multimaster Configurations and System
. Expansion ;
m 8K Bytes of Static Read/Write Memory B Two Programmable 16-Bit BCD or
m Sockets for Up to 32K Bytes of Read Binary Timers/Event Counters
Only Memory
v . m 12 Levels of Programmable Interrupt
m 48 Programmable Parallel I/0 Lines Control
with Sockets for Interchangeable Line -
Drivers and Terminators m Auxiliary Power Bus, Memory Protect,

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, I/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 Microcomputer Systems family of Single Board Computers, expansion memory options, digital and
analog 1/0 expansion boards, and peripheral and communications controllers.

142027-1

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Inte! product. No other circuit patent
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. November 1986
© Intel Corporation, 1986 4-16 Order Number: 142927-003
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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 iSBC 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.

MULTIMODULET™ 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 iISBX 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 1/0 MULTIMODULE board
provides 24 1/0 lines using an 8255A Programmable
Peripheral Interface. Therefore two iSBX 350 mod-
ules together with the iISBC 80/24A board may offer
96 lines of programmable 1/0. Alternately, a serial
port may be added using the iSBX 351 Serial I/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
1/0 and is accessed by the iSBC 80/24A single
board computer as common 1/0 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.

RS232C
COMPATIBLE
DEVICE

CONTROL
INTERFACE
RS232C
INTERFACE

SERIAL
DATA
INTERFACE

USER DESIGNATED
" PERIPHERALS
PROGRAMMABLE 1sBX™ 1sBX™
PARALLEL MULTIMODULET™™  MULTIMODULE™
/O LINES BOARD ——— -
DRIVER/ v 1SBX™ BUS il
TERMINATOR | | INTERFACE [}
wrereaces ] | ) H
\ 1SBX™ BUS |
muLTiMopuLE™ | | ML
| | connecror [}
L =

§:—
éﬂ(‘:— |

PROGRAMMABLE T™W0
poskx® ul | xxe COMMUNICATIONS naRAT el | sossaz PROGRAMMABLE N UABLE MABLE
sockers) | | RAM e GENERATOR cPU CONTROLLER INTERFACES TIMERS

< MULTIBUS® SYSTEM BUS

> 142927-2

Figure 1. iSBC® 80/24A Single Board Computer Block Diagram
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' Mem‘ory 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 reqmrements

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 the
2732A.

Parallel 1/0 Interface

The iSBC 80/24A 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 as indicated in Table 1. Therefore,

the 1/0 interface may be customized to meet specif-

ic peripheral requirements. In order to take full ad-
vantage of the large number of possible 1/0 configu-
rations, sockets are provided for interchangeable
1/0 line drivers and terminators. Hence, the flexibility
of the 170 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 iSBC 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
i Lines Unidirectional
Port | caty) _dnput Output Bidirectional | CoMTO!
Unlatched | '3ihed& | Larcned | L3icHed &
1 8 X X X X X
2 8 X X X : X
3 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 iISBC 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 170
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 /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 iSBC 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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mandls are included so that the contents of each
counter can be read “on the fly”.

1rable 2. Programmable Timer Functions

F unction Operation
Inteirrupt on When terminal count is
termiinal reached, an interrupt request
coutt is generated. This function is

extremely useful for
generation of real-time clocks.

Output goes low upon receipt
of an external trigger edge or
software command and
returns high when terminal
count is reached. This
function is retriggerable.

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 ao low for the
other half of the count.

Progirammable
one- shot

Rate generator

Squar e-wave
rate g enerator

Softw:are Output remains high until

triggeired software loads count (N). N

strobe: counts after count is loaded,
output goes low for one input
clock period.

Hardwrare Output goes low for one clock

trigger-ed period N counts after rising

strobe! 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
system.

Event counter

Interriupt Capability

The iSEIC 80/24A board provides vectoring for 12
interrupit levels. Four of these levels are handled di-
rectly b'y the interrupt processing capability of the
8085A-2 CPU and represent the four highest priority
interrupi s of the iISBC 80/24A board. Requests are
routed t o the 8085A-2 interrupt inputs—TRAP, RST
7.5, RS'T 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 JMIP in-
struction at each of these addresses then pro vides
linkage to interrupt service routines located ind¢apen-
dently anywhere in memory. All interrupt inputss with
the exception of the trap interrupt may be méisked
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 Con troller
(PIC) provides vectoring for the next eight int errupt
levels. As shown in Table 3, a selection of four priori-
ty processing modes is available to the systenns de-
signer for use in designing request processin¢j con-
figurations to match system requirements. Ope srating
mode and priority assignments may be reconf igured
dynamically via software at any time during ssystem
operation. The PIC accepts interrupt request s from
the programmable parallel and serial I/0 intetrfaces,
the programmable timers, the system bus, iSEiX bus,
or directly from peripheral equipment. The P!l C then
determines which of the incoming requests is; of the
highest priority, determines whether this req uest is
of higher priority than the level currently bein g serv-
iced, and, if appropriate, issues an interrupt: to the
CPU. Any combination of interrupt levels rmay be
masked, via software, by storing a single byt e in the
interrupt mask register of the PIC. The PIC gener-
ates a:unique memory address for each iiterrupt
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 aniy 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 e»ach in-
terrupt service routine independently anywhere in
memory. )

Table 3. Programmable Interrupt Modes
Mode Operation

Fully nested Interrupt request line prio rities
fixed at O as highest, 7 as:
lowest.

Equal priority. Each level,, after
receiving service, becom es
the lowest priority level ui ntil
next interrupt occurs.

System software assigns
lowest priority level. Prior ity of
all other-levels based in
sequence numerically on this
assignmient.

System software examini ss

.| priority-encoded system
- interrupt status via interrt ipt

Autorotating

Specific
priority

Polled

status register.

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 I/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 avallable to support multiboard
systems )

. System Development Capability

The development cycle of iISBC 80/24A-based prod-
ucts may be significantly reduced using Intel’s sys-
tem development tools available today. For those
not requiring hardware emulation capability, Intel
provides a new low cost microcomputer develop-

4-20



intel

iSBC® 80/24A SINGLE BOARD COMPUTER

ment system. The iPDS, Personal Development Sys-
tem, provides low cost system development for
iSBC 80/24A board, while at the same time provid-
ing personal computer capability for the engineer.
The Intellec Series |l family of compatible microcom-
puter development systems provides a range of
capability from a low cost disk-based edit debug
workstation to a high performance, fully compatible
hard-disk-based software development system. A
unique in-circuit emulator (ICE-85A) option provides
the capability of developing and debugging software
directly on the iSBC 80/24A board.

Programming Capability

PL/M-80—Intel’s high level system programming
language, PL/M, is also available as a resident Intel-
lec microcomputer development system option.
PL/M provides the capability to program in a natural,
algorithmic language and eliminates the need to
manage register usage or allocate memory. PL/M
programs can be written in a much shorter time than
assembly language programs.

FORTRAN-80—For applications requiring computa-
tional and formatted 1/0 capabilities, the ANSI 77
standard high level FORTRAN-80 programming lan-
guage is available as a resident option of the Intellec
system. The FORTRAN compiler produces relocat-
able object code that may be easily linked with
PL/M or assembly language program modules. In
addition, the iSBC 801 FORTRAN-80 Run-Time
Package is a complete, ready-to-use set of linkable
object modules which are fully compatible with iRMX
80 systems. The modules, when combined with the
FORTRAN-80 coded application, provide the appro-
priate interfaces to the disk file and terminal I/0 of
iRMX 80 Operating System.

BASIC-80—A high level language interpreter is
available with extended disk capabilities which oper-
ates under the iRMX 80 Real-Time Multitasking Ex-
ecutive and translates BASIC-80 source programs
into an internally executable form. This language in-
terpreter, provided as a set of linkable object mod-
ules, is ideally suited to the OEM who requires a
pass through programming language. The BASIC-80
programs may be created, stored, and interpreted
on the iSBC 80-based systems using the iSBC 802
BASIC-80 Configurable iRMX 80 Disk-Based Inter-
preter. The iSBC 802 Interpreter has a complete
ready-to-use -set of linkable object modules ‘which
are fully compatible with Intel's iRMX 80 Real-Time
Multitasking Executive Software. The modules pro-
vide interfaces to disk file and terminal 1/0, software
floating point, or interface to other routines by the
user.
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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 ps (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
C-OFFF using 2706, 2756 (i wait state)
0-1FFF using 2716 (1 wait state)
0-3FFF using 2732 (1 wait state)

using 2732A (no wait states)
0-7FFF using 2764A (no wait states)

ON-BOARD RAM

EO000-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
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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 1/0
port and 2 jumper options.

May be disabled using PROM ENABLE via /0 port
and jumper option, resulting in off-board RAM over-
lay capability.

170 Addressing
ON-BOARD PROGRAMMABLE 1/0
Device 1/0 Address
8255A No. 1
Port A E4
Port B E5
PortC E6
Control E7
8255A No. 2
Port A E8
Port B E9
PortC EA
Control EB
8251A
Data EC,EE
Control ED, EF
iSBX MULTIMODULE J5
MCSO0 Co0-C7
MCS1 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
iSBX MULTIMODULE—2 iSBX MULTIMODULE

Boards

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, 11, or 2 stop
bits; false start bit detectors
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Baud Rates
Output Baud Rate (Hz)
Frequency
in kHz Synchronous | Asynchronous
+16 +64
153.6 — 9600 2400
76.8 — 4800 1200
384 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, 1/0O address
space) o

DE Baud rate register

NOTE:
Baud rate factor (16 bits) is loaded as two sequen-
tial output operations to same address (DER).

Interrupts

Addresses for 8259A Registers (hex notation, 1/0
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

Input Address Priority Type
TRAP 24 Highest | Non-maskable
RST 7.5 3C 1 Maskable
RST6.5 34 Maskable
RST5.5 2c Lowest | Maskable
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Output Frequencies/Timing Intervals

Dual Timer/Counter

Square-Wave Rate Generator | 16.407 Hz
Software Triggered Strobe 1.86 us
Hardware Triggered Strobe 1.86 us

Single
(Two Timers
Function Timer/Counter Cascaded)
Min Max Min Max
Real-Time Interrupt 186pus | 60.948ms| 3.72us | 1.109hrs
Programmable One-Shot 186 us | 60.948ms| 3.72us | 1.109hrs
Rate Generator 16.407 Hz | 537.61 kHz | 0.00025 Hz | 268.81 kHz

537.61 kHz| 0.00025 Hz | 268.81 kHz
60.948 ms | 3.72 pus 1.109 hrs
60.948ms | 3.72pus | 1.109 hrs

Parallel I/0 — All 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

NOTE:
Input frequency to timers is 1.0752 MHz (default configuration).
Timers
Register Addresses (hex notation, 1/0O address
space)
DF  Control register
DC Timer O
DD Timer 1
DE Timer 2

NOTE:
Timer counts loaded as two sequential output oper-
ations to same address as given. ‘

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

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.
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Connectors

. Double-Sided | Centers .
Interface | "o, o (aty) (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
‘AuxiliaryBus .| -~ 60 0.100 | EDAC 345060524802
‘ i 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 compatlble with those Ilsted may also be used.

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 1/0 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 l 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— 2200/330Q divider of 1 k2 pull-
up. ;

43 1ON 1
2200/3300 OPT! ) 2200
+5V VWA

3300

AAA
YW

1k OPTION 2

+5V VWA

142927-3

Bus Drivers
Function | Characteristic | Sink Current (mA)

Data Tri-State 32
Address Tri-State 32
Commands Tri-State 32

‘Physical Characteristics

Width:  12.00 in. (30.48 cm)
Height: 6.75in. (17.15 cm)
Depth: 0.50 in. (1.27 cm)
Weight: 12.64 oz. (354 gm)

424
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Electrical Characteristics

DC POWER REQUIREMENTS

Current Requirements
Configuration | yoe = +5V | Vpp= +12V | Vgg= —5V | Vaa = —12V
+5% (max) +5% (max) +5% (max) +5% (max)
Without
EPROM() 2.66A 40 mA — 20 mA
RAM Only(2) 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
EPROM4) 3.44A 40 mA — 20 mA
(using 2758)
With 8K
EPROM®) 3.44A 40 mA — 20 mA
(using 2716)
With 16K
EPROM(4) 3.46A 40 mA — 20 mA
(using 2732A)
With 32K
EPROM(4) 3.42A 40 mA — 20 mA
(using 2764A)
NOTES:

1. Does not include power for optional EPROM, 1/0 drivers, and I/0 terminators.

2. RAM chips powered via auxiliary power bus.

3. Does not include power for optional EPROM, 1/0 drivers, I/0 terminators. Power for iSBC 530

Adapter is supplied via serial port connector.

4. Includes power required for four EPROM chips, and /O terminators installed for 16 1/0 lines; all

terminators inputs low.

Environmental Characteristics
Operating Temperature: 0°C to 55°C

Reference Manual

148437-001— iSBC 80/24A Single Board Computer
Hardware Reference Manual (NOT
SUPPLIED) .
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Manuals may be ordered from any Intel sales repre-
sentative, distributor office or from Intel Literature
Department, 3065 Bowers Avenue, Santa Clara,
California 95051. s )

ORDERING INFORMATION

Part Number Description
SBC 80/24A Single Board Computer
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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 LSI 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
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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 iISBC 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 iSBC 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 /O 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 iSBC 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-
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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 1/0 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 1/0 lines in any combi-
nation of unidirectional input/output and bidirection-
al ports indicated in Table 1. Therefore, the 170 in-
terface may be customized to meet specific periph-
eral requirements. In order to take full advantage of
the large number of possible I/O configurations,
sockets are provided for interchangeable 1/0 line
drivers and terminators. Hence, the flexibility of the
I/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
170 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 (UPIl) chip and the associated line drivers and
terminators for the UPI's 1/0O 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 iSBC 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 170

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,
narity, and baud rate are all under program contrel.
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 Capabilityk

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 controllers 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 iSBC 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
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 routed to the 8259A Program-

Mode of Operation
bort Lines Unidirectional ) Contiol
@ty) Input Output Bidirectional '
Unlatched | L3icNed & | | archeq | Laiched &

1 8 X X X X X
2 8 X X X X
. Z ~ X " X1

4 X X X

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.
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mable Interrupt Controller, to the /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 1/0 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 tlmer mdependently 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. Pru;rammeble Timer Functions
Function | Operation

Interrupt on When terminal count is

Terminal Count | reached, an interrupt request i is )
generated This function is
extremely useful for generation
of real-time clocks.

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.

Output will remain high until

Sqguare-Wave

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.

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 unique 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 1/0 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 O 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 1/0 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 iSBC 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 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 /0
and analog I/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.
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System Development Capability

The development cycle of iSBC 80/30-based prod-
ucts may be significantly reduced using Intel’s sys-
tem development tools available today. For those
not requiring hardware emulation capability, Intel
provides a new low cost microcomputer develop-
ment system. The iPDS, Personal Development Sys-
tem, provides low cost system development for the
iSBC 80/30 board, while at the same time providing
personal computer capability for the engineer. The
Intellec Series 1l family of compatible microcomputer
development systems provides a range of capability
from a low cost disk-based edit debug workstation to
a high performance, fully capatible hard-disk-based
software development system. A unique in-circuit
emulator (ICE-85A) option provides the capability of
developing and debugging software directly on the
iSBC 80/30 board.

Programming Capability

PL/M-80—Intel’s high level programming language,
PL/M, is also available as a resident Intellec micro-
computer development system option. PL/M pro-
vides the capabiiily 10 program in a naturai, aigorith-
mic language and eliminates the need to manage
register usage or allocate memory. PL/M programs
can be written in a much shorter time than assembly
language programs for a given application.

FORTRAN-80—For applications requiring computa-
tional and formatted 1/0 capabilities, the high level
FORTRAN-80 programming language is also avail-
able as a resident option of the Intellec system.
FORTRAN-80 meets and exceeds the ANS FOR-
TRAN 77 subset language specification. The FOR-
TRAN-80 compilers produces relocatable object
code that may be easily linked with other FOR-
TRAN-80, PL/M, or assembly language program
modules. This gives the user wide flexibility in devel-
oping software by using the best software tool for a
particular functional module within the user’s appli-
cation.

BASIC-80—A high level language interpreter with
extended disk capabilities which operates under the
iRMX 80 Real-Time Multi-tasking Executive and
translates BASIC-80 source programs into an inter-
nally executable form. This language interpreter,
provided as a set of linkable object modules, is
ideally suited to the OEM who requires a pass thru
programming language. The BASIC-80 programs
may be created, stored and interpreted on the iSBC
80-based system. The BASIC-80 language has a
rich complement of statements, functions, and com-
mands to program applications requiring a full range
of 1) string manipulation and disk I/0 for data pro-
cessing, 2) single and double precision floating
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point and array handling for numeric analysis, or 3)
port I/0 with mask operations controlled through bit-
wise Boolean logical operators.

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 EPROMs); 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 4K
byte increments.

1/0 Addressing
On-Board Programmable: I/O (see Table 1)

8255A
1] 2| 3 |Control
Address|E8|E9|EA| EB

8041A/8741A | usART |
Data | Control DatalControl]
{E4ore6lEs orE7] EC| ED |

Port

1/0 Capacity

Parallel: 42 programmable lines using one 8255A
(24 1/0 lines) and an optlonal 8041A/8741A (181/0
lines)

Serial: 2 programmable lines using one 8251A and
an optional 8041A/8741A programmed for senal op-
eration

NOTE:
For additional information on the 8041A/8741A re-
fer to the UPI-41 User's Manual (Publication '
9800504).

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, 15, 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
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 (8253 Timer 2) .

Interrupts

Addresses for 8259A Reglsters (Hex notation, 1/0
address space)

DA Interrupt request reglster

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 A
Input Address Priority Type
TRAP 24 Highest | Non-maskable
RST7.5 3C Maskable
RST6.5 34 Maskable
RST5.5 2C Lowest | Maskable
Timers

Register Addresses (Hex notation, 1/0 address
space)

DF Control register
DC Timer 0O
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 us period,
nominal); 1.23 MHz £0.1% (0.81 us period, nomi-
nal); or 153.60 kHz +0.1% (6.51 us period nomi-
nal).

NOTE:
Above frequencies are user selectabie

Event Rate: 2.46 MHz max

Output Frequencies/Timing Intervals

NOTE:
Maximum rate for external events in event counter
function.

Interfaces

MULTIBUS: All signals TTL compatible
Parallel 1/0: All signals TTL compatible
Interrupt Requests: All TTL compatible
Timer: All signals TTL compatible

Serial 1/0: RS232C compatible, data set
configuration

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
NAM power bus is made via juimpers on ine board.

Connectors
Pins |Centers .

Interfac Matin nnectors
ferface |(aty)| (n) | Mating Connecto
Bus 86 | 0.156 |Viking 2KH43/9AMK12
Parallel I/0| 50 | 0.1 3M 3415-000
Serial 1/0 | 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.

Single Timer/ Dual Timer/Counter
Function Counter (Two Timers Cascaded)
Min Max . Min Max
Real-Time Interrupt 1.63 pus 427.1 ms 3.26 us 466.50 min
Programmable One-Shot 1.63 us 427.1 ms 3.26 us 466.50 min
Rate Generator 2.342Hz 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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Line Drivers and Terminators 2200
- +5V— — M-
1/0 Drivers: The following line drivers are all com- ~ 3300 1 :
patible with the /O driver sockets on the iSBC OFTION '3 22001/3300 wv —o
80/30 o
: ! ' 10
OPTION2 .1k2 +5V AAA- O
Driver | Characteristics | Sink Current (mA) 2802193
7438 1,0C 48 ‘
7437 I 48
7432 Ni 16 Bus Drivers ‘ .
7426 1,0C 16 N ‘ -
7409 NI, OC 16 Function | Characteristic | Sink Curreqt (mA)
7408 NI 16 Data Tri-State ) 50 -
7403 1,0C 16 Address Tri-State 50
7400 | ‘ 16 Commands Tri-State 32
NOTE:

| = inverting; NI = non-inverting; OC = open collector Physical Characteristics

Port 1 of the 8255A has 20 mA totem-pole bidirec- Width:  12.00 in. (30.48 cm)
tional drivers and 1 k) terminators. . .
Height: 6.75 in. (17.15 cm)

/0 Terminators: 220£2/330Q divider or 1 k(2 pullup Depth: 0.50 in. (1.27 cm)
‘ Weight: 18 oz. (509.6 gm)

Electrical Characteristics

DC POWER REQUIREMENTS

Current Requirements
Configuration Vee = +5V Vpp= +12V | Vgg= -5V Vaa = —12V
+5% (max) +5% (max) +5% (max) .. 15% (max)
Without EPROM(1) lcc = 3.5A Ipp = 220 mA lgg = — “laa = 50 mA
With 8041/8741(2) 3.6A 220 mA — 50 mA
RAM only(3) 350mA . . 20mA 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) i
With 8K EPROM(5) 4.6A - 220mA - 50 mA
(using 2332) .
NOTES:

1. Does not include power required for optional EPROM/ROM, 8041A/8741A 1/0 drivers, and 1/0 terminators..

2. Does not include power required for optional EPROM/ROM. 1/0O drivers and 1/0 terminators.

3. RAM chips powered via auxiliary power bus.

4.Does not include power required for optional EPROM/ROM, 8041A/B741A 170 drivers, and 1/0 termmators Power for
iSBC 530 is supplied through the serial port connector.

5. Includes power regqiured for two EPROM/ROM chips, 8041A/8741A and 2200/330Q) input terminators installed for 34
170 llnes, all terminator inputs low. )

4-34



intel

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, geraltlrll)tlerfBace dwF;“; Software

80186, 80286 Based 16-bit Single Board electable Baud Hate

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

MULTIMODULET 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 svstem on a single 6.75 x
12.00 in. 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 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

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. October 1986
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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 instruction queue provides pre-fetching 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.

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 iSBC 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 iSBC 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 1/0 Interface

- The iSBC 86/05A Single Board Computer contains

24 programmable parallel I/0O lines implemented us-
ing the Intel 8255A Programmable Peripheral inter-
face. The system software is used to configure the
I/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 1/0 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-

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.
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grammable 1/0 lines and signal ground lines are
brought out to a'50-pin edge connector.

Serial 1/0

A programmable  communications interface using
the Intel 8251A Universal Synchronous/Asynchro-
nous Receiver/Transmitter (USART) is contained on
the iSBC 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
1/0 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
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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™ MULTIMODULET™ 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 I/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 IZL';;)S Input Output Control
Bidirectional
Latched | J2iched | |atcheq | salcched

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.

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. iISBX MULTI-
MODULE boards designed with 8-bit data paths and

using the 8-bit iISBX connector are also supported
on the iSBC 86/05A microcomputer. A broad range
of iSBX 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 (I[EEE 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 |/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 1/0
and analog |/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.
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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
A5 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 NMI 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
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 Lme 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.

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.

System Development Environment
Development support for the iSBC 86/05A Board is

crocomputer Development Systems, as well as the
iRMX 86 Operating System Development environ-
ment. Cross development support of 8085 based

offered on the Series i, Series IIl and Series IV Mi- designs is provided by the Series I, languages
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 Programmablé 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

Board

(2 per iSBX Connector)

Bus Fail Safe Timer

| indicates Addressed MULTIBUS Resident

Device has not Responded to Command within
6-10 ms

|

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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offered are Assembler and PLM-86. In Series Il IV,
and iRMX 86 operating system development envi-
ronments languages offered are Assembler, PLM-
86, C, Fortran and Pascal. A powerful software de-
bugger, PSCOPE, is also offered on all development
systems. PSCOPE provides Software Trace Execu-
tion, defineable breakpoints and user defined/exe-
cutable debugging procedures.

In-Circuit Emulator

The 12ICET™/ICE™-86A In-Circuit Emulators pro-
vide the necessary link between the software devel-
opment environment provided by the Intellec system
and the “target’ iSBC 86/05A board, the 12ICE/
ICE-86A In-Circuit Emulator provides a sophisticated
command set to assist in debugging software and
final integration of the user hardware and software.

iSDM™ 86 System Debug Monitor

The Intel iSDM 86 System Debug Monitor package
contains the necessary hardware, software, cables,
EPROMSs and documentation required to interface,
through a serial or parallel connection, an iSBC
86/05A target system to an MDS 800, Series I, Se-
ries lll, or Series IV Intellec® Microcomputer Devel-
opment System for execution and interactive debug-
ging of applications software on the target system.
The Monitor can: load programs into the target sys-
tem; execute the programs instruction by instruction
or at full speed; set breakpoints; and examine/modi-
fy 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 provides users with a
powerful set of system building blocks for develop-
ing many different real-time applications. Key iRMX
86 operating system features include multitasking,
multiprogramming, interrupt management, device

independence, file protection and control, interactive
debugging, plus interfaces to many Intel and non-
Intel developed hardware and software products.

The iRMX 86 operating system is highly modular and
configurable, and includes a sophisticated file man-
agement, /O system, and powerful human inter-
face. The iRMX 86 operating system is also easily
customized and extended by the user to match
unique requirements.

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)
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Basic Instruction Cycle

At 8 MHz: 750 ns
250 us (assumes insiruciion in ihe
queue)

At 5 MHz: 1.2 sec.
400 ns (assumes instruction in the queue)

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)
Devlcg Total Capacity | Address Range s(eSI:f:tvzzl;:) Synchronous | Asynchronous
2K X 8 8K bytes FEO00-FFFFFy -
4K X 8 16K bytes FCO000-FFFFFy +16 . +64
8K X 8 32K bytes F8000-FFFFFH 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 CO0000-FFFFFy 19.2 19200 1200 300
With iSBC® 341 MULTIMODULE™ 9.6. 9600 600 150
S erAM. 48 - 4800 300 75
2.4 2400 150 —
Device Total Capacity | Address Range 1.76 1760 110 __
2K X 8 16K bytes FC000-FFFFFy
4K X 8 32K bytes F8000-FFFFF NOTE:
8K X 8 64K bytes FOO000-FFFFFy 1. Frequency selected by I/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 C0000-FFFFFy V
64K X 8 | 512K bytes 80000-FFFFF,
v Hl  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)

170 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, 1,
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 1.63ps | 427.1ms 3.26s 466.50
Interrupt min
Programmable 1.63ps | 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 i
Software 163 pus | 427.1ms 3.26s 466.50
Triggered Strobe min
Hardware 163 pus | 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
Intertace 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 I/0 50 0.1 3M Flat
2 or
T1 PINS
Serial 170 26 0.1 3M Flat
or
AMP Flat

LINE DRIVERS AND TERMINATORS

170 Drivers

The following 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:

| = inverting; NI = non-inverting; OC = open collector.

Port 1 of the 8255A has 20 mA totem-pole bidirec-
tional drivers and 1K terminators

1/0 Terminators
220/330 divider or 1K pullup
2200/3309 2200
+5V
3300 |
L A
Tk 1kQ
+5V ———— W\ —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: 6.75 in. (17.15 cm) -
Depth: 0.70 in. (1.78 cm)
Weight: 14 oz (388 gm)

ELECTRICAL CHARACTERISTICS

DC Power Requirements

443

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(3) 50A | 25mA | 23mA
(using 2716)
With 16K EPROM(3) 49A | 25mA | 23 mA
(using 2732)
With 32K EPROM(3) 49A | 25mA | 23mA
(using 2764)
NOTES:

1. Does not include power for optional ROM/EPROM, 1/0
drivers, and 1/0 terminators.

2. RAM chips powered via auxiliary power bus in power-
down mode.

3. Includes power required for 4 ROM/EPROM chips, and
1/0 terminators installed for 16 1/0 lines; all terminator in-
puts low.
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ENVIRONMENTAL
CHARACTERISTICS

Operating Témperature: 0°C to 55°C
Relative Humidity: to 90% (without condensation)

REFERENCE MANUAL

Order no. 147162-001—iSBC 86/05A 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.

ORDER INFORMATION
Part Number Description

SBC 86/05A 16-bit Single Board Computer with
8K bytes RAM
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iSBC® 86/14 AND iSBC® 86/30

SINGLE BOARD COMPUTERS
m 8086 Microprocessor with 5 or 8 MHz m Programmable Synchronous/
CPU Clock Asynchronous RS232C Compatible
P Serial Interface with Software
m Fully Software Compatible with iSBC®
86/12A Single Board Computer Selectable Baud Rates
m Optional 8086 Numeric Data Processor ' T‘.”o Programmable 16-Bit BCD or
with iSBC® 337A MULTIMODULET™ Binary Timers/Event Counters
Processor m 9 Levels of Vectored Interrupt Control,
m 32K/128K bytes of Dual-Port Read/ Expandable to 65 Levels
Write Memory Expandable On-Board to m MULTIBUS® Interface for Multimaster
256K bytes with On-Board Refresh Configurations and System Expansion
m Sockets for up to 64K bytes of JEDEC m Supported by a Complete Family of
24/28-pin Standard Memory Devices Single Board Computers, Memory,
B Two iSBX™ Bus Connectors Digital and Analog 1/0, Peripheral

Controllers, Packaging and Software
B 24 Programmable Parallel 1/0 Lines

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. rasnactivaly, The CPLI, system clock, read/write memary, nonvola-
tile read only memory, 1/0 ports and drivers, serial communications interface, priority interrupt logic and
programmable timers, all reside on the boards.

280007-1

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. September 1986
© Intel Corporation, 1986 4-45 Order Number: 280007-003
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FUNCTIONAL DESCRIPTION

Central Processing Unit

The central processor for the iSBC 86/XX* boards 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 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.

NOTE:

iSBC 86/XX designates both the iSBC 86/14 and
iSBC 86/30 CPU boards.

Instruction Set

The 8086 instruction repertoire includes variable

For enhanced numerics processing capability, the
iSBC 337A MULTIMODULE Numeric Data Proces-
sor extends the 8086/10 architecture and data set.
Over 60 numeric instructions offer arithmetic, trigo-
nometric, transcendental, logarithmic and exponen-

' tial instructions. Supported data types include 16-,

32, and 64-bit integer, and 32- and 64-bit floating
point, 18-digit packed BCD and 80-bit temporary.

Architectural Features

A 6-byte instruction queue provides pre-fetching of
sequential instructions and can reduce the 750 nsec
minimum instruction cycle to 250 nsec for queued
instructions. 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-

length instruction format (including double operand.

instructions), 8-bit and 16-bit signed and unsigned
arithmetic operators for binary, BCD and unpacked
ASCI! data, and iterative word and byte string manip-
ulation functions.

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 and activa-
tion of a specific register is controlled explicitly by
program control and is also selected implicitly by
specific functions and instructions.

24 PARALLEL
WO LINES

CONTROL SERIAL
INTERFACE DEVICE

DRIVER/TERMINATOR N o
INTERFACE

RS232C
INTERFACE

iS8X Bus
MULTIMODULE™
CONNECTOR

1SBX™” BUS
MULTIMODULE"™
CONNECTOR

Cgmmmoc=n

AN A
POWER FAIL ————1
INTERRUPT 4
. MATRIX -
r |- l - R
. PROGRAMMABLE TWO -| PROGRAMMABLE SERIAL PROGRAMMABLE

’ 3 "BAUD RATE
INTERFACE TIMERS CONTROLLER . (USART) ’.‘— GENERATOR
(23 8253A) (8259A) © o A8251A) (13 8253A)

‘ON-BOARD LOCAL BUS

64K Bytes
EPROM/RAM
(428 PIN)

32K » $(S8C mn-:

ot , AL 120K x 8(1SBC "304)
TER “ f

Wlm“:u CONTROLLER 32K x 8(SBC 814
B 120K « 8 0SBC’

(=

MULTIBUS® SYSTEM BUS

280007-2

Figure 1.iSBC® 86/XX Block Diagram
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RAM Capabilities

The iSBC 86/14 and iSBC 86/30 microcomputers
contain 32K bytes and 128K bytes of dual-port dy-
namic RAM, respectively. In addition, on-board RAM
may be doubled on each microcomputer by optional-
ly adding RAM MULTIMODULE boards. The on-
board RAM may be expanded to 256K bytes with
the iSBC 304 MULTIMODULE Board mounted onto
the iSBC 86/30 board. Likewise, the iSBC 86/14 mi-
crocomputer may be expanded to 64K bytes with
the iSBC 300A MULTIMODULE option. The dual-
port controller allows access to the on-board RAM
(including RAM MULTIMODULE options) from the
iSBC 86/XX boards and from any other MULTIBUS
master via the system bus. Segments of on-board
RAM may be configured as a private resource, pro-
tected from MULTIBUS system access. The amount
of memory allocated as a private resource may be
configured in increments of 25% of the total on-
board memory ranging from 0% to 100% (optional
RAM MULTIMODULE boards double the increment
size). These features allow the multiprocessor sys-
tems to establish local memory for each processor
and shared system memory configurations where
the total system memory size (including local on-
board memory) can exceed one megabyte without
addressing conflicts.

EPROM Capabilities

Four 28-pin sockets are provided for the use of Intel
27168, 2732As, 2764s, 27128s, and their respective
ROMs. When using 27128s, the on-board EPROM
capacity is 64K bytes. Other JEDEC standard pinout
devices are also supported, including byte-wide stat-
ic RAMs.

Parallel I1/0 Interface

The iSBC 86/XX Single Board Computers contain
24 programmable paraliel 1/0 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 input/
output and bidirectional ports indicated in Table 1. in
order to take advantage of the large number of pos-
sible 1/0 configurations, sockets are provided for in-
terchangeable 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 1/0 lines and signal ground lines are
brought out to a 50-pin edge connector.

Serial 1/0

A programmable communications interface using
the Intel 8251A Universal Synchronous/Asynchro-
nous Receiver/Transmitter (USART) is contained on
the iSBC 86/XX boards. 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
incorporated in the USART. 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/XX boards provide three independent,
fully programmable 16-bit interval timers/event
counters utilizing the Intel 8253 Programmable In-

Table 1. Input/Output Port Modes of Operation

Mode of Operation
Unidirectional
Port Lines Input Output Bidirectional Control
(Qty) , ‘
Latched & Latched & -
Latched Strobed Latched Strobed

1 8 X X X X X
2 8 X X X X . )
3 4 X X X(1)

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.
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terval 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 Controlier 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 8253 provides the programmable baud rate
generator for the iSBC 86/XX boards’ 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.

AY .
Table 2. Programmable Timer Functions

Function - Operation

Interrupt on When terminal count is reached,
:| Terminal Count | an interrupt request is generated.
This function is extremely useful
for generation or real-time clocks.

Programmable | Output goes low upon receipt of

One-Shot an internal trigger edge or
software command and returns
high when terminal count is
reached. This function is
retriggerable.

Rate Divide by N counter. The output
will go low for one input clock -

Generator
‘ cycle, and the period from one

low going pulse to the nextis N

times the input clock period.

Square-Wave | Output will remain high until one-
Rate Generator | 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 edge

Strobe 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 counter
“window” has been enabled or
an interrupt may be generated
after N events occur in the
system.

iSBX™ MULTIMODULE™ On-Board
Expansion .

Two 8/16-bit iSBX MULTIMODULE connectors are
provided on the iSBC 86/XX microcomputers.
Through these connectors, additional on-board |/0
functions may be added. iSBX MULTIMODULE
boards optimally support functions-provided by VLSI
peripheral components such as additional parallel
and serial 1/0, analog 1/0, small mass storage de-
vice controllers (e.g., cassettes and floppy disks),
and other custom interfaces to meet specific needs.
By mounting directly on the single board computer,
less interface 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/XX boards provide all signals neces-

‘sary to interface to the local on-board bus, including

16 data lines for maximum data transfer rates. iSBX
MULTIMODULE boards designed with 8-bit data
paths and using the 8-bit iISBX connector are also
supported on the iSBC  86/XX microcomputers. A
broad range of iISBX MULTIMODULE options are
available in this family from Intel. Custom iSBX mod-
ules may also be designed for use on the iSBC 86/
XX boards. An iSBX bus interface specification and
iSBX connectors are available from Intel.

MULTIBUS® SYSTEM BUS AND
MULTIMASTER CAPABILITIES

Overview

The MULTIBUS system bus is Intel’s industry stan-
dard microcomputer bus structure. Both 8 and 16-bit
single board computers are supported on the MUL-
TIBUS 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 intelligent slave 1/0,

and peripheral boards capable of solving the most
demanding microcomputer applications. The MULTI-
BUS system bus is supported with a broad array of
board level products, LS| interface components, de-

~ tailed published specifications and application notes.

Expansion Ca_pabilities

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. On-
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board EPROM capacity may be expanded to 128K
by user reprogramming of a PAL device to support
27256 EPROM devices. Input/output capacity may
be added with digital I/0 and analog 1/0 expansion
boards. Mass storage capability may be achieved by
adding single or double density diskette controllers,
or hard disk controllers. Modular expandable back-
planes and cardcages are available to support multi-
board systems.

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/XX boards provide full MULTIBUS
arbitration control logic. This control logic allows up
to three iSBC 86/XX boards or other bus masters,
including iISBC 80 family MULTIBUS compatible 8-bit
single board computers to share the system bus us-
ing ‘a serial (daisy chain) priority scheme and allows
up to 16 masters to share the MULTIBUS system
bus with an external parallel priority decoder. In ad-
dition to the multiprocessing configurations made
a very efficient mechanism for all forms of DMA (Di-
rect Memory Access) transfers.

Interrupt Capability

The iSBC 86/XX boards provide 9 vectored interrupt
levels. The highest level is the NMI (Non-Maskable
Interrupt) line which is directly tied to the 8086 CPU.
This interrupt is typically used for signaling cata-
strophic events (e.g., power failure). The Intel 8259A
Programmable Interrupt Controller (PIC) provides
control and vectoring for the next eight interrupt lev-
els. As shown in Table 3, a selection of four priority
processing modes is available for use in designing

Table 3. Programmable Interrupt 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.

Auto-Rotating

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.
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request processing configurations to match system
requirements for efficient interrupt servicing with
minimal latencies. Operating mode and priority as-
signments may be reconfigured dynamically via soft-
ware at any time during system operation. The PIC
accepts interrupt requests from all on-board 1/0 re-
sources 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 iISBC 86/XX
boards may originate from 28 sources. Table 4 in-
cludes a list of devices and functions supported by
interrupts. All interrupt signals are brought to the in-
terrupt 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 NMI 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 the AC-low signal from
the iSBC 635 and iSBC 640 Power Supply or equiva-
lent, to initiate an orderly shut down of the system in
the event of a power failure. Additionally, an active-
low TTL compatible memory protect signal is
brought out on the auxiliary connector which, when
asserted, disables read/write access to RAM mem-
ory on the board. This input is provided for the pro-
tection of RAM contents during system power-down
sequences. An auxiliary power bus is also provided
to allow separate power to RAM for systems requir-
ing battery back-up of read/write memory. Selection
of this auxiliary RAM power bus is made via jumpers
on the board.

System Development Capabilities

The development cycle of iISBC 86/XX products can
be significantly reduced and simplified by using ei-
ther the System 86/310 or the Intellec Series Micro-
computer Development Systems:. The Assembler,
Locating Linker, Library Manager, Text Editor and
System Monitor are all supported by the ISIS-II disk-
based operating system. To facilitate conversion of
8080A/8085A assembly language programs to run
on the iSBC 86/XX boards, CONV-86 is available
under the ISIS-Il operating system.
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IN-CIRCUIT EMULATOR

The Intellec ICE- 86 In-Circuit Emulator provndes the
necessary link between the software development
environment provided by the Intellec system and the
“target” iSBC 86/XX execution system. In addition
to providing the mechanism for loading executable
code and data into the iISBC 86/XX boards, the ICE-
86 In-Circuit Emulator provides a sophisticated com-
mand set to assist in-debugging software and final
integration of the user hardware and software. '

PL/M-86

Intel’s system’s implementation language, PL/M-86,
is standard in the System 86/310 and is also avail-
able as an Intellec Microcomputer Development
System option. PL/M-86 provides the capability to
program in algorithmic language and eliminates the
need to manage register usage or allocate memory
while still allowing explicit control of the system’s
resources when needed. FORTRAN 86 and PAS-
CAL 86 are also available on Intellec or 86/310 sys-
tems. '

Run-Time Support

Intel also offers two run-time support packages;
iRMX 88 Realtime Multitasking Executive and the
iRMX 86 Operating System. The iRMX 88 executive
is a simple, highly configurable and efficient founda-
tion for small, high performance "applications. Its
multitasking structure ‘establishes a solid foundation
for modular system design and provides task sched-
uling and management, intertask communication
and synchronization, and interrupt servicing for a va-
riety of peripheral devices. Other configurable op-
tions include terminal handlers, disk file system, de-
buggers and other utilities. The iRMX 86 Operating
System is a high functional operating system with a
very rich set of features and options based on an
object-oriented architecture. In addition to being
modular and configurable, functions beyond the nu-
cleus include a sophisticated file managment and 1/
O system, and powerful human interface. Both pack-
ages are easily customized and extended by the
user to match unique requirements.

Table 4. Interrupt Request Sources

. . Number of
Device » Function Interrupts
MULTIBUS Interface Requests from MULTIBUS resident peripherals or other |8; may be Expanded to
CPU boards. 64 with Slave 8259A
PICs on MULTIBUS
. - |Boards
8255A Programmable Signals input buffer full or output buffer erhpty, also BUS 3
Peripheral Interface INTR OUT general purpose interrupt from dnver/
: ) terminator sockets.
8251A USART Transmit buffer empty and receive buffer full. 2
8253 Timers | Timer 0, 1 outputs; function determined by timer mode. 2
iSBX Connectors ‘| Function determined by iSBX MULTIMODULE board. 4

|(2 per iSBX Connector)

Bus Fail Safe Timer v

lnd'ica,tes addressed MULTIBUS resident device has not |

responded to command within 6 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 auxthary P2) connector
on backplane.

iSBC 337A MULTIMODULE
Numeric Data Processor

Indicates error or exceptlon condition. .

Parity Error

‘|Indicates on-board RAM parity error from iSBC- 303

parity MULTIMODULE board (iSBC 86/14 option).

Edge-LéveI Conversion

Converts edge triggered interrupt request tolevel
interrupt.-

OR-Gate Matrix

Outputs of OR-gates on-board for multiple interrupts:
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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)

Cycle Time

BASIC INSTRUCTION CYCLE
8 MHz: 750 ns
250 ns (assumes instruction in the queue)

5 MHz: 1.2 us
400 ns (assumes instruction in the queue)

NOTE:

Basic instruction cycle is defined as the fastest in-
struction time (i.e., two clock cycles).

Memory Cycle Time
RAM: 750 ns

EPROM: Jumper selectable from 500 ns to 875 ns

Memory Capacity/Addressing

ON-BOARD EPROM

Device Total Capacity Address Range

2716 8K bytes FEOOO-FFFFFy

2732A 16K bytes FC000-FFFFFy

2764 32K bytes F8000-FFFFFy

27128 64K bytes FO000-FFFFFRH
NOTE:

iSBC 86/XX EPROM sockets support JEDEC 24/
28-pin standard EPROMs and RAMs. Total EPROM
capacity may be increased to 128 bytes by the user
reprogramming an on-board PAL.

ON-BOARD RAM

Board Total Capacity Address Range
iSBC 86/14 32K bytes 0-07FFFy
iSBC 86/30 128K bytes 0-1FFFFH

WITH MULTIMODULE™ RAM

Board Total Capacity Address Range
iSBC 300A 64K bytes 0-OFFFFy
(with iSBC 86/14)
iSBC 304 256K bytes 0-3FFFFy

(with iSBC 86/30)

1/0 Capacity

Parallel: 24 programmable lines using one 8255A
Serial: 1 programmable line using one 8251A
iSBX MULTIMODULE: 2 iSBX boards

Serial Communications
Characteristi