











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































QueX provides a user with a fill-in-the-
blank approach. QueX performs all con-
currency control automatically and helps
the user through each retrieval operation.
continually displaying the current record.
QueX also enables the user to perform
data entry, deletion, and modification
where so authorized. Once the ap-
propriate databases have been created,
QueX systems can be developed and in
production in minutes. In short, QueX is
the solution to immediate end user pro-
ductivity.

Screens and transactions
without programming

Screen Writer is an extension to QueX
which allows screens to be defined and
conditionally processed without any pro-
gramming. Screen formats as well as the
logic to process those screens are defined
during an interactive session.
Transaction-oriented systems can be
developed in hours instead of months.
Powerful security, editing, and validation
features make Screen Writer an extremely
effective tool for entering and updating
data. Editing and validation rules can
even be specified at the character level.

Both QueX and Screen Writer are
available on a wide range of synchronous
and asynchronous terminals.

Interactive report generator
Report Writer is a facility which sup-
plies end users and programmers with de-
mand and batch reporting capabilities for

both simple and complex requirements.

Report Writer can generate reports
against all or selected portions of a
database. Report Writer provides data
editing, page formatting, calculations,
summaries, and ordering of printed infor-
mation in either demand or batch mode.
By providing a quick and easy way to
produce reports, Report Writer eases the
burden on Data Processing, thereby
reducing the application development
costs. .
Report Writer has a conversational op-
tion called Genius. Based on the user’s
response to a series of prompts, Genius
generates distribution-quality reports in
just minutes, without programming.
Genius has the ability to store report
specifications and generate the format at
a later date. It not only provides the error
detection and recovery capabilities needed
for inexperienced users, it also makes the
programmer’s job easier by eliminating
coding in report production. A graphics
option allows the user to generate bar,
pie, line and plot charts in a conversa-
tional manner.

Programmer language
interfaces

SYSTEM 2000 addresses programmer
needs by offering programmer productivity
tools which assist in reducing application
development time for applications which
may require programming. These produc-
tivity tools work in concert to provide the
benefits of data independence, on-line ap-
plications support, complete documenta-
tion of the environment, and reduced
programmer time.

With PLEX, the Programming
Language Extension to SYSTEM 2000,
the application developer has powerful
database search and manipulation
capabilities at his disposal. Programmers
can focus on specific application solutions,
leaving SYSTEM 2000 to address the
physical database environment. PLEX is
ideally suited for production-oriented ap-
plications in demand and batch en-
vironments.

PLEX offers the application developer a
choice of COBOL or FORTRAN pro-
gramming languages to support database
manipulation. PLEX commands are ana-
lyzed by a preprocessor that interacts
directly with the IDD, thus ensuring
system integrity.
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PLEX commands are high level English-
like verbs which eliminate the need to
manipulate pointers or navigate data
structures, improving-programmer produc-
tivity and reducing program maintenance.
Capabilities include:

® Dynamic Networking: Using PLEX
LINK, network relationships among data
in one or more databases may be
established.

¢ Database Loading: The high speed
LOAD utility supports database creation
and large volume additions.

® Data Selection, Retrieval and Up-
dating: The WHERE clause controls data
selection; LOCATE and GET verbs are
for retrieval; MODIFY, REMOVE, and
INSERT verbs are for updating.

® Program Independence: PLEX pro-
grams are independent of the physical
structure of the databases which they ac-
cess, a benefit which significantly im-
proves programmer productivity over the
traditional file environment.

Features such as Screen Writer, QueX,
QUEST, and Genius can be used in most
instances to build entire applications
without any programming.

Decision-assist microcomputer
system

iDIS™ 86/735 (the Intel Database In-
formation System) is a fully integrated
XENIX*-based microcomputer that allows
decision-assist needs to be supported on
corporate data resources. iDIS solves the
problem of uncontrolled microcomputer
proliferation by distributing the database
where it is needed while enabling Data

*Xenix is a Trademark of Microsoft Corporation

Processing to maintain control of the
database. As a means of distributed pro-
cessing, iDIS still observes centralized
rules on database access, thereby preserv-
ing the investment in corporate data.
SYSTEM 2000 and iDIS work in concert
to extract data from SYSTEM 2000 down
to the local iDIS databases, all operating
under IDD control.

Many desirable features are inherent in
the iDIS system:

® Local relational database operation

® Word processing and graphics
capability

® User-friendly environment

®. Compact desk-top integrated
microsystem

¢ High-level language suppo

The hardware for iDIS is Intel's 86/735.
iDIS communicates with mainframe via a
configurable communications subsystem.

Complete service and support
Documentation: Intel provides com-
prehensive modular documentation, in-
corporating a user-friendly approach, to
support its full line of DBMS products.
At present, 25 different documentation
manuals and pocket references are
available for various systems audiences.

Education: To augment documenta-
tion, Intel offers nine complete, cost-
effective training classes, including
instructor-directed courses and workshops
held publicly or at the customer’s site.
Video-based instruction is also available.
The self-paced courses are designed to
meet the varying knowledge requirements
of the professional and non-technical end

user.
Field Support: Whatever the level of
support required, Intel responds. Intel’s
field offices are located throughout the
U.S., Canada, and Europe. All software

under a current license agreement is sup-

“ported by the Intel Austin Customer Ser-

vice Department and by the local sales
office. Intel maintains a customer service
group of highly trained, experienced infor-
mation systems professionals who have
the technical expertise to handle customer
needs. A Customer Support Representa-
tive (CSR) is assigned to each customer to
provide personalized service; the CSR can
be reached via the 24-hour TOLL FREE
Customer Service Hotline.

Innovation: Intel is committed to im-
proving and enhancing its product family,
thereby increasing customer productivity
and extending their useful system life
cycle.

Other Environments:

— IBM OS

— IBM DOS/VSE

— IBM VM/CMS

— CDC 6000, CYBER
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SPECIFICATIONS
Hardware supporr
Sperry (Univac) 1100 Series
Operating systems
OS 1100
Communications
Demand or batch mode
Access methods
Sequential, indexed sequential
Main memory requirements
Minimum recommended-30K
Number of databases
230 maximum (concurrent access)
Size of data bank
1380 billion characters data (concurrent
access)
Data model
Hierarchical
Semantic models
Relational, network, hierarchical
Number of on-line users
230 (concurrent access)
Data types
Character, text, date, integer, decimal,
money

Functions
— Database definition
— Data dictionary
— Program development
— On-line query/update
— Batch query/update
— Report generator
— On-line data entry
— Multiple database access
— Item level security
— Recovery
— Reorganization utilities
— Concurrency control
— Multi-user/concurrent update
— Full Boolean logic
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Intel PRELIMINARY
80130/80130-2
iAPX 86/30, 88/30, 186/30, 188/30

iIRMX 86 OPERATING SYSTEM PROCESSORS

= High-Performance 2-Chip Data
Processors Containing Operating
System Primitives

» Standard iAPX 86/10, 88/10 Instruction
Set Plus Task Management, Interrupt
Management, Message Passing,
Synchronization and Memory
Allocation Primitives

= Fully Extendable To and Compatible With
iRMX* 86

= Supports Five Operating System Data

Types: Jobs, Tasks, Segments,
Mailboxes, Regions

= 35 Operating System Primitives

= Built-In Operating System Timers and
Interrupt Control Logic Expandable
From 8 to 57 Interrupts

= 8086/80150/80150-2/8088/80186/80188
Compatible At Up To 8 MHz Without
Wait States

= MULTIBUS® System Compatible Interface

The intel 1APX 86/30 and 1APX 88/30 are two-chip microprocessors offering general-purpose CPU (8086)
instructions combined with reai-time operating system support. They provide a foundation for multiprogram-
ming and multitasking applications The 1APX 86/30 consists of an 1APX 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
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Figure 1. iAPX 86/30, 88/30 Block Diagram
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Figure 2. iAPX 86/30, 88/30 Pin Configuration
Table 1. 80130 Pin Description -
Symbol Type Name and Function
AD45-ADg o Address Data: These pins constitute the time multiplexed memory address (T4) 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 IOCS 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. '
BHE Agp ,
0 0 Word on AD15-ADg
0 1 Upper byte on AD{5-ADg
1 0  Lower byte on AD7-ADg
1 1 Upper byte on AD7-ADg
S2,51,S¢ I Status: For the 80130, the status pins are used as inputs only. 80130 encoding follows:

S2 S S

0 0 0 INTA

0 0 1 IORD ’ &
0 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. 80130 Pin Description (Continued)

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-

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 1s 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 it s acknowledged (Edge-Triggered Mode), or just by a
HIGH level on an IR input (Level-Triggered Mode).

ACK (o] Acknowledge: Thislineis LOW whenever an 80130 resource is being accessed. It is 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.

10CS 1 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 Ag
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: Ve is the +5V supply pin.

Vss Ground: Vgg Is the ground pin.

SYSTICK 0 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 (0] Baud Rate Generator: 8254 Mode 3 compatible output. Output of 80130 Timer 2.
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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 is 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 multitask-
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

6-4

easy-to-use architectural extension to 1APX 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.

AFN-020598
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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 mulitiple tasks and the muitiple 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

k 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
1APX 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

'PUSH PARAMETER N
'STACK CALLING CONVENTION

PUSH Py
PUSH BP
MOV BP,SP
LEA S|, SS:NUM_BYTES__PARAM 2(BP|

,SS SI POINTS TO FIRST
:PARAMETER ON STACK

,AX SETS PRIMITIVE ENTRY CODE
{OSF INTERRUPT

OSP PRIMITIVE INVOKED

MOV AX, ENTRY CODE
INT 184

POP BP
RET NUM_BYTES__PARAM. ,POP PARAMETERS
.CX CONTAINS EXCEPTION CODES
DL CONTAINS PARAMETER NUMBER
. THAT CAUSED EXCEPTION (IF

CX IS NON ZERO)
JAX 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,

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 dlways 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 at a
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

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 LEVELSs. 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.

Enables an external INTER-
RUPT LEVEL. '

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.

ENABLE

ENTER INTERRUPT

EXIT INTERRUPT

GET LEVEL Returns the interrupt level
number of the executing IN-

TERRUPT HANDLER.

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.

SET INTERRUPT

RESET INTERRUPT

Assigns an INTERRUPT
HANDLER to an interrupt
level and, optionally, an IN-
TERRUPT TASK.
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I CODE EXAMPLE A INTERRUPT TASK TO KEEP TRACK OF TIME-OF-DAY
DECLARE SECONDSCOUNT BYTE,
MINUTESCOUNT BYTE,
HOURSSCOUNT BYTE;
TIMESTASK: PROCEDURE;
DECLARE TIMESEXCEPTSCODE WORD,
ACSCYCLESCOUNT=0;
CALL RQSSETSINTERRUPT(ACSINTERRUPTSLEVEL, 01H),
@ACSHANDLER,0,@TIMESEXCEPTSCODE);
CALL RQSRESUMESTASK(INITSTASKSTOKEN,@ TIMESEXCEPTSCODE); y
DO HOURSCOUNT=0TO 23;
DO MINUTESCOUNT =0 TO 59;
DO SECONDSCOUNT =0 TO 59;
CALL RQSWAITSINTERRUPT(ACSINTERRUPTSLEVEL,
@TIMESEXCEPTSCODE),
IF SECONDSCOUNT MOD 5=0
THEN CALL PROTECTEDSCRTSOUT(BELY:
END, /- SECOND LOOP
END, /* MINUTE LOOP */
END; /* HOUR LOOP °/
CALL RQSRESETSINTERRUPT(ACSINTERRUPTSLEVEL, @TIMESEXCEPTSCODE);
END TIMESTASK;
/' CODE EXAMPLEB  INTERRUPT HANDLER TO SUBDIVIDE A.C. SIGNAL BY 60. */
DECLARE ACSCYCLESCOUNT BYTE,
ACSHANDLER: PROCEDURE INTERRUPT 59,
DECLARE ACSEXCEPTSCODE WORD,
ACSCYCLESCOUNT =ACSCYCLESCOUNT +1,
IF ACSCYCLESCOUNT > =60 .THEN DO,
ACSCYCLESCOUN
CALL RQSSIGNALSINTERRUPT(ACSINTERRUPTSLEVEL,@ACSEXCEPTSCODE),

END;
END ACSHANDLER;

Figure 5. OSP Examples

INTERRUPT OCCURS AND
INTERRUPT HANDLER
GETS CONTROL

NEED

A NEW YES )
DS VALUE I
kd .
CALL
ENTERSINTERRUPT
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INTERRUPT HANDLER
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I INTERRUPT !
TASK
INTERRUPT » INTERRUPT
HANDLER CALLS HANDLER CALLS
EXITSINTERRUPT SIGNALSINTERRUPT
INTERRUPT TASK
COMPLETES INTERRUPT
SERVICING
INTERRUPT TASK

CONTROL RETURNS TO AN \
APPLICATION TASK J

WAITSINTERRUPT

|

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 1s
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

AFN-020598



intel

80130/80130-2
iAPX 86/30, 88/30, 186/30, 188/30

PRELIMINARY .

and the other of Messages. Four OSP primitives for
ifitertask 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 (Fifst-In First-Out) or
Priority queueing disciplines for the TASKS seeking

to enter the REGION. The REGION SDT ¢an 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.
Request a REGION, wait if
not immediately available.

Delete a REGION.

RECEIVE CONTROL

DELETE 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 addlng
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 deietion 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 aliow new user-
defined System Data Types and the primitives to ma-
nipulate them to beradded 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 he
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.

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.

ENABLE DELETION

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

GET EXCEPTION
HANDLER

SET EXCEPTION
HANDLER

SET OS EXTENSION

vector entries reserved for~

OS extensions (224-255) to
point to a user OS extension
procedure.

For use in OS extension er-
ror processing.

\

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

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 default 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 memoties are fully sup-
ported, however. Th:a 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/O and memory mapped to the
local CPU bus. The CPU’s status S0/-S2/ is
decoded along with I0CS/ (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 Aq9~Aq4 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
(FCOOOH-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. AD{3-ADg are
decoded by the 80130’s kernel control store.

1/0 Mapping

The I/O-mapped portion of the 80130 must be aligned
along a 16-byte boundry. Address lines Aj5-Ay
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 configuration 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 Requirements

The OSP manages its own interrupt vector, which 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
configuration. :

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)/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
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
I0CS=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 sequence 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. L.I_R==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 Sp-Sj.

. 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

6-14

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 typical 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. Each1APX 86/30 system data type is contained in some job. Jobs are independent of
each other, but they may share access toresources. Each job has one or more tasks, one of whichis an
initial task. Johs are given poois ot memory, ana tney may creaie suboidinate 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 1APX 86/30, which
characterize its status These attributes are-

its containing job

its register context

Its priority (0-255)

1ts execution state (asleep, suspended, ready, running, asleep/suspended).
Its suspension depth

its user—se'lected exception handler

Its optional 8087 extended task state

Segment Segments are the units of memory allocation A segment 1s a physically contiguous sequence of
16-byte, 8086 paragraph-iength, units. Segments are created dynamically from the free memory
space of aJob as one of its Tasks requests memory for its use. Asegment is deleted when itis no longer
needed The 1APX 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 i1s 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 1APX 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 ) .
0] 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 ExcptPir
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

6-16

AFN-020598



80130/80130-2
'“te[ iAPX 86/30, 88/30, 186/30, 188/30 PRELIMINARY

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
'? DELETE MAILBOX 184 0301H MAILBOX, ExcptPtr
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
! RECEIVE CONTROL 184 0503H REGION, ExcptPtr
g SEND CONTROL 184 0502H ExcptPtr
E DISABLE DELETION 184 0001H TOKEN,ExcptPtr
v ENABLE DELETION 184 0002H TOKEN,ExcptPtr
| GET EXCEPTION }
R HANDLER 184 0800H Ptr,ExcptPtr
0 GETTYPE 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
t‘ EXCEPTION 184 0802H Exception Code, Parameter Number,
StackPtr,0,0,ExcptPtr
NOTES:
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
M ge M ge Token
Ptr Pointer to Code,Stack etc. Address
Seg Vaiue Loaded into appropriate Segment Register

. Value Parameter

6-17
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Table 5. OSP Primitive Performance Examples

Datatype’ Class

Primitive Execution Speed*

(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$OK Exception Code Value = 0
the operation was successful
ESTIME Exception Code Value = 1
the specified time limit expired before completion of the operations was possible
E$SMEM 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$STATE Exception Code Value = 7
attempted illegal state transition by a task
ESNOT$CONFIGURED Exception Code Value = 8

the primitive called is not configured In this system

E§INTERRUPT$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 i1s only returned, in line, to
interrupt handlers.)

ESINTERRUPT$SOVERFLOW

Exception Code Value = 10

The interrupt task on the requested level previously reached its saturation point and
caused an ESINTERRUPT$SATURATION condition. It subsequently executed an
ENABLE allowing further interrupts to come in and has received another SIG-
NALSINTERRUPTCcall, 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
ES$STYPE Exception Code Value = 8002H

a 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$SPARAM Exception Code Value = 8004H

a (non-token,non-offset) argument has an iliegai value
E$BADSCALL 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$NDPSERROR

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)

6-19

AFN-020598



intel

80130/80130-2
iAPX 86/30, 88/30, 186/30, 188/30

PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bins
Storage Temperature .................
Voltage on Any Pin With

Respect to Ground
Power Dissipation

0°C to 70°C
—-65°C to 150°C

-1.0Vto +7V
1.0 Watts

*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.

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

Symbol Parameter Min. Max. Units Test Conditions

Vi Input Low Voltage -05 0.8 v

Viy Input High Voltage 2.0 Ve + -5 \

Voo Output Low Voltage 0.45 v lo = 2mA

Vou Output High Voltage 24 \" low = —400uA

lec Pawer Supply Current 200 mA Ta=25C

Iy Input Leakage Current 10 wA 0 <V < Ve

IR IR Input Load Current 10 kA Vin = Ve

-300 MA V|N =0

o Output Leakage Current. 10 pA 45 =V = Vgo

Veu Clock input Low 0.6 Y

Veni Clock Input High 3.9 v

Cn Input Capacitance 10 pF

Co 1/0 Capacitance 15 pF

leu Clock Input Leakage Current 10 uA Vin = Veo ¥

150 uA Vi = 2.5V
10 uA Viy = OV
A.C. CHARACTERISTICS (1, = 0-70°C, Vs = 4.5-5.5 Volt, Vg = Ground)
80130 80130-2
Symbo! Parameter Min. Max. Min. Max. Units Test Conditions
ToreL CLK Cycle Period 200 - 125 - ns
Telck CLK Low Time 90 - 55 - ns
TercL CLK High Time 69 2000 44 2000 ns
TsveH Status Active Setup Time 80 - 65 - ns
TeHsy Status Inactive Hold Time 10 - 10 - ns
TsHoL Status Inactive Setup Time 55 - 55 - ns
ToLsH Status Active Hold Time 10 - 10 - ns
TascH Address Valid Setup Time 8 - 8 - ns
Tewan 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
TcHoH Write Data Hold Time 10 - 10 - ns
TiLH IR Low Time ) 100 - 100 - ns
Telov Read Data Valid Delay - 140 - 105 ns C. = 200 pE
TeLoH Read Data Hold Time 10 - 10 - ns
TeLox Read Data to Floating 10 100 10 100 ns
Teca Cascade Address Delay Time - 85 - ~ 65 ns
6-20
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A.C. CHARACTERISTICS (Continued)
80130 80130-2
Symbol Parameter Min. Max. Min. Max. Units Notes
Teer Cascade Addresse Hold Time 10 - 10 - ns
Tiave INTA Status t Acknowledge - 80 = 80 ns
TeHen Acknowiedge Hold Time 0 - ¢} - ns
Tesak Chip Select to ACK - 110 - 110 ns
Tsack Status to ACK - 140 - 140 ns
Taack Address to ACK = 20 = 90 ns
Teron Timer Output Delay Time - 200 - 200 ns C_ - 100 pF
TeLoos Timer1 Output Delay Time - 200 - 200 ns C_ - 100 pF
T oHiH INT Output Delay - 200 - 200 ns ’ "
TircL IR Input Set Up 20 ns
WAVEFORMS
AC.

CLK

SYSTICK
DELAY BAUD

w —

—» TILIH -—
| 1{
INT l \ .
i———> | TuHH
TIRCL A——>‘I -
6-21
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WAVEFORMS

AC.
.
Ta T T2 l 3 l T4
™
. — ‘ [\ /[
CLK
TCHSV TSVCH TCLCL YCLS:, TSHCL
$2.51.50 \ | / 7
TASCH TCLAH
—|
) BHE A -A VALID x _____
BHE. AD,5-AD,
|,___‘°__5°L__> TeHeS
MEMCS. i0CS \ /
TCHDH
WRITE CYCLE { ToscL C

ADs-ADg

} ADDRESS VALID WM WRITE DATAVALID I

ACK

READ CYCLE

*  AD,s-AD,

—= <— TCSAK |

TCLDX chgnl
TCLDV
’ TCLDH |
h—al
B ADDRESS VALID } fLoar I READ DATAVALID FLOAT
—l(_—__—_:—___J \ :

acK

2ND INTA CYCLE

AD,5-ADg

ACK

NOTES

2w

|
TSACK \

pi |

- FLOAT FLOAT
(D CASCADE ADDRESS POINTER @ ——

TIAVE

® — l——rcnen

TIAVE

\ [0) ﬂ——- TCHEM
|

CASCADE ADDRESS PRESENTED ON AD8, AD9 AND AD10 CORRESPONDING TO CASO CAS1
AND CAS2 RESPECTIVELY AD11-AD15 LINES ARE ACTIVE AND HAVE UNKNOWN VALUES ADO-AD7
ARE TRISTATE:

2 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,BE'NG SUPPLIED BY THE 80150

LOW ONLY FOR LOCAL INTERRUPT

4)._
TAACK \ : J
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CP/M-86* OPERATING SYSTEM PROCESSORS

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

CPIM-86 Operating System m No License or Serialization Required

= Standard On-Chip BIOS (Basic Built-in Operating System Timers and
Input/Output System) Contains Drivers . Interrupt g:ntrolfer y a

for 8272A, 8274, 8255A, 8251A
= 8086/80150/80150-2/8088/80186/80188

m BIOS Extensible with User-Supplied Compatible At Up To 8 MHz Without
Peripheral Drivers Wait States

s 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 is a trademark of Digital Research, Inc.

8088 PROGRAM DATA
8086 MEMORY MEMORY

CLOCK OR |

INTERRUPT STATUS

0

BUS
DRIVER LOCAL BUS INTERFACE —smm BUS

|

|
—»

|

|

|

|

RDY l ' \ |

|

|
L]

|

1

i

A

INTERRUPT STATUS l
CS.LIR

cLock 80150 INTERRUPT PERIPHERAL
REQUESTS

L e el NN

BAUD RATE DELAY SYSTEM IAPX 86/50, 88/50

Figure 1. iAPX 86/50, 88/50 Block Diagram

The g f Intel Corp andit and may be used only to identify Intel products. BXP, CREDIT, i, ICE, iCS, 'm, Insite, Intel, INTEL, Intelevision, Intellink,
intellec, IMMX, iOSP, IPDS, IRMX, ISBC, 1SBX, Library Manager, MCS, MULTIMODULEk' N f MULTIBUS, Plug-A-Bubble, PROMPT, Promware,
RUPI, RMX/80, System 2000, UPI, and the combination of iCS, iRMX, 1ISBC, 1SBX, ICE, IICE, MCS, or UPI and a numerical sutfix. intel Cor ility for the use

of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Patent Licenses are implied ©INTEL CORPORATION, 1982. SEPTEMBER 1982
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MAX MAX
MODE MODE
8086 8088
wilr ~ eHw wrr 7 Hv
Aot4 [T 2 39 :] AD15 ADuE 2 39 (7] ao1s
a013 [ s 38 :]ﬁ aos[]s 38| ] areiss
ap12[7]4 [ wr ao12[ 4 37[7] ap17se
a0 s 38| Jme aon[]s 36 [ ] aresss
o106 as[ ] ms aoto[ | as [ ] ataise
AD9 E 7 3 j IR4 ADDE 7 34 ] BHE/S7 (HIGH)
aos["]e 3l Jws aos["]8 33 [7] mnmx
a7 e 2 Jme a07[] e sats 32 : 7
06 [ 10 ’:;:" a1 [ we a0 [ ] 10 w5 ] raiaTo
ADs [T 11 30 [ mo aos [ 1 % [7] maeTi
aps [T 12 29wt ans [} 12 29 [] toek
403 [ 1a n[]s ao3[ |13 s ]s
a02["] 14 27:|ﬁ ap2 [ 14 7[&
a0t zcaﬁ AD1E15 %[ ]
oo [ 16 25 [] ack Ao [ 16 25 Jaso
wigmics [ 17 2| TR i [ 17 24 [ Jast
wocs[1e 23 [] svstick NTR [ 1 [ ]vest
ek [Te 22[] oELAY cuk [ 1o 22[ ] reapy
vss[J20 21 ] sawp vss [ 20 . 21| ) meser
Figure 2. iIAPX 86/50, 88/50 Pin Configuration
Table 1. 80150 Pin Description

Symbol Type Name and Function

AD45-ADg /0 Address Data: These pins constitute the time multiplexed memory address (T4) and
data (T, T3, Tw, T4) bus. These lines are active HIGH. The address presented during
Tq 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 T4 of an INTA cycle.

BHE/S; I 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 A
0 0  Word on ADy5-ADg
0 1 Upper byte on AD15—- ADg
1 0  Lower byte on AD7-ADg
1 1 Upper byte on AD7-ADg
—S;. -S.; ’—S—o_ | Status: For the 80150, the status pins are used as inputs only. 80150 encoding follows:
S2 S S
0 0 0 INTA
0 0 1 IORD
0 1 0 IOWR
0 1 1 Passive
1 0 0 Instruction fetch
1 0 1 MEMRD
1 1 X  Passive

6-24
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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 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 it is 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 I 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.

10CS * | Input/Output Chip Select: When this input is 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 A3 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: V¢ is the +5V supply pin.

Vss Ground: Vgg is the ground pin.

SYSTICK (o} System Clock Tick: Timer 0 Output.

DELAY o 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

6-25

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:

¢ CCP: Console Command Processor

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

6-26

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 multi-
plexed address/data bus and runs up to 8 MHz
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 controlier, with its eight programmable in-
terrupt inputs and one interrupt output, is
compatible with the 8259A Programmable In-

terrupt Controller. External slave 8259A inter-
*CPIMis a of Digital 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.

B. 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-

vided to format diskettes, transfer files between
devices (based on Digital Research’s Peripheral
Interchange Program PIP), and alter and display
/10 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

6-27

AFN-014678



intel

80150/80150-2

ADVANGCE INFORMATION

Read/Write Sector
Load Program

The BDOS in the 80150 provides the same func-
tions as the standard Digitai Research CP/M-86
BDOS.

BIOS - Basic Input/Output System

The BIOS contains the system-dependent 1O
drivers. The 80150 BIOS offers two fundamental

iAPX 86150,88/50,186/50,188/50

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 dre in-
cluded in the 80150 BIOS:

configuration options: 8251A  Universal Synchronous/ )
Asynchronous Receiver/Transmit-
1. A predefined configuration which supports ter (USART)
minimum cost CP/M-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 (PP) :
designer can choose among several drivers of- 8272A  Floppy Disk Controller
FLOPPY DiISK
9084/8000180130/30188 80150 82724
ADDRESS/DATA BUS
8251A 82554
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 (
8251A 8255A 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

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 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 iIAPX 88/50 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 haif of the
data bus and are addressed at even addresses.
The timers are read as two successive bytes,

ot

CLK

CLK

) 8288

g4
]

CONTROL >

8284A

8086

BHE

. [aDoREss/paTaY 8282
.

A19 LOCAL
. AND
ADDRESS > . SYSTEM
. RESOURCES

INT  ADO

A0

D15

INT 5
CLK 5 ‘

AD15

ADO

. DECODE .
10cs LOGIC
MEMCS

Do

BAUD .+ <L
.
A7
l‘ svsTick j—3

\ INTERRUPT REQUESTS
7

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/0 space in
which the 80150 component is iocated. The timer
control word is located at relative address,
OEH(14). Timers are addressed with IOCS=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 compatible with 8254
timers.

Interrupt Controlier

The Programmable Interrupt Controller (PIC), is
also an integral unit of the 80150. Its eight input
pins hand)e 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.

6-31

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 Sy - Sp.

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 T 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
1.0 Watts

D.C. CHARACTERISTICS (1,=0°Cto 70°C, Ve = 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
Vin Input High Voltage 2.0 Vec +.5 \
Voo Output Low Voltage 0.45 \ lo = 2mA
Vou Output High Voltage 24 Vv lon = —400pA
lec Power Supply Current ’ 200 mA To=25C =
M Input Leakage Current 10 uA 0 <Viy<Veo
IR IR Input Load Current 10 pA Vin = Vee
-300 pA Vin=0
o Output Leakage Current 10 LA 45 < Vi = Veo
Veu Clock input Low 0.6 \
Vewr Clock Input High 39 V)
Cin Input Capacitance 10 pF
Cio 1/0 Capacitance 15 pF
len Clock Input Leakage Current 10 vA Vin = Vee
150 pA Vi = 25V
10 A Vi = OV
A.C. CHARACTERISTICS (T, - 0-70°C, V¢ = 4.5-5.5 Volt, Vg = Ground)
80150 80150-2
Symbol Parameter "Min. Max. Min. Max. Units Test Conditions
TewoL CLK Cycle Period 200 - 125 - ns
TeLcH CLK Low Time 90 - 55 - ns
TenoL CLK High Time 69 2000 44 2000 ns
TsveH Status Active Setup Time 80 - 65 - ns
TcHsv Status Inactive Hold Time 10 - 10 - ns
TsHoL Status Inactive Setup Time 55 - 55 - ns
ToLsH Status Active Hold Time 10 - 10 - ns
TascH Address Valid Setup Time 8 - 8 - ns
Towan Address Hold Time . 10 - 10 - ns
TescL Chip Select Setup Time 20 - 20 - ns
TeHes Chip Select Hold Time 0 V- 0 - ns
ToscL Write Data Setup Time 80 - 60 - ns
TcHOH Write Data Hold Time 10 - 10 - ns
ToLH: IR Low Time 100 - 100 - ‘ns
Tewov Read Data Valid Delay - 140 - 105 ns C_ = 200 pF
Tewon Read Data Hold Time 10 - 10 - ns
Teox Read Data to Floating 10 100 10 100 ns
Toica Cascade Address Delay Time * - 85 - 65 ns
]
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A.C. CHARACTERISTICS (Continued)
80150 80150-2
Symbol Parameter Min. Max. Min. Max. Units Notes
Towor Cascade Addresse Hold Time 10 - 1 - ns
Tiave INTA Status t Acknowledge - 80 - 80 ns
ToHen Acknowledge Hold Time 0 - 0 .- ns
Tesak Chip Select to ACK - 110 - 110 ns
Tsack Status to ACK - 140 - 140 ns
Taack Address to ACK - 90 - 90 ns
Tcwop Timer Output Delay Time - 200 - 200 ns C_ = 100 pF
TeLopt Timer1 Output Delay Time - 200 - 200 ns C_ = 100 pF
Tamin INT Output Delay - 200 - 200 ns
TiRoL IR Input Set Up 20 - 20 - ns
WAVEFORMS
AC. -
CLK
TCLOD l
D E—

SYSTICK.
DELAY, BAUD

INT

CLK ———/
—> TJLIH -
—
TIRCL — -

—— TJHIH
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WAVEFORMS

A.C.
T4 m 2 l 5] | } T4
| ' ™
H J
cLk —-4
TCHSV TSVCH TeLeL TCLSH " | TSHCL
§2,51,80 l
AN | / /
TASCH TCLAH
| [
— BHE. A 5-A VALID X. e —
BHE, AD;5-AD,
TCSCL TeHes
MEMCS, 10CS \ /
3 H
WRITE CYCLE ‘ TosCL TCHD!
ADDRESS VALID Xm WRITE DATAVALID ] 4)—
AD;5-ADo
: — '4- TCSAK |
ACK \ /__
TAACK \
) : TCLDX
READ CYCLE TeLov Tcnenl
TCLOH
—\ OAT
FLOAT FLOAT
AD,5-AD, j‘ ADDRESS VALID } o ]\ READ DATAVALID
ACK TCHEH
AcK \ c——/
TSACK

2ND INTACYCLE TCLCF
| .
TCLCA

FLOAT FLOAT
AD,5-ADo (D) CASCADE ADDRESS POINTER ®@ —
TIAVE
o 1
ACK ® —={ fe—TCHEN

TR - 0] : —>| fe— TCHEH
TIAVE _I ) ’

CASCADE ADDRESS PRESENTED ON AD8, AD9 AND AD10 CORRESPONDING TO CAS0, CAS1
AND CAS2 RESPECTIVELY AD11-AD15 LINES ARE ACTIVE AND HAVE UNKNOWN VALUES. ADO-AD7
ARE TRISTATE

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 THE 80150

LOW ONLY FOR LOCAL INTERRUPT

ETAINNY
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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.



INSITE™ USER’S PROGRAM LIBRARY

n Programs for 8048, 8051, 8080/8085, a Diskettes, Papér Tapes, and Listings
and 8086/8087/8088 Processors Available for Library Programs
a Accepted Program Submittals Entitle = Program Library Catalog Offering
You to a Free Membership or Free Hundreds of Programs
Program Package s 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 microcomputers.

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 three free programs (A, B, C, or D category),
or free membership with Insite for one year.

Program Library Service. PAPER TAPES, DISKETTES OR SOURCE LISTINGS are available for every
program in Insite. Diskettes are available on single or double density. 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 function 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 . : , .
Telephone: 0687-22-21 Telephone: 089-5389-1 ATTN: Insite User's Program Lnbr.ary

Telephone: 0793-488-388
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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

— iCIS-COBOL Language Reference Manual, Order No. 980927

— 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 80/85 Based Development System,
Order No. 121623

— 8086/8087/8088 Macro Assembly Language Reference Manual for 80/86 Based Development System,
Order No. 121703

— 8089 Assembly Language Reference Manual, Order No. 980255

— Microsoft BASIC Compiler Reference Manual, Order No. 121805

— Mic/rosoft BASIC-80 Reference Manual, Order No. 121806

— Microsoft BASIC Reference Book, Order No. 121857

— 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

A well-documented source code furnished on an ISIS-formatted 8” diskette, CP/M-formatted 8" diskette, PDS 5 4"
diskette, or ASCll-coded paper tape. '

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.

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 appro-
priate, 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 [J 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:
Assembler/Compiler Used: State:
Programming Language: Telephone:
ACKNOWLEDGEMENT AND AGREEMENT
To the best of my knowledge, | have the right to this prog ial without g any g
of prop y or of other p or | am g this prog ial on a
nonobllga(ory basis to the Insite User’s Library for inclusion in its prognm library, and | agree that the Library may use, duplicate, modify,
publish, and sell the prog without or liability of any kind. The Insite User's Library may publish my name and address, as

the contributor, to facllltate user inquiries pertaining to this program material.

Signatt Date
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LIST OF PROGRAMS
ALPHABETICAL, BY APPLICATION

Program Title Order No.

ADD AND SUBTRACT: BCD NUumbers . .........oiiiiiiiiiii i iiee e CB11
ASSEMBLER: 8080 MACRO, V4.1 ... . . e et BF4
ASSEMBLER, CROSS: 8008 COUE ... ..o\tittittitte it BC5
ASSEMBLER, CROSS: 8048 On DG NOVA ...ttt ittt ci i i BC6
ASSEMBLER, CROSS: DEC PDP-8 or PDP-11 ... .. .t BC2
ASSEMBLER, CROSS: DEC PDP-11 ... i BC3
ASSEMBLER, CROSS: DEC PDP-11 ... it BC4
ASSEMBLER, CROSS: MCS-48 . ... .. it e BC1
ASSEMBLER, ON-LINE . ... e BF5
BAUD RATE: Modify .. ...t i et i i i BG25
BAUD RATE: Modify Under CP/M ... ... .. . i BG26
BIT HANDLING: 8048 ............ccoiiiiiiiiinnnnn e BG35
BRANCH: MCS-48 Branch Table Routine ............ ..ot iiiiiiiiinananns BG37
BREAKPOINT: 8089 .. ... it e et s BD15
CALCULATE: CHECKSUM ... e i e BD16
CALCULATE: Sine or Cosine Routine . .............iviiiiiieiiiii i CB13
CALCULATE: Square ROOt ........iiiiitt ittt et CBS
CALCULATION: Least Squares Quadratic Fitting ....... P CB3
CALCULATION: Natural Logarithm ................ccoeeiuueeeinn.. S e CB4
CHANGE: Load Addresses, iAPX-86/88 Object File ...................cciiiiinenn... BG42
CHECKBOOK ... P BA6
CLOCK: 8748 Clock and LCD Tachometer .......... ... ... . iiiiiiiiiiiiiiiniennnnn. BG30
CLOCK: MICRO/SYS MC1460 Real Time Clock Board Utilities ......................... BG31
CLOCK: Real Time ...ttt e e e e BG29
COMMANDS: Meta-Programs . .........uuiiiit ittt eanas 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 DEC PDP-10 ..............ccooviuvine.nn AD8
COMMUNICATION: Intellec Development System to/from DEC ......................... AD10
COMMUNICATION: Intellec Development System to/from Tektronix 8001 ................ AD11
COMMUNICATION: Intellec Development System Series-Il with Minicomputer ............ AD9
COMMUNICATION: Intellec Development System Series-1l with PROMPT-48 ............. AD2
COMMUNICATION: Intellec Development System to PROMPT-48 0r-80 ................. AD3
COMMUNICATION: Intellec System to Serial Output Device ...............ccovinnenn. AD14
COMMUNICATION: Intel Development System to/from Hewlett-Packard Computer ........ AD15
COMMUNICATION: Intel Development System to/from VAX 11 ............. A P AD13
COMMUNICATION: Intel MDS-Data I/O Programmer Interface .......................... BE8
COMMUNICATION: NDS-II to/from iPDS Running CP/M-80 ..................coivinnn.. AD17
COMMUNICATION: Tektronix DAS 9100 Digital Analysis System

to Intel Development SyStem ........ .ottt e AD12
COMMUNICATION: Two Intellec Series-Il Development Systems ........................ AD7
COMMUNICATION: Xerox File Transfer Facility .............c..coiiiiiiiiiiiiiia.as AD16
COMPARE: 8048 0r 8049 ROMS .. ... . it i AE11
COMPARE: Files ...t F BD11
COMPILER: PascCal ....... ... i e BF1
CONSOLE ACCESS: Input and Output for Series Il ........ e BD36
CONTROLLER: 8278 Keyboard/Display ..........c.ouuuiiiiiiiniii i, AC3
CONTROLLER: 8292 0N 8741A ... .. it i AC4
CONTROLLER: Dual Floppy DiSk Drive . .......ouitiiiiiiiiiiiie i AB11
CONTROLLER: Firmware for iSBC-589 ...........cuuiutiiiiiii i AC7
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Program Title ' . Order No.

CONTROLLER: PID Control LOOPS ... .ottt ittt cneieeenene e aeeananens AB20
CONTROLLER: PROMPT-48 Interactive ....... e e AB2
CONTROLLER: UP1-41 8-Digit LED Display . .. ....vuviteetiinineiiiiiinenenenenns AC1
CONTROLLER: UP1-41A/42 Digital Cassette, V2.5.................. e , AC5
CONVERSION: ASCil-Decimal to/from FPAL Number .......................c.oooa.. BB13
CONVERSION: ASCIl Floating Point Numbers to AM9711 and

Intel 8231 4 Byte FP Format ... ..ottt nenneneananns BBS
CONVERSION: ASCll to Floating Point ...............iiiiiiiiiiiiiiiiiiiaenanans BB14
CONVERSION: ASCIHi to/from EBCDIC .........cuvtitrineeiiiarieieiiiennannans BB1
CONVERSION: ASCII to/from Floating Point ............... .. . i iiiiiiiiiinnn... BB11
CONVERSION: ASCII Code to/from Intel Floating Point .....................cociviennn. BB12
CONVERSION: Binary to BCD . ...t i i ee e BB6
CONVERSION: Binary t0 BCD . ... ...ttt et i ci e BB7
CONVERSION: Convert/Format/Print .. ........c.cieiuireirineriiiineeinienenenenen BB8
CONVERSION: Decimal to/from Floating Point ..............ccoiiiiiiiiiiii i, BB9
CONVERSION: FORTRAN or FPAL Floating Point to/from Decimal ..................... BB10
CONVERSION: Hex 10 ASCIl .. ... .ottt et eneaees BB2
CONVERSION: ISIS-I to/from CP/M ... i et cae e BB18
CONVERSION: MCON-6800 Source Code to 8086/88 Source Code ..................... BB3
CONVERSION: ZCON-Z80 to 8086/88 Source Converter ................covveeeninenn. BB4
CONVERT: Doubleword to ASCIEString .. .......ooiiiiii it iei e, .... BB22
CONVERT: Fixed Point to Floating Point ................coiiviieennn.., P BB21
COP Y DK .. ettt e e e e e BG28
COPY: DISKEHE ...ttt ittt e e BG27
COPY: Diskette ... ettt e BG43
COPY: iPDS CP/M-80 Diskette ... .......ouitiiiiit i ieneneneas BG45
COPY: PDP-11 Disk File to Intel ISIS-I Disk File ...........cccvviiiiiiiiiiiinnnnanns. BB15
COUNT: ICE-80 Maching CyCles . .......cuiiiiiiitetiiii ittt ninas BD10
COUNT: Program USAGE .. ......coutittntatat ettt eit ittt aeeanan BG40
CREDIT: TUtorial . ... . e e e e e E6
CREDIT: Used on Modified Hazeltine 1500 ..............c.iviuiiinneriiineinannannns BG33
DEBUG: CAT.88 (iIRMX88 Task Debugger) ...........ccoviriiiimniniiieniienennnnnn. BD34
DEMO: 208 ..ttt e e AE7
DEMO: AP X8 .. ..t AE13
DEMO: iRMX 86 Multitasking Spectrum Analysis ..............c.cooiiivniniineenninnns. AES8
DEMO SOFTWARE: B275 ... ..ttt ettt e ie AE6
DEVICE, I/0: UPI-41A Combination ..............cooiiiiiiiiiiiiiiiioi.n, e AC2
DIAGNOSTIC: 8080 /0 . ..ottt ittt e e e e e e AE2
DIAGNOSTIC: Microcomputer Development System 230 .............cvvviiiininneinn, AE9
DISASM ........ e e e e e e e e e BD6
DISASSEMBLER: 8048 Object COdE ........ccvuiiiiitiie i eieainaaneans BDS8
DISASSEMBLER: 8080 COUE .. ..ovuitttt ittt it ie i BD1
DISASSEMBLER: 8080 COTE ... ...vittiiitit et iae et BD4
DISASSEMBLER: 8080 Object COe ... .........vuiirerininiiiiaiiiiiiii s BD2 -
DISASSEMBLER: ICE-80 Ver 2.1 ... ittt ittt e ianeens BD3
DISASSEMBLER: ISIS-ll Object Files ............ooiiiiiiii i BD5
DIVISION: 32-Bit by 16-Bit .. ...ttt et ias CcB12
DOWNLOAD: iPDS to Serial Port ......... ...ttt P AD18
DRIVER: 8048 Seven-Segment Display ..........cveveiiiiiiiiiiiniirinianireinnas AB5
DRIVER: 8085 Serial /O . ... ...ttt AB1
DRIVER: Audio Cassette Recorder ............ e e AB6
DRIVER: Bios and Boot Program for CP/M-80 ............cooiiiiiiiiniiniiiieninone. AB22
DRIVER: Cassette Operating System ............ciiiiiiiiiiiiiiiiiii i AB7
DRIVER: Dumb Terminal Simulator ......... ...t AB10
DRIVER: Intellec Development System Series-Il as Dumb Terminal ...................... AB9
DRIVER: iPDS Dumb Terminal . ..........coitiiiniti it ii e eiia e AB23
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DRIVER: iSBC 86/12 Real Time Clock Driver ..............c.oiiiiiiiiiiiiiiniennnn., AB19
DRIVER: PROM Programmer .............ouiiuiniitiitiiiit e ennenens BE7
DRIVER: RMX-80, for the iSBC 254 Bubble Memory with 80/10 Board ................... 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 ......................cou... AB16
DRIVER: RMX-80 foriSBC 534 .................. e AB12
DRIVER: RMX-80 for SBC 215 Controller Board ................ciiiiiiiiiiiiennnn.. AB13
DRIVER: RMX-86, for the iPAB-128, iPAB-256, iSBX-251 Bubble Memory Products ....... AB17
DRIVER: RMX-86, High Performance Driver for iSBC-550

Etheret Communications Controller ............ ..ot AB18
DRIVER: SYCOR 135 Cassette Operating System ..............ccoiiiiiiiiiinen... AB8
DRIVER: Tektronix 4010 Graphic Screen .................oiiiiiiiiiiieiiniiieiii.n. AB3
DRIVER: T.I. Omni 810 Lineprinter . ...........counuuiiiiiiiiieeeaiiiieeaaeannnnns AB4
DRIVER: USART for iSBC-86/XX . . ...ttt ettt e enaes AB21
DUMP: Diskette .. ..ottt e e e e e e BD27
DUMP: Diskette File .. ... ... i e i et e BD28
DUMP: Diskette File ... ...t e e BD26
DUMP: iAPX-86/88 Absolute Object File ...............c.ciiiiiiiiiiiiiiiiiianan.. BD30
DUMP:iSBC 86/12 MEMOIY .. ...ttt tt ittt ettt e e anaeees BD29
DUMP: Symbol Table .. ... ...t e s BD21
EDIT: DSk ..ottt BD33
EDIT: HeX File ...ttt e e et e e e BD31
EDIT: Inspect and Change File .......... ..o e aniaans BD32
B T TOXt ..t e BA4
EDITOR: Text, Intel X111 Lo it BA3
EXECUTIVE: Real TIMe . ..ottt ettt et aee s AA8
EXERCISE: Data Translation MULTIBUS Analog /O Boards ......................ouun BE6
IO o e BG13
IO it BG12
GAME: Bandit ...ttt e e D3
GAME: BIACK BOX . ..ttt ittt ettt et et e e e e e e D15
GAME: BreaKOUt . ... ...ttt e D13
GAME: Craps ..ottt t ittt ettt et e et e D5
GAME: DaMS ...ttt ittt e e e e e Dé
GAME: Fruit Machine ...................ccoouun. S D4
GAME: Hangman ....... ... it e i e D7
GAME: Mastermind . ... i i i e e D9
GAME: MazZ€ ... ...ttt i e e e D2
GAME: MaZE . ...ttt e e e e D1
GAME: Othello . ... i e i e s R D10
GAME: POKET . ..ottt et et e e e « D14
GAME: Slalom, V1.4 ... e e e D8
GAME: Tiny Chess 86 .. .....oiuitittitii ittt eaiaie e raaiieeeenanns D12
GENERATE: 16-Bit Random Number .............. ... . . . i i, CcB2
GENERATE: Calendar ........c.uiitttiit ittt eaaieaaineennennns BA8
GENERATE: CCITT Cyclic Redundancy Check .............c.ciiiiiiiiiiiiininieinn BD37
GENERATE: Disk Directory Library ............couiiiimtiiiii i BA15
GENERATE: Fast Generation of IBMBi-SynCc CRC16 .............cciiieiiinninnnennn. BD20
GENERATE: Graph ...ttt i et e ettt ns CB7
GENERATE: High and Low Bytes from 8086 Hex File ...................... ...t BD35
GENERATE: Histogram .. ..........o.iiiuiiiittiiii ittt cB8
GENERATE: IBM Bi-Sync CRC16. . . ..ottt ti i i e aeneas BD19
GENERATE: Music for SDK-85 . ......c.tiiiiiiiiiii ittt ittt ittt ieiieanennnes D11
GENERATE: Output Signal ... ...ttt ittt et et eanaaneeeens BG5
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GENERATE: PL/M Cross Reference .............couiiuiiiiniiniiiiianiinneannnns BD25
GENERATE: PROM Checksum Calculation .............covuieiieinrienerirneienannnns BD18
GENERATE: Public Symbol Cross Reference ..............ccoiiiiiiiiiininiiinnnnnn BD38
GENERATE: Random NUMDEI .. ........ueeunt ittt tiieteinenieeiieeineanneenns CcBe
GENERATE: Software Documentation ................ e e erererseeaeearoratteartanes BA14
GENERATE: -Stochastic Variates and Histograms ............... ... ..o, CA23
GENERATE: Symbol List ................... U BD24
GENERATE: Symbol Table for BASIC-80 ... .......c..cutiiiiiiniiiiinnnnannnns .... BD23
GENERATE: TabS .. ..ottt ittt e e i et ei e anennaes -BA16
GENERATE: X-Y Graph ..ottt ettt e e et et e e i ennaas cB9
HANDLER: RMX/80 Minimal Terminal ... BE2
INCREMENT: Program COoUNer ..............ouititiriirininintitiieiritnereinenennns BG39
INITIALIZE: Baud Rate ... ..ottt et e e e e BG24
INITIALIZE: Baud Rate .. ... ..ottt it e it ie e aaens BG23
INTERPRETER: 8086 Tiny BASIC ..ottt i BF9
INTERPRETER: Interactive 8087 Instruction Interpreter ....................ciiinna.. AA12
INTERPRETER: LISP .. e e e e e BF3
INTERPRETER: LLL BASIC-Il .. .. i et BF7
INTERPRETER: LLL/Chernack BASIC ...t ittt eeenns BF8
INTERPRETER: MCS-51 Tiny BASIC, V2.2 . ... ... ittt iiiiieeens BF10
INTERPRETER: PILOT-80 .. ..ottt ettt et e e i e eaaans BF2
INTERPRETER: RMX/80 Command Line . ........o.ueuiiiieitii i aneaneannnns BG4
INTERPRETER: Single-Step ... .....c.iiuiiiiii it BD7
LINKAGE: Series |11 i8087 Linkage Modules ........... ...t BG36
LIST: Directory, ISIS Diskette/NDS Disk ...........coiviiiiiiiiiiiiiiiii i BG18
LIST: Diskette Directory .......... ...ttt e BG17
LIS Rl .« ottt e e e e BG15
LIST:File ..., FE BG16
LIS T FllE ErTOrS .ottt ettt e ettt e et e et e e BD12
LIST: PL/M Compiler ErrOrS ... ...ttt ettt eaieirnaaaans BD13
LIST/PRINT/TYPE . .. et e et BG14
LIST: Save Ermor . . ..o e BD14
LOAD/SAVE: RAM ...ttt ettt ettt e e BG1
MACROS: BIOCK Structures . ........oitii i ittt BG10
MACROS: Block Structures ......... ..ot BG11
MAILLIST e e e BA9
L I BA11
MAIL LISTS FORBASIC 80 ...\ttt e e ety BA12
MATH PACKAGE 8231 .. ...ttt ittt et ie e s e niamanes CA17
MATH PACKAGE 80571 . ...ttt ittt e et e e e et a e aeaaens CA18
MATH PACKAGE: 8080/8085 Fundamental Support Package ...................ccouuen. CA20
MATH PACKAGE: 8231 Arithmetic Processing Unit .................. e CA16
MATH PACKAGE: Arithmetic FUNCHIONS ........ ... ..ottty CA11
MATH PACKAGE: Arithmetic Functions for MCS-48 ................ .. ..o, CA22
MATH PACKAGE: Double Precision Floating Point ................. ...t CA12
MATH PACKAGE: Double Precision Integer ..............coooiiiiiiiiiiiiiiiinnn.. CA4
MATH PACKAGE: Fixed and Floating Point ........... ..ot CA5
MATH PACKAGE: Floating Point .. ...... ..ottt CA2
MATH PACKAGE: Floating Point .............coiiiii it CA1
MATH PACKAGE: Floating Point ...ttt CA7
MATH PACKAGE: Floating Point ........ ...ttt CA6
MATH PACKAGE: Floating Point Library/8086 ................cccoiuiiiiiiiiiiiinnainens CA13
MATH PACKAGE: Floating Point Utilities for FPALLLIB .................. .. .....oo.u CA8

’
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MATH PACKAGE: High Speed Binary Math Package for 8031/8051 ..................... CA21
MATH PACKAGE: Multiple Precision Arithmetic/8086 .....................ccvivvinnn.. CA14
MATH PACKAGE: Multiply/Divide ...t CA15
MATH PACKAGE: Optimized Floating Point .............c..oviiiiiiiiiiiin i, CA9
MATH PACKAGE: Optimized Floating Point ............. ... ..ot CA10
MATH PACKAGE: PL/M Multiple Precision .................cooviviinnns. e CA3
MATH PACKAGE: Recursive Computation of Mean and Standard Deviation ............. « CA19
MERGE: Mailing List .. ... ... i et e BA10
MONITOR: Intellec 8/MODBO ... .......cotiriniinineit it ena et ineannn AA1
MONITOR: Bubble Memory Development Software for Intel BPK-72 ..................... AA10
MONITOR: HSE-49 Expansion Monitor . ......... ... i AA13
MONITOR: Intellec Development System, V2.0 ............... .. ..o, AAG
MONITOR: iSBC 250 1-Megabit-Bubble Memory .......... ... ... ..ot AA9
MONITOR: iSBC 254 Bubble Memory Board Monitor .....................covivine... AA11
MONITOR: ISBC 544 . ... .uititit ettt te e ettt et e e et aeans AA7
MONITOR: iSBC 80/05 Or 80/04 .. .. .......c.uinti ittt eaiaeeas AA14
MONITOR: ISBC 80/10 . ..ottt ettt ettt et it e et e i AA15
MONITOR: iSBC 80/10 0r 80/10A ... ...ttt i AA16
MONITOR: iSBC 80/20 OF 80/20-4 .. .. ..o\t tite ettt a e ieaaeaeaeanes AA17
MONITOR: ISBC 80/24 . .. ... ittt ittt e e e et eiaae s AA18
MONITOR: ISBC 80730 . . ...ttt ettt et et e et et aanaes AA19
MONITOR: ISBC B6/12 . .. ..o\ttt ettt et ettt et e aeae e AA2
MONITOR: SDK-85, V2.0 . ...\ttt it AA3
MONITOR: SDK-86 Keypad ...........uiuiiuiiniieit i enianieaiannens AA5
MONITOR: SDK-85 Serial, V1.1 ... ... e AA4
MONITOR: Super Monitor 80 ... ........ourititiiie ettt raiiiiieeenaainnees AA20
MONITOR: Super MONIOr 86 . ............ouuiiitiiiteiit it raneenneenneenns AA21
MONITOR: Super Monitor 86 for the iSBC 88/45 .......... e, AA22
MORSE CODE TUTOR V2.0 ... .ottt E3
MULTIPLICATION: 8748 BCD .. ... ..ottt it e e e e i aens CB10
MULTIPLICATION: 40-Bit .. ... .0ttt e e CB14
PRINT: CoverPage ..............cciiiiiiiinnnn, e e e BA1
PRINT: Discounted Cash FIOW ........ ... it BA7
PRINT: Il .ttt et e e e e BA17
PRINT: FlleS . ...ttt e e e e BA18
PRINT: Files ..o e i e BA19
PRINT: High Speed Utility .......... ... i ... BG32
PROCEDURE: Pascal 86 Screen/Cursor Control ...............cooiiiiiiiiiiiniinnn.n. BG34
PROCEDURE: PL/IMDOCASE ...............ccvuvnnne. £ P A BG9
PROCEDURES: PL/M QUIpUt ... ... e i BG8
PROCEDURES: PL/M Utilities ........ e e e s BG7
PROCESSOR: MACIO . .. ..ttt itt ettt ittt e e et e e et e e nae s BF6
PROCESSOR: TOXt . ...ttt ittt ettt et e e e BAS
PROGRAM: 8741A @8 iSBC 941 . ... . .0 ittt aens AC6
PROGRAMMER: EPROM-8755A . .. .. ittt e BE5
PROGRAMMER: EPROMS 2708/16/32 .. .....c.oiutititti it aneans BE4
READ: Paper Tape t0 SDK-85 RAM ... ..ottt ittt ena e BE3
RECEIVE .ttt e e AD5
RECOVER: DISKOHE . ... ...ttt ittt et in e eanaeaees BG2
RECOVERY: Diskette File ........... ..ot BA2
RELO C ATE ...ttt ittt et ettt et e e e e et e BG41
REPORT: Status of Exported JOD ...........ouiiiuiiiiii it i i aaanns BG44
SIMULATE: IACX-96 . .. .ot tttitt ittt et e e enes BD40
SIMULATOR: 8048/49 Code, V1.3 . ... ..o ittt neeneaens BB19
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SIMULATOR: 8048/49 Simulator ........................ i e BB20
SORT: Bubble Sort and Binary Search Routines .......... SR P BG22
SORT: Disk DIr€CIONY ... veteee et e e eieanand U BG19
SORT: Disk DIr@CIONY ...ttt et BG20
SORT: Diskette File ... .....outtt it it e e e P, BG21’
SORT: GONEIAl ..o\ttt ettt ettt e e e e e BA13
SORT: Public Symbols . ........ciiiiiii it e BD39
SORT: Symbol Table from an Absolute File ............c.coiiiiiiiiiiiiiiiiiiiinenn. BD22
SOURCE FILES: iAPX-86/88 System Workshop Summary and Review .................. E1
SOURCE FILES: MCS-80/85 System Workshop Summary and Review .................. E2
SPELL ...t e b e ettt anee e raaeaaraaaanen BA21
SUBMIT: ISIS Command String . ........ciuuiiiiiiii i nieanieens BG6
TEST: 8080 CPU ..ottt ittt it e ettt et et et it a et e AE1
TEST: iSBC 80/10 /O Ports ........ e e e et e e ee e et e e e et aaeaen AE3
TEST: Error Correcting Code ..........ouuiiitiii et AE12
TEST: MCS-48 Family CPU ... ... i et AE10
TEST: MEBMOTY . ..ottt e i i e AE5
TEST: MmO .ottt e e e e AE4
TEST: PROM/ROM Checksum Self-Test . ..........coiuiiiiiiii et BD17
THERMOMETER: Thermistor Controlled ............... . ... . BE1
TRACE: ICE-80 . ..ottt ittt e BD9
TRANSFORM: Discrete FOUMBr ... ......uuiiutiii ettt iniienienienneanin, CB1
UTILITIES: Circular Lists . ... ...t e BG3
UTILITIES: Menu ...........oiiiiiiiiinnn.. S E5
UTILITIES: RT11 Diskette Utility for Intellec 800 ................ ... ..ottt BB17
L0 I ] - 1 E4
WORD PROCESSOR . ... ittittttit ittt e ettt e e e eaaens 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 Dggzir'nﬁnt Business Project
R&L Processing Sheet Filling Graphics  Management

Base System L ]

Soﬂv!are uDlI n?;?ﬁ#g: LAN Graphics Database

Operating RMX, Xenix

Systems CP/M, MS-DOS

Micro-

Figure 1

Intel has supported its fundamental software across muitiple operating systems through the UDI operating
system interface. By writing software to use the UDI interface which provides memory management, /O
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 indepgndent.

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 1SO transport protocol specification.

AA
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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 commiittee 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 for raster-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,

ANS! 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
(Intei 121539-001)

Real Math Draft 10.0 of |EEE 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 121538-003)
— 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 Gaide, (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 services will be available for the Customer as follows:

Initial Support

Initial support provides each Intel system and licensed product with 90-day support after product delivery. It
includes automatic updates and new releases, Software Performance Reporting (SPR) Service, technical
reports and monthly technical bulletin. Also available on designated products will be telephone assistance for
product specific technical information and assistance with work-arounds, patches, and other solutions for Intel
defined product deficiencies.

SUBSCRIPTION SERVICE (available for individual software products)

1. 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 and a review of important current Software Performance Reports
(SPR’s) submitted by customers. A listing of product manuals avaiiable from intel is also provided.

2. Software Performance 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 within 48 hours and will respond within
3 weeks. Intel does not guarantee a resolution will always be available to specific problems.

SOFTWARE INFORMATION SERVICE

This service provides the Customer with direct communication with an Intel Software Support Engineer (SSE).
The Customer may call a single service number (U.S.) between 8:00 A.M. and 5:00 PM., (Pacific Time) for
product-specific inquiries.

This service enables the Customer to:

1. Obtain assistance in using the product.
— documentation clarification.
—___operational understanding.

2. Obtain product specific information.
— problem identification.
— work-around, patch, or other solution when available.
— information on existing SPRs.

3. If the reported condition is not an already documented SPR, obtain assistance in problem isolation
techniques.

As part of the Software Information Service, Software Support Services maintain a list of reported problems
and problem resolutions. Software Information Services does not include user application 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.

Software Information Service is offered as a supplemental tool for obtaining maximum utilization of intel
software products. Itis 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 as authorized callers. Additional
persons can be authorized for an additional charge. This service is offered on a one-year period.
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SYSTEM/SOFTWARE SUPPORT PACKAGES

We have structured very specific support packages to assist our customers with the installation and
reconfiguration of such systems as NDS-II and 86/330.

NDS-II Installation Package. Includes software installation, system generation, and
- network orientation.
NDS-II Network Reconfiguration Pkg. Includes regeneration and installation of NDS-Il System
Software.
RMX System Installation Package. Includes installation and customer orientation of the RMX

operating system on the 86/330 or 86/380 System.

RMX 86 Installation Package. Includes one day installation, configuration and/or
assistance; a training credit for one RMX86 class; 16 hours of
phone consulting.

XENIX System Installation Package. Includes up to 2 days of installation and customer orientation
of the XENIX Operating System on the 86/330 AX or
86/380 AX System.

121CE Installation Package. Includes the installation of and orientation to the host and
probe software for the 12ICE on a Series |1l or Series |V
Intellec Development System.

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 or application-specific research, effort, or consultatlon Blocks of time
may be purchased and utilized in minimum fifteen (15) minute increments.

UPDATES

Updates and new releases for licensed products are offered on a per update basis. Each update will be
separately priced for any registered Intel customer to purchase. Notification of updates and who requires
which updates, will be provided through the monthly technical bulletin, ,COMMENTS and each product-
specific technical report.

INSITE USER’S PROGRAM LIBRARY

Intel's Software Index and Technology Library is a library of programs that have been submitted by users of
Intel microcomputers, single-board computers, and development systems. Membership in INSITE enables the
Customer to order programs at a 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 supbort 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.
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OTHER INFORMATION

A

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

Term: Service will be provided for the period specified in the price list. Subscription services will
automatically be renewed on an annual basis unless specified otherwise in writing by the customer.

Charges: There are three kinds of billings utilized with the service offerings: 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.

In 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.

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.

3. Updates are available separately for software products. Each update to a specified software product
has asingle charge and is purchased separately. The customer must have a valid software license that
covers the software product to obtain any update or new release.

The following chart summarizes the services available for various operating system environments at different
levels of integration.

Software Support Services
SYSTEM
NAME | PART 18IS INDX IRMX™ XENIX" CP/M*-80

INITIAL Included in
SUPPORT license fee SYS SYs SYS SYS SYs

or price of BRD BRD

| each product

CONTRACT
SERVICE |
Subscription SPR-TECH-REP sYs | SYs SYS SYS SYs
Service BRD BRD
Hotline HOTLINE SYs SYs SYS SYS SYs
Service BRD BRD
UPDATES Each update has a SYs SYS SYS SYS SYS

unique part number BRD BRD
SUPPORT
PACKAGES
NDS-II SPNDS2INSTALL 8YsS
NDS-Il SPNDS2RECON SYS
RMX-86 SPRMX86INSTALL SYS, BRD
RMX Systems | SP86330RINSTALL SYs
XENIX Sys SPB6330XINSTALL SYS
RICE™ SPIII520INSTALL SYs SYS
CONSULTING
SERVICES
Phone CONSULT-PHONE SYs SYS SYS, BRD | SYS, BRD 8sYS
Consulting ! COMP COMP
Field CONSULT-FIELD SYs SYs SYS, BRD | SYS, BRD SYS
Consulting COMP COMP COMP
Long-term CONSULT-LT SYs SYs SYS, BRD | SYS, BRD SYS
Consulting \ COMP COMP COMP
Expenses CONSULT-EXP Travel and living expenses incurred for delivering

Consulting and Support Package
INSITE USER'S User submitted and non-licensed software products and
PROGRAM N/A programs used on or in conjunction with Intel
L L Components, Boards and Systems
KEY SYS = Allintel standard syslem’hardware. languages and software packages designed to operate on or within
the particular Operating System
BRD = Service provided for this Operating System and d soft tooperateon

standard Intel Single Board Computer configurations
COMP = Support during the development of a user's system based on an Intel microprocessor component and
using an Intel operating system and its associated languages and software

*CP/M 1s a trademark of Digital Research, Inc
*XENIX 15 a trademark of Microsoft Corp
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ALABAMA

intel Corp
303 Wiliams Avenue, SW
uite 1422
riunisville 35801
Tel (205) 533-9353
ARIZONA
| Corp
11225 N 2B!h Drive
Sulte 2°
Phoemx 85029
Tel (602) 869-4980

CALIFORNIA
B ey wi

url /a)
Suite SOOM "
Sacramento 95825
Tel (916) 929-4078
1870 Cpporuniy Aond
Suite ?{ 1 Roa
Sen Diego 92111
{T14) Dob-3563
Intet Corp *
2000 East 4th Street
Sute 100
Santa_Ana 92705
Tel (714) 835-9642
TWX  910-595-1114

Intel Corp *
1350 Shorebird Way
lew

910-338-0255
5530 Ccmlr' Avenue
Tun!e

91'3
Tel (213) 708—0333
TWX  910-495 2045

COLORADO
‘4"5'5 Cgo':mpa k Dn
rk Drve
Sulte 100
Colorado Springs 80967

Tel (303) 594-6622
Intei Corp *
650 S. Cherry Street
Sutte 720
Denver 80222
Tal (303 321-8086

910-931-2289
CONNECTICUT
Intet Corp

36 naram Road

Yel (2%8 792-8356
-456-1199

EMC Corp

393 Center Street

Wallingford 06492

Tel (203) 265-6991

FLORIDA

Intel Corx

1500 N 62nd Street

Sutte 104

£t Luude'dale 33309

Tel (305) 771-0600

TWX  610-956-8407

intel Cor

'&anhnd

Suite

05
Ma
(305& 528 2393
-853-9219

GEOHGIA

| Corp
gaoo Holcombe Bridge Road

Nofcroes
Tel (404) 449-054\

DOMESTIC SALES OFFICES

LLINOIS
Intel Corp *
2550 Golf Road
815
Rolimg  Meadows 60008
312) 981-7200
TWX  910-651-5881
INDIANA
Intel Corp
9100 Purdue Road
Surte 400
indianapolis 46268
Tel (317) 8750623
10WA
inte! Corp
St Andrews Buildy
1930 St Andrews Dnve NE
Cedar Rapids 52402
Tel (319) 393-5510
KANSAS
intet Corp
8400 W 1i0th Steet
Sutte 170
Overland Park 66210
Tet (913) 642-8080
LOUISIANA:
Industrial Diglm Sys\ems Corp
2332 Severn
Suite 202
Metaine
Tel (50!) 831-8492
MARYLAND

Intel Corp *
7257 Parkway Drive

Hanover 210

Tel (301) 796-7500

TWX  710-862-1944

intei Corp

1620 Elion Road

Stver Spm? 20903

Tel (301) 4311200

MASSACHUSETTS

l el Corp *

2/ Industial_Avenue

Chelmsford 01824

lel (6!7 256-18U0

TWX -343-6333
Corp

385 Elliot Street

Newton 02164

Tel (617) 244-4740

TWX 922531

MICHIGAN

Intel Corp *

26500 Northwestern Hwy

Suite 401

Southfield 48075

Tel (313) 353-0920

TWX  810-244-4915

MINNESOTA

Intel  Corp
3500 W 80th Street

Bioonn ton 55431
Tel (612) 835-6722
TWX  910-576-2867
MISSOUR!

4203 Eanh City Expressway
S I'a 3

Tel (314) 291-1990
NEW JIHSEY

Intel Corp

Rantan Plaza "
Rart n

Edise
o (?m) 235-2000
TWX  710-480-6238

NEW MEXICO

intel Corp

120 Juan Tabo NE
Albuquerque_ 87112
Tel (505) 292-8086
néw vork

intel Corp *
300 Vanderbitt Motor Parkway

Haul 1171
Tel prS.IGE 231-3300
TWX * 510-227-6236

intel Corp
80 Wasmngxon Street
12601

oepsie
(914& 473-; 2303
248
intel Corp *
n Whlle Spvuoe Boulevard
Rochest
Tel ms 4241050
TWX 5

253-7391
T-Squ:
6443 Rldm Road
Sylac use

13206
(3‘5) 463-8592
TWX 710-541-0554
quared
7353 Pittsford
Victor

Victor 14564
Tl (716) 924-9101
TWX ' 510-254-8547

NORTH CAROLINA

lnle1 Cup
306 W Meadowview Road

Grsensbom 2740
Tel (918) 2941561

OHIC

Intel Carp *

6500 Poe Avenue

Te! (513) 890-5350

TWX ~ 810-450-2528

intel

Cnagrln-Bpramsm Bldg. No 300
1t Chagn{! Boulevard

Tel (216) 464-6915
TWX  810-427-9298

OKLAHOMA

Intel Corp
4157 s Harvard Avenue
Sutte 1

Tulsa 74135

Tel (918) 749-8688

OREGON
intet Corp
10700 SW Beaverton
H»ﬂsdale Highway

97005
TQ) (503 641-8086
TWX '~ 910-467-8741
PENNSYLVANIA
Intel Corp ¢
510 Pennsylvama Avenue
Fort Washington 19034
Tel (215) 641-1000
TWX  510-661-2077
Intel Cory
201 Penn Cente« Boulevard
Su
Tet 13?2) 32344970
QED .Flectronics

Tel (215) 674-9600

TEXAS

intel Corp *
12300 Ford Hoad
uite 380

Dallas 75234

Tel (214; 24+ 8087
TWX 910 860-5617
intel Cor

7322 SW Freeway
Sum

Tel (7!3 988-5086

TWX  910-881 2490

industrial Digital Systems Corp
5925 Sovereign

utte 1
Houston 77036
Tel (713)988-9421
Intel OOIE
313 £ rson Lane
uite 314
Austin_ 78752
Tel (512) 454-3628
UTAH
Intel Corp
268 West
Salt Lake C\Iy 8410
Tel (801) 533-8086
VIRGINIA
intel Cor
1603 Sama Rosa Road
Sute !
Richmond
Tel (804) 292 5665
WASHINGTON
intel Corp
110 110th Avenue NE
Sutte 510
Bellevue 98004
Tel (206) 453-8086
TWX  910-443-3002
WISCONSIN

tel Corp
50 N Sunnysk:pe Road
Suh
Brool
Tel (m) 784»9060

CANADA
ONTARIO

intel Sem»conduc\or of Canada, Ltd
39 Hwy Mems

Tore (sss) Soa0ri4
TELEX 053-4115

intelSemiconductor m Canada, Ltd
50 Galaxy Boulevar
ﬂe 12
le MOW 4Y5
m me) 575-2105
0698357
Intel Semlcoﬂduclor of Canada, Ltd
201 Consumers Road
Sute 200
Willowdale M2J 4G8
Tel (416) 494-6831
LEX 4946831
QUEBEC
In(&l Somlcor\ducwr of Canada, Lid
Verty Road

H4R 1v4
Tel (5“ 334-0560
TELEX 05-824172

*Fieia Application Location



ALABAMA

yurw Electronics, Inc

611 Memonal Parkway So
Huntsville 3!

Tel (205) 882-2730

lemincn/Avm Electronics
Commercial Drive NW

5805
Tel (ZM& 837-7210
TWX * 810-726-2162
tPioneer/Huntsville
207 Putnam Drive NW
Huntsville 358085
Tel (205) 837-9300
TWX ~ 810-726-2197
ARIZONA

tHamilton/Avnet Electronics
505 S Madison Drive

Tempe 1
Te! (602 231-5140

mN 24'” Street o

Tel (602 249-2232
TWX  910-951-4282

CALIFORNIA

YArvow Electronics, Inc

Sy 34058~

i nm tige) rioeon
910-339-9371

tArrow Electronics, inc
lor4e Deartom Street

Chatsworth 91311
Tel (213& 70‘-7500
TWX * 910-493-2086
sHlmnnon/Avrm Electronics
50 McCormick A
Mesa 9;
Tel (714) 754-6051

TWX  910-595-1928

tHamilton/Avnet _Electronics
19515 Sosovermom Avenue

orrance 2

Tel (213) 615-3909

TWX  910-349-6263
tHamilton/Avnet Electronics
gmnys:le 9608?””

Tel {(408) 7.

TWX 910«339 9332

‘tHamilton/Avnet Electronics
4 Viewndge Avenu

San Di 92123
Tel (79! 641-1850

595-2638

anmnwn/Avnet Electronics
n Boulevard

Tel (2!3& 558-2458
TWX  910-340-6364
tHammm Avnet/Electronics
21050 n Street

Hdlt 91367
Tel (213& 883-0000
TWX -494-2207

tHamilton Electro Sales

3170 Pullman Street
Mesa 92626

Tel (714&_ 841»4109
non/Avnel Electronics

4103 Normgah Boulevard

acramento 95834

Tel (916) 920-3150

5&'&‘" Electronics, Inc
Palo Alto 9430
Tel {415) 968-6292
910-379-6430

ulff_Electronics, Inc
mm Franklm Avenue

Tsl (714 7315711
TWX  910-595-2599

Kierulff_Electronics, Inc
2585 Commerce Way

%gl. ?2’32'3;25-0325

|on Grouj
13‘” Maryiand P

Tal ?&3 322400
187140 or 7111

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd)

le Drstribution  Grou
% Ches: e Dnvuep

San o 92123

Tel (714) 565-9171

TWX  910-335-1590
Distribution  Group
Bowers Avenue

Santa Clara 95051

Tel (4088\_’727-2500

TWX  910-338-0296

twge Distribution Grou
17872 Cowan Avenue P
rvine 92714

Tel (714) 641-1600
TWX * 910-595-1572
‘COLORADO

1Wyle Distribution Grou
451 E 12, m Avenue i

Tel (3 457»9953
TWX  910-936-0770

tHamilton/Avnet Electronics
8765 E Orchard Road
Suite 7t

nglewood 80111

Tel (303) 740-1017

TWX * 810-935-0787
CONNECTICUT

tArrow Electronics, Inc
12 Beau nl Road

Wallmgo
3) 265-7741
TWX  710-476-0162

g;:nmmmuvw Electronics
Gommerce

Industrial Park
Tel 12%3& 797 -2800
9974
tHarvey Electronics
"2 Mam Street
we

Tel (2033 853-1515
TWX  710-468-3373
FLORIDA
tArrow  Electronics, Inc
1001 NW 62nd Street
Sutte 1 .
Ft Lauderdale 33309
Tel (3058 77&7790
TArrow
S0 Woodlake Dnve w
Bl B
Tel (305¥ 725‘430

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 North
St Pemfsbu? 33702
Tel (813& 576-3930
TWX  810-863-0374

r/Alta Monte Springs
21 N Lake Bivd
Suite 41
fta Monte Springs 32701
Tel (305) 859-3
TWX  810-853-0284
tPioneer/Ft Lnudemle
1500 62nd Street N
Ft Lauderdale 33309
Tel (305) 771-7520
TWX  510-955-9653
GEORGIA

tArrow_Electronics, Inc
2979 Pacific Drive
Norcross 30071

Tel (404 449-8252
TWX -766-0439

ﬂ-lamunon/Avrm Electronm
ree Corners

N ms
Tel (404) 447-7500
TWX * 810-766-0432
thneer/Georg

58358 Peachiree Corners E
Norcross 30092
Norcross

30092
Tel (404) 4481711
TWX  810-766-4515

ILLINOIS

tArrow_Electronics, Inc
2000 E Alonguin Strest

Schaumt
Tel (312) 397-3440
TWX  910-291-3544

‘tHamilton/Avnet Eiectronics
1130 Thomdaleos

Tel (312& 7780
TWX  910-227-0060
1Pioneer/Chi
1551 Cam\en

Elk Grove Vill 60007
Tel (312& 4374

-222-1834

810-341.3119

MINNESOTA

tArrow Electronics, Inc
5230 W 73rd Street

na 55435
Tel (6!2 830-1800
TWX  910-576-3125

‘tHamilton/Avnet Electronics
10300 Bren

Tel (612) 93

TWX  (910) 578-2720

/Twi
W&m Roqd East
5343

netonka 5!
T.I (612) 935-5444
TWX * 910-576-2738

tArrow_Electronics, Inc
2380 Schuetz

St Lows 63141
Tel (3‘4& 567-6888
TWX  910-764-0882

rardle Drive

Cur 16032
Tel (317&8“9333
tPioneer/Ind
6408 Casuepbue Drive
Indianapolis 46250
Tel (317&34&7300
TWX  810-260-1794
KANSAS
tHamilton/Avnet Electronics
9219 Quivera Road
Ovevland 66215

(913) 888-8900
TWX 91 -743-0005
MARYLAND
tHamilton/Avnet Electronics
6822 Oak Hall Lane

Columbia 21045
Tel (301) 995-3500
TWX 71 -1861

th

13743 Shoreline Court
Earth City 63045

Tel (3‘4&_34442“)
TWX  910-762-0684

NEW HAMPSHIRE
tArrow Electronics, Inc
1 Penmeter Road
Manchester 0310
Tel (603&
TWX 220-16
NEW JERSEY

Arrow Electronics, Inc
Vall A;snue

Moorestown 5!
Tel (21 5&—892&1800
TWX  710-897-0829

?

{Arrow Electronics, inc
2 Indusmal Road

Farhield
Tel (20!) 575-5300
TWX  710-998-2206

1Mesa C
16021 Industrial Drive
thersburg 20877
Tel (301)‘%484350TWX 710-828-9702

;Ptoneer

100 Garther 2%3!;;

Td (301& 54&0710
-828-0545

MASSACHUSETTS

1Arrow Elmom:s. Inc

I

Tel (617& 933-8130

-393-6770

tHamitton/Avnet Electronics
50 Tower Office Park

Woburh 01801
Tel (6!7& 9359700
382

1Harvey Bomn

Laxa 17
”?éﬂ 863-1200
-326-6617

MICHIGAN

Arrow  Electronics, Inc
10 Varsity Drive

nn - Arbor

Tal (313) 971-8220
Plonesv/Mm n
{3485 Stamfor 9!

8150
Tel (3!3 525-1800
TWX  810-242-3271

4
tHamilton/Avnet Electronics
32487 Schoolcraft Road
wvonia 48150
Tel (313) 522-4700
TWX ~ 810-242-8775
tHamilton/Avnet Electronics
2215 29th Street SE
Space A5

nd_Rapids 49508

Grax
Tel (616) 243-8805
TWX'' 810-273-6921

1 Keystone Avenue
Cherry Hill 08003
Tel "(8093 424-0110
TWX  710-840-0262
tHamilton/Avnet Electronics
10 Industnal
Fairfield 07006
Tel (201) 575-3390
TWX  710-734-4388
tHuvey Elacttonm
Ho
Pl 058
(201& 575-3510
Tl _Systems Sales
83 Route 46 W
Fairheld 07006
Tel (201) 227-5552
NEW MEXICO
TAnvanee Elsctmmcs Inc
Mboquetce 8712
ueﬂlue
Teluq(505 292 3380
‘Hamilton/Avnet Elec«ronn:s
2524 Bnylof Drive SE
Albuguerqy 106
Tel \5058 785 1500
989-0614
NEW YORK
fArrow Electronics, lnc
900 Broad Hollow
Farmingdale 11735
Tel (516) 694-680
TWX  510-; 224-6126
tArrow Etewomcs. Inc
South Winton Road
Rochester 14623
Tel (716) 275-0300
TWX  610-253-4766

1A ow Eleelromce, Inc
1705 Drive

iverpool 1

Tel (315) 652-1000

TWX  710-545-0230

\‘Arvow Elemronlcs. Inc
One

Ha
Tel (518 231 10!)0
TWX  510-227-6623

tMicrocomputer System Technical Demonstrator Centers



NEW YORK (Cont'd)
/Avnet Electronics

Rochester 1
Tel. (710&_ 475:&‘?00
fHamilton/Avnet Electronics
Tel. (315&_ 437-2641
TWX: 710-541-1560
gﬂlmllnnlAmn Electronics
m Istand 11747
TWX * 610-224-6166
M"“’"’"‘“
(] 1208
- (80 7‘8—82“
1
mmoy Electronics West
Island 11797
Tel. (516) 921-8700
TWX * 510-221-2184
'Rochester
2 Park
Tel. (7‘6& 30‘-7070

;’B‘nﬂm Pl

l’ﬂ (5\8&_6 -8200

NORTH CAROLINA/
%vw Electronics, Inc.
Burlu Street
TU 19) 725»8711
o ol
Hlmmml wnet Electronics
0 S, Forest Drive
Tel 9&- 878-0819
TWX * 510-928-1836
{Pioneer/Carolina
103 Industrial Avenue
27408
(919) 273-4441
TWX  510-925-1114
OHI0
tAmrow Electronics, inc
620 McEwen Road
Centervile 45459
Tel (513 435-5563
TWX 159-1611

Arrow Elscltonla Inc
38 Cod!rln

Solon 44

Tel (216&4243—3990

TWX * 810-427-9409
{Hamitton/Avnet Electronics
954 Senate Drive

Dayon 45459

Tel (513) 433-0610

TWX 81l -2531
tHamilton/A vnd Elmm

4500 Emlvy ustrial Parkway
44128

“‘ 18&-427 9452

DOMESTIC DISTRIBUTORS

OO (Cont'd)

4433 In‘rpolmﬂwhvud

D;ybﬂ 45424
(513) 236-9900
TWX * 810-459-1622

tPloneer/Cleveland
4800 E |3lt1 Street

Tel (216) 587-3600
TWX' 810-422-2211

OKLAHOMA

Tuisa 7
Tel (918) 6657700
OREQON

Al Electronics
LS W i, B "
Beaverton 97005

Tel (503) 641-9070
TWX ¢ 918467-8743

mzmlmu/Avm Electronics
8idg C, Sute '034
Tl! (50: 3&-‘ 7648
PENNSYLVANIA
fArrow Electronics, Inc
Seco Road
Monroeville 15146
Tel (412) 856-7000
P\omuv/Pmsbmm
Tll 4?" 7!2
3 &- 122
sP\mowldeuo Valley
61 Gibrafter Road

Horsham 19044
Tel (215) 674-4000
TWX 54 7

To () s3paTo0

TWX 91&&0!439

tArrow E:‘womm Inc 10125
Austin_ 78758

Tel (5\2&55354100

TWX * 810-874-1348
fHamilton/Avnet Electronics

Td (5\2 537-8911
910-874-1319

H-nmonlA Electronics
11 W Walnut Hill Lane
5062

7
*‘f:am(zu 659-4100
TWX 91 6929

TEXAS (Cont'd)

tHamitton/Avnet Electronics
8750 West Park

T.l (713 7801771
1-5523

iy Hamgt
Bumet
Austin 78758
Tel (512) 835-4000
TWX. 910-874-1323
{Pioneer/Dallas
13710
Dallas 752!
Tel (2"&038&7300
TWX  910-850-5563
g:m/mm

53 Point West Drive
WX 9?&-06!-1800
UTAH

tHamilton/Avnet Electronice
1585 West 2100 South

Salt Lake 0"5 84119
Tel (801& 972-2800
TWX  910-925-4018

Distribution Group
m South 4130 West, Unit B
alt Lake Clty 84104
Tel (801) 974-9953
WASHINGTON
tAlmac _Electronics Cwm-lm
14360 SE &M, lay
Tnl (205 MS—MZ
Electronics, Inc.
4820 NE. 218t Street
Bellevue 7
Tel (206) 643.
TWX  910-444-2017
fHamitton/Avnet Electronics
14212 NE 21st Street
Bellevue 98005
TQi (206) 453-5874
910-443-2469
WISCONSIN
tAmow Electronics, Inc
430 W anon Avenue
Oakcreek 5.
Tel (4“&_ 764‘8800
TWX  910-262-1193
tHamiton/Avnet Electronics
2975 Moorland Road
Berkin_53151
Tel (414) 784-4510
TWX  910-262-1182
CANADA
ALBERTA
Hamilton/Avnet Electronics
816 21st Street NE

Caiga 623
T (703) 230.3586

LA Varah, Ld

ALBERTA (Cont'd)
Zentronics

?5&‘&«- Avenue N.E
Tel (403) 2721021

Vancouver 1C4
Tel (W& 873-3211
TWX: 810-929-1068
Zentronics
108-11400

Richmond VX 172
Tel (604) 273.5575
TWX  04.5077-89
MANITOBA

LA Varah, Lid
12-1832 K%Emnd Street
Winnij ON1
Td m} 033-6!90
590 Bony Slun!

Tel m) P75 8681

ONTARIO
Hamilton/Avnet  Electronics
6845 Rexwood Road
Mississaugn 'Lay 12

I8¢
Tel (“6&_‘677-7432
TWX  610-492-8867
Hamitton/Avnet Electronics
%m K2E 7L5
Tol' (613) 2204700

LA Varah, LN
505 Kenora Avenue

Tel (416) 561-9311
TWX * 061-8349

BVMW\" L6T 374
Tel (416) 451-9600
TWX  06-976-78

Zentronics

564/10 Weber Street North
Waterloo N2L 5C6

Tel (519) 884-5700

2
Street
MRJH 081
(204) 775-8661
QUEBEC

Hamitton/Avnet Electronics
2670 Sabourin Street

St Laurent H4S 1M2
Tel (514&_‘331'8443
TWX  610-421-3731

Zentronics

505 Lockl Street
rent_H4T 1X7

TDI (514) 7355'\5361




BELGIUM

intel Corporation S A

mfu h Papier 51
louln & er

Boite 1

B-1160 Bru:

Tel (02)6‘" 07 n

DENMARK

Intel Denmark_A/S*

DK-;
Tll (01) 18 20

FINLAND

Intel Flnland OV
Hameentie

SF 00550 Helsmkl 55
Tel 0/7‘6 955

TELEX 123 332
FRANCE

Intel Corporation, SARL*
5 Place de la Balance
Silic 223

94528 Rungis Cedex

Tel (01) 687 22 21
TELEX 270475

EUROPEAN SALES OFFICES

FRANCE (Cont'd)
Intel calpovatlon SARL
lmme ble Bl

4 Quai des Etrots

9005 Lyon
Tel (7) 842 40 89
TELEX 305153

WEST GERMANY

intel Semiconductor GmbH*
Seudistrasse 2

D-8000 Muenchen 2

Tel (89) 53

TELEX 05-23177 INTL D

Intel Semiconductor GmbH®
Maslrzvur Slra 75

den
Tel (6121) 70 08 74
TELEX 04186183 INTW D

Intel Semiconductor GmbH
rueckstrasse
70|2 Fellbach

Tel (7 l} 8 00 82
TELEX 7254826 INTS D

Intel  Semiconductor GmbH'
Hohenﬁollem Stra: sse
innover

0 Hannover
Tel (511) 34 40 81
TELEX 923625 INTH D

Intel Sem:oonducwr GmbH

Ober-Ratherstras:
D-4000 Dusseldor' 30
Tel (211) 6! 54

TELEX 08-56977 INTL D

ISRAEL
Intel Semiconductor Ltd *
PO Box 1659
Haifa
Tel 4/524
TELEX 46511
ITALY
Intel Corporation Ilal:a Spa*
M-lanollon, Puluzzo

Ass (M.lano)
T09 (02) 82 00 06
TELEX 315183 INTMIL
NETHERLANDS
Intel Semiconductor Nededand Bv*
Alexanderpoort Build
Marten Meesweg 93

3068 Rotterdam
Tel (10) 21 23 77
TELEX 22283

NORWAY

Intel Norwa‘y A/S
PO Box 92
Hvamveien 4

N 20 3

Tef (2) 742 420
TELEX 18018

SWEDEN
intel Sweden AB*
Box 20092
Archimedesvagen 5
S16|20 Bromma
(08) 98 53 85
TELEX 12261
SWITZERLAND
Intel Semiconductor A G.*
Forchstrasse 95
CH 8032 Zunch
Tel (01) 55 45 02
TELEX 57989 ICH CH
UNITED KINGDOM
Ima! Corpou(n)ﬂ (UK) ud*
ospm
Cheshire CW5 5RE
(0270) szs 560
Intel corpounon (UK) Ld*
Pipers Way
indon, wmsmu SN3 1RJ

Wil
Tel (0793) 4
TeLe daar T SWN

*Field Application Location

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elekwonlsche Geraete GmbH
Rotemuehigasse 2

A 1120 Vaannn

Tel _(222) 83

TELEX 11532 BASAT A

BELGIUM

inelco Belgum S
Cvo:x du Guerre 94

ssels
Tel (02) 2'6 01 60
TELEX 25441
DENMARK
Multikomponent A/S
Fabriksparken :nA/
DK-2600 Gloskrup
Tel 502) 45 66 45
TX 33356
Scandinavian Sericonductor
Supply A/S

Nanr
n«é‘?ﬁg Copenh r

Tel (01) 0
FINLAND

lelonlc AB

u 24 A

SF-002|0
Helsis 2
Tel (0) 692 60 22
TELEX '24 224 Ftron SF
FRANCE
Generim
Z1 de Courtaboeuf

Avenue de la Baltique
91943 Les Ulis Cedex-B P 88
Tel (6) 907 78 79

TELEX * F691700

EBtn
rue Jul

93170 ngg -
Tel (1) 859 04 04
TELEX 21810 F

Metrologie
La Tour d' Asnieres
1, Avenue Laurent Cely

Asn
701 44 44
TeeX dhradt

FRANCE (Cont'd)

Tekelec Aurtronic

Cite des Bruyeres
ie_Carle Vernet

F-92310 Sevres

Tel (01) 534 75 35

TELEX 204552

WEST GERMANY

Electronic 2000 Vennabs AG
Neumarkter Strat

D-8 000 cn 80

Tel 9% 40
TELEX 522561 EIEC D

.lem%n GmbH

Postfach 1180

Scnuls(rasse 48
Camberg

7 Bad
Tel (06434) 231
TELEX 484426 JERM D

Celdis Enatechnik Sysmms GmbH
Gutenbergstrasse

2359 Henstedt- Ulzburg 1

Tel (04193) 4026

TELEX 2180260

onelectvon Vertriebs GmbH
lax Planck Strasse 1-3

072 Drejeich ben Frankfurt

Tel (eio) 33564

TELEX 417983

IRELAND

Micro Marketi

fice Park
ublin

Tel (1) 85 62 88

TELEX 31584

ISRAEL

Eastron
g Hoznms S(reel

Tor A 61390

Tol (3 47°51 1
TELEX 33638
ITALY

Eledra 35 SPA

Tel (2) 34 97 51
TELEX 332332

ITALY (Cont'd)
Intest

Milanfion Pal E/5
20090 Assago
Milano

Tel (02) 82470
TELEX 311351
NETHERLANDS
Koning & Hartman
Koopsvwsrv 30

PO Box 43220
2544 EN's Gravenhage
Tel 31 (70% 210 101
TELEX 31528
NORWAY

Nordisk Elektromc (Norge) A/S
Postoffice Box 122

Hvalstad
Tel (2) 786 210
TELEX 77546
PORTUGAL

Diiam

Componentes E Electronica LDA
Av Mtiuel Bombarda, 133
P1000 boa

Tel' (19) 54

TELEX 14182 Br\eklP

SPAIN

Interface S A
Ronda San Pedro 22,3
Barcelona 10

Tel (3% 301 78 5t
TWX 51508

igue, Angel 233
iguel Ang

Muﬁdnd lOge

Tel (1) 419 54 00
TELEX 27707

SWEDEN

AB Gos(a Backstrom
Box 1

Alsmm rgatan
$-10221 Stockholm 12
Tel (8) 541 08

TEL

SWEDEN (Cont'd)
Nordlsk E!acimmk AB
Sandhamnsgalan n
§-10254 Slockboim

Tel (8) 635 04

TELEX 10547
SWITZERLAND
Industrade AG
Gemsenstrasse 2
Postcheck BO - 2190
CH-8021

Tel (01) 36:

TELEX 58788 INDEL CH
UNITED KINGDOM
Bytech Ltd

Umc.'ﬂ

London Road

Eurloy. Readmg

Berk
T8 (0734) Slost

Comway Microsystems Ltd
Market Str!dl
UK-Bracks Berkshire

Tgl 44 (344) 55333
Jermyn industries
Vestry Estate

Sevenoaks, Kent
Tel (0732) 450144
TELEX 95142

MEDL

East Lane Road
North Wembl
Middlesex HAS 7PP
Tel (OI) 904 93 07

Hupld

Rapid House/Denmlrk St

High

Berks. E land - HP11 2ER
(0494) 26 271

TELEX 837931

YUGOSLAVIA

H R _Microelectronics Enterprises
PO Box 5604

San Jose, Calfornia 95150

Tel 408/978-8000

TELEX 278-559



g&:wum Building
Pacific Highway
Level 6

Crows Nest, NSW, 2089
Australia

Tel 011-61-2-436-2744
FAX: 011-61-2-923-2632

HONG KONG

Intel  Semicond Ld

1 Kong Trade Centre

161167 Dets\.ldoeo ?oad Central
EX 63869 iSLHKHX

JAPAN

Intel Jap.n KK

H Tokodt ‘oyosato-machi

._Ibarakiken 300-26

Tel 029 47—85“

INTERNATIONAL SALES OFFICES

JAPAN (Cont'd)

Intel Japan KK*
2-1-15 Naka-machi

Alsugl, Kanagawa
Tel 0462-23-3511
Intel KK*
2-51-2 ima-cho
Chofu, T 182
Tel 0424-88-3151
|2m| Jmn KK‘

w v

n

43

JAPAN (Cont'd)

intel Japan KK*
2-41 Teraucru

T:Yo 06-863«109!

, Tokyo 100
Tel 03-201-3621/3681
Intel KK*
1-23-9 Shinmachi

Setaga) Tokyo 154
Tel 0!-426—223‘ ve

*Field Application Location

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

VLC SRL
Sarmiento 1630, 1 Piso
1042 Buenos Aires
Tel 35-1201/9242
TELEX

va Ymk New York 10038
406-3052
Gaston Briones
AUSTRALIA
Total Electronics
9 Harker Street
Victoria 3125
Tel 61 3 288-4044
TELEX AA 31261
Mailing Address
Private Bag 250
Burwood, Victona 3125
Australia
Total Electronics
#1 Johnstone Lane
Lane Cove, NSW 2066
26297

BRAZIL

lcotron S.A

05110 Av Mutinga 3650-6 Andar
Pirituba Sao Paulo

Tel _261-0211

TELEX 1122274/ICOTBR

CHILE

DIN

AV VIC MCKENNA 204
Casilla 6055

antiago

Tel 227 564

TELEX 352 003
COLUNBIA

Imamanoml Comy maf Machines

Carrera No 34

'?glo 211-7282

TELEX 45716 ICM CO
HONG KONG

Schmidt & Co

Wing on Centre, zsm Floor
1“ ht Road Central
Tel 5 855‘{l 222

TELEX 74766 SCHMC HX
INDIA

Micronic_Devices
104/109C, Nirmal Industrial Estate

Sion

Bombay 400022

Tel 170

TELEX 011-71447 MDEV IN

JAPAN (Cont'd)

Hamilton-Avnet Electronics Japan d
YU and VOU Bidg 1-4 Hondome-

htChuo-Ku, Tokyo 103

Nihonbas|
Tel (03) 662-9911
523774

2!
Ryayc Electnc Corp
A Bidg
112 -22, YSukm
Chuo-Ku, Tokyo 104
Tel (03) 543-7711/541-7311
Tokye Elecmm Ltd
Shin Nomura Bldg
2&2 lem—svun Juku-| Ichome
in Juku-Ku, Te
(03) 343-4411
TELEX 232-2220 LABTEL J

2nd Floor Gavemmem Pension Bidg

1-589, Yoido-|
YounPdungpc»Ku

Tel 782-8039 or 8049
TELEX KOD!GH’ K25 299

NEW ZEALAND
.ean Information Technology Lid

459 l;y&ev Road Newmarket,

Tei 50‘«801 50! 219 587037
TELEX NZ21570 THERMAL

SINGAPORE
gednem Engineers Corporation Pty

18 Pasir Panjang Road
II 05/08 PSA Wum Storey Complex

Tel 1-65-271~3163
TELEX RS$23987 GENERCO

SOUTH AFRICA

Electronic Buiiding Elements, Ld
PO Box - i

Te' 011 27- 12—46—9221 ov 9227
TELEX 3-018

TAIWAN

n Automation Corp *
Sfd F|oor #75 sacnon 4
Nanking East

Tel 771 0940 or
TELEX 11942 TAIAUTO

'YUGOSLAVIA
gon Microelectronics  Enterprises.
Calviomu 95150

n Jose,
Tel (408) -8000
59

*Field Application Location

o iAo



CALIFORNIA

Intel Corp

1350 Shorebird Way
View 940

Tel (4‘53 965-8211

9 0-33&0255

Intel C

2000 E 4th Strest

Suite “0

Santa 92705

Tel (714& 835-5577

595-2475

Inte! Corp

7670 Opportunity Road

San iy 921“";

Tel. (714) 268-3563 ¢

intel Corp

5630 N Corbin Avenue

Suite 120

Tarzana 91356
Tel (213) 708-0333

Demo
(303 32‘-8036
TW)( 910-931-2289

CONNECTICUT

intel

36 Pac:;gaum Road
Danw%soemo

Tel (203) 792-8366
FLORIDA

Inte! Cow

1500 NW 62nd Street
Suite 104

Fi Lauderdale 33308
Tel (305& 771-0600
TWX * 510-956-9407
intel Covg

500 N Maitland Avenue
Suite 205

32751
Tel (305) 628-2393
TWX * 810-853-9219
intel Corp
5151 Adanson Street
Oriando 32804
Tel (305) 628-2393

U.S. SERVICE OFFICES

GEORGIA

Intel Corp

3300 Holcombe Road
Sutte 225 Bridge
Norcross 30092

Tel (404) 4411171
ILLINOIS

Intel C¢

2550 GO?;! Road

Suvh 815

leadows 60008
Tel ’?312 981-7270
910-253-1825

KANSAS

Intel Cory
MO”(.? w ﬂom Street

Overland Park 66210
Tel (913) 642-8080

MARYLAND
lmol Cofp o7257 Parkway Drive

Ts( (30! 796-7500
2-1944

intel Corp
27 Industrial Avenue
Cheimsford 01824
Tel (6175 256-1800
TWX  710-343-6333
MICHIGAN
Intel Cor
26500
Suite 401

48075
Tel (313) 354-1540
TWX * 810-244-4815
MINNESOTA

Highway

Intel Corp

7401 Metro Boulevard

Sute 355

Edna 55435

Tel (612& 835-6722

TWX  910-567-2867

MISSOURI

'4"33'3 Cga'ﬂh City Expresss
way

Suto 143 Y

Earth COI{ 63045

Tel (314) 291-2015

Intel

385 g%%n Avenue
07632

Tel (201) 567-0820

TWX  710-991-8593

NEW YORK

intel Corp

2255 Lyell Avenue

Rochester

Tel (716) 254-6120

NORTH CAROLINA

Intel G
2600 Exgouiive Drive
Sute 113
Charlotte 2821
m (704) ssusss
5505 ¥ Meadowvew Foad
Sulte 206
Greensboro 27407
Tel (919) 284-1541
oHIO

intel Corg
Chmn»&wnlrd Bidg
28001 in Boulevard
o T

el

TWX ¢ 8'&»427—9298

%ng Avenue

al (000) 325-4415
810-450-2628

OKLAHOMA

Intel Ce

4157 ?"pﬂlmrd
Tulsa 74101

Tel' (918) 744-8068
‘OREGON

Intel Corp

:'0700 SW Beaverton-Hillsdale
Suite 2y2

Beaverton 97005

Tel (503) 641-8086

TWX  910-467-8741

PENNSYLVANIA

intel
500 m:m"la ¥ ngvowe

7e1 215 641-1000
( &468—2077

intel
s”mmmm

Tel (3?”) 354 |540
TEXAS

Intel )

313 E Lane
Suite 314

Ausiin_ 78752

Tel (512)454-3628
TWX * 910-874-1347

Dallas 75234
Tel (2!4 2413097

7322 SW Freeway

Suite 1490 .

nouuon 77074
(713&'

TW)L il 36!-2490

VIRGINIA/

WASHINGTON

Intel Corp

110 110th Avenue N.E
Suite 510

Tel. 1-800-538-0862

TWX  910-443-3002
WISCONSIN

Intel Colg

150 S Sunnysi Road
Sute 148 b

Brooktield 53005
Tel' (414) 784-9060



Intel Corporation
3065 Bowers Avenue .
Santa Clara, CA 95051

Intel International (U.K.) Ltd.
Piper’s Way

Swindon, SN3 1R]

Wiltshire, England

Intel Japan K.K.
5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26

Japan
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