






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































THIRD PARTY SOFTWARE FOR INTEL XENIX* SYSTEMS

PRODUCT NAME

VENDOR SYSTEM AVAILABILITY

Languages 86/310 | 286/310 | 86/380 | 286/380 )
Microsoft BASIC Intel X X X X Immediate
Micro Focus COBOL Intel X X X X Immediate
Microsoft FORTAN Intel X X X X Immediate
RM COBOL Ryan McFarland X Immediate
SMC BASIC SMC X Immediate
Softbol Omtool X X Immediate
UX BASIC UX Software X Immediate
S-TRAN SMI X Immediate
TOM BASIC TOM Software X Q4/84
Spreadsheet

iPlan Intel X X X X Immediate
20/20 Access Technology ~ X Q4/84
Office Automation

iWord Intel X X X X Immediate
iMenu Intel X X X X Immediate
Q-One Quadratron X Immediate
Q-Menu Quadratron X Immediate
Q-Calc Quadratran X Immediate
Q-Mail Qaudratron X. Immediate
Q-Date - Quadratron R X Immediate
Q-Call Quadratron X Immediate
Q-Note Quadratron X Immediate
Q-Form Quadratron X Q4/84
DATA 3500 Tom Software X Q4/84
LEX Softest X Immediate
Application Generator

APPGEN Software Express Immediate
C/Tools Conetic Systems Q4/84
Graphics

iGraph Intel X X X X Q4/84
PBG 200 Pacific Basin Graphics X Q4/84
SMC Color. Graphics SMC X Q4/84
. Communications

PC Link Intel X X X X Q4/84
3270 Bisync Intel X X X X Q4/84
3270.SNA Xicom X X Q4/84
X.25 T.I.T.N. X X Q4/84
3780 Bisync Micro Integration X X Q4/84
HASP Intel X X X X Immediate
Database

iDB Intel . X X X X Q4/84
Informix RDS X : Immediate
File-it! RDS X Immediate
C-ISAM RDS X Immediate
Unify Unify X Q4/84
MDRBS II1 MDBS X Q4/84
IDOL SMC X Immediate
Progress Data Languages X Q4/84

*XENIX 15 a trademark of Mirosoft Inc
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Database
Information
System
_iDIS™ 715
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¢ Building block for departmental-level applications
o Data Pipeline™ system to distribute databases

¢ Direct mainframe database extract and file transfer
facilities

¢ Gateway for personal computer and terminal access

¢ Multiuser XENIX* 30 operating system

* Local relational database management and report writer
o Integrated software with on-line help facility

* Word processing, spreadsheet, graphics, menu develop-
ment, and' communication options

¢ C programming language
¢ Desk-top integrated microsystem
* Worldwide vendor service and support

*XENIX is a reg d trad k of Mi ft Corporati

SIS

wem oaTanest

PERSONAL COMPUTER

1864
ORDER NUMBER 210712-006



Building Vertical
Applications with
the iDIS™ System

The Intel Database Information
System (iDIS™) is a fully-integrated
multiuser hardware/software microcom-
puter system. It serves as a building
block for end-user applications and a
powerful access tool in the Data
Pipeline connection between a main-
frame and the end-user. Data can be
maintained by central data processing
departments and distributed to depart-
mental users through a network of ter-
minals and PCs. The system can be
configured as a gateway in the micro-
to-mainframe flow of data or as a
stand-alone processor with shared local
database capabilities. The iDIS system
includes an SQL-compatible, multiuser
relational DBMS for shared access to
disk storage and features a full range
of information processing functions for
multiple concurrent users at all levels
of techmcal skill.

The IXTRACT remote
database extract facilities

The iDIS system offers two interac-
tive, menu-driven modes of database
extract. With the Remote File Transfer
(RFT) iXTRACT facility, a “flat file”
(sequential) data structure can be
downloaded from the mainframe and
converted into a local relational data-
base. Using host computer utilities to
generate the flat file, the RFT facility
can download data from virtually any
DBMS or file management system.
The facility is bidirectional, such that
flat files can be transmitted between a
mainframe host and an iDIS system
with its network of terminals and per-
sonal computers.

A second facility, the Direct
- iXTRACT facility, is a menu-driven
data extract facility which directly’
downloads Intel SYSTEM. 2000%
databases (from IBM, CDC, and
Sperry environments) into an iDIS
database. Both RFT and' direct modes
"allow non-technical users to access
remote corporate databases and extract
information while central data process-
ing controls data security at every
terminal.

*UNIX is a lrademark ot‘ AT&T Bell Labcratones
is a regi k of N
Corporation.

Microsoft XENIX

The iDIS operating system is pro-
vided by XENIX 30, an enhanced
industry-standard version of UNIX*
XENIX is a general-purpose, multi-
user, interactive operating system
designed to make the computing envi-
ronment simple, efficient and produc-
tive for a wide range of users. While
the system developer has access to all
XENIX functionality, the operating
system appears to be transparent to the
user who interacts with the iDIS soft-
ware through its menu system.

The XENIX system supplies:

* A flexible and logical hierarchical
file system, with cross-directory
file linking and multiple protection
and security modes

e The XENIX shell command lan-
guage, with conditional, recursive,
and iterative constructs (for devel-
opment of user/application
procedures)

-# Sequential, asynchronous, and
background process execution

® Sophisticated editing and text-
processing facilities supporting
printers and typesetters

® Device-independent mput and
output.

The iDB-local relatlonal

database management (DBMS)

The iDIS system offers the iDB
DBMS, a full-function relational
DBMS that supports an interactive -
query/update language similar to that
of IBM’s SQL. Included with iDB is a
Report Writer package. This allows
users to prepare custom reports
quickly from information in iDB with-
out programming knowledge. The iDB
DBMS offers all the power of a main-
frame DBMS ‘at the microsystem level.
Multiple iDB users can concurrently
access common local databases with_
confidencg in-system integrity. -

Other features include: °

® A user-prompting data entry and

. update subsystem

* o A bulk loading and unloading .

utility for rapid transfer. of data
among files and databases
o Extensive on-line help facilities
® Descriptive error and diagnostic
, messages
. Programmatic wmrfa& to the C
language and XENIX: shell.
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Seamless™ software interface

The iDIS software family is integrated
into a Seamless set of productivity
tools. Data can be easily transferred
among the yarious iDIS application
packages, such that the iWORD proc-
essor, iPLAN (Multiplan*) spread-
sheet, and iDB DBMS can interchange
data and reports. All iDIS decision-
support tools can be easily brought to
bear on a particular data-analysis
problem.

Individually, each package is accessi-
ble through a common user interface—
a hierarchical menu system serving as
a superstructure for the complete iDIS
system. A common help facility binds
all iDIS software.

The iIWORD processor

The Intel iWORD facility is a
sophisticated word processing tool that
supports a complete office-wide range
of document preparation functions.
The iWORD user can develop, edit,

'store, format and print a variety of

presentation-quality business docu-
ments, including reports, memoranda,
technical documents, specifications and

- .manuals. All iWORD commands are in
.plain English and many can be exe-

cuted by a single keystroke. The
iWORD processor is also sufficiently

_powerful for the experienced user,

offering access to XENIX text process-

ing capabilities including the printer-
. and typesetter-drivers nroff and troff.

An on-line help facility is continuously
available.
Major iWORD editing and format-
ting features include:
- Full-screen editor with on-line dis-
. play of formatted text
¢ Embedded commands for global
‘formatting
e Spelling/dictionary module and
mail/merge facility
® Right justification, underlining,
indentation, centering, footnotes,
superscripts and subscripts.
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The iPLAN (Multiplan)
spreadsheet
The iDIS system supports ‘what if’
decision-modeling with iPLAN
(Multiplan) Spreadsheet, a multi-
purpose tool capable of a wide variety
of business and scientific tabulations.
The iPLAN user can custom-tailor a
versatile two-dimensional matrix for
specific analyses, including financial
modeling, planning and forecasting.
Like the other functions in the iDIS
software environment, the iPLAN
spreadsheet accepts data four ways:
from the keyboard, from the iDB
DBMS, from mainframe ‘databases (via
the data extract facility), and from for-
matted XENIX files.
Important iPLAN features include:
e Easy-to-use English commands
o Vertical and horizontal scrolling,
multi-window and multi-table
display
¢ Presentation of extra large tables
o Linking and updating multiple
interrelated spreadsheets
¢ Automatic updating of calculations
o Alphanumeric sorting capabilities
e Extensive, on-line help facility.

*dBASE II 1s a trademark of Ashton-Tate.
Lotus and 1-2-3 are trad: ks of Lotus D

The personal computer
(iPC) connection

To complete the Data Pipeline con-
nection, the iDIS system offers a
menu-driven file conversion and trans-
fer facility that allows single-user PC
files to be accessed in the multiuser
XENIX environment. The PC user can
use the iDIS system to convert data-
base and spreadsheet files from popu-
lar PC file formats (such as dBASE
II* Lotus 1-2-3¥ and Multiplan for-
mats) to iDB file formats. As a result,
mainframe files can be downloaded to
relational structures within iDB data-
bases and further converted and down-
loaded to PC-based files for local
applications analysis. The PC user can
operate in three modes: bidirectional
iDIS-to-PC file transfers, iDIS terminal
emulation, and local PC-DOS control.

Office automation features

The XENIX operating system pro-
vides an electronic mail service in
which business messages are shared
and relayed with ease. XENIX also in-
cludes handy “desk calculator” functions
and an electronic calendar that pro-
vides an automatic reminder (via elec-
tronic mail) of any user appointments.
Ci
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Application

development tools

The iDIS application development sub-
system includes such software tools as
the iMENU development system, C
programming language, the XENIX
Shell program, and the full-screen ‘vi’
editor (visual editor). These tools sup-
port efficient development and mainte-
nance of program and text files by
technical users.

The iDIS system offers a complete
program development and execution
environment for C, the versatile gen-
eral-purpose language in which the
operating system and all iDIS applica-
tion packages are implemented. C
maximizes development productivity by
its structured programming methodolo-
gies and standard flow-control con-
structions —if, while, for, do, and
switch (case). It provides pointers, the
ability to perform address arithmetic,
and recursive functions. Many existing
C-based applications can be efficiently
ported to the iDIS system.

The IMENU
development facility

The iMENU development facility
provides the iDIS system-level user
interface, tying together the XENIX
operating system, iDIS applications
software, and help system. The
iMENU facility retains and yet simpli-
fies full XENIX functionality. Pro-
grammers and non-programmers alike
can use the iMENU facility in creating
or modifying menus, forms, and help
screens for existing or custom-
developed applications.

The on-line help facility

The help facility, a comprehensive
on-line documentation feature, is inte-
grated with the menu system so the
user need not refer to hard copy refer-
ence manuals when using iDIS appli-
cations. Experienced users can employ
the iMENU facility to extend or
modify the help facility to specify help
procedures for custom applications.

The iGRAPH facility

The iDIS system offers a presenta-
tion graphics package, iGRAPH, that
provides high quality output to most



standard graphics peripherals. Through
iDIS integration, data can easily be
moved from iPLAN and iDB to
iGRAPH, from iGRAPH to iWORD
for printed output, and to and from
iPC. Graphic peripherals supported are
Tektronix 4105, color terminal, Tele-
video 950 monochrome terminal with
Retrographics board, Hewlett-Packard
HP7475 plotter, the Epson MX80
printer, and the IBM PC with graphics
board. The Intel terminal can be used
to generate graphics hard copy.

Communications .

The iDIS communications subsystem
provides remote job entry (RJE) to
mainframe hosts through its emulation
of a, HASP multileaving workstation or
2780/3780 protocol. TTY passthrough
facilities also provide direct access to
remote interactive applications, includ-
ing other iDIS systems and personal
computers. Support for 3270 BCS
emulation is also available, and SNA
support is planned.

BASE SYSTEM HARDWARE
Processor

The iDIS 715 uses the MULTIBUS®-
based iSBC® 286/10 board with the
80286 processor. An Intel 80287 co-
processor is standard to provide sig-
nificant performance boost for numeric
operations. Instructions are 8, 16, or
32 bits in length; data are 8 or 16 bits
long; numeric processing, with the
80287, is carried out in 80-bit words.
Memory management and protection
are also included.

One megabyte of high-performance
RAM with ECC is standard. To pro-
vide faster access, Intel memory
boards are connected directly to the
286/10 processor board via iLBX™
(Local Bus Exchange).

Communications support
Asynchronous communication and
synchronous mainframe communica-
tions support is handled by an iSBC
188/48 Advanced Communications
 Processor Board. Eight connections
can be configured for terminals, PCs
and/or mainframe communications.

MASS STORAGE

Winchester disk drive—-The iDIS
715 contains a 40 MB 5%" Winchester

technology disk drive for program and

data storage. The drive has an average
access time about 40 milliseconds and '
a transfer rate of 644 Mbits/sec.

Intelligent controller—The iDIS 715
includes an intelligent, 8089-based‘
iSBC 215 Winchester controller. This
high performance interface contains
firmware which is executed directly on
the iSBC 215 controller to offload a
significant portion of disk I/0 over-
head from the host 80286 processor.
In addition, the iSBC 215 board sup-
ports an iSBX™ 218 controller to
manage the floppy disk.

Floppy disk drive—A 5%" 320 KB
floppy disk drive is included in the
base system. This floppy drive has an
average access time of 91 milliseconds
and a transfer rate of 250 KB/sec.

Optional peripherals

Display terminal —The standard
iDIS system can connect up to 10 ter-
minals. The terminal connected to the

console port can be used for system
control and administration, as well as
a regular workstation. An iDIS ter-
minal is also available, with 24-80
character lines and a 25th status line.
The 96 upper and lower ASCII
characters are formed ina 7x9 matrix
in an 8x10 cell. The screen is non-
reflective and uses green P31 phosphor.
Printer —The iDIS system supports a
Centronics-compatible printer. A dot
matrix character printer capable of 200
character-per-second bidirectional
printing is also available. It includes a
Centronics-compatible parallel inter-
face and a 218-character buffer. The
printer features a 7xX9 dot matrix to
 form all 96 ASCII characters. Maxi-

. mum standard print line length is 132

characters or 218 with condensed print.
The Intel printer prints 10 characters
per inch; spacing of 5, 8.25, and 16.5
characters per inch can also be
accommodated.

System support

The iDIS system is fully supported
by Intel's worldwide service staff, in-
cluding a group of information system

[T T[]

i
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/LOCAL
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professionals with over 15 years experi-
ence in commercial database technolo-
gies. Support for iDIS applications
software is included with the system
price for 90 days and is optional there-
after. All iDIS software with a current
software maintenance agreement is
supported by the Intel Austin Systems
Support Hotline.

In addition to the hotline, system
support includes software updates, cus-
tomer problem reporting, and a prod-
uct newsletter. Intel provides compre-
hensive training classes on all iDIS
applications, the XENIX operating sys-
tem, programming languages, and
hardware operation.

The iDIS hardware includes a war-
ranty for 90 days mechanical, 45 days
labor, and 90 days electrical compo-
nents. After the warranty period, sub-
scription maintenance is available from
the Intel field service organization.
Hardware service is also available for
users on a per-call basis.

Extensive system
documentation

The iDIS 715 is shipped with mul-
tiple hardware and software manuals
that address all aspects of system oper-
ations. Software documentation in-
cludes manuals on the XENIX Release
3.0 operating system, iDB and Report
Writer software, and each optional
application package that is ordered.
General overviews and detailed tutori-
als are an integral part of this docu-
mentation. A system installation and
maintenance manual, a system over-
view manual, and a site preparation
manual are also provided.

SYSTEM CONFIGURATION
Base Hardware System:
e 1 MB of RAM memory
© 320 KB floppy drive
® 40 MB Winchester disk
o Support for up to 10 terminals
and/or PCs
o Printer support for Centronics-
compatible printer
® Disk controller board
¢ Communications processor

Optional Hardware:
® Additional communications
processor
o Terminals and dot-matrix printers

Base Software System:
e XENIX 3.0 operating system
e C programming language
® ‘vi’ editor
e XENIX utilities (including nroff

and troff text processors)
e Electronic mail and calendar
¢ iDB and Report Writer
¢ iMENU (runtime) system
e Help facility
e Complete systems diagnostics

Ontional Software:
* iWORD word processor
* iPLAN (Multiplan) spreadsheet
e iMENU menu development system
e Direct iXTRACT facility
® Remote File Transfer facility
® iPC (personal computer link)
* iGRAPH presentation graphics
¢ RJE communication support
(2780/3780 and/or HASP protocol)
e 3270 BSC emulation
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SPECIFICATIONS
Instruction cycle time

250 nanoseconds for fastest execut-
able instructions.

Disk

Standard 40 MB Winchester disk:
Second 40 MB disk is planned.

External/PC interface
Serial —8 asynchronous ports, con-
figurable from 110 to 9600 baud. EIA

Standard RS232C signal support is
provided.

Parallel—one Centronics-compatible
parallel 1/0 port for printer
connections.

Regulatory Agency
Specifications

Meets ULI114-Safety; CSA 22.2-
Safety; FCC Docket 20780-RFI/EMI.
Designed to meet IEC 435-Safety;
VDE 0871-RFI/EMI.

ENVIRONMENTAL
OPERATING
REQUIREMENTS

Altitude—Sea level to 8000 feet.

Temperature —15 degrees C to 35
degrees C. .

Relative humidity—20% to 80%
non-condensing over the operating
temperature range. The environmental
combination of humidity and tempera-
ture together cannot exceed 26 degrees
C wet bulb.



The following are trademarks of Intel Cor-

. poration and may be used only to describe
Inte! products: BXP, CREDIT, i, ICE, PICE,
ICS, iDBP, IDIS, ILBX, im, iIMMX, Insite,
INTEL, intgl , Intelevision, Intellec, Intghgent
Identifier™, IntgIBOS, intgligent Program-
ming™, Intellink, 1OSP, iPDS, IRMS, 1SBC,
1SBX, iSDM, iSXM, Library Manager, MCS,
Megachassis, Micromainframe, MULTIBUS,
Multichannel™ Plug-A-Bubble, Seamless,
MULTIMODULE, PROMPT, Ripplemode,
RMX/80, RUPI, SYSTEM 2000, Data
Pipeline, IDIS, iDBP, and UPI, andithe com-
bination of ICE, ICS, iRMX, iSBX, MCS, or
UPI and a numerical suffix. Intel Carpora-
tion assumes no responsibility for the use of
any circuitry other than circuitry embodied
n an Intel product. No other patent licenses
are imphed Specifications are subject to
change without notice.

IWORD 1s a version of Horizon Word Pro-
cessing, a trademark of Horizon Software
Systems, Inc. IPLAN 1s a version of
Microsoft’s Multiplan, a trademark of
Microsoft Corporation IMENU is a version
of Schmidt’s /menus, a trademark of
Schmidt Associates.

Information contained herein supersedes
previously published specifications on these
devices from Intel.
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Intel PRELIMINARY
80130/80130-2
IAPX 86/30, 88/30, 186/30, 188/30

IRMX 86 OPERATING SYSTEM PROCESSORS

s High-Performance 2-Chip Data Types: Jobs, Tasks, Segments,
Processor.s Qqntaining Operating Mailboxes, Regions
System Primitives = 35 Operating System Primitives

= Standard iAPX 86/10, 88/10 Instruction

= Built-In Operating System Timers and
Set Plus Task Management, Interrupt 54 g Syee

Interrupt Control Logic Expandable

Management, Message Passing, From 8 to 57 Interrupts
iﬁ:&'}t@"ﬂ:"f_w'_‘tﬁnd Memory = 8086/80150/80150-2/8088/80186/80188
ion Primitives . Compatible At Up To 8 MHz Without
= Fully Extendable To and Compatible With Wait States
iRMX® 86

= MULTIBUS® System Compatible Interface
= Supports Five Operating System Data

The Intel iAPX 86/30 and iAPX 88/30 are two-chip microprocessors offering general-purpose CPU (8086)
instructions combined with real-time operating system support. They provide a foundation for multiprogram-
ming and multitasking applications. The iAPX 86/30 consists of an iAPX 86/10 (16-bit 8086 CPU) and an
Operating System Firmware (OSF) component (80130). The 88/30 consists of the OSF and an iAPX 88/10 (8-bit
8088 CPU). (80186 or 80188 CPUs may be used in place of the 8086 or 8088.)

Both components of the 86/30 and 88/30 are implemented in N-channel, depletion-load, silicon-gate technol-
ogy (HMOS), and are housed in 40-pin packages. The 86/30 and 88/30 provide all the functions of the iAPX 86/10,
88/10 processors plus 35 operating system primitives, hardware support for eight interrupts, a system timer, a
delay timer and a baud rate generator.

I 8088 I
PROGRAM . DATA
T CLOCK e::‘ | MEMORY MEMORY
I—I D |_| l INTERRUPT  STATUS l
8284A | I
crock || BUS
DRIVER | LOCAL BUS INTERFACE SYSTEM BUS
RDY |
INTERRUPT STATUS '
I CS.LIR
L{ cLock 80130 INTERRUPT PERIPHERAL
' REQUESTS
| — I\
BAUD RATE DELAY SYSTEM 1APX 86/30, 88/30
TIMER TIMER TIMER
Figure 1. IAPX 86/30, 88/30 Block Diagram
Intel Corp No R ibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an intel Product No Other Circuit Patent Licenses are implied

(©INTEL CORPORATION, 1981.
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80130/80130-2

iAPX 86/30, 88/30, 186/30, 188/30 PRELIMINARY
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Figure 2. IAPX 86/30, 88/30 Pin Configuration
Table 1. 80130 Pin Description
Symbol Type Name and Function

ADi5-ADg | 1O

Address Data: These pins constitute the time multiplexed memory address (T;) and '
data (T2, T3, Tw. T4) bus. These lines are active HIGH. The address presented during Ty of
a bus cycle will be latched internally and interpreted as an 80130 internal address if
MEMCS or I0CS is active for the invoked primitives. The 80130 pins float whenever it is
not chip selected, and drive these pins only during To-T4 of aread cycle and Ty of an INTA
cycle.

BHE/S, Bus High Enable: The 80130 uses the BHE signal from the processor to determine
whether to respond with data on the upper or lower data pins, or both. The signal is active
LOW. BHE is latched by the 80130 on the trailing edge of ALE. It controls the 80130 output
data as shown. N
BHE Aq
0 0  Word on AD5-ADg
0 1 Upper byte on AD15-ADg
1 0 Lower byte on AD7-ADg
1 1 Upper byte on AD7-ADg
S2,81,S9 | | Status: For the 80130, the status pins are used as inputs only. 80130 encoding follows:
S2 S1 Sp
0 0 0 INTA
0 0 1 I0RD
0 1 0 IOWR
0 1 1 Passive
1 0 0 Instruction fetch
-1 0 1 MEMRD
1 1 X

" Passive

7-2 AFN-02059A



80130/80130-2

iAPX 86/30, 88/30, 186/30, 188/30 PRELIMINARY

Table 1. 80130 Pin Description (Continued)

Symbol Type Name and Function

CLK | Clock: The system clock provides the basic timing for the processor and bus controller.
It is asymmetric with a 33% duty cycle to provide optimized internal timing. The 80130
uses the system clock as an input to the SYSTICK and BAUD timers and to synchronize
operation with the host CPU.

INT (o] Interrupt: INT is HIGH whenever a valid interrupt request is asserted. It is normally used
to interrupt the CPU by connecting it to INTR.

IR7-IRg | Interrupt Requests: An interrupt request can be generated by raising an IR input (LOW
to HIGH) and holding it HIGH until itis acknowledged (Edge-Triggered Mode), or just by a
HIGH level on an IR input (Level-Triggered Mode).

ACK (o} Acknowledge: This line is LOW whenever an 80130 resource is being accessed. Itis also
LOW during the first INTA cycle and second INTA cycle if the 80130 is supplying the
interrupt vector information. This signal can be used as a bus ready acknowledgement
and/or bus transceiver control.

MEMCS | Memory Chip Select: This input must be driven LOW when a kernel primitive is being
fetched by the CPU. AD43~ADg are used to select the instruction.

i0CS | Input/Output Chip Select: When this input is low, during an IORD or IOWR cycle, the
80130’s kernel primitives are accessing the appropriate peripheral function as specified
by the following table:

BHE Az Az Ay Ap
0 X X X X  Passive
X X X X 1 Passive
X 0 1 X X  Passive
1 0 0 X 0 Interrupt Controller
1 1 0 0 0  Systick Timer
1 1 0 1 0 Delay Counter
1 1 1 0 0 Baud Rate Timer
1 1 1 1 0 Timer Control '

LR o Local Bus Interrupt Request: This signal is LOW when the interrupt request is for a
non-slave input or slave input programmed as being a local slave.

Vee Power: Vg is the +5V supply pin. '

Vss Ground: Vgg is the ground pin.

SYSTICK o System Clock Tick: Timer 0 Output. Operating System Clock Reference. SYSTICK is
normally wired to IR2 to implement operating system timing interrupt.

DELAY o DELAY Timer: Output of timer 1. Reserved by Intel Corporation for future use.

BAUD (o} Baud Rate Generator: 8254 Mode 3 compatible output. Output of 80130 Timer 2.

FUNCTIONAL DESCRIPTION

The increased performance and memory space of
iAPX 86/10 and 88/10 microprocessors have proven
sufficient to handle most of today’s single-task or
single-device control applications with performance
to spare, and have led to the increased use of these
microprocessors to control multiple tasks or devices
in real-time. This trend has created a new challenge
to designers—development of real-time, multitask-
ing application systems and software. Examples of
such systems include control systems that monitor
and react to external events in real-time, multifunc-
tion desktop and personal computers, PABX equip-

7-3

ment which constantly controls the telephone traffic
in a multiphone office, file servers/disk subsystems
controlling and coordinating multiple disks and mul-
tiple disk users, and transaction processing systems
such as electronics funds transfer.

The iAPX 86/30, 88/30 Operating System
Processors

The Intel iAPX 86/30, 88/30 Operating System Pro-
cessors (OSPs) were developed to help solve this
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Figure 3. OSF Internal Block Diagram

problem. Their goal s to simplify the design of multi-
tasking application systems by providing a well-
defined, fully debugged set of operating system
primitives implemented directly in the hardware,
thereby removing the burden of designing muititask-
ing operating system primitives from the application
programmer.

Both the 86/30 and the 88/30 OSPs are two-chip sets
consisting of a main processor, an 8086 or 8088 CPU,
and the Intel 80130, Operating System Firmware
component (OSF) (see Figure 1). The 80130 provides
a set of multitasking kernel primitives, kernel control
storage, and the additional support hardware, in-
cluding system timers and interrupt control, re-
quired by these primitives. From the application
programmer’s viewpoint, the OSF extends the base
iAPX 86, 88 architecture by providing 35 operating
system primitive instructions, and supporting five
new system data types, making the OSF a logical and

easy-to-use architectural extension to iAPX 86, 88
system designs.

The OSP Approach

The OSP system data types (SDTs) and primitive in-
structions allocate, manage and share low-level pro-
cessor resources in an efficient manner. For
example, the OSP implements task context manage-
ment (managing a task state image consisting of
both hardware register set and software control in-
formation) for either the basic 86/10 context or the
extended 86/20 (8086+8087) numerics context. The
OSP manages the entire task state image both while
the task is actively executing and while it is inactive.
Tasks can be created, put to sleep for specified peri-
ods, suspended, executed to perform their func-
tions, and dynamically deleted when their functions
are complete. ‘
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The Operating System Processors support event-
oriented systems designs. Each event may be pro-
cessed by an individual responding task or along
with other closely related events in a common task.
External events and interrupts are processed by the
OSP interrupt handler primitives using its built-in
interrupt controller subsystem as they occur in real-
time. The multiple tasks and the multiple events are
coordinated by the OSP integral scheduler whose
preemptive, priority-based scheduling algorithm
and system timers organize and monitor the process-
ing of every task to guarantee that events are pro-
cessed as they occur in order of relative importance.
The 86/30 also provides primitives for intertask com-
munication (by mailboxes) and for mutual exclusion
(by regions), essential functions for multitasking
applications.

Programming Language Support

Programs for the OSP can be written in ASM 86/88 or
PL/M 86/88, Intel's standard system languages for
iAPX 86,88 systems.

The Operating System Processor Support Package
(iOSP 86) provides an interface library for applica-
tion programs written in any model of PL/M-86. This
library also provides 80130 configuration and in-
itialization support as well as complete user
documentation.

OSF PROGRAMMING INTERFACE

The OSF provides 35 operating system kernel
primitives which implement multitasking, interrupt
management, free memory management, intertask
communication and synchronization. Table 4 shows
each primitive, and Table 5 gives the execution per-
formance of typical primitives.

OSP primitives are executed by a combination of
CPU and OSF (80130) activity. When an OSP primi-
tive is called by an application program task, the
iAPX CPU registers and stacks are used to perform
the appropriate functions and relay the results to the
application programs.

OSP Primitive Calling Sequences

A standard, stack-based, calling sequence is used to

invoke the OSF primitives. Before a primitive is
called, its operand parameters must be pushed on
the task stack. The Sl register is loaded with the
offset of the last parameter on the stack. The entry
code for the primitive is loaded into AX. The primitive
invocation call is made with a CPU software interrupt

(Table 4). A representative ASM86 sequence for call-
ing a primitive is shown in Figure 4. In PL/M the OSP
programmer uses a call to invoke the primitive.

SAMPLE ASSEMBLY LANGUAGE PRIMITIVE CALL

PUSH P,
PUSH P,

;PUSH PARAMETER 1
;PUSH PARAMETER 2

iPUSH PARAMETER N
'STACK CALLING CONVENTION

PUSH Py
PUSH BP
MOV BP,SP
LEA SI,SS:NUM_BYTES_PARAM + 2(BP]
;88:S1 POINTS TO FIRST
;PARAMETER ON STACK
MOV AX, ENTRY CODE ;AX SETS PRIMITIVE ENTRY CODE
INT 184 ;OSF INTERRUPT

OSP PRIMITIVE INVOKED

POP BP
RET NUM_BYTES__PARAM__ ;POP PARAMETERS
;CX CONTAINS EXCEPTION CODES
;DL CONTAINS PARAMETER NUMBER
;5 THAT CAUSED EXCEPTION (IF

CX IS NON ZERO)
;AX CONTAINS WORD RETURN VALUE
;ES:BX CONTAINS POINTER
;  RETURN VALUE

Figure 4. ASM/86 OSP Calling Convention

OSP Functional Description

Each major function of the OSP is described below.
These are:

Job and Task Management
Interrupt Management
Free Memory Management
Intertask Communication
Intertask Synchronization
Environmental Control

The system data types (or SDTs) supported by the

OSP are capitalized in the description. A short
description of each SDT appears in Table 2.

JOB and TASK Management

Each OSP JOB is a controlled environment in which
the applications program executes and the OSF sys-

_tem data types reside. Each individual application

program is normally a separate OSP JOB, whether it
has one initial task (the minimum) or multiple tasks.
JOBs partition the system memory into pools. Each
memory pool provides the storage areas in which the
OSP will allocate TASK state images and other sys-
tem data types created by the executing TASKs, and
free memory for TASK working space. The OSP sup-
ports multiple executing TASKs within a JOB by
managing the resources used by each, including the
CPU registers, NPX registers, stacks, the system data
types, and the available free memory space pool.
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When a TASK is created, the OSP allocates memory
(from the free memory of its JOB environment) for
the TASK’s stack and data area and initializes the
additional TASK attributes such as the TASK priority
level and its error handler location. (As an option, the
caller of CREATE TASK may assign previously
defined stack and data areas to the TASK.) Task
priorities are integers between 0 and 255 (the lower
the priority number the higher the scheduling
priority of the TASK). Generally, priorities up to 128
- will be assigned to TASKs which are to process inter-
rupts. Priorities above 128 do not cause interrupts to
be disabled, these priorities (129 to 255) are appro-
priate for non-interrupt TASKs. If an 8087 Numerics
Processor Extension is used, the error recovery inter-
rupt level assigned to it will have a higher priority
than a TASK executing on it, so that error handling is
performed correctly.

EXECUTION STATUS

ATASK has an execution status or execution state.
The OSP provides five execution states: RUNNING,
READY, ASLEEP, SUSPENDED, and ASLEEP-
SUSPENDED.

— A TASK is RUNNING if it has control of the
processor.

— A TASK is READY if it is not asleep, suspended, or
asleep-suspended. For a TASK to become the run-
ning (executing) TASK, it must be the highest
priority TASK in the ready state.

— A TASK is ASLEEP if it is waiting for a request to
be granted or a timer event to occur. A TASK may
put itself into the ASLEEP state.

— A TASK is SUSPENDED if it is placed there by
another TASK or if it suspends itself. A TASK may
have multiple suspensions, the count of suspen-
sions is managed by the OSP as the TASK suspen-
sion depth.

— ATASK is ASLEEP-SUSPENDED if it is both
waiting and suspended. )

TASK attributes, the CPU register values, and the
8087 register values (if the 8087 is configured into
the application) are maintained by the OSP in the
TASK state image. Each TASK will have a unique
TASK state image.

SCHEDULING

The OSP schedules the processor time among the
various TASKs on the basis of priority. A TASK has an
execution priority relative to all other TASKs in the
system, which the OSP maintains for each TASK in its
TASK state image. When a TASK of higher priority
than the executing TASK becomes ready to execute,
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the OSP switches the control of the processor to the
higher priority TASK. First, the OSP saves the outgo-
ing (lower priority) TASK's state including CPU regis-
ter values in its TASK state image. Then, it restores
the CPU registers from the TASK state image of the
incoming (higher priority) TASK. Finally, it causes the
CPU to start or resume executing the higher priority
TASK.

TASK scheduling is performed by the OSP. The OSP’s
priority-oriented preemptive scheduler determines
which TASK executes by comparing their relative
priorities. The scheduler insures that the highest
priority TASK with a status of READY will execute. A
TASK will continue to execute until an interrupt with a
higher priority occurs, or until it requests unavailable
resources, for which it is willing to wait, or until it
makes specific resources available to a higher
priority TASK waiting for those resources.

TASKs can become READY by receiving a message,
receiving control, receiving an interrupt, or by timing
out. The OSP always monitors the status of all the
TASKs (and interrupts) in the system. Preemptive
scheduling allows the system to be responsive to the
external environment while only devoting CPU re-
sources to TASKs with work to be performed.

TIMED WAIT

The OSP timer hardware facilities support timed
waits and timeouts. Thus, in many primitives, a TASK
can specify the length of time it is prepared to wait
for an event to occur, for the desired resources to
become available or for a message to be received ata
MAILBOX. The timing interval (or System Tick) can
be adjusted, with a lower limit of 1 millisecond.

APPLICATION CONTROL OF TASK EXECUTION
Programs may alter TASK execution status and
priority dynamically. One TASK may suspend its own
execution or the execution of another TASK for a
period of time, then resume its execution later. Multi-
ple suspensions are provided. A suspended TASK
may be suspended again.

The eight OSP Job and TASK management primitives
are:

CREATE JOB Partitions system resources and
creates a TASK execution
environment.

CREATE TASK Creates a TASK state image.

Specifies the location of the
TASK code instruction stream,
its execution priority, and the
other TASK attributes.
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DELETE TASK Deletes the TASK state image,
removes the instruction stream
from execution and deallocates
stack resources. Does not delete

INTERRUPT TASKS.

SUSPEND TASK  Suspends the specified TASK or,
if already suspended, in-
crements its suspension depth
by one. Execute state is

SUSPEND.

RESUME TASK Decrements the TASK suspen-
sion depth by one. If the sus-
pension depth is then zero,
the primitive changes the task
execution status to READY,
or ASLEEP (if ASLEEP/
SUSPENDED).

SLEEP Places the requesting TASK in
the ASLEEP state for a specified
number of System Ticks. (The
TICK interval can be configured

down to 1 millisecond.)

SET PRIORITY Alters the priority of a TASK.

Interrupt Management

The OSP supports up to 256 interrupt levels or-
ganized in an interrupt vector, and up to 57 external
interrupt sources of which one is the NMI (Non-
Maskable Interrupt). The OSP manages each inter-
rupt level independently. The OSF INTERRUPT
SUBSYSTEM provides two mechanisms for interrupt
management: INTERRUPT HANDLERs and INTER-
RUPT TASKs. INTERRUPT HANDLERs disable all
maskable interrupts and should be used only for
servicing interrupts that require little processing
time. Within an INTERRUPT HANDLER only certain
OSF Interrupt Management primitives (DISABLE,
ENTER INTERRUPT, EXIT INTERRUPT, GET LEVEL,
SIGNAL INTERRUPT) and basic CPU instructions
can be used, other OSP primitives cannot be. The
INTERRUPT TASK approach permits all OSP
primitives to be issued and masks only lower priority
interrupts.

Work flow between an INTERRUPT HANDLER and an
INTERRUPT TASK assigned to the same level is
regulated with the SIGNAL INTERRUPT and WAIT
INTERRUPT primitives. The flow is asynchronous.
When an INTERRUPT HANDLER signals an INTER-
RUPT TASK, the INTERRUPT HANDLER becomes
immediately available to process another interrupt.
The number of interrupts (specified for the level) the
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INTERRUPT HANDLER can queue for the INTER-
RUPT TASK can be limited to the value specified in
the SET INTERRUPT primitive. When the INTER-
RUPT TASK is finished processing, it issues a WAIT
INTERRUPT primitive, and is immediately ready to
process the queue of interrupts that the INTERRUPT
HANDLER has built with repeated SIGNAL INTER-
RUPT primitives while the INTERRUPT TASK was
processing. If there were no interrupts at the level,
the queue is empty and the INTERRUPT TASK is
SUSPENDED. See the Example (Figure 5) and Fig-
ures 6 and 7.

OSP external INTERRUPT LEVELs are directly
related to internal TASK scheduling priorities. The
OSP maintains a single list of priorities including
both tasks and INTERRUPT LEVELs. The priority of
the executing TASK automatically determines which
interrupts are masked. Interrupts are managed by
INTERRUPT LEVEL number. The OSP supports eight
levels directly and may be extended by means of
slave 8259As to a total of 57.

The nine Interrupt Management OSP primitives are:

DISABLE Disables an external INTER-
RUPT LEVEL.

ENABLE Enables an external INTER-
RUPT LEVEL.

ENTER INTERRUPT  Gives an Interrupt Handler
its own data segment, sepa-
rate from the data segment

of the interrupted task.

Performs an “END of INTER-
RUPT” operation. Used by
an INTERRUPT HANDLER
which does not invoke an IN-
TERRUPT TASK. Reenables
interrupts, when the INTER-
RUPT HANDLER gives up
control. N

EXIT INTERRUPT

GET LEVEL Returns the interrupt level
number of the executing IN-
TERRUPT HANDLER.

RESET INTERRUPT  Cancels the previous as-
signment made to an

interrupt level by SET IN-
TERRUPT primitive request.
If an INTERRUPT TASK has
been assigned, it is also
deleted. The interrupt level
is disabled.

Assigns an INTERRUPT
HANDLER to an interrupt
level and, optionally, an IN-
TERRUPT TASK.

SET INTERRUPT
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/* CODE EXAMPLE A INTERRUPT TASK TO KEEP TRACK OF TIME-OF-DAY
DECLARE SECONDSCOUNT BYTE,
MINUTESCOUNT BYTE,

HOURSSCOUNT BYTE;
TIMESTASK: PROCEDURE;
DECLARE ﬂuwcemoos WORD;
ACS$CYCLESCOUNT=0;
CALL RQ$SETSINTERRUPT(ACSINTERRUPTSLEVEL, 01H),
@ACSHANDLER,0,@ TIMESEXCEPT$CODE); -
CALL RQSRESUMESTASK(INITSTASKSTOKEN,@TIMESEXCEPT$CODE);
DO HOURSCOUNT=0 TO 23;
DO MINUTESCOUNT=0 TO 59;
DO SECONDSCOUNT=0 TO 59,
CALL nctmmu‘rsaaunuwnrsnnqu.svsL,
@TIMESEXCEPTSCODE);
IF s:counscounr MOD 5=0
N CALL PROTECTED$CRTSOUT(BEL);
END; I‘ SECOND LOOP */
END; ' MINUTE LOOP */
END; /* HOURLOOP */ '
CALL RQ$SRESETSINTERRUPT(AC$INTERRUPTSLEVEL, @ TIMESEXCEPTSCODE);
END TIMESTASK;
/* CODE EXAMPLE B INTERRUPT HANDLER TO SUBDIVIDE A.C. SIGNAL BY 60. */
DECLARE AC$CYCLESCOUNT BYTE;
ACSHANDLER: PROCEDURE INTERRUPT 59;
DECLARE ACSEXCEPT$CODE WORD;
AC$CYCLESCOUNT=ACSCYCLESCOUNT +1;
IF Aeccvcmscoutcb =60 THEN DO;
C$CYCLESCOUNT=0;
CALL RQS$SIGNALSINTERRUPT(ACSINTERRUPTSLEVEL,@ACSEXCEPTSCODE);

END AMNDLER;

Figure 5. OSP Examples

INTERRUPT OCCURS AND .
INTERRUPT HANDLER
GETS CONTROL

NEED
A NEW
DS VALUE
?

YES

CALL
ENTERSINTERRUPT

NO ]

INTERRUPT HANDLER

INTERRUPT SERVICING

NEED
NO TO INVOKE YES
INTERRUPT

I |

TASK
INTERRUPT ?
HANDLER CALLS
EXITSINTERRUPT

INTERRUPT
HANDLER CALLS
SIGNALSINTERRUPT

INTERRUPT TASK
COMPLETES INTERRUPT
SERVICING

INTERRUPT TASK
CALLS
WAITSINTERRUPT

CONTROL RETURNS TO AN \ J
APPLICATION TASK J

Figure 6. Interrupt Handling Flowchart
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Figure 7. Multiple Buffer Example

SIGNAL INTERRUPT

Used by an INTERRUPT

HANDLER to activate an In-
terrupt Task.

WAIT INTERRUPT Suspends the calling Inter-
rupt Task until the INTER-
RUPT HANDLER performs a
SIGNAL INTERRUPT to in-
voke it. If a SIGNAL INTER-
RUPT for the task has

occurred, it is processed.

FREE MEMORY MANAGEMENT

The OSP Free Memory Manager manages the
memory pool which is allocated to each JOB for its
execution needs. (The CREATE JOB primitive al-
locates the new JOB’s memory pool from the
memory pool of the parent JOB.) The memory pool is
part of the JOB resources but is not yet allocated
between the tasks of the JOB. When a TASK, MAIL-
BOX, or REGION system data type structure is
created within that JOB, the OSP implicitly allocates
memory for it from the JOB’s memory pool, so that a
separate call to allocate memory is not required. OSP
primitives that use free memory management im-
plicitly include CREATE JOB, CREATE TASK,
DELETE TASK, CREATE MAILBOX, DELETE MAIL-
BOX, CREATE REGION, and DELETE REGION. The

CREATE SEGMENT primitive explicitly allocates a
memory area when one is needed by the TASK. For
example, a TASK may explicitly allocate a SEGMENT
for use as a memory buffer. The SEGMENT length
can be any multiple of 16 bytes between 16 bytes and
64K bytes in length. The programmer may specify
any number of bytes from 1 byte to 64 KB, the OSP
will transparently round the value up to the appropri-
ate segment size.

The two explicit memory allocation/deallocation
primitives are:

CREATE SEGMENT Allocates a SEGMENT of spe-
cified length (in 16-byte-long
paragraphs) from the JOB

Memory Pool.

Deallocates the SEGMENT'’s
memory area, and returns it
to the JOB memory pool.

DELETE SEGMENT

Intertask Communication

The OSP has built-in intertask synchronization and
communication, permitting TASKs to pass and share
information with each other. OSP MAILBOXes con-
tain controlled handshaking facilities which guaran-
tee that a complete message will always be sent from
a sending TASK to a receiving TASK. Each MAILBOX
consists of two interlocked queues, one of TASKs
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and the other of Messages. Four OSP primitives for
intertask synchronization and communication are
provided:

CREATE MAILBOX Creates intertask message

exchange.

Deletes an intertask mes-
sage exchange.

Calling TASK receives a mes-
sage from the MAILBOX.

Calling TASK sends a
message to the MAILBOX.

DELETE MAILBOX
RECEIVE MESSAGE

SEND MESSAGE

The CREATE MAILBOX primitive allocates a MAIL-
BOX for use as an information exchange between
TASKs. The OSP will post information at the MAIL-
BOX in a FIFO (First-In First-Out) manner when a
SEND MESSAGE: instruction is issued. Similarily, a
message is retrieved by the OSP if a TASK issues a
RECEIVE MESSAGE primitive. The TASK which
creates the MAILBOX may make it available to other
TASKs to use.

If no message is available, the TASK attempting to
receive a message may choose to wait for one or
continue executing.

The queue management method for the task queue
(FIFO or PRIORITY) determines which TASK in the
MAILBOX TASK queue will receive a message from
the MAILBOX. The method is specified in the
CREATE MAILBOX primitive.

Intertask Synchronization and Mutual
Exclusion

Mutual exclusion is essential to multiprogramming
and multiprocessing systems. The REGION system
data type implements mutual exclusion. A REGION is
represented by a queue of TASKS waiting to use a
resource which must be accessed by only one TASK
at a time. The OSP provides primitives to use
REGIONs to manage mutually exclusive data and
resources. Both critical code sections and shared
data structures can be protected by these primitives
from simultaneous use by more than one task.
REGIONs support both FIFO (First-In First-Out) or
Priority queueing disciplines for the TASKS seeking
to enter the REGION. The REGION SDT can also be
used to implement software locks.

Muitiple REGIONSs are allowed, and are automatically
exited in the reverse order of entry. While in a
REGION, a TASK cannot be suspended by itself or
any other TASK, and thereby avoids deadlock.

There are five OSP primitives for mutual exclusion:
‘CREATE REGION Create a REGION (lock).

SEND CONTROL Give up the REGION.

ACCEPT CONTROL  Request the REGION, but do
not wait if it is not available.

RECEIVE CONTROL Request a REGION, wait if

not immediately available.

DELETE REGION Delete a REGION.

The OSP also provides dynamic priority adjustment
for TASKs within priority REGIONs: If a higher-
priority TASK issues a RECEIVE CONTROL primitive,
while a (lower-priority) TASK has the use of the same
REGION, the lower-priority TASK will be trans-
parently, and temporarily, elevated to the waiting
TASK’s priority until it relinquishes the REGION via
SEND CONTROL. At that point, since it is no longer
using the critical resource, the TASK will have its
normal priority restored.

OSP Control Facilities

The OSP also includes system primitives that provide
both control and customization capabilities to a mul-
titasking system. These primitives are used to control
the deletion of SDTs and the recovery of free memory
in a system, to allow interrogation of operating sys-
tem status, and to provide uniform means of adding
user SDTs and type managers. '

DELETION CONTROL

Deletion of each OSP system data type is explicitly
controlled by the applications programmer by set-
ting a deletion attribute for that structure. For exam-
ple, if a SEGMENT is to be kept in memory until DMA
activity is completed, its deletion attribute should be
disabled. Each TASK, MAILBOX, REGION, and SEG-
MENT SDT is created with its deletion attribute en-
abled (i.e., they may be deleted). Two OSP primitives
control the deletion attribute: ENABLE DELETION
and DISABLE DELETION.

ENVIRONMENTAL CONTROL

The OSP provides inquiry and control operations
which help the user interrogate the application envi-
ronment and implement flexible exception handling.
These features aid in run-time decision making and
in application error processing and recovery. There
are five OSP environmental control primitives.

OS EXTENSIONS

The OSP architecture is defined to allow new user-
defined System Data Types and the primitives to ma-
nipulate them to be added to OSP capabilities
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provided by the built-in System Data Types. The type
managers created for the user-defined SDTs are
called user OS extensions and are installed in the
system by the SET OS EXTENSION primitive. Once
installed, the functions of the type manager may be
invoked with user primitives conforming to the OSP
interface. For well-structured extended architec-
tures, each OS extension should support a separate
user-defined system data type, and every OS exten-
sion should provide the same calling sequence and
program interface for the user as is provided for a
built-in SDT. The type manager for the extension
would be written to suit the needs of the application.
OSP interrupt vector entries (224-255) are reserved
for user OS extensions and are not used by the OSP.
After assigning an interrupt number to the extension,
the extension user may then call it with the standard
OSP call sequence (Figure 4), and the unique
software interrupt number assigned to the
extension.

ENABLE DELETION  Allows a specific SEGMENT,
TASK, MAILBOX, or REGION
SDT to be deleted.

Prevents a specific SEG-
MENT, TASK, MAILBOX, or
REGION SDT from being
deleted.

DISABLE DELETION

GET TYPE Given a token for an in-
stance of a system data type,
returns the type code.

GET TASK TOKENS Returns to the caller infor-

mation about the current
task environment.

Returns information about
the calling TASK’s current in-
formation handler: its ad-
dress, and when it is used.

Provides the address and
usage of an exception
handler for a TASK.

Modifies one of the interrupt
vector entries reserved for
OS extensions (224-255) to
point to a user OS extension
procedure.

For use in OS extension er-
ror processing.

GET EXCEPTION
HANDLER

SET EXCEPTION
HANDLER

SET OS EXTENSION

SIGNAL EXCEPTION

EXCEPTION HANDLING

The OSP supports exception handlers. These are
similar to CPU exception handlers such as OVER-
FLOW and ILLEGAL OPERATION. Their purpose is to
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allow the OSP primitives to report parameter errors
in primitive calls, and errors in primitive usage. Ex-
ception handling procedures are flexible and can be
individually programmed by the application. In gen-
eral, an exception handler if called will perform one
or more of the following functions:

—Log the Error.

—Delete/Suspend the Task that caused the
exception.

—Ignore the error, presumably because it is not
serious.

An EXCEPTION HANDLER is written as a procedure.
If PLM/86 is used, the “compact,”.“medium” or
“large” model of computation should be specified for
the compilation of the program. The mode in which
the EXCEPTION HANDLER operates may be speci-
fied in the SET EXCEPTION HANDLER primitive. The
return information from a primitive call is shown in
Figure 4. CX is used to return standard system error
conditions. Table 7 shows a list of these conditions,
using the defaul/t EXCEPTION HANDLER of the OSP.

HARDWARE DESCRIPTION

The 80130 operates in a closely coupled mode with
the iAPX 86/10 or 88/10 CPU. The 80130 resides on
the CPU local multiplexed bus (Figure 8). The main
processor is always configured for maximum mode
operation. The 80130 automatically selects between
its 88/30 and 86/30 operating modes.

The 80130 used in the 86/30 configuration, as shown
in Figure 8 (or a similar 88/30 configuration),
operates at both 5 and 8 MHz without requiring pro-
cessor wait states. Wait state memories are fully sup-
ported, however. The 80130 may be configured with
both an 8087 NPX and an 8089 IOP, and provides
full context control over the 8087.

The 80130 (shown in Figure 3) is internally divided
into a control unit (CU) and operating system unit
(OSU). The OSU contains facilities for OSP kernel
support including the system timers for scheduling
and timing waits, and the interrupt controller for
interrupt management support.

iAPX 86/30, iAPX 88/30 System
Configuration

The 80130 is both I/0 and memory mapped to the
local CPU bus. The CPU’s status S0/-S2/ is
decoded along with 10CS/ (with BHE and AD3-
ADg) or MEMCS/ (with AD43-ADg). The pins are
internally latched. See Table 1 for the decoding of
these lines.
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Memory Mapping

Address lines Ajg—A14 can be used to form MEMCS/
since the 80130’s memory-mapped portion is aligned
along a 16K-byte boundry. The 80130 can reside on
any 16K-byte boundry excluding the highest
(FCOO0OH-FFFFFH) and lowest (00000H-003FFH). The
80130 control store code is position-independent ex-
cept as limited above, in order to make it compatible
with many decoding logic designs. AD43-ADg are
decoded by the 80130’s kernel control store. .

1/0 Mapping

The /O-mapped portion of the 80130 must be aligned
along a 16-byte boundry. Address lines Aj5—-A4
should be used to form I0CS/.

System Performance

The approximate performance of representitive OSP
primitives is given in Table 5. These times are shown
for a typical iAPX 86/30 implementation with an 8
MHz clock. These execution times are very compara-
ble to the execution times of similar functions in
minicomputers (where available) and are an order of
magnitude faster than previous generation
microprocessors.

Initialization

Both application system initialization and OSP-
specific initialization/configuration are required to
use the OSP. Configuration is based on a “database”
provided by the user to the iOSP 86 support package.

The OSP-specific initialization and conflguratlon in-

formation area is assigned to a user memory address
adjacent to the 80130’s memory-mapped location.
(See Application Note 130 for further details.) The
configuration data defines whether 8087 support is
configured in the system, specifies if slave 8259A

. interrupt controllers are used in addition to the
80130, and sets the operating system time base (Tick
Interval). Also located in the configuration area are
the exception handler control parameters, the ad-
dress location of the (separate) application system
configuration area and the OSP extensions in use.
The OSP application system configuration area may
be located anywhere in the user memory and must
include the starting address of the application in-
struction code to be executed, plus the locations of
the RAM memory blocks to be managed by the OSP
free memory manager. Complete application system
support and the required 80130 configuration sup-
port are provided by the iAPX 86/30 and iAPX 88/30
OPERATING SYSTEM PROCESSOR SUPPORT
PACKAGE (iOSP 86).

RAM Requlrements

The OSP manages its own interrupt vector, whlch is
assigned to low RAM memory. Working RAM storage
is required. as stack space and data area. The
memory space must be allocated in user RAM.

OSP interrupt vector memory locations OH-3FFH
must be RAM based. The OSP requires 2 bytes of
allocated RAM. The processor working storage is
dynamically allocated from free memory. Approxi-
mately 300 bytes of stack should be allocated for
each OSP task.

TYPICAL SYSTEM CONFIGURATION

Figure 8 shows the processing cluster of a “typical”
iAPX 86/30 or iAPX 88/30 OSP system. Not shown are
subsystems likely to vary with the application. The
configuration includes an 8086 (or 8088) operating in
maximum mode, an 8284A clock generator and an
8288 system controller. Note that the 80130 is located
on the CPU side of any latches or transceivers. See
Intel Application Note 130 for further details on
conﬂguratlon

OSP Timers

The OSP Timers are connected to the lower half of
the data bus and are addressed at even addresses.
The timers are read as two successive bytes, always
LSB followed by MSB. The MSB is always latched on
a read operation and remains latched until read.
Timers are not gatable.

Baud Rate Generator

The baud rate generator is 8254 compatible (square
wave mode 3). Its output, BAUD, is initially high and
remains high until the Count Register is loaded. The
first falling edge of the clock after the Count Register
is loaded causes the transfer of the internal counter
to the Count Register. The output stays high for N/2
[(N+1)/2 if N is odd] and then goes low for N/2
[(N—1)/2if N is odd]. On the falling edge of the clock
which signifies the final count for the output in low
state, the output returns to high state and the Count
Register is transferred to the internal counter. The
whole process is then repeated. Baud Rates are
shown in Table 6.

The baud rate generator is located at OCH (12), rela-
tive to the 16-byte boundary in the I/O space in which
the 80130 component is located (*OSF” in the follow-
ing example), the timer control word is located at
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Figure 8. Typical OSP Configuration

relative address, OEH(14). Timers are addressed with
10CS=0. Timers 0 and 1 are assigned to the use by
the OSP, and should not be altered by the user.

For most baud-rate generator applications, the com-
mand byte

0B6H Read/Write Baud-Rate Delay Value

will be used. A typical éequence to set a baud rate
of 9600 using a count value of 52 follows (see
Table 6):

MOV AX,0B6H ;Prepare to Write Delay to

Timer 3.
OUT OSF+14,AX ;Control Word.
MOV AX, 52 )
OUT OSF+12,AL ;LSB written first
XCHG AL,AH

OUT OSF+12,AL ;MSB written after.

The 80130 timers are subset compatible with 8254
timers.

Interrupt Controller

The Programmable Interrupt Controller (PIC), is also
an integral unit of the 80130. Its eight input pins
handle eight vectored priority interrupts. One of
these pins must be used for the SYSTICK time func-
tion in timing waits, using an external connection as
shown. During the 80130 initialization and configura-
tion sequence, each 80130 interrupt pin is individu-
ally programmed as either level or edge sensitive.
External slave 8259A interrupt controllers can be
used to expand the total number of OSP external
interrupts to 57.

In addition to standard PIC funtions, 80130 PIC unit
has an LIR output signal, which  when low indicates
an interrupt acknowledge cycle. LIR=0 is provided to
control the 8289 Bus Arbiter SYSB/RESB pin. This
will avoid the need of requesting the system bus to
acknowledge local bus non-slave interrupts. The
user defines the interrupt system as part of the
configuration.
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INTERRUPT SEQUENCE
The OSP interrupt sequence is as follows:

1. One or more of the interrupts is set by a low-to-
high transition on edge-sensitive IR inputs or by a

high input on level-sensitive IR inputs.

. The 80130 evaluates these requests, and sends an
INT to the CPU, if appropriate.

. The CPU acknowledges the INT and responds
with an interrupt acknowledge cycle which is en-
coded in S5-Sq.

. Upon receiving the first interrupt acknowledge
from the CPU, the highest-priority interrupt is set
by the 80130 and the corresponding edge detect

latch is reset. The 80130 does not drive the ad-'

dress/data bus during this bus cycle but does
acknowledge the cycle by making ACK=0 and
sending the LIR value for the IR input being
acknowledged.

. The CPU will then initiate a second interrupt ac-
knowledge cycle. During this cycle, the 80130 will
supply the cascade address of the interrupting
input at Ty on the bus and also release an 8-bit
pointer onto the bus if appropriate, where it is
read by the CPU. If the 80130 does supply the
pointer, then ACK will be low for the cycle. This
cycle also has the value LIR for the IR input being
acknowledged.

. This completes the interrupt cycle. The ISR bit
remains set until an appropriate EXIT INTERRUPT
primitive (EOl command) is called at the end of
the Interrupt Handler.

OSP APPLICATION EXAMPLE

Figure 5 shows an application of the OSP primitives

to keep track of time of day in a simplified example.
The 'system design uses a 60 Hz A.C. signal as a time
base. The power supply provides a TTL-compatible

7-14

signal which drives one of 80130 edge-triggered in-
terrupt request pins once each A.C. cycle. The Inter-
rupt Handler responds to the interrupts, keeping
track of one second’s A.C. cycles. The Interrupt Task
counts the seconds and after a day deletes itself. In
typical systems it might perform a data logging oper-
ation once each day. The Interrupt Handler and Inter-
rupt Task are written as separate modular programs.

The Interrupt Handler will actually service interrupt
59 when it occurs. It simply counts each interrupt,
and at a count of 60 performs a SIGNAL INTERRUPT
to notify the Interrupt Task that a second has elapsed.
The Interrupt Handler (ACS HANDLER) was assigned
to this level by the SET INTERRUPT primitive. After
doing this, the Interrupt Task performed the Primitive
RESUME TASK to resume the application task (INITS
TASKS TOKEN).

The main body of the task is the counting loop. The
Interrupt Task is signaled by the SIGNAL INTERRUPT
primitive in the Interrupt Handler (at interrupt level
ACS INTERRUPTS LEVEL). When the task is sig-
nalled by the Interrupt Handler it will execute the
loop exactly one time, increasing the time count
variables. Then it will execute the WAIT INTERRUPT
primitive, and wait until awakened by the Interrupt
Handler. Normally, the task will now wait some period
of time for the next signal. However, since the inter-
face between the Handler and the Task is asyn-
chronous, the handler may have already queued the
interrupt for servicing, the writer of the task does not
have to worry about this possibility.

At the end of the day, the task will exit the loop and
execute RESET INTERRUPT, which disables the in-
terrupt level, and deletes the interrupt task. The OSP
now reclaims the memory used by the Task and
schedules another task. If an exception occurs, the
coded value for the exception is available in TIMES
EXCEPTS CODE after the execution of the primitive.

A typlcal PL/M-86 calling sequence is illustrated by
the call to RESET INTERRUPT shown in Figure 5.
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Table 2. OSP System Data Type Summary

Job Jobs are the means of organizing the program environment and resources. An application consists of
one or more jobs. Each iAPX 86/30 system data type is contained in some job. Jobs are independent of
each other, but they may share access to resources. Each job has one or more tasks, one of which is an
initial task. Jobs are given pools of memory, and they may create subordinate offspring jobs, which
may borrow memory from their parents.

Task Tasks are the means by which computations are accomplished. A task is an instruction stream with its
own execution stack and private data. Each task is part of a job and is restricted to the resources
provided by its job. Tasks may perform general interrupt handling as well as other computational
functions. Each task has a set of attributes, which is maintained for it by the iAPX 86/30, which
characterize its status. These attributes are:

its containing job

its register context

its priority (0-255)

its execution state (asleep, suspended, ready, running, asleep/suspended).
its suspension depth

its user-selected exception handler

its optional 8087 extended task state

Segment Segments are the units of memory allocation. A segment is a physically contiguous sequence of
16-byte, 8086 paragraph-length, units. Segments are created dynamically from the free memory
space of aJob as one of its Tasks requests memory for its use. A segment is deleted when itis no longer
needed. The iAPX 86/30 maintains and manages free memory in an orderly fashion, it obtains memory
space from the pool assigned to the containing job of the requesting task and returns the space to the
job memory pool (or the parent job pool) when it is no longer needed. It does not allocate memory to
create a segment if sufficient free memory is not available to it, in that case it returns an error
exception code.

Mailbox Mailboxes are the means of intertask communication. Mailboxes are used by tasks to send and
receive message segments. The iAPX 86/30 creates and manages two queues for each mailbox. One
of these queues contains message segments sent to the mailbox but not yet received by any task. The
other mailbox queue consists of tasks that are waiting to receive messages. The iAPX 86/30 operation
assures that waiting tasks receive messages as soon as messages are available. Thus at any moment
one or possibly both of two mailbox queues will be empty.

Region Regions are the means of serialization and mutual exclusion. Regions are familiar as “critical code
regions.” The iAPX 86/30 region data type consists of a queue of tasks. Each task waits to execute in
mutually exclusive code or to access a shared data region, for example to update a file record.

Tokens The OSP interface makes use of a 16-bit TOKEN data type to identify individual OSF data structures.
Each of these (each instance) has its own unique TOKEN. When a primitive is called, it is passed the
TOKENS of the data structures on which it will operate.
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Table 3. System Data Type Codes and Attributes
S.D.T. Code Attributes
Jobs 1 Tasks
Memory Pool
S.D.T. Directory
Tasks 2 ‘ Priority
Stack
Code
State
Exception Handler
Mailboxes 3 Queue of S.D.T.s
(generally segments)
Queue of Tasks
waiting for S.D.T.s
Region 5 . Queue of Tasks
waiting for mutually
® exclusive code or
data
Segments 6 Buffer
Length
Table 4. OSP Primitives
Class osP Interrupt Entry Code Parameters
Primitive Number in AX On Caller’s Stack
J .
(o] CREATE JOB 184 0100H *See 80130 User Manual
B .
CREATE TASK 184 0200H Priority, IP Ptr, Data Segment, Stack
Seg, Stack Size Task Information,
T ExcptPtr
A DELETE TASK 184 0201H TASK, ExcptPtr
S SUSPEND TASK 184 0202H TASK, ExcptPtr
K RESUME TASK 184 0203H TASK, ExcptPtr
SET PRIORITY 184 0209H TASK, Priority, ExcptPtr
SLEEP 184 0204H | Time Limit,ExcptPtr
DISABLE 190 0705H Level, ExcptPtr
| ENABLE 184 0704H Level #, ExcptPtr
N ENTER INTERRUPT 184 0703H Level #, ExcptPtr
T EXIT INTERRUPT 186 NONE Level #,ExcptPtr
E GET LEVEL 188 0702H Level #, ExcptPtr
R RESET INTERRUPT 184 0706H Level #, ExcptPtr
R SET INTERRUPT 184 0701H Level, Interrupt Task Flag Interrupt
u Handler Ptr, Interrupt Handler DataSeg
P ExcptPtr
T SIGNAL INTERRUPT 185 NONE Level, ExcptPtr
. WAIT INTERRUPT 187 NONE Level, ExcptPtr
S
E
G CREATE SEGMENT 184 0600H Size, ExcptPtr
M DELETE SEGMENT 184 0603H | SEGMENT, ExceptPtr
E
N ’ \
T
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All parameters are pushed onto the OSP stack. Each parameter is one word. See Figure 3 for Call Sequence.

Explanation of the Symbols
JoB OSP JOB SDT Token
TASK OSP TASK SDT Token
REGION OSP REGION SDT Token
MAILBOX OSP MAILBOX SDT Token
SEGMENT OSP SEGMENT SDT Token
TOKEN Any SDT Token
Level Interrupt Level Number

ExcptPtr

Pointer to Exception Code

Ptr
Seg

M ge Token

Pointer to Code,Stack etc. Address

Value Loaded into appropriate Segment Register
Value Parameter.
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Table 4. OSP Primitives (Continued)
Class osP Interrupt Entry Code Parameters
Primitive Number in AX On Caller’s Stack
M CREATE MAILBOX 184 0300H Mailbox flags, ExcptPtr
A DELETE MAILBOX 184 0301H MAILBOX, ExcptPtr
y RECEIVE MESSAGE 184 0303H MAILBOX, Time Limit ResponsePtr,
L ExcptPtr
g SEND MESSAGE 184 0302H MAILBOX,Message Response, ExcptPtr
X
R ACCEPT CONTROL 184 0504H REGION, ExcptPtr
E CREATE REGION 184 0500H Region Flags, ExcptPtr
G DELETE REGION 184 0501H REGION, ExcptPtr
a RECEIVE CONTROL 184 0503H REGION, ExcptPtr
g SEND CONTROL 184 0502H ExcptPtr
ﬁ DISABLE DELETION 184 0001H TOKEN,ExcptPtr
v ENABLE DELETION 184 0002H TOKEN,ExcptPtr
1 GET EXCEPTION -
R HANDLER 184 0800H Ptr,ExcptPtr
o GET TYPE 184 0000H TOKEN,ExcptPtr
N GET TASK TOKENS 184 0206H Request, ExcptPtr
M SET EXCEPTION
E HANDLER 184 0801H Ptr, ExcptPtr
N SET OS EXTENSION 184 0700H Code,InstPtr, ExcptPtr
T SIGNAL
ﬁ EXCEPTION 184 0802H Exception Code, Parameter Number,
StackPtr,0,0,ExcptPtr
NOTES: ’
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Table 5. OSP Primitive Performance Examples
' Primitive Execution Speed*
Datatype Class (microseconds)

JOB CREATE JOB 2950

TASK CREATE TASK (no preemption) 1360

SEGMENT CREATE SEGMENT 700

MAILBOX SEND MESSAGE (with task switch) 475

SEND MESSAGE (no task switch) 265

RECEIVE MESSAGE (task waiting) 540

RECEIVE MESSAGE (message waiting) 260

REGION SEND CONTROL 170

RECEIVE CONTROL 205

*8 MHz iAPX 86/30 OSP Configuation.

Table 6. Baud Rate Count Values (16X)

Baud 8 MHz Count 5 MHz Count
Rate Value ' Value

300 1667 1042

600 833 521
1200 417 260
2400 208 130
4800 104 65
9600 52 33
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Table 7a. Mnemonic Codes for Unavoidable Exceptions

E$OK

Exception Code Value = 0
the operation was successful

E$TIME

Exception Code Value = 1
the specified time limit expired before completion of the operations was possible

ESMEM

Exception Code Value = 2
insufficient nucleus memory is available to satisfy the request

E$BUSY

Exception Code Value = 3
specified region is currently busy

ESLIMIT

Exception Code Value = 4
attempted violation of a job, semaphore, or system limit

E$SCONTEXT

Exception Code Value = 5
the primitive was called in an illegal context (e.g., call to enable for an already enabled
interrupt)

ESEXIST

Exception Code Value = 6
atoken argument does not currently refer to any object; note that the object could have
been deleted at any time by its owner

E$STATE

Exception Code Value = 7
attempted illegal state transition by a task

E$NOT$CONFIGURED

Exception Code Value = 8
the primitive called is not configured in this system

ESINTERRUPT$SATURATION

Exception Code Value = 9

The interrupt task on the requested level has reached its user specified saturation point
for interrupt service requests. No further interrupts will be allowed on the level until the
interrupt task executes a WAITSINTERRUPT. (This error is only returned, in line, to
interrupt handlers.)

ESINTERRUPT$OVERFLOW

Exception Code Value = 10 .

The interrupt task on the requested level previously reached its saturation point and
caused an E$INTERRUPT$SATURATION condition. It subsequently executed an
ENABLE allowing further interrupts to come in and has received another SIG-
NALSINTERRUPTcall, bringing it over its specified saturation point for interrupt service
requests. (This error is only returned, in line, to interrupt handlers).

Table 7b. Mnemonic Codes for Avoidable Exceptions

E$ZERO$DIVIDE

Exception Code Value = 8000H
divide by zero interrupt occurred

E$OVERFLOW

Exception Code Value = 8001H
overflow interrupt occurred |

ESTYPE

Exception Code Value = 8002H -
d token argument referred to an object tha was not of required type

E$BOUNDS

Exception Code Value = 8003H
an offset argument is out of segment bounds

E$PARAM

Exception Code Value = 8004H
a (non-token,non-offset) argument has an illegal value

E$SBADS$CALL

Exception Code Value = 8005H
an entry code for which there is no corresponding primitive was passed

E$ARRAY$BOUNDS = 8006H

Hardware or Language has detected an array overflow

E$NDP$ERROR

Exception Code Value = 8007H
an 8087 (Numeric data Processor) error has been detected; (the 8087 status information
is contained in a parameter to the exception handler)
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bins ......... 0°C to 70°C
Storage Temperature ................. —-65°C to 150°C
Voltage on Any Pin With

Respectto Ground .................. -1.0V to +7V
Power Dissipation .......................... 1.0 Watts

D.C. CHARACTERISTICS (1,=0°Cto 70°C, Voo = 4.5 t0 5.5V)

*NOTICE: Stresses above those listed under Absolute
Maximum Ratings may cause permanent damage to the
device. This is a stress rating only and functional operation
of the device at these or any other conditions above those
indicated in the operational sections of this specification
is notimplied. Exposure to absolute maximum rating con-
ditions for extended period may affect device reliability.

Symbol Parameter Min. Max. Units Test Conditions

Vi Input Low Voltage -05 0.8 v

Vi Input High Voltage 2.0 Ve + .5 \

Voo Output Low Voltage 045 . " lop = 2mA

Vou Output High Voltage 2.4 \ loy = —400pA

lec Power Supply Current 200 mA Ta=25C

Iy Input Leakage Current 10 pA 0 <V <Vee

[T IR Input Load Current 10 uA Vin = Vee

¢ -300 pA V=0

ho Output Leakage Current 10 uA 45 = Viy = Veo

Veu Clock Input Low 0.6 v .

Veni Clock Input High 39 v

Cwn Input Capacitance 10 pF

Cio 1/0 Capacitance 15 pF

lew Clock Input Leakage Current 10 uA Vin = Vec
150 pA Viy = 2.5V |
10 uA Vin = OV
A.C. CHARACTERISTICS (1, = 0-70°C, Vs = 4.5-5.5 Volt, Vgg = Ground)
80130 80130-2
Symbol Parameter Min. Max. Min. Max. Units Test Conditions

TowoL CLK Cycle Period 200 126 - ns
TorcH CLK Low Time 920 55 - ns
TeHoL CLK High Time 69 2000 44 2000 ns
TeveH Status Active Setup Time 80 65 - ns
Tonsv Status Inactive Hold Time 10 10 - ns
TsHeL Status Inactive Setup Time 55 55 - ns
ToLsH Status Active Hold Time 10 10 - ns
TascH Address Valid Setup Time : 8 8 - ns
ToLan Address Hold Time 10 10 - ns
TescL Chip Select Setup Time 20 20 - ns
TeHes Chip Select Hold Time 0 0 - ns
ToscL Write Data Setup Time 80 60 - ns
TeHoH Write Data Hold Time 10 10 - ns
ToLH IR Low Time 100 100 - ns
Tewov Read Data Valid Delay - 140 - 105 ns C = 200 pE
TeLon Read Data Hold Time 10 10 - ns
ToLox Read Data to Floating 10 100 10 100 ns
Tolca Cascade Address Delay Time - - 65 ns
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A.C. CHARACTERISTICS (Continued)
80130 80130-2
Symbol Parameter Min. Max. Min. Max. Units Notes

Teier Cascade Addresse Hold Time 10 - 10 - ns

Tiave INTA Status t Acknowledge - 80 - 80 ns

ToHen Acknowledge Hold Time 0 - 0 - ns

Tosak Chip Select to ACK - 110 - 110 ns

Tsack Status to ACK - 140 - 140 ns

Taack Address to ACK - 90 - 90 ns

TcLop Timer Output Delay Time - 200 - 200 ns C_ = 100 pF
TcLopt Timer1 Output Delay Time - 200 - 200 ns C_ =100 pF

L INT Output Delay - 200 - 200 ns

TircL IR Input Set Up 20 20 ns

WAVEFORMS
AC.
CLK
TCLOD l
oS X
_/ / L
oK '
R ‘
% TILH e
INT
— TIHIH
TRCL —3» -
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AC.
T4 T T2 | T3 l T4
’ ™
i /7 /[
ok J
TCHSV TSVCH TCLCL | _|TCLSH, [ TSHCL
$2,51,80 \ / /
TASCH TCLAH !
< -
__ ( BHE. A ,,-A, VALID x _____
HE, AD,5-ADo
r_“’_su_. TCHES
MEMCS, I0CS 1 \ /
WRITE CYCLE l TDSCL TCHDH
{ AooRessvau XXWX WRITE DATAVALID | >——
AD;5-AD,
— r— TCSAK |
ACK .
TAACK \ /
READ CYCLE TCLOV TCLDX TCHEHI
TCLDH |
\ FLOAT FLOAT
AD,5-ADg _“ ADDRESS VALID ) ‘f READ DATAVALID
— TCHEH
ACK \ ‘ *_./———

2ND INTA CYCLE
—>|
TCLCA

TSACK

TCLCF

AD5-ADg

TIAVE

|

FLOAT
() CASCADE ADDRESS )———( POINTER

@ ) FLOAT

— /—-'rcnsn

NOTES
1

ARE TRISTATE

re N

POINTER VALUE IS AC!
EXTERNAL SLAVE
ACTIVE LOW ONLY WHEN POINTER DATA IS BE!ING SUPPLIED BY THE 80150
LOW ONLY FOR LOCAL INTERRUPT

TIAVE

—>| fa— TeHEN

UNI

— 4 -

CASCADE ADDRESS PRESENTED ON ADS, AD9 AND AD10 CORRESPONDING TO CASO, CAS1
AND CAS2 RESPECTIVELY AD11-AD15 LINES ARE ACTIVE AND HAVE UNKNOWN VALUES ADO-AD7

TIVE ONLY IF POINTER IS GENERATED FROM THE 80150 AND NOT FROM
I
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CP/M-86 OPERATING SYSTEM PROCESSORS

s High-Performance Two-Chip Data a Memory Disk Makes Possible Diskless
Processors Containing the Complete CP/M-86 Systems
CP/M-86 Operating System

= Standard On-Chip BIOS (Basic

= No License or Serialization Required
a Built-in Operating System Timers and

e o N
Bubble Memory Controller = 8086/80150/80150-2/8088/80186/80188
. . . Compatible At Up To 8 MHz Without
s BIOS Extensible with User-Supplied Wait States

Peripheral Drivers

m User Intervention Points Allow Addition
of New System Commands

The Intel iAPX 86/50, 88/50, 186/50, and 188/50 are two-chip microprocessors offering general-purpose
CPU instructions combined with the CP/M-86 operating system. Respectively, they consist of the 8- and
16-bit software compatible 8086, 8088, 80186, and 80188 CPU plus the 80150 CP/M-86 operating system
extension.

CP/M-86 is a single-user operating system designed for computers based on the Intel iAPX 86, 88, 186,
and 188 microprocessors. The system allows full utilization of the one megabyte of memory available for
application programs. The 80150 stores CP/M-86 in its 16K bytes of on-chip memory. The 80150 will run
third-party applications software written to run under standard Digital Research CP/M-86.

The 80150 is implemented in N-Channel, depletion-load, silicon-gate technology (HMOS), and is housed
in a 40-pin package. Included on the 80150 are the CP/M-86 operating system, Version 1.1, plus hardware

support for eight interrupts, a system timer, a delay timer, and a baud rate generator.
*CP/M-86 1s a trademark of Digital Research, inc

| 8088 '
— PROGRAM DATA
cLock OR MEMORY MEMORY
| 8086
‘ )
fl D l INTERRUPT  STATUS |
8284A | '
stoc e K wmEmes >
DRIVER INTERFACE
RDY !
INTERRUPT STATUS l
| CSLIR |-
=1 cLOCK 80150 INTERRUPT PERIPHERAL
| REQUESTS
i ACKNOWLEDGE I\ ﬁ
BAUD RATE DELAY SYSTEM 1APX 86/50, 88/50
TIMER TIMER TIMER
Figure 1. iAPX 86/50, 88/50 Block Diagram
The are fIntel Corp and its aff may be used only toudenmylmal products BXP, CREDIT: ICE,ICS, m, Insnle Intel, INTEL, Intelevision, Intelhink,
intellec, IMMX, 10SP. 1PDS, iIRMX, 1ISBC, ISB)( Library Manager, MCS, MULTIMODULE, N ULTIBUS, Plug-A-Bubble, PROMPT, Promware,
RUPI, RMX/80, System 2000, UPI, and the combtnation of ICS, IRMX, 1SBC, 1SBX, ICE, IEICE MCS, or UPI andanumencad suffix Intel Corporation Assumes No Responsibility for the use
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Figure 2. iAPX 86/50, 88/50 Pin Configuration

Table 1. 80150 Pin Description

Symbol

Type

Name and Function

AD5-ADg

110

Address Data: These pins constitute the time multipiexed memory address (T1) and
data(To, T3, Tw, T4) bus. These lines are active HIGH. The address presented during
T, of a bus cycle will be latched internally and interpreted as an 80150 internal
address if MEMCS or IOCS is active for the invoked primitives. The 80150 pins float
whenever it is not chip selected, and drive these pins only during To — T4 of a read
cycle and T¢ of an INTA cycle.

Bus High Enable: The 80150 uses the BHE signal from the processor to determine
whether to respond with data on the upper or lower data pins, or both. The signal is
active LOW. BHE is latched by the 80150 on the trailing edge of ALE. It controls the
80150 output data as shown.

BHE Ag
0 0 Word on AD15—AD°
0 1 Upper byte on AD15— ADg
1 0  Lower byte on AD7-ADg ,
1 1 Upper byte on AD7-ADg

52,8150 | |

Status: For the 80150, the status pins are used as inputs only. 80150 encoding follows:

S2. 81 S

0 0 0 INTA

0 0 1 I0RD

6 1 0 IOWR

0 1 1 Passive

1 0 0 ' Instruction fetch
1 0 1 MEMRD

1 1 X  Passive
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Table 1. 80150 Pin Description (Continued)

Symbol Type Name and Function

CLK | Clock: The system clock provides the basic timing for the processor and bus controller.
It is asymmetric with a 33% duty cycle to provide optimized internal timing The 80150
uses the system clock as an input to the SYSTICK and BAUD timers and to synchronize
operation with the host CPU

INT (0] Interrupt: INT s HIGH whenever a valid interrupt request 1s asserted. It i1s normally used
to interrupt the CPU by connecting it to INTR

IR7-IRg | Interrupt Requests: An interrupt request can be generated by raising an IR input (LOW
to HIGH) and holding it HIGH until it 1s acknowledged (Edge-Triggered Mode), or just by a
HIGH level on an IR input (Level-Triggered Mode).

ACK o) Acknowledge: This line is LOW whenever an 80150 resource is being accessed. It is
also LOW during the first INTA cycle and second INTA cycle if the 80150 is supplying
the interrupt vector information. This signal can be used as a bus ready acknowl-
edgement and/or bus transceiver control.

MEMCS | Memory Chip Select: This input must be driven LOW when a kernel primitive i1s being
fetched by the CPU AD43-ADg are used to select the instruction

10CS | Input/Output Chip Select: When this input 1s low, during an IORD or IOWR cycle, the
80150's kernel primitives are accessing the appropriate peripheral function as speci-
fied by the following table:

BHE Az Ax A7 Ap
0 X X X X  Passive
X X X X 1 Passive
X 0 1 X X  Passive
1 0 0 X 0 Interrupt Controller
1 1 0 0 0  Systick Timer
1 0 1 0 Delay Counter
1 1 1 0 0 Baud Rate Timer
1 1 1 1 0 Timer Control )

LR (0] Local Bus Interrupt Request: This signal 1s LOW when the interrupt request s for a
non-slave input or slave input programmed as being a local slave

Vee Power: Vcc Is the +5V supply pin

Vss Ground: Vgg Is the ground pin

SYSTICK o] System Clock Tick: Timer 0 Output

DELAY [e] DELAY Timer: Output of timer 1

BAUD (o} Baud Rate Generator: 8254 Mode 3 compatible output. Output of 80150 Timer 2.

The 80150 breaks new ground in operating system
software-on-silicon components. It is unique
because it is the first time that an industry-
standard personal/small business computer
operating system is being put in silicon. The
80150 contains Digital Research’'s CP/M-86
operating system, which is designed for Intel's
line of software- and interface-compatible iAPX
86, 88, 186, and 188 microprocessors. Since the
entire CP/M-86 operating system is contained on
the chip, it is now possible to design a diskless
computer that runs proven and commonly
available applications software. The 80150 is a

7-25

true operating system extension to the host
microprocessor, since it also integrates key
operating system-related peripheral functions
onto the chip.

MODULAR DESIGN

Based on a proven, modular design, the system in-
cludes the:

e CCP: Console Command Processor

The CCP is the human interface to the
operating system and performs decoding and

AFN-014678
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execution of user commands.
BDOS: Basic Disk Operating System

The BDOS is the logical, invariant portion of the
operating system; it supports a named file
system with a maximum of 16 logical drives,
containing up to 8 megabytes each for a poten-
tial of 128 megabytes of on-line storage.

BIOS: Basic Input/Output System

The physical, variant portion of the operating
system, the BIOS contains the system-
dependent input/output device handlers.

CP/M* COMPATIBILITY

CP/M-86 files are completely compatible with
CP/M for 8080- and 8085-based microcomputer
systems. This simplifies the conversion of soft-
ware developed under CP/M to take full advantage
of iAPX 86, 88, 186, 188-based systems.

The user will notice no significant difference be-
tween CP/M and CP/M-86. Commands such as
DIR, TYPE, REN, and ERA respond the same way
in both systems.

CP/M-86 uses the iAPX 86, 88, 186, 188 registers
corresponding to 8080 registers for system call
and return parameters to further simplify software
transport. The 80150 allows application code and
data segments to overlap, making the mixture of
code and data that often appears in CP/M applica-
tions acceptable to the iAPX 86, 88, 186, 188.

Unique Capabilities of CP/M-86 in Silicon

1. CP/M-86 on-a-chip reduces software develop-
ment required by the system designer. It can
change the implementation of the operating
system into the simple inclusion of the 80150
on the CPU board.

As described later, the designer can either
simply incorporate the Intel chip without the
need for writing even a single line of additional
code, or he can add additional device drivers by
writing only the small amount of additional
code required. ;

. The 80150 is the most cost-effective way to im-
plement CP/M-86 in a microcomputer. The in-
tegration of CP/M-86 with the 16K bytes of
system memory it requires, the two boot ROMS
required in a diskette-based CP/M-86, and the
on-chip peripherals (interrupt controller and
timers) lead to savings in software, parts cost,
board space, and interconnect wiring.

3. The reliability of the microcomputer is in-

creased significantly. Since CP/M-86 is now
always in the system as a standard hardware
operating system, a properly functioning
system diskette is not required. CP/M-86 in
hardware can no longer be overwritten acciden-
tally by a runaway program. System reliability
is enhanced by the decreased dependence on
floppy disks and fewer chips and interconnec-
tions required by the highly integrated 80150.

. The microcomputer system boots up CP/M-86
on power-on, rather than requiring the user to
go through a complicated boot sequence, thus
lowering the user expertise required.

. Diskless CP/M-based systems are now easy to
design. Since CP/M is already in the microcom-
puter hardware, there is no need for a disk drive
in the system if it is not desired. Without a disk
drive, a system is more portable, simpler to use,
less costly, and more reliable.

. The administrative costs associated with
distributing CP/M-86 are eliminated. Since .
CP/M-86 is now resident on the 80150 in the
microcomputer system, there is no end-user
licensing required nor is there any serialization
requirement for the 80150 (because no CP/M
diskette is used).

. End-users will value having their CP/M
operating system resident in their computer
rather than on a diskette. They will no longer
have to back up the operating system or have a
diskette working properly to bring the system
up in CP/M, increasing their confidence in the
integrity, reliability, and usability of the system.

80150 FUNCTIONAL DESCRIPTION

The 80150 ‘is a processor extension that is fully
compatible with the 8086, 8088, 80186, and 80188
microprocessors. When the 80150 is combined
with the microprocessor, the two-chip set is
called an Operating System Processor and is
denoted as the iAPX 86/50, 88/50, 186/50, or 188/50.
The basic system configuration is shown in
Figure 1. The 80150 connects directly to the muiti-

‘plexed address/data bus and runs up to 8 MHz
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without wait states.

A. Hardware. Figure 3 is a functional diagram of
the 80150 itself. CP/M-86 is stored in the
16K-bytes of control store. The timers are com-
patible with the standard 8254 timer. The inter-
rupt controller, with its eight programmable in-
terrupt inputs and one interrupt output, is
compatible with the 8259A Programmable In-

terrupt Controller. External slave 8259A inter-
‘CPIM1s a of Digital F , Inc
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Figure 3. 80150 Internal Block Diagram

rupt controllers can be cascaded with the
80150 to expand the total number of interrupts
to 57.

Software. Digital Research’s version 1.1 of
CP/M-86 forms the basis of the 80150. CP/M
consists of three major parts: the Console
Command Processor (CCP), the Basic Disk
Operating System (BDOS), and the Basic In-
put/Output System (BIOS). Details on CP/M-86
are provided in Digital Research’s CP/M-86
Operating System User’s Guide and CP/M-86
Operating System System Guide.

CCP - Console Command Processor

The CCP provides all of the capabilities provided
by Digital Research’s CCP. Built-in commands
have been expanded to include capabilities nor-
mally included as transient utilities on the Digital
Research CP/M-86 diskette. Commands are pro-
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vided to_format diskettes, transfer files between
devices (based on Digital Research’s Peripheral
Interchange Program PIP), and alter and display
110 device and file status (based on Digital
Research’s STAT).

Through User Intervention Points, the standard
CP/M-86 CCP is enhanced to allow the user to add
new built-in commands to further customize a
CP/M-86 system.

BDOS - Basic Disk Operating System

Once the CCP has parsed a command, it sends it
to the BDOS, which performs system services
such as managing disk directories and files.
Some of the standard BDOS functions provide:

Console Status

Console Input and Output

List Output

Select Drive

Set Track and Sector

AFN 014678
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Read/Write Sector
Load Program

The BDOS in the 80150 provides the same func-’

tions as the standard Digital Research CP/M-86
BDOS. )

BIOS - Basic Input/Output System

The BIOS contains the system-dependent /O
drivers. The 80150 BIOS offers two fundamental

fered on the 80150 or substitute or add any ad-
ditional device drivers of his choice.

These two options negate the potential software-
on-silicon pitfall of inflexibility in system design.
The OEM can customize the end system as
desired.

The predefined configuration offers a choice
among several peripheral chip drivers included on
the 80150. Drivers for the following chips are in-
cluded in the 80150 BIOS:

configuration options: 8251A  Universal Synéhronqus/
Asynchronous Receiver/Transmit-
1. A predefined configuration which supports ter (USART)
minimum cost _CPIM-86 microcomputer 8274 Multi-Protocol Serial Controller
systems and which requires no operating (MPSC)
system development by the’system designer. 8255A  Programmable Parallel Interface
2. An OEM-configurable mode, where the PPy
designer can choose among several drivers of- 8272A  Floppy Disk Controller
7220 Bubble Memory Controller
FLOPPY DISK
aowaossé%tnsslsows 80150 s212n
ADDRESS/DATA BUS
8251A - 8255A
CONSOLE PRINTER

Figure 4. Predefined Configuration
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Even in the predefined configuration, the system
designer (or end user, if the system designer
desires) may select parameters such as the baud
rates for the console and printer, and the floppy
disk size (standard 8” or 5% ” mini-floppy) and
format (FM single density or MFM double density,
single-sided or double-sided).

Drivers for the 80150 on-chip timers and interrupt
controller are also included in the BIOS.

The 80150 takes advantage of the 80186 and 80188
on-chip peripherals in an iAPX 186/50 or 188/50
system. For example, the integrated DMA controller is
used. Also fully utilized are the integrated memory chip
selects and I/0 chip selects.

Since all microcomputer configurations cannot
be anticipated, the OEM-configurable mode
allows the system designer to use any set of
peripheral chips desired. This configuration is
shown in Figure 5.

By simply changing the jump addresses in a con-
figuration table, the designer can also gain the
flexibility of adding custom BIOS drivers for other

peripheral chips, such as bubble memories or
more complex CRT controllers. These drivers
would be stored in memory external to the 80150
itself. By providing the configurability option, the
80150 is applicable to a far broader range of
designs that it would be with an inflexible BIOS.

MEMORY ORGANIZATION

When using the predefined configuration of the
80150 BIOS, the 80150 must be placed in the top
16K of the address space of the microprocessor
(starting at location FCOOOH) so that the 80150
gains control when the microprocessor is reset.
Upon receipt of control, the 80150 writes a con-
figuration block into the bottom of the micro-
processor's address space, which must be in
RAM. The 80150 uses the area after the inter-
rupt vectors for system configuration information
and scratch-pad storage.

When using the OEM-configurable mode of the
80150 BIOS, the 80150 is placed on any 16K boun-

FLOPPY DISK
8088/8086/80186/80188 OTHER
cPU 80150 8272A PERIPHERALS
ADDRESS/DATA BUS J
8251A 82554 8274
ASYNCHRONOUS KEYBOARD, SYNCHRONOUS LINE,
COMMUNICATIONS,  PARALLEL PRINTER  SERIAL PRINTER,
CONSOLE, CONSOLE
SERIAL PRINTER

Figure 5. OEM Configurable System
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dary of memory except the highest (FCO00H) or
lowest (00000H). The user writes interface code (in
the form of a simple boot ROM) to incorporate and
link additional features and changes into the
standard 80150 environment. The configuration
block may be located as desired in the address
space, and its size may vary widely depending on
the application.

Memory Disk and Bubble Memdries

A unique capability offered by the 80150 is the
Memory Disk. The Memory Disk consists of a
block of RAM whose size can be selected by the
designer. The Memory Disk is treated by the
BDOS as any standard floppy disk, and is one of
the 16 disks that CP/M can address. Thus files can
be opened and closed, programs stored, and
statistics gathered on the amount of Memory Disk
space left.

The 80150 also contains software drivers for 7220
bubble memory controller. Use of a bubble memory
board as a substitute for one floppy disk drive is directly
supported.

The Memory Disk opens the possibility of a por-
table low-cost diskless microcomputer or network
station. Applications software can be provided in
a number of ways: ’

a. telephone lines via a modem.

b. ROM-based software.

c. a network.

d. bubble memory based software.

e. low-cost cassettes.

TYPICAL SYSTEM CONFIGURATION

Figure 6 shows the processing cluster of a
“typical” iAPX 86/50 or iAPX 88/560 OSP system.
Not shown are subsystems likely to vary with the
application. The configuration includes an 8086
(or 8088) operating in maximum mode, an 8284A
clock generator and an 8288 system controller.
Note that the 80150 is located on the CPU side of
any latches or transceivers.

Timers

The Timers are connected to the lower half of the
data bus and are addressed at even addresses.
The timers are read as two successive bytes,

CLK

cLk z% N s288
82844

8086

BHE

CONTROL :

BHE
A19 LOCAL
.

A19
N Aoonsss/nivy 8282
.

SYSTEM

INT ADO

AND
ADDRESS . .
.

A0

RESOURCES

8286 DATA

INT 5%"(‘—

Le{cLk 50 [ N
AD1S
AD0
; DECODE
1ocs LoGic
MEMCS -

ACK
LIR

DEN Do

1RO

o
BAUD .
.
IR7
SYSTICK ——4

| INTERRUPT REQUESTS
-1

Figure 6. Typical OSP Configuration
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always LSB followed by MSB. The MSB is always
latched on a read operation and remains latched
until read. Timers are not gatable. An external
8254 Programmable Interval Timer may be added
to the system.

Baud Rate Generator

The baud rate generator operates like an 8254
(square wave mode 3). Its output, BAUD, is initially
high and remains high until.the Count Register is
loaded. The first falling edge of the clock after the
Count Register is loaded causes the transfer of
the internal counter to the Count Register. The
output stays high for N/2 [(N + 1)/2 if N is odd] and
then goes low for N/2 [(N — 1)/2 if N is odd]. On the
falling edge of the clock which signifies the final
count for the output in low state, the output
returns to high state and the Count Register is
transferred to the internal counter. The baud rates
can vary from 300 to 9600 baud.

The baud rate generator is located at OCH (12),
relative to the 16-byte boundary in the I/O space in
which the 80150 component is located. The timer
control word is located at relative address,
OEH(14). Timers are addressed with 10CS=0.
Timers 0 and 1 are assigned to use by the OSP,
and should not be altered by the user.

The 80150 timers are subset éompatible with 8254
timers.

Interrupt Controller

The Programmable Interrupt Controller (PIC), is
also an integral unit of the 80150. Its eight input
pins handle eight vectored priority interrupts. One
of these pins must be used for the SYSTICK time
function in timing waits, using an external con-
nection as shown. During the 80150 initialization
and configuration sequence, each 80150 interrupt
pin is individually programmed as either level or
edge sensitive. External slave 8259A interrupt
controllers can be used to expand the total
number of interrupts to 57.
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In addition to standard PIC functions, the 80150
PIC unit has an LIR output signal, which when low
indicates an interrupt acknowledge cycle. LIR=0
is provided to control the 8289 Bus Arbiter
SYSB/RESB pin. This will avoid the need of re-
questing the system bus to acknowledge local
bus non-slave interrupts. The user defines the in-
terrupt system as part of the configuration.

INTERRUPT SEQUENCE

The interrupt sequence is as follows:

1. One or more of the interrupts is set by a low-
to-high transition on edge-sensitive IR inputs
or by a high input on level-sensitive IR inputs.

The 80150 evaluates these requests, and
sends an INT to the CPU, if appropriate.

The CPU acknowledges the INT and responds
with an interrupt acknowledge cycle which is
encoded in Sp - Sy.

Upon receiving the first interrupt acknowledge
from the CPU, the highest-priority interrupt is
set by the 80150 and the corresponding edge
detect latch is reset. The 80150 does not drive
the address/data bus during this bus cycle but
does acknowledge the _cycle by making
ACK =0 and sending the LIR value for the IR
input being acknowledged.

The CPU will then initiate a second interrupt
acknowledge cycle. During this cycle, the
80150 will supply the cascade address of the
interrupting input at T4 on the bus and also
release an 8-bit pointer onto the bus if ap-
propriate, where it is read by the CPU. If the
80150 does supply the pointer, then ACK will
be low for the cycle. This cycle also has the
value LIR for the IR input being acknowledged.

This completes the interrupt cycle. The ISR bit
remains set until an appropriate EXIT INTER-
RUPT primitive (EOl command) is called at the
end of the Interrupt Handler.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias
Storage Temperature

Voltage on Any Pin With

Respect to Ground
Power Dissipation

0°Cto70°C
-65°C to 150°C

-1.0Vto +7V
....10Watts

D.C. CHARACTERISTICS (T, =0°C to 70°C, Vo = 45 to 5 5V)

*NOTICE: Stresses above those listed under Absolute
Maximum Ratings may cause permanent damage to the
device. This is a stress rating only and functional operation
of the device at these or any other conditions above those
indicated in the operational sections of this specification
is not implied. Exposure to absolute maximum rating con-
ditions for extended period may affect device reliability.

Symbol Parameter Min. Max. Units Test Conditions

Vi Input Low Voltage -05 0.8 \

Vi Input High Voltage 20 Voe + 5 \

VoL Output Low Voltage 0.45 v loL = 2mA

Vou Output High Voltage 24 \ lon = —400uA

lec Power Supply Current 200 mA Ta=25C

Iy Input Leakage Current 10 kA 0 <Viy<Vee

IR IR Input Load Current 10 uA Vin = Vee

-300 uA Vi =0

o Output Leakage Current 10 uA 45 <V < Voo

Veu Clock Input Low 06 ° \ )

Vom Clock Input High 39 \

Cin Input Capacitance 10 pF

Cpo 1/0 Capacitance 15 pF

leu Clock Input Leakage Current 10 uA Vin = Vee

150 uA Vi = 25V
10 A Viy = OV
A.C. CHARACTERISTICS (1, = 0-70°C, V¢ = 4.5-5 5 Volt, Vg = Ground)
80150 80150-2
Symbol Parameter Min. Max. Min. Max. Units Test Conditions
TereL CLK Cycle Period 200 - 125 - ns
TeLeH CLK Low Time 90 - 55 - ns
TemoL CLK High Time 69 2000 44 2000 ns
TsveH Status Active Setup Time 80 - 65 - ns
TchHsv Status Inactive Hold Time 10 - 10 - ns
TsHeL Status Inactive Setup Time 55 - 55 - ns
TorsH Status Active Hold Time 10 - 10 - ns
TascH Address Valid Setup Time 8 - 8 - ns
ToLan Address Hold Time 10 - 10 - ns
Tescu Chip Select Setup Time 20 - 20 - ns
TeHes Chip Select Hold Time 0 - 0 - ns
Tosct Write Data Setup Time 80 - 60 - ns
TcHoH Write Data Hold Time 10 - 10 - ns
Tim IR Low Time 100 - 100 - ns
Telov Read Data Valid Delay - 140 - 105 ns C_ = 200 pF
TeloH Read Data Hold Time 10 - 10 - ns
Telox Read Data to Floating 10 100 10 100 ns
Toica Cascade Address Delay Time - 85 - 65 ns
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A.C. CHARACTERISTIC (Continued)

80150 80150-2

Symbol Parameter Min. Max. Min. Max. Units Notes
Tewer Cascade Addresse Hold Time 10 - 10 - ns

Tiave INTA Status t Acknowledge - 80 - 80 ns

TeHen Acknowledge Hold Time 0 - 0 - ns

Tesak Chip Select to ACK - 110 - 110 ns

Tsack Status to ACK - 140 - 140 ns

Tanck Address to ACK - 90 - 90 ns

Tcion Timer Output Delay Time - 200 - 200 ns C_ =100 pF
TcLont Timer1 Qutput Delay Time - 200 - 200 ns C_ = 100 pF

ToHH INT Output Delay L= 200 - 200 ns

TircL IR Input Set Up 20 20 ns

WAVEFORMS

A.C.

TCLOD

SYSTICK, - X
DELAY, BAUD

—_— .
IR L_{
— TILH |

T o
A,

INT
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WAVEFORMS

AC.

T4

| TCHCL

TCLCH

CLK -
TCHSV

TSVCH

T4

in A U A VY A R A U

§2 S1.S0 \

TASCH
e

2ND INTA CYCLE
|

ToLea |

\

TSACK

BHE AD.-AD,
‘._L“L_. TCHes
MEMCS. 10CS \ J
TCHDH
WRITE CYCLE ' .‘ _ToscL
{ ADDRESS VALID W WRITE DATAVALID |
AD,-AD; ’—"
—| <« TCSAK |
ACK X /___
TAACK |
READ CYCLE ! reLov TCLDX TCHEHI
! TCLDH |
| [P}
\ FLOAT FLOAT
AD,5-AD, _1‘ ADDRESS VALID —{ READ DATAVALID
TR | ) \
l |
e TCHEH
ACK 0—-./—_

TCLCF

AD,s-ADy

FLOAT
(?) CASCADE ADDRESS POINTER

TIAVE

@

) FLOAT

ACK

]'—TCHEH

NOTES
1

ARE TRISTATE

N

aw

—->lJ<—- T’CNEN

TIAVE |

CASCADE ADDRESS PRESENTED ON AD8 ADS AND AD10 CORRESPONDING TO CASO CAS1
AND CAS2 RESPECTIVELY AD11-AD15 LINES ARE ACTIVE AND HAVE UNKNOWN VALUES ADO-AD7

POINTER VALUE IS ACTIVE ONLY IF POINTER IS GENERATED FROM THE 80150 AND NOT FROM
EXTERNAL SLAVE UNIT

ACTIVE LOW ONLY WHEN POINTER DATA IS BEING SUPPLIED BY THF 80150

LOW ONLY FOR LOCAL INTERRUPT
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USER LIBRARY

The Insite User's Program Library is an Intel-sponsored software library supporting Intel microcomputer
products. There are currently over 325 programs in the Library collection.

Insite offices are located in the U.S., Brussels, Paris, Germany, the U.K., and Japan, serving about 1,500
members worldwide.

Asthe Library collection is built on programs submitted by Intel employees as well as customers, we encourage
and welcome all program contributions. These contributions are essential to the growth and success of Insite.
In the following pages you will be introduced to more in-depth information about Insite. Membership and
program submittal forms, including a complete program index listing, are also included for your convenience.
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INSITE™ USER’S PROGRAM LIBRARY

= Programs for 8048, 8051, 8080/8085, n Diskettes, Papef Tapes, and Listings
and 8086/8087/8088 Processors _ Available for Library Programs
= Accepted Program Submittals Entitle = Program Library Catalog Offering
You to a Free Membership or Free Hundreds of Programs
Program Package = Updates of New Programs Sent During
= Worldwide Offices to Serve You Subscription Period

Insite, Intel’s Software Index and Technology Exchange Library, is a varied collection of programs and
routines that have been written by users of Intel microcomputers, single-board computers, and develop-
ment systems. This expanding library of programs covers a broad range of software tools that includes
monitors, conversion routines, peripheral drivers, translators, math packages, and even games. As a
library member, you can acquire a copy of any program within the library on any of its available types of
media. By taking advantage of the availability of existing library programs, numerous hours of coding and
debugging time can be saved and routine or redundant programming operations can be eliminated. The
Insite Program Library also serves as a learning tool for individuals unfamiliar with assembly or high-level
languages associated with Intel’s family of mlcrocomputers

Membership. Membership in Insite is available on an annual basis. Intel customers may become
members through'an accepted program contribution or paid membership fee.

Program Submittals. The Insite Library is built on program submittals contributed by users. Customers are
encouraged to submit their programs. (Details and forms are available through the Insite Library.) For each
accepted program, submittors will receive a choice of up to three free programs (for a maximum value of $300),
or free membership with Insite for one year. ,

Program Library Service. DISKETTES, SOURCE LISTINGS or PAPER TAPES are available for every
program in Insite. Diskettes are available on single or double density, 8” oriPDS 5%". Membership is required to
purchase programs.

Insite™ Program Library Catalog. Each member will be sent the Program Library Catalog consisting
of an abstract for each program indicating the functlon of the routine, required hardware and software,
and memory requirements.

Insite members will be updated with abstracts of new programs submitted to the Library during the sub-
scription period. For catalog and yearly subscription fee please refer to the Intel OEM Price List or contact
the nearest Insite or Intel Sales Office.

INSITE OFFICES ARE WORLDWIDE, WITH FIVE LOCATIONS TO SERVE YOU:

NORTH AMERICA THE ORIENT

Intel Corporation Intel Japan K.K.

3065 Bowers Avenue . 5-6 Tohkohdai, Toyosato-cho,

Santa Clara, California 95051 - Tsukuba-gun, Ibaraki, 300-26, Japan

ATTN: Insite User's Program Library ATTN: Insite User's Program Library

Telephone: 408-987-8080 Telephone: 029747-8511

EUROPE )

Intel Corporation S.A.R.L. Intel Semiconductor GmbH Intel Corporation (U.K.) Ltd.
5 Place de la Balance Seidlstrasse 27 Pipers Way
Silic 223 8000 Muenchen 2 Swindon SN3 LRJ
94528 Rungis Cedex, France West Germany Wiltshire, England
ATTN: Insite User's Program Library ATTN: Insite User's Program Library . ) R
Telephone: 0687-22-21 Telephone: 089-5389-1 g:;;o':::"g%ngg’“ Library
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SUBMITTAL REQUIREMENTS
Programs submitted for insite review must follow the guidelines listed below:

Programs must be written in a language capable of compilation and assembly by the currently-supported
version of an Intel standard compiler/assembler. Accepted languages are documented in the following manuals
available through Intel's Literature Department.

— BASIC-80 Reference Manual, Order No. 980758

— FORTRAN-80 Programming Manual, Order No. 980481

— FORTRAN-86 User's Guide, Order No. 121570

— Pascal-80 User’'s Guide, Order No. 981015

— Pascal-86 User’'s Guide, Order No. 121539

— PL/M-80 Programming Manual, Order No. 980268

— PL/M-86 Programming Manual, Order No. 980466

— MCS-48 and UPI-41A Assembly Language Manual, Order No. 980255

— MCS-86 Macro Assembly Language Reference Manual, Order No. 121703
— 8080/8085 Assembly Language Programming Manual, Order No. 980940

— 8086/8087/8088 Macro Assembly Language Reference Manual for 8085 Based Development System,
Order No. 121623

— 8086/8087/8088 Macro Assembly Language Reference Manual for 8086 Based Development System,
Order No. 121703

— 8089 Assembler User's Guide, Order No. 980938

— Microsoft BASIC Compiler Reference Manual, Order No. 121805
— Microsoft BASIC-80 Reference Manual, Order No. 121806

— Microsoft BASIC Reference Book, Order No. 121857

— Microsoft Cobol User's Guide, Order No. 121802

— Microsoft FORTRAN-80 Reference Manual, Order No. 121798

— Microsoft FORTRAN-80 User's Manual, Order No. 121799

— Microsoft M/Sort Reference Manual, Order No. 121809

— Microsoft Utility Software Manual, Order No. 121797

— C-86 Compiler Language User's Guide, Order No. 122085

A well-documented source code furnished on an ISIS-formatted 8" diskette, CP/M-formatted 8" diskette,
RMX-formatted 8" diskette, or PDS 5%" ISIS CP/M diskette.

A source listing of the program must be 'included. This must be the output listing of a compilation or an
assembly. No consideration will be given to incomplete programs or duplications of programs already in the
Library.

A link and locate listing (whenever applicable).

A demonstration program which assures the validity of the contributed program must be included. This must
show the accurate operation of the program.

A complete submittal form.

Licensed software or copyrighted material must be accompanied by a written release from the appropriate,
authorized person.
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Processor

Program
Title

Function

Required
Hardware

Required
Software

Input
Parameters

Output
Results

INSITE™ USER’S PROGRAM LIBRARY
SUBMITTAL FORM

0O 8048 [18051 (I 8080/8085 [ 8086/8087/8088 [1 Other ____
Indicate the MDS series model the program was created on by checking the appropri-

ate box, and identify other MDS series models the program may be compatible with.

Registers Modified: Programmer:
RAM Required: Company:
ROM Required: Address:
Maximum Subroutine Nesting Level: City:
As‘umblorlCompllor Used: State:
Programming Language: Telephone:
ACKNOWLEDGEMENT AND AGREEMENT
To the best of my knowledge, | have the right to contribute this prog without g any 9 g
of proprietary or confidential information of other persons or 1am il g this program material on a nonconfidential

nonobligatory basis to the insite User's Library for inclusion in its program‘library. and | agree that the Libraty may use, duplicate, modify,
publish, and sell the program material without obligation or liability of any kind. The Insite User's Library may publish my name and address, as
the contributor, to user inqui pertaining to this prog material.

N
Date
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LIST OF PROGRAMS
ALPHABETICAL, BY APPLICATION
Program Title Order No.

ADD AND SUBTRACT: BCD NUMDErs ....coviiiiiiiiiiittiinieereennieesseennnnnnns CB11
Y =1 I (Vo - 1 E7
ASSEMBLER: 8080 MACRO, V4.1 ... . iitiiitiiittiitteneereneesaneennsonneennenns BF4
ASSEMBLER, CROSS: 8008 COdE .'....ovviireennrernneeennneenneennneens P BC5
ASSEMBLER, CROSS: 8048 ONDG NOVA ....viiuitiiitiiiiniiiueennneoineeineeneees BC6
ASSEMBLER, CROSS: DEC PDP-8 Or PDP-11. ... i iiiiiiiii it ieiineenns BC2
ASSEMBLER, CROSS: DEC PDP-11. ..t iuttiittii it tieerineeenneinneenaeeneess PC3
ASSEMBLER, CROSS: DEC PDP-11. ...ttt iiiiiiiiiitiiiiiiiiieineiineennneneess BC4
ASSEMBLER, CROSS: MCS-48. ...\t iitiiietiiiietttiiittiiteianeesneraneeneses BC1
ASSEMBLER: MCS-48 ... ...ttt ittt ittt ittt it eiietinaenaees BF11
ASSEMBLER, ON-LINE . . ...ttt ittt ettt it ee et neenneenaees BF5
BAUD RATE: Detection and Setting Routine forMCS-51 ...............coiviiiiiinnne. BG50
BAUD RATE: MOdify .. vvviitttiit ittt ittt i nnenaennns BG25
BAUD RATE: Modify Under CP/M . ... ...ttt ittt eiieiinennaeennennns BG26
BIT HANDLING: B048. ... .o ttiitttattiitiiiteineeiineetineetnaeeanessneennsenns BG35
BRANCH: MCS-48 Branch Table Routine ........covviiiiiiiiiiiiiiiiiiiiiennnnnnnnns BG37
BREAKPOINT: 8089 . ..vttitttineenneerneeaaneranneennsesonseesnessneesneesneanns BD15
CALCULATE: CHECKSUM .. ...ttt ittt iit ittt e etaenneaneens BD16
CALCULATE: Sineor Cosine Routing .........cccuiiiiiiiiiiiiiiiiiiiiiiiiniiinnnenns CB13
CALCULATE: SQUAr€ ROOt . ...ttt iteeiiieereereannsensannnseesnnnaeenns CB5
CALCULATION: Least Squares Quadratic Fitting ............cooeiiiiiiiiiinnnnnann.. CB3
CALCULATION: Natural Logarithm ..........cciiiiiiiiiiiiiiiiiiiiiiiiinninnneens CcB4
CAPITALIZE: PL/M-86 KEYWOIdS . .....coutuiiiiintetiiiiniiueeeeinnneeeeennneenns BGS55
CHANGE: Load Addresses, iAPX-86/88 ObjectFile .........coviiiiiiiiiiiinnnnneeens BG42
CHECKBOOK........covvvvvnnnnn. P BA6
CLOCK: 8748 Clock and LCD Tachometer .........c.cuieiiiiiiniiiiiiiniinnnnnnnnnnns BG30
CLOCK: MICRO/SYS MC1460 Real Time Clock Board Utilities ......................... BG31
CLOCK: REAI TIME . .itttttteeiteeeiiitteetennnneeesssnnneeeeeeannneeaannneenns BG29
COMMANDS: Meta-Programs .........oeeiiitiiiieinnneraineeiineenarennocansenaess BG38
COMMUNICATION: DEC PDP-11 to Intellec Development System ..................... BB16
COMMUNICATION: HP Calculator with Intellec Development System-800............ <. AD1

. COMMUNICATION: Intellec Development System 220/230 with SDK-85, V1.0........... AD4
COMMUNICATION: Intellec Model 220/230 to Timesharing Computer ................. AD6
COMMUNICATION: Intellec Model 800 to/from DECPDP-10 .........ccvvuiiinnennnnn. AD8
COMMUNICATION: Intellec Development System to/from DEC ............ccvvevnenn AD10
COMMUNICATION: Intellec Development System to/from Tektronix 8001 .............. AD11
COMMUNICATION: Intellec Development System Series-Il with Minicomputer ......... AD9
COMMUNICATION: Intellec Development System Series-Il with PROMPT-48 ........... AD2
COMMUNICATION: Intellec Development System PROMPT-480r-80.................. AD3
COMMUNICATION: Intellec System to Serial Output Device .............cccvvunninn.. AD14
COMMUNICATION: Intel Development System to/from Hewlett-Packard Computer ..... AD15
COMMUNICATION: Intel Development System to/from VAX 11 ............coovinites. AD13
COMMUNICATION: Intel MDS-Data I/0O Programmer Interface .............. e BES8
COMMUNICATION: iPDS to/from MDS-800 under CP/M-80........c.covvvivinneennenn AD19
COMMUNICATION: NDS-Il to/from iPDS Running CP/M-80...........c.coiiiiiiiinenes AD17
COMMUNICATION: Series-III to/from IBM PC or PC-Compatible...................... AD23
COMMUNICATION: Tektronix DAS 9100 Digital Analysis System to

Intel Development System . ...ttt e e, AD12

COMMUNICATION: Two Intellec Series-1l Development Systems ...................... AD7
COMMUNICATION: Xerox File Transfer Facility .............cooiiiiiiiiiiiiinin.., AD16



intgl

Program Title . Order No.
COMPARE: 8048 0r 8049 ROMS ... ..iivuuiereetiniererinerernieseesneneerensnnnnss AET
COMPARE: FilS . .vvittiitiittenttineeeinteneeeneeneeanesnseansreseeneeneenennees BD11
COMPILER: PaSCal .. .vvivetinttnetenennenneraesaseeneosasansenessnseeneonensonnens BF1
CONSOLE ACCESS: Input and Outputfor Series Il . .......ccvvviiiiniinnnnnnenennnns BD36
CONTROLLER: 8278 Keyboard/DisSplay ......ceveieereenneereneeeenneeranananns .... AC3
CONTROLLER: 8292 0N B741A ...\ttt ittt etteeereeerereresenreenrnensseneeennenss AC4
CONTROLLER: Dual FIOppy DiSKk DIV .. ..uvvutieenrentennrenninniererennrnnennens AB11
CONTROLLER: Firmware foriSBC-589..............coiiiiiiiiiiiiiiiii i, AC7
CONTROLLER: PID CONrol LOOPS . .vtvvvtieneerennneeeneeereeneeeennerensennseenns AB20
-CONTROLLER: PROMPT-48 INteractive ... .....cvvvveernntrnnreneeeneeneaneensonenns AB2 .
CONTROLLER: UP1-41 8-Digit LED DiSplay .. .....vvvevintrentenrenneenenneennenenns AC1
CONTROLLER: UP1-41A/42 Digital Cassette, V2.5 ........ccviiiireiierneinnrnnnnnnns AC5
CONVERSION: ASClI-Decimal to/from FPALNumber .........covveiieiinnnnennnnnnn. BB13
CONVERSION: ASCII Floating Point Numbers to AM9711 and
Intel 82314 Byte FP Format .......c.oiiiiiiiiiieetieininennnnneneeeeeeoennnnns ... BBS
CONVERSION: ASCIl to Floating Point. .....covvtiittiiiiiiiiiii i inneennnennns BB14
CONVERSION: ASCII to/fromEBCDIC. .....oovtiiiiiieinntinetnnesneenennseneans BB1
CONVERSION: ASCII to/from Floating Point ..........covviiiiineenneinnnnenns ceeees BB11
CONVERSION: ASCII Code to/from Intel Floating Point ..............ccoiviiennenn... BB12
CONVERSION: Binary t0 BCD .. ..uiietiiitiieiintennneeereneerenneeennseennenns BB6
CONVERSION: Binary to BCD . ....c.vtiiitiii e eteieeranneeranneeeasenenennns BB7
CONVERSION: Convert/Format/Print ..........ccvieieneineeenernneennenneaennennnns BB8
CONVERSION: Decimal to/from Floatingh Point ............ccoiiiiiiiiinnenninnenn.n, BB9
CONVERSION: FORTRAN or FPAL Floating Point to/from Decimal .................... .BB10
CONVERSION: HoX t0 ASCH ..o ittittii it iiiiii e eeteeneeneenneennennennennens BB2
CONVERSION: ISIS-Hto/from CP/M ... ..t iiiiiitiiiiieeienteneenneaneeneennennans BB18
CONVERSION: MCON-6800 Source Code to 8086/88 Source Code .................... BB3
CONVERSION: ZCON-2Z80 to 8086/88 Source Converter. ....... ettt BB4
CONVERT: 8051 Binary to/from BCD ......coiiiiiitinnitennneennnneennaeennens ... BB24
CONVERT: 8086 HEX File to 8080 HEX File .. ...oovvitineinrenirennenneanennnnnnnns BB26
CONVERT: ASCII Octal/Decimal/Hexadecimal to
ASCII Octal/Decimal/Hexadecimal/Internal Binary ..........ccovvieeivnenennnennnns BB27
CONVERT: Double word to ASCII String ........coviiiiiiiiiiiiiiiiiiiiaiiiieninn, BB22
CONVERT: Fixed Point to Floating Point ..........covtiiiiniiiriienneenernnenenns BB21
CONVERT: FPAL Numbers to/from IBM 32-Bit Floating Point ..............cuvvunnenn. BB28
CONVERT: Intel HEX Code to BASIC DATA Statements ............... S 'BB25
CONVERT: ISIS Object Module to CP/M | ObjectModule..........ooeviviiiiiii., BB23
COPY: Disk ..... PP BG28
COPY: DiSKOHE. . oottt i tietteetinteaeaneeeeeaneenteeneonasenesoneenennoanennens BG27
COPY: DISKEE. . . ..t it ittt tietit et eeneeneenneneeseeeonesaeesneaneenssneenees BG43
COPY: iPDS CP/M-80 DisKette ... ...ootitinerntrerieneeneeeneeenerneeeneanenneneens BG45
COPY: PDP—11 Disk File to Intel ISIS-II Disk File ..........ccooviitiiiennennennennnn. BB15
COUNT: ICE-80 Maching CyCleS . .. ..vvutiitreneenerneeeneeeneeneenneeneensaneanens BD10
COUNT: Program USAGE . . .. vevvrveeerenrneerensoeenseesaeensaseosenensncansensnns BG40
[0 21 =0 e 17 T - | E6
CREDIT: Used on Modified Hazeltine 1500...... P BG33
DEBUG: CAT.88 (iIRMX88 Task DebugQger) ........ccevteiiutiennnerennneenneroneeenns BD34
191 [0 E 1 - AE7
DEMO: APX-88 .\ .tiiiittiieutereeneerasesasaesennesesnnesesnneesenseennssenseenns AE13
DEMO: iRMX 86 Multitasking Spectrum Analysas ..... et e e i, AE8
DEMO SOFTWARE: 8275 ......viiniiiinrinnetrennsennnnesoannaeanns e AE6
DEVICE, I/0: UPI-41A Combination ... ..c.ovtttiiietininneeenieeeenneeenneeennennnas AC2
DIAGNOSTIC: B0B0 1/0 vt iittttteetiteneenesesseneeansenssonsansseesnsensannenns AE2
DIAGNOSTIC: Microcomputer Development System 230..........0coieeiinnrnnnnnenn. AE9
DI S ASM ..ottt it it e e ettt e et e e e, BD6
DISASSEMBLER: 8048 Object COde .........covvvvieeeenrenenerneanss PP BD8
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Program Title Order No.
DISASSEMBLER: 8080 COUE ... o.vtvtiettientreneesoaereneeeseaneasonnessaneerens BD1
DISASSEMBLER: 8080 €O ... .vvviretteitsiatreneennneesanneoranneosonsesnnnss BD4
DISASSEMBLER: 8080 Object Code .......vviutiiieiiiiiriiiteninenerannnrenanennns BD2
DISASSEMBLER: ICE-80Ver21 .................. et ettt e e BD3
DISASSEMBLER: ISIS-Il Object Files .........ccoiuiiiiiiiiiiirinieennneennnnennnnns BD5
DISPLAY: ISIS Directory under CP/M........ouiiiiiiiiiiiiiiiiiinnannns reeeenaen BG46
DIVISION: 32-Bit by 16-Bit ........coitirutiiiiiiieeiirniriieneennaeeanneennens CcB12
DOWNLOAD: iPDS to Serial Port .........viiiiiiiiiiiiiiiiiiiitiiaeriierannnenans AD18
DRIVER: 8048 Seven-Segment Display . ........cviieeeeeeeeirrnrnnnneeeneeeeenannnns AB5
DRIVER: 8085 Serial I/O ......coiitiiiiiiinnninnirannennnnenns e *AB1
DRIVER: Audio Cassette RECOIder ........vvuitiiitirneennnetersanneronuerenneennns AB6
DRIVER: Bios and Boot Program for CP/M-80...........coviitiiiiinnennnnernnneennns AB22
DRIVER: Cassette Operating System . ........couiiiiiiiiitiereerenenrionneeeeeannnnnas AB7
DRIVER: Dumb Terminal Simulator. .. ....oiviiiiiiiiiiiiiiieitieniinnnenneeasennnns AB10
DRIVER: Intellec Development System Series-Il as Dumb Terminal..................... AB9
DRIVER: iPDS Dumb Terminal . .....cciiiiiiiietierennnnteeeeeeeenenanscseesaaannnas AB23
" DRIVER: iSBC 86/12 Real Time CloCK Driver .......c.coviiiiiieeterereneninneneeennns AB19
DRIVER: Okidata Microline 84 Line Printer.........c.couiiiiiiiiiiniiiinnennnannns AB25
DRIVER: PROM Programmer . .......iuuuiiiitiiiiiiteiietetaneteanneenaneesanens BE7
DRIVER: RMX-80, for the iSBC 254 Bubble Memory with 80/10Board .................. AB14
DRIVER: RMX-80, for the iSBC 254 Bubble Memory with 80/20/30 Board ............... AB15
DRIVER: RMX-86, for the iSBC 254 Bubble Memory Board ....:.................. e AB16
DRIVER: RMX-80 for iSBC 534 ... ....0iiiiiiiiiiretrieinneeeetoeeeneaennenesseennns AB12
DRIVER: RMX-80 for SBC 215 Controller Board .........cccvtiiitienrninnnnnneeeeanns AB13
DRIVER: RMX-86, for the iPAB-128, iPAB-256, iISBX-251 Bubble Memory Products .. . .... AB17
DRIVER: RMX-86, High Performance Drver.for iSBC-550
Ethernet Communications Controller................ooviiiiiiiiiiiiiniinnn.n, .. AB18 -
DRIVER: SYCOR 135 Cassette Operating System ............ccovviienrinnrnnneennns AB8
DRIVER: Tektronix 4010 GraphiC SCreen .........cceiiiirirereereenennninneneeeeeenns AB3
DRIVER: T.1.Omni 810 Lineprinter .......oviiiiiiiiiiiiiiieteeenniannnneeeeennns AB4
DRIVER: USART for iSBC-86/XX. . .. ittitiriittiieerieteanteerennenreneesananennns AB21
DUMP: DiSKette .. ..oivtiiiiiti ittt tetenninesesoasoneossoeososesononsnasassennns BD27
DUMP: Diskette File ......couieiiiiiiiiiiiiiiiiitreiiiiteesesrseenanonnnaeaseannns BD28
DUMP: Diskette File ..........ooiuiiiiiiiiiiiii ittt BD26
DUMP: iAPX-86/88 Absolute Object File ..........covueeinrtrinierenieerennennnnnnns BD30
DUMP: iSBC 86/12 MEBMOTY .. .viittetenntereneeenneeennesenneesonseseanoeeennaanns BD29
DUMP: SCIrEEN ..ttt ttt it ittt tseesetoeesensetosssonoasasessessossesnnnseeeenns BG54
DUMP: Symbol Table .. .ooit ittt ittt iiteneeeeaneeenneesonnasenneeennens BD21
EDI T DK oo vt vtii ittt iieiieieeeestesennaeeesesesnssonosssosoasannnaseneennns BD33
EDI T HeX File ...ttt iieitniineeeeennnenooossoeenasononnnaeaeanns BD31
EDIT: Inspectand Change File..........oiiiiiiiiiiiiiiiii it iieeerennnnnnneenennns BD32
ED T Xt o ittt ittt ieeieeteeeeerenenennoesassoesneoossoasasannnnnesasnnns BA4
EDITOR: Text, Intel X111, ...ttt ieiiiereteeerseeennnenhioneeenanns BA3
EXECUTIVE: Real Time ..... e ee e e e AA8
EXERCISE: Data Translation MULTIBUS Analog I/OBoards .............ccccvvvueennn. BE6
| APt BG13
L1 BG12
GAME: Bandit.......oiuiiiiiiiiiii ittt ettt eia e, D3
GAME: BIaCK BOX ...ttt ettt tie it et iie e ie e i, D15
GAME: Breakout .. ... ..ottt ienntannreeenneeraneneesnesennnens D13
GAME: CrapPs « .t tttteattaneeneeenneenesnseaueneesnseseansesessneesnssnseaneeenn D5

GAME: Darts ... ..o ittiiiiiietiieee ettt eeennnenneananunnseeseeesesnnsonnneeeenns D6
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Program Title Order No.

GAME: Fruit Maching . .....couuiiiiiii it etiiteentantennsasseesensenesnnsancns D4
GAME: Hangman . ...ttt ittt ittt aneeeaneesennsoannasnns D7
GAME: Mastermind . ......c.oiiutiiitiiiiii ittt tiittiarteenneernnessnnsennns D9
GAME: MaZE . ..ottt ittt ittt ittt ettt eaneteansetaneeeanssennnaonns - D2
[ o V- . ereseseesecenns D1 .
GAME: Othello ..ottt it e ittt ittt teteeneetnnessnnssennsacnns D10
LT o (T D14
GAME: Slalom, V1.4 .. i i it ittt ettteaaestnnnsennnenans D8
GAME: Tiny Chess 86. .. ...vietiiiiiiiiiiiiiit ittt teinereaneesnaeesonassonsenans D12
GENERATE: 16-Bit Random Number .......... ..ottt cB2
GENERATE: Calendar . .......uuiuinttiiietrennnereneseeeaseasosssnsssonsssensosons BA8
GENERATE: CCITT Cyclic Redundancy Check ..........covovivieiiineennnnnnnn P BD37
GENERATE: Disk Directory Library ............eeeueeeeeniuereeeeeenenreenenenenenss BA15
GENERATE: Fast Generation of IBMBi-Sync CRC16 ..........c.cciiiuiiiiniinnnennns BD20
GENERATE: Graph . ..ottt ittt ittt einstenneesnnesssnssonnncnnns cB7
GENERATE: High and Low Bytes from 8086 Hex File ..................coviiiiainn, BD35
GENERATE: Histogram ......coiuuiiiiiiiiiiiiiiiiiiiireeinnneeeessessnnnsascssenns cBs8
GENERATE: IBMBi-SynC CRC16 . ...oiitiiiiiiiiiiiiineiinneeannesnnneseinssanns -BD19
GENERATE: MUsiC for SDK-85. ... .iiiiitiiiiitiiitiiiierinneeineeeinnesenneasnns D11
GENERATE: Output Signal ..........coovviiiinnnnn. P BG5S
GENERATE: PL/M Cross Reference .......ovviiiititieeiinnneeeessenonnnnsaeosonns BD25
GENERATE: PROM Checksum Calculation .........covveverireineenennroneeatonannns BD18
GENERATE: Public Symbol Cross Reference ...........covvviiiiiiiiiiinnnneneceenns BD38
GENERATE: Public Symbol Cross Reference (Update)...........ccvivviviineerennnnnn. BD24
GENERATE: Random NUMDET ... .iiiiiiiiiitiiiiitieenneenseessssosososasssannnnnns CB6
GENERATE: Software Documentation..............c..covuuu.n. Veereenaieeas P BA14
GENERATE: Stochastic Variates and Histograms ..............cciviiiiiiiiiiiiiennnn, . CA23
GENERATE: Symbol List . ....vttiiiiii ittt iiineriareeineeronnnsenneannns BD24
GENERATE: Symbol Table for BASIC-80 .........cuvuerereurrererernearneennensaenns BD23
GENERATE: TabS.......oovviiiiiinieinnnennnn, S BA16
GENERATE: X-Y Graphs ......uiiuuiiiiiiiiiiiitiiiatiinneeineeeensesanneennns CcB9
HANDLER: Enhanced RMX-80 Terminal Handler ...............ciiiiiiiiiiinnennnnn, BE10
HANDLER: RMX/80 Minimal Terminal ..........ccouueiiiiiiiinniniiiineernnncsnnans BE2
INCREMENT: Program Counter ..... r e e et e e et eie et raaaaas BG39
INFO: NDS-II File Information Utility .......... ..ottt BG56
INITIALIZE: Baud Rate. ... ctitiiiiiiietareenennnnnaseosssonneassssssnannnnnns BG24
INITIALIZE: Baud Rate. .. ....coitiiiiiiiiiiitiiii ittt ettt eiantentneaennness BG23
INTERPRETER: 8086 Tiny BASIC ... ...iiiiiiiiiiiiiiiiie i iiiiiieeeineaeanaens BF9
INTERPRETER: Interactive 8087 Instruction Interpreter .................oooiiiineinnn. AA12
INTERPRETER:LISP ...\viiiiiiiiiiiiiiiiiieiiinnenns i BF3
INTERPRETER: LLL BASIC-Il ...ttt ittt iie i ieiiiiieneneeeneanenans BF7
INTERPRETER: LLL/Chernack BASIC .......utiiiiiiiiniiiinernneeennnessnneennns BF8
INTERPRETER: MCS-51 Tiny BASIC, V2.2 .....iitiiiiiiiiiiiiiiiiiiiiiiineenenens BF10
INTERPRETER: PILOT-80 . ...iiittiiiittiiiittriaeesaneeenseessuesannesssascsnnnns BF2
INTERPRETER: RMX/80 Command Line .........cuveveernereenernenernenennenennns BG4
INTERPRETER: Single-Step . ... cvvviiiiiiiii ittt iiiiiiiieeiiieeneennnaes BD7
LINKAGE: Series 111 i8087 Linkage Modules ............ccoviiiiiiiiiiiiiiinneeeeeenns BG36
LIST: 8086 Public and External Symbols .........covuiiiiiiiiiiiiiiiiiiinininnennnn,s BD41
LIST: Directory, ISIS Diskette/NDS Disk ........ccoiiuiiiiiiiiiiiiiiiiiiinnneennnns BG18
LIST: Diskette DireCtory ... .c.vinuiiiiiiiiii ittt iiii ittt inneeinanesnnneannas BG17 .
I 1 I 1 ettt BG15
LIST:File s ittt iiii i iineeanes e et e e, BG16
LI IS IR 1 = 1 o £ BD12
LIST: PL/M Compiler ErrOrS .. .vvetttttiiinnanneseeoeseesssaetossssesnnasassssoios BD13
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Program Title Order No.
LIST/PRINT TYPE ..\ttt ittt teeeteenennneasessesasnnsossosesoanancssssnnns BG14
L ST SV ErTOr . o oottt ittt tenenenaeessosesannatossosnsneenasesssanns BD14
LOAD/SAVE: RAM ... ttttiiiiiiiitttteeeennnaesasessesaesonnasssessanansssanenns BG1
MACROS: BIOCK StrUCtUIreS ... cvottttttteiiiiineetesoesnnnneossosesennnsseassenns BG10
MACROS: BIOCK StrUCUIES . .....ctvtiiiiiiiiiittteeeinnnetereosennnoesessacannans BG11
MACROS: Enhancements for Credit Text Editor ............ccoviiiiiiiiiiiinnnnnnns ... BA22
MAILLIST ............ PN BA9
L Y 1 BA11
MAIL LISTS FORBASIC 80 ....c.vvtiiitiiiineteeeereesnennenessssennsesansossonans BA12
MATH PACKAGE: 8231 ... it iiiitittiieienenneeeoterosesessesosososnanesssoassanans CA17
MATH PACKAGE: 8051 ... .titiiiiittttteernenneaeeeessoeesansesosessesansascasans CA18
MATH PACKAGE: 8080/8085 Fundamental Support Package ............ccoeveveenennnn CA20
MATH PACKAGE: 8231 Arithmetic Processing Unit .............coiiiiiiiiiiiiinienan, CA16
MATH PACKAGE: Arithmetic FUNCHIONS. . .....ovviiiiiiiiiiiiiiiiii it nenanannns CAM
MATH PACKAGE: Arithmetic Functions for MCS-48 ............ccoiiiiiiiiiniennennns CA22
MATH PACKAGE: Double Precision Floating Point .............coiiiiiiiiiiiiiiienne. CA12
MATH PACKAGE: Double Precision Integer ..........ccoiiiiiiiiiiiiiiiiiiiiinnennns CA4
MATH PACKAGE: Fixed and Floating Point ............coiiiiiiiiiiiiiiiiiiiiinninn. CAS
MATH PACKAGE: Floating Point . ...ttt iiniiennneenns CA2
MATH PACKAGE: Floating Point ........oiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeenns CA1
MATH PACKAGE: Floating Point .............. ettt CA7
MATH PACKAGE: Floating Point .. .....coutiiiiiiiiiiiiiii it iiiii it ieinneenns CA6
MATH PACKAGE: Floating Point Library/8086 ............ovuitiiiiiiineeiinieinnneenns CA13
MATH PACKAGE: Floating Point Utilities for FPAL.LIB ...........cciiiiiiiiiiiennnnn. CA8
MATH PACKAGE: High Speed Binary Math Package for 8031/8051 ..................... CA21
MATH PACKAGE: Multiple Precision Arithmetic/8086 .............. N CA14
MATH PACKAGE: Multiplication, Division, and BCD-Binary
Binary-BCD Conversion for 8051 ... .civiiiieeeeeteierinneeeerosenannneeessssannns CA24
MATH PACKAGE: MURIplY/Divide . ..o ot e ittt iiiniinenneeteseeessoneocsersnnanans CA15
MATH PACKAGE: Optimized Floating Point . ........coiiiiiiiiiiiiiiiiiiniennnnnannns CA9
MATH PACKAGE: Optimized Floating Point . .........cccutiiiiiiiiiiiininneearereannns CA10
MATH PACKAGE: PL/M Multiple Precision . .........coviiiiiiiiiiiiiininnieeenennns CA3
MATH PACKAGE: Recursive Computation of Mean and Standard Deviation............. CA19
MERGE: Mailing List .. ..ovitiiittiiiiiiiiiitt i iititinneeeeeereeannaneeceseannns BA10
MONITOR: INtelleC 8/MODB0 . ... ..vvt ittt teetteennerrieeesnaesenaeeaneesoneesensss AA1
MONITOR: Bubble Memory Development Software for Intel BPK-72.................... AA10
MONITOR: HSE-49 EXpansion MONItOr . .....coviititiiiiiniiiiiieniimieeeeceeennanes AA13
MONITOR: Intellec Development System, V2.0 .........ccctiitiiiiniiininierenenennss AA6
MONITOR: iSBC 250 1-Megabit Bubble Memory ...........ccoviviiiiiiiiiniiiineiann, AA9
MONITOR: iSBC 254 Bubble Memory Board MONItOr .......ccuviveieninenenenenenanns AAT11
MONITOR: ISBC 544 . ...iitiii ittt ttiitranaeerennestonseenessnnsesoneseanes AA7
MONITOR: iSBC 80/050r80/04 .......cccvviuiiinneeennneennneennnnss et AA14
MONITOR: iISBC 80/10 . .ttt eteeeetennesennneennneeenasssensosonsssnsoessnsearnns AA15
MONITOR: iSBC 80/10 0r 80/10A . . . .ottt ittt eeteteeeneaeeanernaeernneesennesenns AA16
MONITOR: iSBC 80/20 Or 80/20-4 . . ... ..etttiet ettt ennneeeneeenneesaeessnaeeennss AA17
MONITOR: iSBC 80/24 . ... oottt ittt tettnteeannesennaeennoseasesssesennennans AA18
MONITOR: ISBC 80/30 . . ..ttt tttteteteeeteeenenerenesesenesasesaseeasnenensnenenns AA19
MONITOR: iSBC 86/12 Numeric Processor Extension (NPX) Monitor - -« ««-+coeevenvnn.. AA2
MONITOR: SDK=85, V2.0 ...t tiiiiittttietnnenneneeeetosessssnseeesossssnaaseeeeons AA3
MONITOR: SDK-86 KeYPad .. ....cvviiiriiiiereieeeieneininneeeesensinseesseavanns AAS
MONITOR: SDK-86 Serial, V1.1 ... .iiiiiiiiiiiettttieiernnnneeecrensssessasesnennns AA4
MONITOR: Super Monitor80 ................ ettt it i AA20
MONITOR: Super Monitor 86 ...... et es et eeee e e ettt se et et aaaeaas AA21
MONITOR: Super Monitor 86 for the |SBC 88/45 ... ..t herreeiiinens AA22
MORSE CODE TUTOR V2.0 . ..t tttiitetierennneeesnueeenatesiaeesnoesenneeenns E3
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Program Title Order No.
MULTIPLICATION: 8748 BCD ... .ctitviiiiiiii i iiiii ittt neninenenns cB10
MULTIPLICATION: 40-Bit ......cctviiniiiiriiiniiinennrennnennnns [P CB14
PRINT BB . .ttiiiitttiiitiiitettieraneeesennneesosenneeasonanssssesnansensnennnnes BGS58
PRINT: COVer Page . ..ot viitiinttiiettnaeeenneanaeaneeonneesnsesonassnnnsesnsanns BA1
PRINT: Discounted Cash FIOW . .......cuviutiiiiiiiteiieinneeeneerennesnnneesnnanns BA7
PRINT: il oottt i i it it ittt ittt ian st eennesannnanns BA17
PRINT:Files . .viitiiiiiiiiiiit it iiierantreneeenersannnnnns B BA18
PRINT: FileS .. .ottt ittt ittt itaterieeesaesanneenasosnnessaneeannans BA19
PRINT: High Speed Utility . ......ovviiiniiiiiiiiii ittt ieiiinieeirerennnnaeennnns BG32
PROCEDURE: Pascal868creen/CursorControl B PP - (C < 7
PROCEDURE: PL/MDOCASE . ...t iittiiiiiiiitiiiitintiintteateennosensasenasanns BG9
PROCEDURES: PL/M-86 General Purpose Library ...........ccvervrerenerenenennnnes BG49
PROCEDURES: PL/MOutput........covvvveevinnnns e eeereeraetteretatttoenttaannaan BG8
PROCEDURES: PL/M UtIlItIES « .. ivviettieintereinneeeronnnneeeeenennnenennnnns BG7
PROCESSOR: MACIO .. .ttvttteiutteeneeenneroneesneseseseseesenneesnssennasennenns BF6
PROCESSOR: TEXE .t teetettteteteeteteerernesnesneneeneaeeeereenersenesnennens BAS
PROGRAM: 8741A @S iSBC 941 ... .. ..tiiiitiitiiieniienneeeneeonnntonnneenneenns AC6
PROGRAMMER: EPROM-8755A ... . .tiiiintiitttinernrerensesentssensosnnaeanennns BES
PROGRAMMER: EPROMS 2708/16/32. . ... cvvitttiitiinteianeeeneesosneennnssonnaons BE4
PURGE: Symbol TabIes ... ..vvuutnetiuientrnernenneaeeeesersereensenesneraneensnens BD42
READ/PUNCH: Paper Tape 10/from SDK=-B5 RAM . ..t c ittt ittt it i eiiieeenens BE3
=0 = 1 AD5
RECOVER: DISKBIE ...t teteeteeteneeneeteeserreenaesnessesnasoasenerseeennns BG2 .
RECOVER: LOSt AEDIT FileS ....uutiiiiininieenteeneennnesnessonnsssdoesonasssncns BG51
RECOVERY: Diskette File .......cvviiiieereriiviiirieireennneroronannns P BA2
RELOCATE . ittt iiiitiinetinaenenteeneoenossnesonnneonns eeeeeas eeneenes BG41
REMOTE: NDS-1l Communication with IBM PC running MS/DOS............ovvvnvnnn. AD22

"REMOTE: NDS-Il Communication with iPDS/Series—II/III/IV (UPDATE) . .covvvvenvnnnnnn AD20/
' AD21
REMOTE: Terminal Control on Series-l| under CP/M-80 P AB24
REMOTE: iRMX-86 Communication Program .............ceeveeuneenioneennenneennnns AD24
REPORT: Status of Exported JOb ........coitiiiiiiiiiiiiiiiiiiiiiiiiiiiieinnneneens BG44
RUNOFF: ASCII Text File to EpsOn Printer .......coviiiiiiiiieeinereeneeereonononnanss BG48
SEND: CP/M-80 PDS Files to Printer ViaModems ...........coeviviiininneeeninnn. .. BG53
SEND: Intel HEX Code to PROM Programmer.......c..ouvereiierieennennenneeneneenns BE9
SEND: ISIS-PDS Files to Printer ViaModems .........cccciiireriinieiennienseennanns BG52
SIMULATE: IACXK-96 ...\ ttttittnittenneeeensensoasesneesonaessnssssssssnsssnnson BD40
SIMULATE: Light BOX .« e otteeneennneenneeennessneseooenssessosensssssnssenssoasss E8
SIMULATOR: 8048/49 Code, V1.3 ... iiutiiiitiinttinteinteennieenneeensesenneennces BB19
SIMULATOR: 8048/49 Simulator .......ocvuiiiiintiiiiiienieiienreienseeeneannannss BB20
SORT: Bubble Sort and Binary Search Routines............ccoviiiiiiiiiiiiiiiiinne, BG22
SORT: Disk Directory ......cooviiiieriinnrnnnneenneceeenennnnes e BG19
SORT: Disk Directory ..........covvvveennnn S PN BG20
SORT: Diskette File . ......ceittriiuteeneereeeenueesuseeatoosessossssonsesssasanes BG21
510 o N €T3 TT - BA13
SORT: Public SYmMbOIS « ..t viiiiiiii ittt i e i e BD39
SORT: Symbol Table from an Absolute File ..........ccoiiiiiiiiiieiiinrennennninnns BD22
SOURCE FILES: iAPX-86/88 System Workshop Summary and Review.................. E1
SOURCE FILES: iAPX-80/85 System Workshop Summary andReview.................. E2
5] 2 = X BA21
SUBMIT: ISIS Command String . .....cviuttinuivneernneneneeroneeessasronseesnsenns . BG6
SWEEP: ISIS-Il General Disk File Utility .........cccviiiviiiiiiiiiiiiiiiineeennennnss BG47
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Program Title Order No.

TEST: 8080 CPU ..ttt iittii ittt ettt titesanetsanterinsennesnesennaeonesss AE1
TEST:iSBC 80/10 I/O POMS ..\t iiittttiieiiitttteiiaeteseannanessennaneaseanans AE3
TEST: Error Correcting Code ... ...vvettitttnnniiiniineiisiiensneinsnnnneeesnnnns AE12
TEST: MCS-48 Family CPU . ...ttt ittt iiini it ennenaneens AE10
TEST:MEMOIY ..ottt ittt ittt anaaas e AES
TEST:MEMOIY ..ottt iieiietineannnneens e AE4
TEST: PROM/ROM Checksum Self-Test ........ovviiriiininiiiiirinnneennnnneennn BD17
TES T RAM Lot e et et ettt eaetaaat ettt e AE14
THERMOMETER: ThermistorControlled ...........ccciiiiiiiiiiiiieiiiiireenernnnns BE1
TRACE: ICE-80 .. iitttittiittiieetnaetnnutsnaesnontoeneessoeesneonnneenntoneess BD9
TRANSFORM: DISCRETE FOUN®I .. .oiiitttteneiiitteereiiteenannteeeaennnsns CB1
TREE: Utilities for Series-IVOr NRM ... ...ttt ittt iinaienaees BG57
UTILITIES: Circular ListS . . ..o ottt ittt ittt ieiaaeans BG3
U L T ES: MBNU . ittt ittt ittt ettt eeaeneaaeeasoeeassososossssesasssasonans ES
UTILITIES: RT11 Diskette Utility for Intellec 800 ..........ccooveiiiiiiiiiiininnennnn. BB17
LT TS - E4
WORD PROCESSOR ...ttt iiiiettt i teertee e riiiateeeannneersnsneanss BA20
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INTEL SOFTWARE STANDARDS

Intel's software is built on standards which facilitate software portability and provide an open system for
software.

Intel's software utilizes the emerging standards in graphics, networking, database and portable operating
system interfaces. This base system software provides a mapping from architectural and operating system
dependencies to a standard interface. High-level applications are built from the standard interfaces and
remain portable across multiple configurations and operating systems. Figure 1 illustrates the open software
model relationship.

OPEN SOFTWARE MODEL

Applications Languages Word Spread D c':‘:::irl'nznt Business Project
PP R&L Processing Sheet Filling Graphics  Management
Base System Language .

Software uDI Run-Time LAN Graphics Database
Operating RMX, Xenix

Systems CP/M, MS-DOS

. Micro-

processors 86, 186, 286, 386

Figure 1

Intel has supported its fundamental software across multiple operating systems through the UDI operating
system interface. By writing software to use the UDI interface which provides memory management, 1/0
routines, and exception handling—Intel is able to port high level languages, language run-time, and
fundamental software to a new release or new operating system in minimal time. Thus Intel’s software is
operating system independent.

Intel’s local area networking products use the IEEE 802.3 CSMA/CD Access Method and physical layer. The
work for this standard was done jointly by Intel, DEC, and Xerox and is commonly known as the Ethernet
protocol. The transport layer uses the proposed ISO transport protocol specification.
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Intel supports the ANSI graphics standardization effort and will offer products which utilize these standards.
The Virtual Device Interface (VDI) standard developed by the ANSI X3H3 committee is intended to provide a
single standard which supports mulitple graphics devices with the same set of graphics functions. A
companion standard Virtual Device Metafile (VDM) will give a means of storing or transmitting pictures as
streams of VDI functions. A third graphics standard being supported by Intel is the North American Presenta-
tion Level Protocol Syntax (NAPLPS). NAPLPS is suited forraster-scan display (both CRT and hardcopy) and
is currently in final approval stage by ANSI. '

Intel's Pascal and FORTRAN adhere to the ANSI standard and support optional extensions. All Intel
languages (ASM-86, PL/M, FORTRAN, and Pascal) use common data types and parameter passing
conventions to allow inter-language calls. The real number data types in these languages utilize the IEEE
real math standard and use the numerics coprocessor or an emulator to support the real math operations
and functions. The object module formats (OMF) are commonly used by all of the 86 language products as
well as many language products supplied by independent software vendors.

INTEL SOFTWARE STANDARDS DOCUMENTS

Standard Document

uDI Run-Time Support Manual For iAPX 86, 88 Applications, Appendix A
(Intel 121776-002)

NAPLPS Intel’s Guide To Understanding The ANSI Videotex Presentation Level
Protocol (Intel 145412-001)

VDM, VDI Draft of proposed American Standard for the Virtual Device Metafile,

ANSI X3H33 Virtual Device Interface Task Group

Local Area Network
— Data link and physical | Draft IEEE Standard 802.3 CSMA/CD Access Method and Physical

layer (Ethernet) Layer Specifications, IEEE Computer Society
— Transport layer ISO draft proposal 8073 Information Processing Systems, Open
Systems Interconnection-Connection Oriented Transport Protocol
Specification
FORTRAN 77 Intel’s extension to ANSI FORTRAN 77 specified in FORTRAN-86
User's Guide (Intel 121570-002)
Pascal Intel's extension to ANSI Pascal specified in Pascal-86 User's Guide
- (Intel 121539-001)
Real Math Draft 10.0 of IEEE Task P754, December 1982.

8087 Support Library Reference Manual (Intel 121725-001).

Language Data Types.
and Parameter Passing

— Pascal Pascal-86 User's Guide, Appendix J (Intel 121539-003)
— FORTRAN FORTRAN-86 User’s Guide, Appendix H (Intel 121570-002)
Object Module Formats
— 86 8086 Relocatable Object Module Formats (Intel 121748-001)
— 286 The Concrete Representation of 80286 Object Modules, Intel internal
document

iAPX 286 Compilers Writer's Guide, (Intel-in preparation)
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SOFTWARE SUPPORT SERVICES

A FULL SERVICE SUPPORT PROGRAM

Intel's Software Support Services is a comprehensive range of post-sales support programs for software and
systems purchased from Intel. Its objectives are to maximize the system’'s performance and minimize
unnecessary downtime for greater productivity. These services are provided for all Intel developed and most
Intel marketed third-party software. ‘

DESCRIPTION OF SERVICES
SOFTWARE SUPPORT CONTRACTS

1.

Subscription Service

Technical Reports

A technical report will be published quarterly for active products and semi-annually for mature products.
This will contain a Configuration and Compatibility Guide, a product performance exceptions list
providing solutions to known problems, a review of important current Software Problem Reports (SPRs)
submitted by customers, and articles of general interest such as programming hints. A listing of product
manuals available from Intel is also provided; comments newsletter is also provided monthly.

Software Problem Reporting Service (SPR)

Intel will respond to written questions (submitted on a standard SPR form) on product-specific software,
system, or documentation issues. Intel will verify receipt of the SPR promptly and normally will respond
within approximately 3 weeks. Intel does not guarantee a resolution will always be available to specific
problems.

Software updates, associated manuals and documentation are provided at no additional charge for all
software products purchased by the customer and covered under a software support contract. Each
contract provides the customer with updates, manuals, and documentation for the covered software
product being updated. Copylng of software updates IS per the terms of the master software license
agreement.

Intel's Technical Information Phone Service (TIPS) provides the Customer with direct communication with
amember of Intel’s Software Support staff. The Customer may call a single service number (U.S.) between
7:00 A.M. and 6:00 PM., (Mountain Time) for product-specific inquiries.

This service enables the Customer to:
Obtain assistance in using the product.
— documentation clarification.
— operational understanding.
Obtain product specific information.
— problem identification.
— work-around, patch, or other solution when available.
— information on existing SPRs.
If the reported condition is not an already documented SPR, obtain assistance in problem isolation
techniques.

As part of the TIPS, Software Support Services maintains a list of reported problems and problem
resolutions. TIPS does not include user application assistance or engineering time to derive a resolution to
a problem if none is currently available. (See Phone Consulting under Consulting Services.) However, the
Software Support Engineer will submit a problem report into the SPR system under the Customer name
when appropriate.

TIPS is offered as a supplemental tool for obtaining maximum utilization of Intel software products. It is
expected that the Customer will avail himself of training classes as appropriate, and will make reasonable
efforts to utilize all product documentation.

The Customer must designate one System Manager and one alternate who are authorized to call the TIPS.
This service is offered on a one-year period, and continues thereafter on a month to month basis until
cancelled by either party with 30 days written notice.
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ORIENTATION/INSTALLATION SUPPORT PACKAGES

We have structured very specific support packages to assist our customers with the installation and
reconfiguration of such systems as NDS-11, 86/330, RMX and XENIX. See Intel's current price book for a listing of
support packages available today.

CONSULTING SERVICES

Consulting Services provides customized support for system, board, and component level customers.
Consulting services provide a wide range of support - from system designs to solving difficult development
problems to complete project management and project implementation.

1. Field Consulting — The Customer may contract for an Intel Software Support Engineer to come on-site to
assist and advise the customer in utilizing Intel software products. This service is available on a Time and
Material basis. Minimum period: 1 day (8 hours). Travel time and expenses are billed separately as specified
in the price list.

2. Phone Consulting — The Customer may contract for an Intel Software Support Engineer in the Customer
Support Group to provide customer orapplication-specific research, effort, or consultation. Blocks of time
may be purchased and utilized in minimum fifteen (15) minute increments.

INSITE USER’S PROGRAM LIBRARY

Intel's Software Index and Technology Library is a library of programs that have been §ubmitted by users of
Intel microcomputers, single-board computers, and development systems. Membership in INSITE enables the
Customer to order programsata nominal charge. Members are provided a program catalog and catalog updates.

LIMITATIONS

A. Software Support Services are limited to standard Intel system configurations supported by software
products, as defined in the applicable software product data sheet. Services will be performed within a
12-month period from effective date of the purchased services.

B. Software support services do not include hardware maintenance.

C. Any change in the equipment site of the system within the U.S, may affect Intel’s ability to deliver the
support services ordered and may result in increased charges. If the system is moved outside the
continental U.S., it shall not be eligible for continued service as ordered, but may be eligible for continued
service under Intel's local terms and conditions then in effect for a like system in the country or territory of
reinstallation. .

OTHER INFORMATION

A. Software Support Services is Intel's commitment to providing the customer with consistent, high-quality,
post-sales software support. Itis our way of delivering guaranteed support which the customer can rely on.
To tailor a full service software support program that addresses specific needs, contact the local Intel sales
or service office for more information.

B. Term: Service will be provided for the period specified in the price list. .

Charges: There are three kinds of billings utilized with the service 6fferings: front-end billing, monthly
billing (not less than $100 per month), and post-service billing. The customer will be billed on one of the
referenced types of billings, depending on the type of service. Prices will be those specified in the current
Intel price list.

D. 1n order to obtain maximum service from Software Support Services, it is advised that the customer
maintain the system to the latest revision level, and assign a System Manager who will be the key contact for
Software Support Services.

E. Guidelines: . ‘

1. The customer must have signed an Intel Master Software License agreement. All services and
materials made available to the customer through Software Support Services, including documentation
and program materials, are subject to the terms and conditions of the license/sale.

2. The License Fee or List Price for covered software products includes a period of Initial Support as
defined in individual product descriptions. Additional support services may be obtained as listed in the
price list.
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iRUG DESCRIPTION

iRUG is the Intel iRMX™ 86 User’s Group. It is a non-profit group chartered to establish a forum for users of the iRMX
86 Operating System and to promote and encourage development of iRMX 86 based software.

iRUG membership is free to licensed iRMX 86 Operating System users and to their employees. Benefits of member-
ship include: access to the user’s library of iRMX software tools and utilities; membership in local and national chap-
ters; access to the group bulletin board; receipt of quarterly national newsletters; synopsis of software problem reports
(SPRs) submitted by members; opportunity to present papers and conduct workshops, invitations to seminars devot-
ed to the use of Intel products.

The user’s library, maintained by iRUG, contains software programs written and submitted by members and Intel
employees. Programs available range from file or directory manipulation commands and terminal attribute selec-
tion utilities to dynamic logon, background job facilities and basic communication utilities.

Programs in the library are available through a telephone dial-up service.

Local and national iRUG chapters provide a forum for members to meet other iRMX Operating System users in an
informal setting. At local meetings and the annual international seminar, members can discuss their ideas, share their
experiences and techniques, and give feedback to intel for future improvements and features of the iRMX 86 Operat-
ing System. The meetings also showcase new products offered by Intel and other developments in iRMX based soft-
ware supplied by other companies.

iRUG sponsors a Special Interest Group (SIG) on the CompuServe Information Service. The SIG offers two features,
message facilities and an online conference facility. The message facility (buttetin board) allows members to leave and
receive messages from other members. These might include problems and solutions regarding the iRMX 86 Operat-
ing System or new techniques to be shared. The online conference facility allows users to hold scheduled meetings
on any topic. Whatever information a member types at his/her terminal will be displayed at all terminals logged into
the conference facility.

“Human Interface” in iRUG’s quarterly national newsletter in the United States. It serves as a supplement to chapter
meetings by providing: library listings, informtion on the latest releases of products running on the iRMX 86 Operating
System,; officer messages; member SPRs; release and update plans for the iRMX Operating System; and member ar-
ticles.

If you are interested in becoming a member of iRUG or desire further information contact the Intel iRUG liason.
Terri Huggett
5200 N.E. Elam Young Parkway
Hillsboro, OR 97123
Mailstop HF2-2-352
(503) 640-7123
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MARYLAND
Intel Corp *
7321 Parkway Drve South
Sute C
Hanover 21076
Te! (301) 796-7500
TWX ' 710-862-1944
intel Corp
&533 Walkef Drlve
Tel (30|) 4‘1 ‘020
MASSACHUSETTS
Intel Corp *
27 Industrial Avenue
Chelmsford 0182¢
Tel (617& 256-1800
TWX  710-343-6333
MICHIGAN
intel Corp
7071 Orchard Lake Road
Suite 100
West Bloomfield 48033
Tel. (313) 851-8096
MINNESOTA
intel Corp
3500 W 80th Street
Bloom 55431
Tel (61 &-5835-8722
TWX  910-576-2867
MISSOURI

Intel Corp
4203 Earth sway
Suite 131 Cw Expressway
Tel (31:7 29‘-‘990

NEW JERSEY
Intel Coz‘
Raritan Plaza il

in Center
Edison 08837
Tel (201&4225-3000
TWX  710-480-6238
NEW MEXICO

Intel
clag:wll Boulevard NE

Suite B 295
Albuquerque 87112
TQI“‘}SO%“ 292-8086
NEW YORK

Intel Corp *
300 Vanderbitt Motor Parkway

11788
Tel (516) 231-3300
510-227-6236

|m|Covp
Sum?BHo“MookPlk

Corners
r Falls 12590
Tel (&) &297—6‘5‘

intel Corp *

211 White Spruce Boulevard
ster 14623

Tel (716& 4244050

S&% Rldln%s Road
Syracuse 13206
Tel (3‘5& 463-8592
541-0554
T-Squared
7353 Pittsford-Victor Road
Victor 14564
Td (716) 924-9101
510-254-8542
NORTH CAROLINA
£ i o
Suite 10:
Raleigh 27607
Telm?QVIQ) 781-8022
OHIO
Intel M
5500%
Daylon 45414
Tel (5!3&48905350
TWX  810-450-2528
Intel Coer'
nggvm rainard_Bidg, No 300
28001 Ch Boulevard
Cleveland 44122
Tel (216&4464-2736
TWX  810-427-9298
OKLAHOMA
Intel 3
4157 %"pmmm Avenue
Sutte 123
Tulsa 74135
Tel (918) 749-8688
OREGON
Intel
‘0700008'.’\'( Beaverton
gl‘lsdalc Hbghwuy
Beave
(503 64 -8086
910-467-8741
PENNSYLVANIA

iite
Pmabul?h 15235
Tel (412) 823-4970

Willow 19090
Tel (215) 657-5600
TEXAS

Intel Corp *

12300 Ford Road
Dallas 75234

Tet (214& 241-8087
TWX  910-860-5617
intel Corp *

7322 SW Freeway
Sulte 1490

WX 91 1-2490
Industrial hnl Systems Corp
5925 S Dig v
Sum

Tel (7|3)988-942I

Si

Aut 78752

Tel (512) 454-3628
UTAH

intel Corp

5201 Green Street
Sutte 290

Salt Lake City 84123
Tel (801) 51
vmmu

1603 Csorc:u Rosa Road

Rmmond 23288
Tel (804) 282-5668

WASHINGTON

intel Corp

110 110th Avenue NE
Sutte 510

Bellevue 98004

Tel (206) 453-8086
TWX  910-443-3002

Intel Ccr&
goa N Mullan Road
swkam 99206
Tel (509) 928-8086
'WISCONSIN
intel Corg
450 N Sunnysiope Road
Suite 130
Chancellory Park 1|
Tel (414) 784-8087
CANADA
ONTARIO
Intel Semiconductor of Canada, Lid
Sutte 202, Bell Mews
39 Higl 7 '
Nepean K2H 8R2
Tei (6‘% 829»9714
! Semiconductor of Canada, Lid
gﬂo Attwell Drive
Rexdale MOW 6H8
Tel (416) 675-2105
TELEX 3574
QUEBEC
Intel Semiconductor of Canada, Lid
S cme Vertu Rd
H4R 1v4

To (514 334-0560
35324172

°Field Application Location



ALABAMA

tArrow Electronics, Inc
3611 Memonial Parkway So

Huntsville
Tel (205) 882-2730
mumnon/Avnol Electronics
search Drive

Hu 35805

(205 837-7210
TWX 810-726-2162
tPioneer Electronics
1207 Putnam Drive NW
Huntsville 35805
el (205) 837-9300
TWX * 810-726-2197
ARIZONA

1Ham;lon/Avnel Electronics

505 S ladison Drive

Tem, 528'

Tel (602& 231-5140
-950-0077

1 ibution Grouj
BY?‘S“N 24m Avenue g

249-2232
95|-4282

tArrow Electronics, Inc
Drive

15-6600
910-3 -9-9371

Tel (213&_‘701 7500
Arrow Electronics, Inc
296 Dow Avefm

(714 8385422
910-595-2860
tAvnet Electron:
350 MoCorm-ok Avenue
Costa_Mesa 92626
Tel (714& 754-6051
595-1928

‘tHamilton/Avnet Electronics
1175 Bordeaux Drive

Sunr 94086
Tel "{:8'80) 743-3300
TWX  910-339-9332

{Hamitton/Avnet Electronics
4545 A

San Dlezo 9!123

Tel (619) 571-7500

TWX 91
fHammoﬂ/A\mm Electlonicc
20501 Plummav

Chatsworth 9
el (213) 7005271
TWX  910-494-2207

tHamilton/Avnet Electronics
4103 Nom\gam Boulevard

Sacramen

Tel (9‘6) 920-3150
Hlmimn/AvM Electronics
3002

Onmm 9
Tel (714) 969—94"

Hamilton/Avnet Electronics
195!5 So_Vermont Avenue

Tel (213& 615-3913
fHamilton Electro Sales *
|09|2 \:!mywzo2 ton  Boulevard
Tel (213&_ 558-2458

TWX  910-340-6364

{Hamilton Electro Sales

3170 Pullman_Street

Tel (714&.64'4150

TWX  910-595-2638

Hamiton Electro Sales
De Soto Avenue
Chatsworth 91311

Tel (818) 700-6500

Kierulff Electronics, Inc
1180 Murph&“A:enne

San Jose 31
Tel (4083_3947-3471
TWX  910-379-6430

DOMESTIC DISTRIBUTORS

cn.mn (Cont’d)

Electronics, Inc
mm Frankiin Avenue

Tel (714& 731-57\1
ierulff Electre ux Inc

mo Jillson Ay

Tel (2|3& 725-0325

Wyle Distribution Gi
124Mumnds o

Tel s'?"s& 3226 00

-348-7140 or 7111

(m "8a3.0953
T o i

ﬂNg‘e istnbution  Group
11151 Sun Center Drive
Rancho Cordova 9567
Tel (916) 638-5282
istribution  Group
Drive
2123
Tel (619) 565-9171
TWX * 910-335-1590
1Wyle Distribution Group
30&1 Bowers Avenue
Santa Clara 95051
Tel (408) 727-2500
TWX 91 296

Mil
1 810 To“ﬂ‘ov’y Avenue
714 85!9958
TWX 310-371-9127

‘vg)g;z m‘“cm

2649

Distribution Gre
E 124th Avenuew

Tel (303&9‘57-9953

TWX * 910-936-0770
Hamilton/Avnet  Electronics
765 E_Orchard Road
Engewood 8ot

Tel (303) 740-1017

TWX 91l 5-0787
CONNECTICUT .

tArrow Electronics, Inc

12 Beaumont Road

Wall 06492

Tel (203) 265-7741

TWX  710-476-0162
tHamilton/Avnet Electronics
Commerce Industnal Park
Commerce Drive

Tel (2"3&‘797 -2800
tPioneer Northeast Electronics
112 Mm Sm

Tel (% 1515

FLORIDA
tArrow Electronics, Inc
1001 NW 62nd Street
SUI

Laudav
Tel (30.’3_ 776-7790

tAnow Electronics, Inc
1 Dnvs NE
Palm Bay

Tel 725-14@0
TWX * 510-959-6337
‘tHamilton/Avnet Electronics
6801 NW 15th Way

Ft. Lauderdale 3.

Tel (305& 971-2900

TWX * 510-956-3097
{Hamilton/Avnet Electronics
3197 Tech Drve

t Wﬁamz
Tel (813) 576-3930
TWX 81 -0374

Tel (305) 628-3888
TWX  810-853-0322

1 ronics

221 N Lake Boulevard *
Suite 412

Alta S| 32701
Tel (38‘5 34.

IPtonnv Electronics
500 62nd Street NW
Suite 506

Ft Lauderdale 33309
Tel (:ms& 771-7520
TWX  510-955-9653

Tel. (404) 449-8252
TWX * 810-766-0439

tHamulton/Avnet Electronics
5825 D Peachtree
Norcross

Tel (404& 447-7500

TWX * 810-766-0432
tPioneer  Electronics

58358 Peachtree Corners E
Norcross 30092

Tel (404) 448-1711

TWX: 810-766-4515
ILLINOIS

Arrow: Electmnnx. Inc
E iin_Street

Toi (312) %97-3«0
mmublm/Avml E!ec‘lmvm
1130 Thorndale Avenue
Bensenville 60106

Tel (312&' 860-7780

TWX  910-227-0060
tPioneer Electronics

1561 _Carmen

Dnve
Elk Grove Vuhgg 60007
Tel (312&_ 437
TWX  910-222-1834
INDIANA

tArrow  Electronics, Inc
2718 Rand Floﬁ

?V‘JQ 43-9353

810-341-3119

‘tHamiiton/Avnet Electronics

485 Gradle Drive

Carmel 46032

Tel (317& 844-9333

TWX * 810-260-3966

1Pauamr Electronics

Indianapolis 46250

Tel (317) 849-7300

WX. 810-260-1794

KANSAS

wnmmmlhmet Electronics
19 Road

Overland Park 66215

Tel (9|3&_886-8900

TWX * 910-743-0005

Cohnhum 2gw
Tel (30'& 3
TWX * 710-236-9005
tHamilton/Avnet Electronics
6822 Oak Hall Lane

Tel (301 2;83'53500
T™WX 71&-862-136‘
tMesa Technology Corporation
16021 Industnal gnve

Tel (301) 20817570
TWX 71&—028—97’0
;P»oneel Electronics
100 Garther Ho'd

T

IMW Electronics, Inc

Tel (617) 933-8130
TWX. 710-393-6770

tHamilton/Avnet Electronics
Tower Office Park

Woburn 01801
Tel (6‘7&. 935-9700
TWX  710-393-0382

{Pioneer Northeast
£ Tl e
Tel' (617) 863-1200
TWX * 710-326-6617
MICHIGAN

Electronics, Inc
saovmyDvM

Ann 8104

Tel (SIG&. 97‘8220
tPioneer Electronics

13485 Stamford

Livonia 48150

Tel (313& 525-1800

TWX  810-242-3271
Hlmmon7 /Avnet Electronics
Livonia 481!

Tel (313) 522-4700

TWX  810-242-8775
tHamilton/Avnet Electronics
2215 2% Street SE
Grpl.roid. Rapids 49508

Tel (616) 243-8805

WX 810-273-6921
MINNESOTA

tArow Electronics, Inc
5230 W_73rd Street
Edina 55435

Tel (612) 830-1800

TWX * 910-576-3125
‘tHamilton/Avnet Electronics
10300 Bren Road East

Tol (81 e
(910) 5762720

1P|omu Electronics
10203 Bren Road East
Tel (612) 935-5444
TWX. 810-576-2738
MISSOURI
Arrow_Electronics, Inc
Schuetz
St Louls 63141
Tel (314& 567-6888
TWX  910-764-0882
tHamilton/Avnet Electronics
13743 Shoreline Court
Earth Clz 63045
Tel (314) 344-1200
TWX  910-762-0684
NEW HAMPSHIRE
tArrow_Electronics, Inc
1 Road
03103
Tel (603& 668-6968
TWX * 710-220-1684

Arrow  Electronics, inc
Lincoin East

Mariton 08053
Tel (215) 928-1800
TWX * 710-897-0829
;Anow Electronics, Inc

Industnal Road
Farrfield 07006
Tel (20'&_ 575-5300
TWX  710-998-2206
‘Hamilton/Avnet Electronics
1 Kaytstgne Avenue

Hill 08003

Tel (609) 424-0110
wr(wxn 0-0262
wlnnMIAmcl Electronics
Fairfield 07006
Tel (20‘& 575-3390
TWX  710-734-4388

‘tMicrocomputer System Technical Demonstrator Centers.

N



NEW JERSEY (Contd)
TFIW@’ Northeast Electronics
Route G
bfook
(201) 575~35|0
0-734-4382
tMTI Systems
383 Route 46 W
Fairfield 07006
Tel (201) 227-5552
NEW MEXICO
tAlliance Electronics Inc
Rboausroce. 87153
querque
Tel (505) 292-3360
TWX  910-989-1151
%Hammon/Awm Electronics
gl SE
(5053 765-1500
-989-0614
NEW YORK
TArrow Elemvmms. Inc
25 Hub Dr
Melville 11735
Tel (516) 694-6800
TWX ~ 510-224-6126

tArrow_ Electronics, Inc
3000 Soum Winton Road

1462
Tel (716 275-0300
510-253-4766

Mrvw Electronics, Inc
05 Drive

13088
Tei (3‘5& 652-1000
-545-0230
tArrow Electronics, Inc
20 Oser Avenue
Hauppat 11788
Tel (516) 231-1000
TWX  510-227-6623
tHammm/Avnel Electronics

(716) 475«9‘30
510-253-5470

THumnllon/Av»el Ejemromcs
COTDON C
(315& 437 2641

1Ham|non/Avnet Electronics

5 Hub Drve

Melville, L Island 11747

Tel (516) 454-6000

TWX  510-224-6166

tPioneer Northeast Electronics

ISOGIV‘GQBI Parkway East

Tel (607) 748-8211

510-252-0893

1anee Northeast Eleclromcs
60 oogrossway Park

West
island 11797
Tao6i8] 9578700
TWX * 510-221- 2154

Pioneer Northeast Electronics
0 Farport Park 14450

Tel (716) 381-7070

TWX * 510-253-7001

1MTI Systems Sales
38 Harbor Park Drve

DOMESTIC DISTRIBUTORS

NORTH CAROLINA

tArrow_Electronics, Inc
5240 Greendary Road
27604

F!alel?h
Tel (919) 876-3132
TWX  510-928-1856

YHnmmon/Avul Electronics
0 Spring Forest Drve

TM ?91 878-0819
TWX  510-928-1836

1Pio mr Electronics

harote: 285
Tel (704) 524-8188
TWX  810-621-0366

tArrow Electronics, Inc

7620 McEwen

Centervilie 45459

Tel (513) 435-5563

TWX  810-459-1611

tArrow_Electronics, Inc

6238 Coc ran Road

Solon 441

Tel (2!6& 248 -3990
-427-9409

YHammon/Avnet Electronics
S le_Drive
5459
Tel 15‘3 433-0610
10-450-2531
1Hummon/Avml Electronics
usmal Pnrkwny
Warvenswilo Heog
(216) 831-3500
TWX 810-427-9452
tPioneer Electronics
4433 Interpont Boulevard

yton
Tel (513) 236-9900
810-459-1622

tPoneer Electronics
{800 E 13iat Sireet

Cleveland 441l

Tel (216) 587-3800
TWX' 810-422-2211
OKLAHOMA
tArrow_Electronics, Inc
4719 S Memorial Drive
Tulsa 74145

Tel (918) 665-7700
‘OREGON

Almac_ Electronics Corporation
022 sw Nnnbus. Bidg 7

Beaverton 97005
Tsl (503 641-9070
10-467-8743

tHamlllonlAvvm Electronics
6024 SW _Jean Road
Bldn C, Sute 170

(50:&33573&%‘
55-8179

PENNSYLVANIA
tArrow Electronics, Inc
6 d

Monroeville 15146
Tel (412) 856-7000
tPioneer Electronics
259 Kappa Drive
Pittsburgh 15238
Tel (412) 782-2300
TWX  710-795-3122

PENNSYLVANIA (Cont'd)
tPioneer Electronics

261 Gibralter Road
Horsham 19044

Tel (215) 674-4000
TWX 51 6778
TEXAS
tArrow_Electronics, Inc
3220 Commander Drive
Carroliton 75006
(214 380-6464
910-860-5377
IAnow Eleclwmcs, inc

Nou 77099
Tel (71 3) 530-4700
TWX 91 0-4439

tArrow Electronics, Inc
raker Lane

8758
Tel (5!2& 135-4180
874-1348
;Hnmvlmn/kvvm Electronics
401 Rutland
Austin_ 78757
Tel (5‘2 837-8911
910-874-1319

1Hamnllon/Avne1 Electronics
111 W _Walnut Hill Lane

g 75062
(214& 659-4‘00
tHamumn/Avnetm Electronics
owto
(7|3 780-1771

10-881-5523

1P|nneer Electronics
9901 Burne Road

8758
(5'2 835-4000
74-1323

r Electronics
3710 Omeagl Rond
75234

Tel (2'4& 386-7300
850-5563

Pioneer Electronics
853 Point West Drive

Houston 77036
Tel (713) 988-5555
TWX 91 1-1606

UTAH
‘tHamilton/Avnet Eleclromcs
1585 West 21

Lake C 841

alt
Tel (801) 972-2800
TWX * 910-925- 40|8

Wyle Distribution Group
1959 South 4130 West, Unit B

Salt Lake City 841

Tel (801) 974-9953
WASHINGTON

tAlmac Electronics Corporation
14360 SE Eastgate Way
Bellevue 9

Tel (206) 643-9992

TWX  910-444-2067

tArmow ics, Inc
14320 NE 2ist Street
llevt 8007

13-4800
TWX  910-444-2017

tHamilton/Avnet Electronics
14212 NE 21st Street
Bo 98005

levue
(206 453-5874
43-2469

tArmow Electronics, Inc

10-262-1193
tHamilton/Avnet Electronics
2975 Moorland Road
New Berlin 53151
Tel (414).784-4510
TWX ~ 910-262-1182
CANADA
ALBERTA

fHammn/Awm Elacuomcs
2816 2|s1|_ Street N

907 2E 622

Tel (403) 230-3586

TWX * 03-827-642

Zentronics

i, pe e
a

Tel (703) 2721021

lﬂm COLUMBIA

105-11400 Brid Road
Richmond VGXW:pTgn

Tel (604) 273-5575

TWX * 04-5077-89

MANITOBA

Zentronics

580 rry Street

Winnyy R3H 0OS1

Tel m) 775-8661
ONTARIO

Hamilton/Avnet Electronics
6845 Rexwood Road
Unts G & H
Mississauga L4V 1R2
Tel (416) 677-7432
TWX ~ 610-492-8867
Hamilton/Avnet Electronics
210 Colonnade Road South
Nepean K2E 7.5

Tel (613) 226-1700

TWX ~ 05-349-71

Zentronics

8 Tilbur

ry Court
Brampton L6T 3T4
Tnl (4|6) 45'-9600

3{64/10 Weber Street North
Tel (519) 8645700

Zentronics
155:‘ C;lonnm Road
Nepean K2E 7K1

Tel (613) 225-8840
TWX  06-976-78
QUEBEC

Hum-llcm/Avnm Elecirorucs
267

TWX  610-421- 3731

258" Yocke Street
3 Looram S
Tel (514) 7355361
TWX  05-827535

‘tMicrocomputer System Technical Demonstrator Centers



BELGIUM

Intel Corporation S A

:z':du 1 Papier 51
in a

Bom

Tol 0? 107 "

TeF R

DENMARK

Intel Denmark A/S*
Glenteve; 61 - 3rd Floor

Tel (01) 1980 3
TELEX 19567
FINLAND

intel Finland O

TELEX 123 332
FRANCE
Intel Corporation, SARL®

§ Place de la Balance
Silic 223

94528 Ruggis Cedex
ol (01) 687 22 21

T
TELEX 270475

EUROPEAN SALES OFFICES

FRANCE (Cont'd)

Intel Corporation, SARL
Immeut

4 Quai des Etrotts

Ly
Tel (7) %0:2 40 89
TELEX * 306153

WEST GERMANY

Intel Sﬂmvemduc‘m GmbH®
Seidistrasse

D-8000 M
Tel (6)
TELEX 0523!77 INTL D

Intel Semiconductor GmbH*
Mainzer S'um 75

D-62
Tel (61 2|)
TELEX 04186'83 INTW D

Intel Semleonducwf GmbH
Brueckstre
7012 FMIblch

SM‘M

(711) 00 82

254826 INTS D

Intel Semiconductor GmbH*
Hohenzollern Strasse 5*
3000 Hannover 1
Tel (511) 34 40 8t
TELEX 923625 INTH D

ISRAEL
intel Semiconductor Ltd *
PO Box 1659
Yo ass24 261
TELEX 4651
TALY

el Corporation Halla
Muumnon Paazo £
20004 102) (Mllano)
[
TR B2 i
mlunm
Intel S juctor Nederland BV *

Alexmde'Tooﬂ Bulldma

3068 Rmmau
Tel (10) 21 23 77
TELEX 22283

sk
Tol @) L4 420

TELEX

S’Al'l

aallo anun 28
Tel (34) 1410 40 04
TELEX 46880

SWEDEN
lnmi Sweden AB*

24
S 171
(08) 734 01 00
TELEX 12261

CH-8065 Zu
Tel (01) 829 29 77
TELEX 67989 ICH CH

UNITED KINGDOM

Intel (UK) Ld*
Pipers
Swindon, Wlltthln SN3 1RJ
T'l (079 ) 488

TELEX 444447 INT SWN

*Freld Application Location

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elokvomsgism Geraete GmbH

A 1120 Vi .
Tel (222) 83 56 46
TELEX 11532 BASAT A

Ineico um S A
Ave d;.:‘%votx de Guerre 94

B1120 Brussels
Tel (02) 216 01 60
TELEX 25441
DENMARK
T MultiKomponent A/S
Naverland 29 .

DK-2600 Gloskrup
Tel (02) 45 66 45
TX. 33355

Toﬁ ()
TELEX 124 224 F|rvn SF

1600

Tel (‘)Ois\ggy‘z 00
TELEX 260967
Metrologie
La Tour d' Asnieres
4, Amue Laurent Cely
Tel (1) 790 62 40
TELEX 611-448
Tekelec Aurtronic

Carle Vemet BP 2
92310 Sevres
Tel (1) 534 75 35
TELEX 204552

D-8 nich 8
Tel (89) 42 00 10
TELEX 522561 EIEC D
Jermyn GmbH
Postfach 1180

84 perg

Caml
Tel (06434) 231
TELEX 484426 JERM D
CES Computer Electronics Systems
% trasse 4
st
2359 Henstedt-Uizl
Tel (04193) 4026,
TELEX' 2180260
trolog

Hansastrasse 15
8000 Munich 2
Tel (89) 57 30 84
TELEX D 5213189
Proelectron Vertriebs ?&nbﬁ
6072 Dreieich bei Frankfurt
Te! (6!03) 33564
SRELAND
Micro Marketing
Glenageary Office Park
Co ibhn
Tel (1) 85 62 88
TELEX 31584

Tel Aviv 61390
Tel (3) 47 51 51
TELEX" 33638
ITALY

Eledra_35 SPA
Viale Eiveza, 18

| 20154 Milano
Tel (2) 34 97 51
TELEX 332332
Intess

Mianofion Pal E/S
2 Asaaoo

Td (02) 82470
TELEX 311351

NETHERLANDS
Koning & Hartman
083 Box 43220

EN's Grave
m 31 (19 20101
TELEX

NORWAY

Nordisk Elektronic _(Norge) A/S

Postoffice Box 122
syingen

1364 Hvalstad

Tel (2) 846 210

TELEX 17546

PORTUGAL

Componentes E Electronica LDA

;v; Miguel Bombarda, 133

Tel (19) 545 313

TELEX 14182 Brieks-P

SPAIN

Interface S A
Av Pompeu Fabra 12

rcel

Tei (3) 219 80 1

TELEX 51508

ITT SESA

Miguel Ange‘o 1 21, 6 Piso

Tel (34) 14 1954 Q0

TELEX 27461

SWEDEN

AB Gosta Backstrom

Box 1; .

Alstroemergatan 22

$-10221 Stockholm 12

Tel (8) 541 080

TELEX 10135

Nordisk Electronik AB
27301

Box 1

§-161 26 Bromma
Tel (8) 98 08 20
TELEX 11941

31

Hseilen
Tsl (0‘) 50 4
TELEX 56788 INDEL CH
UNITED KINGDOM

Bytech_Ltd
Unit 57

i
Berkshire "d
Tel (0734) 61031
TELEX

Comway Microsystems Ltd
Markot Strolt

(34 55333
TELEX 2&

Jermyn Industries
Vestry Estate

ent
Tel (0732) 450144
TELEX 95142

MEDL

East une Road
ideses HAY
Mndmex HAS 7PP

Tel (190) 49307
TELEX 28817

g llnd HP“ 2ER
Tal (0494 26 an

TELEX 8379

YUGOSLAVIA

H R _Microelectronics Enterprises
PO Box

an Jose, California 95150

Tel 408/978-8000

TELEX 278-559



AU‘TRAUA
sstralia

;Munlw?o Address
North Sydney NSW, 2065
Shipping  Address)
zgs'glm“r% Building

0 Pacific Highway
Cr NSW, 2065
Tel 011 61 -2-967-; 2744
FAX 0|1~6| 2957 2744
HONG KONG

Intel Semiconductor Ltd *
17014 Connaught Centre

Tel m«-sgz-s-ms-an
TWX 60410 ITLHK

JAPAN

Intel Japan KK

5-6 Tokodai, Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26
Tel 029747-8511
TELEX 03656-160

Intel Japan KK*
2-1-15 Naka-machi
Atsugi, Kanagawa 243
Tel 0462-23-3511

Intel Jay

2-51-2 R;"ma-cno
Chotu, Togy; 182
Tel 0424-88-3151
Intel Japan KK*
2-69 Hon-cho

Kumaoga @, Satama 360
Tel 0485-24-6871

| Japan KK*
24! Teraucm

naka, Osaka 560
06-863-1091

INTERNATIONAL SALES OFFICES

JAPAN (Cont'd)
Imal anan KK

Chryoda i Tokyo 100
03-201-3621

Intel Japan KK*

3923-9 h‘:nmarefu 154
a-ku, Tokyo

Talmnbl 26-2231

Intel Ji KK*

mm-s«-mei Musashi-K | Bldg

9|5 Shinmarul Nakahar:
wauklehl, Kanagm 211

Tel 044-733-701t

Intel Jsipan KK
1-1_Shibahon-cf
Mishima-shi
Shizuoka-Ken 411
Tel 0559-72-4121

KOREA
Intel Ssmncoc\duclor Asia m
Singsong Floor #:

26-4 Yost?)o-ng Youngdumgpchu

011-82-2-784-8188 or 8286
TE EX K29312 INTELKO

SINGAPORE

Intel _Semiconductor Ltd
101 Thomson Road
gms eouﬂnw Square
ingapore

Te’l‘g 11-65-2507811
TWX RS 39921
CABLE INTELSGP

*Field Application Location

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

VLC SRL

Sarmiento 1530 1 Piso

1042 Bue

Tel 011 54 1—35-120‘/9242

TELEX 1757

Agent

Smmex International Corporation
Park Row, Room #1730
York, New York 10038

Tel (212) 4

AUSTRALIA

otal Electronics
Mall:gu Address)
/at

g 250
rwood, Victoria 3125

(Shipping Address)
9 Harker Street

Burwood

Victoria 3125

Tel 011-61-3-288-4044
TELEX AA 31261

n SA
05“0 A‘é Mlgmga 3650-6 Andar
it

Pintuba
Tel 011-55-11-833-2572
TELEX 1122274 ICOTBR

CHILE

&Mau
MncKenn! 204

Tolm?)% 5&2 277 564
TELEX

(Shippu Addvess)
A Og G Csmf
Wlllmngwn Delaware 19807

HONG KONG
Precision Machinery Co . Ltd
Flat Fared 20 Kingsford Ind idg.
Kwar Her Street NT
Tsl 011—852 5-0-223222
4 JINMI HX

Schmidt & Co
18/F Great Eagie Centre
Wanchai

Tsl 011-852 -5-833- 0222
66 SCHMC Hi

e 560004
Tel 011 9'-81260063‘
TELEX 011-5947 MDEV

Micronic
104/1090 Nllmal Industrial Estate
Sion (E)
Bombay 400022
Tel 011-91-22-48-61-70
TELEX 01-71447 MDEV IN
Mo o

-4 \ajinder Nager
New Delhr 110060 o
Ramiak International, Inc nt)
465 S Mathida Avenue (hgent
Suite 302
Sunnyvale, CA 94086
TeI (409) 733-8767

M.nl ress)
& "&n )

Mauidin, Soum Carolina 29657
(Shipping  Address)
Soe Green Drive
Liberty, South Caroina 29657
JAPAN
Asahi Electronics Co  Ltd
KMM Bl 4
21441 usAhnng, Kokurakita-Ku
Te?k’{wa) 1’2 6471

TELEX AECKY 7126-16

JAPAN (Cont'd)

Hamilton-Avnet Electronics Ja
YU and YOU Bidg 1-5-7 Hormm

thonbashi_ Chuo-Ku, Tokyo 103

Tel (03) 6629911
TELEX 2523774
Ryoyo Electric Corporatien
Konwa Bldg
1-12-22, reukm
ChuoKu,
Tel 103) 54&7711/541 7311
Te Electron Ltd
S?ukyouku Nomura Bldg
26—2 lehrsnmuku 1-Chome
Shiny Tokyo 160
Tel (03) 343-4411 ¢
TELEX 232-2220 LABTEL J
KOREA
J-TEK Covpovaﬁnn
nd Floor, Government Pension Bldg
54-3 Yoido- D&ng
our po-Ku

Hy

Seoul
Tel 011-82-2-782-8039
TELEX KODIGIT K25299

Koram Dtgnal USA (Agent)
4066 weshnEA ulevard

ante_Fe 90670
e (714)_739-3204
TWX 194715 KORAM DIGIT LSA

NEW ZEALAND
McLean information Technology Lid
459 Kyber Pass Road, Newmarket,
PO Box 9464, Newmarket
Auckland 1, New Zealand
Tel 011-64-9-501-219, 501-801, 587-
TELEX NZ21570 THERMAL
PAKISTAN
Computer Applications Ltd
&zn Boulevard
m
Tel 011-92- 21-530-306/7
TELEX 24434 GAF/

PAKISTAN (Cont'd)

Honzon Traming Oo Inc  (Agent)
1 Lafay zyms Center

Is|20 0th Street NW

mnaml Engineers Corporation Pty
Units 1003-1008 Block 3

5

Te 11-65-271-3163

TELEX RS23987 GENERCO
CABLE GENERRCORP

SOUTH AFRICA

Electronic Building Elements, td
'P,rO Bo 4609““ Py
Tel 0" 27 IZ-46~922|

TELEX 3-22]

TELEGRAM ELBILEM
TAIWAN

Mitac_Corporal

3rd Fioor #75 smen 4
;llnkma East

011‘806—2-771'0944). 0941
TB.EX 11942 TAIAUTO

Mectel International, Inc (Agent)
3385 Vuso Court ( )

Santa Cl CA_ 95050
Tel (4063 988-4513
-338-2201
FAX 408-980-9742
YUGOSLAVIA
HOR Microelectronics Enterpnses.

*Field Application Location



CALIFORNIA:

intel Corp

1350 Shorebird_Way
Mt View 94043
Tel (415) 968-8211
TWX ~910-339-9279
910-338-0255

2000 Céxp‘m Street
Sum 11

92705
Tal (7"& 835-6577
TWX 595-2475

‘3SOCE°;gcuwo Drive
Sute 150

San 92121

Tel (619) 452-5880
Intel Corp

5530 N Corbin Avenue
Suite 120

Tarzana 91356

Tel (213) 708-0333

222
(sos 3218086
T .03 2580

CONNECTICUT

Intel Corf

26 Mill Blmn Road
Danbl% 06811

Tel (203) 748-3130
FLORIDA

Intel

|5500 ONDW 62nd Street
Ft Luudevdule 33309

TQI (305 771-0600
510-956-9407

DOMESTIC SERVICE OFFICES

Manla 2751
Tel (305 628-2393
TWX  810-853-9219

GEORGIA

Intel Corp

3280 Pointe Parkway
ute 200

Norcross 2

Tel (404) 441-1171

Roll Meadows
Tel '?312 981-7295
TWX  910-253-1825

KANSAS

Intel Corp

8400 W 110th Street
Sutte 171

Overland Park 66210
Tel (913) 642-8080
MARYLAND

Intel Corp

Sth Floor Prod
7833 Walker Dnve
Greenbelt 20770
Tel (301) 4411020
MASSACHUSETTS
Intel

27 Industrial Avenue
Chelmsford 01824
Tel (617) 256-1800
TWX  710-343-6333

MICHIGAN

Intel Corp

7071 Orchard Lake Road
Sute 100

West Bloomfield 48033
Tel (313) 851-8905
MISSOURI

Intel Corp

4203 Earth City Expressway
Suite 143 v Expr d
Earth 63045

Tel (314) 291-2015

NEW JERSEY

Intel Corp
385 Sy)vun Avenue

T:P (20& 56‘7 0820 2

Intel Cory

Rantan w

Rartan Center

Edison 08817

Tel (201) 225-3000

NORTH CAROLINA

Intel Corp

2306 W Meadowview Road

Suite 206

Greensboro 27407

Tel (919) 294-1541

OHIO

Intel

Ohugr?ﬁgamurd Bidg
ite 305

Su

28001 Cmgzln Boulevard

Cleveland 44122

Tel (216 464-6915
27-9298

Day 45414
Teim}('.")‘l"i) 890-5350

Intel Corp
. 10700 SW Beaverton-Hilisdale

Suite 2y2

Beaverton

el (503) 641-8086

WX~ 910-467-8741

5200 NE Elam Young Parkway
Hilisboro 97123

Tel (503) 681-8080
PENNSYLVANIA

Intel

201 Pq:\'re Center Boulevard
Sute 301 W

Pmsbur?h 15235

Tel (313) 354-1540
TEXAS

Intel COT

313 E_Anderson Lane
Sutte 314

Austin_ 78752

IM (512 454-3628
74-1347

Intel Corp

12300 Ford Road

Dallas 75234

Tel (214) 241-8087

TWX  910-860-5617

'WASHINGTON

Intel Corp

110 110th Avenue NE

uite 510

Bellevue 98004

Tal '—800 525-5560
3-3002

WISCONSIN

Intel Corp

450 N Sunnysiope Road

Suite 130

Brookfield 53005
Tel (414) 784-8087



UNITED STATES
Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN
Intel Japan K.K.

5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26

Japan

FRANCE

Intel v
5 Place de la Balance
Silic 223

94528 Rungis Cedex
France

UNITED KINGDOM

Intel
Piper’s Way
Swindon

Wiltshire, England SN3 1R]

WEST GERMANY
Intel

Seidstrasse 27
D-8000 Munchen 2

West Germany

Printed in U.S.A./C-785/1284/50K/RRD JM
Software

; ISBN 0-917017-20-X




