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TECHNICAL SUPPORT
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been made to eliminate errors.

Engineering Change Notices (ECNs) are provided periodically to repair faults or to
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product, engineering support is available by telephone, fax or email. KADAK reserves
the right to charge for technical support services which it deems to be beyond the normal
scope of technical support.

We would be pleased to receive your comments and suggestions concerning this product
and its documentation. Y our feedback helpsin the continuing product evolution.
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1. Getting Started with AM X 386/ET

1.1 Introduction

The AMX™ Multitasking Executive is described in the AMX User's Guide. This target
guide describes AMX 386/ET which operates on the Intel386™", Intel486™, Pentium” and
al architecturally compatible processors.

Throughout this manual, the term 1386 refers specifically to the Intel 386, Intel486 and
Pentium families of processors and all processors which are exact replicas. When
distinctions are not important, the term i386 is used to reference any processor which has
the general characteristics of these families. When distinctions are important, the
processors are identified explicitly.

The purpose of this manual is to provide you with the information required to properly
configure and implement an AMX 386/ET real-time system. It is assumed that you have
read the AM X User's Guide and are familiar with the architecture of the 1386 processor.

I nstallation

AMX 386/ET is delivered ready for use on a PC or compatible running Microsoft®

Windows®. To install AMX, follow the directions in the Installation Guide. All AMX
files required for developing an AMX application will be installed on disk in the
directory of your choice. All AMX source fileswill aso be installed on your disk.

AMX Tool Guides

This manual describes the use of AMX in atool set independent fashion. References to
specific assemblers, compilers, librarians, linkers, locators and debuggers are purposely
omitted. For each tool set with which AMX 386/ET has been tested by KADAK, a
separate chapter in the AM X Tool Guideis provided.
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1.2 AMX Files

AMX is provided in C source format to ensure that regardless of your development
environment, your ability to use and support AMX is uninhibited. AMX also includes a
small portion programmed in 1386 assembly language.

Figures 1.2-1, 2 and 3 summarize the AMX modules provided with AMX 386/ET. The
AMX product manifest (file MANI FEST. TXT) is a text file which indicates the current
AMX revision level and lists the AMX modules which are provided with the product.

File Name Module

cJ722  .H Generic includefile

CJ722APP. H Custom application definitions

cJ722CC . H C dependent definitions

CJ722EC . H AMX error code definitions

CJ722IF . H C and target interface prototypes

CJ722KC . H Private AMX constants

CJ722KF . H AMX service procedure prototypes

CJ722KP . H Private AMX prototypes

CJ722KS . H Private AMX structure definitions

CJ722KT . H Target processor definitions

CJ722KV . H AMX version specification

CJ722SD . H AMX application structure definitions

CJ722TF . H Target dependent prototypes

Qzzz . H Copy of genericincludefileci722. H

used for portability

CHxxxxx . H Definitions for common timer (PIT) and serial 1/0 (UART) chips
Figure 1.2-1 AMX Include Files

File Name Module

CJ722K . DEF Private AMX assembly language definitions

CJ722KQ . ASM Private AMX math procedures

CJ722KR . ASM AMX Interrupt Supervisor

CJ722KS . ASM AMX Task Scheduler

CI722MXA. ASM M essage Exchange Manager constants

CJ722TDC. ASM Time/Date Manager constants

CJ722UA . ASM Target processor and C support (part 1)

CJ722UB . ASM Target processor and C support (part 2)

CJ722BSC. ASM 1386 Bootstrap example

CJ722BSU. ASM 1386 Bootstrap utilities

Figure 1.2-2 AMX Assembler Source Files
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File Name

CI722KA .

CJ722KB .
CJ722KBR.

CJ722KC .
CJ722KCR

CJ722KD .
CJ722KDR.

CJ722KE .
CI722KF .
CQJ722KG .
CJ722KH .
CJ722KI
CJ722KJ .
CJ722KK .
CJ722KL .
CJ722KM .
CJ722KX .

CQJ722CL .
CQJ722LM .

CJ722BM .
CJ722BMR

CI722EM .
CI722EMR

CI722RM .

CJ722SM .
CJ722SMR.

CJ722MB .
CJ722MBR.

CI722MF .

CJ722W .
QJ722MVR

CJ722MX .
CQI722MXR.

CI722TDA.
CJ722TDB.

CI722UF .

CI722XTA.
CJ722XTB.

CHXXXXXT.
CHXXXXXS.
AT386BRD.

O0O0000000000000O0O0

O0O00000O00O00O000 00 OO0

OO0

OO0 o0 O

AM X 386/ET Target Guide

Module

Kernel task services
General task services

Timer Manager
Task management services

Task termination services
Suspend/resume task

Time dice services

Task status

Enter and Exit AMX

General object access

AMX Vector Table access

Private AMX list manipulation
AMX task scheduler hook services
AMX Kerndgl Task

Circular List Manager
Linked List Manager

Buffer Manager
Event Manager

Semaphore Manager (resources)
Semaphore Manager

Mailbox Manager

Flush mailbox and message exchange
Memory Manager

M essage Exchange Manager

Time/Date Manager
Time/Date formatter

Launch and leave AM X

Message exchange task services
M essage exchange task termination

Clock drivers for common timer (PIT) chips
Sample drivers for common seria 1/0 (UART) chips
1386 PC/AT board support module

Figure 1.2-3 AMX C Source Files



1.3 AM X Nomenclature

The following nomenclature standards have been adopted throughout the AMX Target
Guide.

Numbers used in this manual are decimal unless otherwise indicated. Hexadecimal
numbers are indicated in the format 0x ABCD or 0ABCDH.

The terminology A( Tabl e XYZ) is used to define addresses. It is read as "the address of
Table XYZ".

Read/write memory is referred to as RAM. Read only memory (non-volatile storage) is
referred to as ROM.

AMX symbol names and reserved words are identified as follows:

cj kkpppp AMX C procedure name pppp for service of class kk
cjxtttt AMX structure name of typetttt

xttttyyy Member yyy of an AMX structure of typetttt
Cl_ID AMX object identifier (handle)

CJ_ERRST Compl etion status returned by AM X service procedures
CJ_CCPP Procedures use C parameter passing conventions
CJ_ssssss Reserved symbols defined in AM X header files
CJ_ERXXXX AMX Error Code xxxx

CJ_WRXXXX AMX Warning Code xxxx

CJ_FEXxxx AMX Fatal Exit Code xxxx

CI722XXX. XXX AMX 386/ET filenames

ClzzzZ. H Generic AMX includefile

The generic include file c1zzz. His a copy of file c1722. H which includes the subset of
the AMX 386/ET header files needed for compilation of your AMX application C code.
By including the file CJzzz. H in your source modules, your AMX application becomes
readily portable to other target processors.

Throughout this manual code examples are presented in lower case. File names are
shown in upper case. C code assumes that an i nt is 32 bits as is common for most C
compilersfor the 1386 processor.

Processor registers are referenced using the software names specified by Intel.

EAX, EBX, ECX, EDX, ESI, EDI, EBP, ESP, EIP
DS, ES, FS, G5, CS, SS

EFLAGS = flagsregister, cC = status flags (condition code)
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1.4 AMX 386/ET Target Specifications

AMX 386/ET wasinitially developed and tested using the Intel 386, Intel486 and Pentium
processors on a variety of 1386 PC/AT platforms. However, the AMX 386/ET design
criteriafully encompass the Intel 1386 processor family requirements.

AMX uses a set of design constants which vary according to the constraints imposed by
each target processor. When operating on the i386 processor, these design constants
assume the values listed in Figure 1.4-1.

Symbol Purpose
CJ_cal sl ZE Size of integer is 4 bytes (32 bits)

Event group supports 32 event flags per group
CJ_ID AMX id (handle) isa 32 bit unsigned integer
CJ_ERRST AMX error codes are 32 bit signed integers
CJ_M NVBZ Minimum AMX message sizeis 12 bytes
CJ_NMAXMSZ Default AMX message sizeis 12 bytes
CJ_M NKG Minimum number of AMX message envelopesis 10
CJ_M NKS Minimum Kernel Stack is 256 bytes
CJ MN'S Minimum Interrupt Stack is 256 bytes
CJ_M NTKS Minimum task storage (including TCB) is 512 bytes
CJ_M NBFS Minimum AMX buffer sizeis 8 bytes
CJ_M NUMEM Minimum AMX memory block sizeis 16 bytes
CJ_M NSMEM Minimum AMX memory section sizeis 128 bytes

AM X 386/ET Target Guide

Figure 1.4-1 AMX Design Constants



1.5 Launch Requirements

The i386 must be properly configured for use before AMX is launched. The manner in
which this is accomplished will depend on your target hardware implementation and on
the startup code provided with your C compiler.

It is assumed that you will have a boot ROM present which configures the 1386 for your
specific hardware configuration and begins program execution at the entry to your C
startup code. AMX includes sample bootstrap code to initialize the i386 processor (see
Appendix D).

During development, you may be using a ROM monitor provided by the processor
vendor or by the toolset supplier. The ROM monitor automatically initializes the
processor at power on. The monitor is then used to download your AMX application and
start execution at the entry point to the C startup code. Eventually your mai n C program
iscaled and AMX can be launched by your call to cj ksl aunch.

Once your application has been tested, you may choose to replace the ROM monitor and
the C startup code with your own initialization code. The manner in which you do thisis
outside the scope of this manual.

Operating Mode

AMX requires that the processor be operating in protected mode at privilege level 0. The
default state when the processor is reset is real mode. Your target hardware ROM
monitor must initialize the 1386 global, local and interrupt descriptor tables and switch
the processor from real mode to protected mode before launching AMX. The AMX
386/ET bootstrap code described in Appendix D illustrates one method of providing the
switch to protected mode.

Interrupt State

Interrupts can be enabled or disabled on entry to AMX. Set the interrupt enable flag (1 F)
in the flags register to 0/1 to disable/enable externa interrupts. AMX will disable
interrupts during its startup initialization. AMX will enable interrupts prior to calling
your application Restart Procedures.

If you launch AMX with interrupts enabled, be sure that al interrupt sources are either
disabled or externally masked off. You must not enable or unmask any interrupt source
until you have installed an AMX Interrupt Service Procedure to properly service the
device. Thissubject isdescribed in more detail in Chapters 3 and 4.
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Direction Flag

AMX follows the convention adopted by most C compilers that the direction flag (DF) in
the flags register will always be set to O for low to high addressing. AMX always clears
the direction flag before calling any application procedure. The direction flag MUST be
clear upon entry to any AMX procedure which is coded in C.

1386 Stack Use

The 1386 begins execution in real mode with NO stack. Your ROM monitor must
establish avalid stack. Y our bootstrap code or C startup code may switch to an alternate
stack. Once AMX is launched, it abandons the startup stack. AMX only uses the stacks
alocated by you in your AMX System Configuration Module.

Instruction and Data Caching

The Intel 486 includes an 8192-byte cache used for instruction and data cache.
The Pentium includes an 8192-byte instruction cache and an 8192-byte data cache.

If your AMX Target Parameter File (see Chapter 4) targets one of these processors, AMX
will automatically flush and enable both caches when AMX is launched. Alternatively,
you can configure AMX to ignore the caches during the launch. AMX provides
procedures which you can use to enable or disable the caches.

For example, if you disable both caches in your main program and configure AMX to
ignore the cache, you can simplify the initial testing of your application or overcome
caching problems which may be encountered if your debugger cannot properly handle
cached operation.

You must be aware that, on processors which utilize an 1386 Memory Management Unit
(MMU), successful cache operation will depend on proper setup of the MMU. AMX
does not manipulate the MMU. If you configure AMX to enable caching during the
launch, then you must ensure that the MMU is properly initialized to meet your hardware
memory addressing specifications prior to launching AMX. The AMX Sample Program
purposely leaves the caches unaltered to avoid possible cache related problems during
your initial use of AMX in your hardware environment.

AMX 386/ET Target Guide i KADAK



Memory Management Unit (MM U)

The Intel386, Intel486 and Pentium include a Memory Management Unit (MMU) to
support a demand-paged virtual memory environment. AMX does not support the 1386
memory management unit.

Your AMX application code and data must reside within the memory address ranges
allowed by the particular 1386 processor which you are using. Thei386 MMU, if present,
must be setup prior to launching AMX. In most cases, your boot ROM or C startup code
will configure the 1386 MMU for your specific hardware configuration prior to entry to
your mai n() program.

Warning!

Do not enable the memory caches if the MMU has not been
initialized to provide proper cached access to memory.

Big or Little Endian

AMX 386/ET adheres to the little endian model in which the least significant byte of a
word (long) is stored in the lowest byte address.

Be aware that AMX for other processors may be big or little endian. If you intend to port
your AMX application to other processors, then avoid using coding techniques which are
endian dependent.
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2. Program Coding Specifications

2.1 Task Trap Handler

AMX 386/ET supports task traps for the i386 zero divide, bounds check and overflow
faults. A zero divide fault occurs if any 1386 instruction attempts an integer division by
zero. A bounds check fault occurs if the 1386 BOUND instruction detects an array bound
violation. An overflow fault occurs if the overflow flag (OF) is set in the flags register
(EFLAGS) at the time an 1386 | NTOinstruction is executed.

The Task Trap Handler can be written as a C procedure with formal parameters.

#i nclude "ClZZZ. H' /* AMX Headers */
voi d CJ_CCPP traphandl er(

struct cjxregs *regp, /* A(Register Structure) */
voi d *faul tfp) /* A(Fault frame) */

{

iDr ocess the error

}
The zero divide, bounds check and overflow exceptions are serviced by AMX. The state
of each register at the time of the fault is stored on the stack in an AMX register structure

cj xregs. Parameter r egp is apointer to that structure. Structure cj xregs is defined in
AMX header file CI722KT. H.

Interrupts are enabled upon entry to the task trap handler. Note that the flags register
copy in the register array reflects the state of the flags register after the exception
occurred.

A pointer to the i386 fault frame is provided as parameter f aul t f p. This pointer is the
1386 stack pointer (ESP) after the fault has occurred. Fault frame members can be
referenced as described in Chapter 3.1.

The register values in structure regs can be examined and, in rare circumstances,
modified. If necessary, the fault frame at *f aul t f p can be modified, with extreme care,
to force resumption at some other location in the task code. If the task trap handler
returns to AMX, execution will resume at the location determined by the fault frame at
*faul t fp with registers set according to the values in the structure referenced by r egp.
Note that the EFLAGS register will be restored according to the value returned in the fault
frame referenced by f aul t f p.

Since the task trap handler executes in the context of the task in which the exception
occurred, it isfreeto use all AMX services normally available to tasks. In particular, the
handler can call cj t kend to end task execution if so desired.
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2.2 Task Scheduling Hooks

There are four critical points within the AMX Task Scheduler. These critical points
occur when:

atask is started

atask ends

atask is suspended

atask is allowed to resume.

AMX alows a unique application procedure to be provided for each of these critical
points. Pointersto your procedures are installed with a call to procedure cj kshook. You
must provide a separate procedure for each of the four critica points. Since these
procedures execute as part of the AMX Task Scheduler, their operation is critical. These
procedures must be coded in assembler using techniques designed to ensure that they
execute as fast as possible.

The AMX Task Scheduler calls each of your procedures with the same calling
conventions.

Upon entry to your scheduling procedures, the following conditions exist:

Interrupts are disabled and must remain so.

RegistersDS = SS = DGROUP selector.

The Task Control Block addressisin register DS: ESI .

The stack pointer in register SS: ESP references the task's stack.
Thereturn address is on the stack at [ ESP] .

Registers EAX, EBX, ECX and EDX are free for use.

Condition code flags in the flags register (EFLAGS) can be altered.
All other registers must be preserved.

Y our procedures receive a pointer to the Task Control Block (TCB) of the task which is
being started, ended, suspended or resumed. If you include AMX header file
CJ722K. DEF in your assembly language module, you can reference the private region
within the TCB reserved for your use as[ ESI ] . XTCBUSER.

Y our procedures are free to temporarily use the task's stack.
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3. TheProcessor Interrupt System

3.1 Operation

The 1386 classifies al interna and external sources of interruption as interrupts or
exceptions. The processor automatically determines the cause of the interrupt or
exception and then branches indirectly through entries in the processor Interrupt
Descriptor Table to an appropriate interrupt or exception specific procedure.

The particular procedures which service internal or external device interrupt requests are
called Interrupt Service Procedures. All other procedures are referred to as exception
service procedures.

Upon entry to any Interrupt Service Procedure or exception service procedure the
processor state is determined by the particular exception.

Device Interrupt Service

A subset of the exception vectors are reserved for the control of devices externa to, or
embedded in, the processor. These vectorsinclude:

Vector 2 Non-maskabl e interrupt vector
Vectors 32 User assignable interrupts
to 255

The external interrupt facility is enabled by setting the interrupt flag (1 F) in the processor
flags register (EFLAGS) to 1.

The external interrupt facility is disabled by setting the interrupt flag (1 F) in the processor
flags register (EFLAGS) to 0. Note that the non-maskable interrupt cannot be inhibited.

When an interrupt occurs, the processor pushes the current content of the processor
EFLAGS register onto the current stack. The return address (current Instruction Pointer) is
then pushed onto the current stack. The processor interrupt flag (I F) in the processor
EFLAGS register is set to 0 thereby disabling all external interrupts.

The interrupting device then identifies the interrupt source by presenting the processor
with its vector number. Any vector number in the range 0 to 255 is possible, but vectors
32 to 255 are reserved for this purpose. Programmable devices which have not been
programmed with their particular vector number can be expected to produce bizarre
effects.

AMX 386/ET Target Guide i KADAK
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Default Exception Service Procedures

AMX provides default service procedures for most exceptions. The zero divide, bounds
check and overflow exceptions are serviced by AMX using its Task Trap Handler
mechanism. All other exceptions handled by AMX are treated as fatal. AMX calls a
Fatal Exception Procedure cjksfatal exh in module CJ722UF.C identifying the
exception and the machine state at the time of the exception. If the Fatal Exception
Procedure returns, AMX calls the Fatal Exit Procedure cj ksf atal in the same module
with one of the following fatal exit codes:

CJ_FETRAP Fatal exception trap
CJ_FEI SPTRAP Task exception trap in ISP
CJ_FETKTRAP Task exception trap occurred:

in aRestart Procedure or
inaTimer Procedure or
in atask with no task trap handler

The Fatal Exception Procedureiswritten in C as follows. Prior to entry, interrupts are
in the state determined by the particular exception.

#i nclude "CJZZZ. H' /* AMX Headers */
voi d CJ_CCPP cj ksf at al exh(

struct cjxregs *regp, /* A(Register structure) */
i nt vnum /* Vector numnber */
voi d *faul tfp) /* A(Fault frane) */

{

'Pr ocess the error
}
The state of each register at the time of the fault is stored on the stack in an AMX register

structure cj xregs. Parameter r egp is a pointer to that structure. Structure cj xregs is
defined in AMX header file CI722KT. H.

Note that the EFLAGS register copy in the register array reflects the state of the status
register after the exception occurred.

A pointer to the i386 fault frame is provided as parameter f aul t f p. This pointer is the
1386 stack pointer (ESP) after the fault has occurred. Fault frame members can be
referenced as follows:

*((CI_T32U *)faul tfp) isthe old EI P (or the frame's error code)

Warning!

If the stack selector Ss in effect at the time of the exception is NOT the flat model data
selector used by C for access to data, the pointers regp and f aul t p will require a FAR
pointer SS override to reference the information stored on the stack.
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3.2 AMX Vector Table

The 1386 processor provides an Interrupt Descriptor Table, often referred to as the AMX
Vector Table, through which device interrupts are vectored and processor faults are
trapped. The position of entries in the table and the vector numbers used to reference
them are dictated by Intel.

AMX provides aset of cj ksi xxxx service procedures to allow you to dynamically access
or modify entries in the Interrupt Descriptor Table. The Intel identifiers (called vector
numbers by AMX) must be used in all calls to these procedures to identify entries in the
table.

Device Interrupts

AMX uses the Interrupt Descriptor Table to maintain pointers to Interrupt Service
Procedures for all of the device interrupts to which the processor will respond. AMX
does not provide a default Interrupt Service Procedure for every device interrupt.
However, AMX does provide a default exception service procedure for the non-maskable
interrupt (vector number 2).

Processor Exceptions

AMX maintains entries in the Interrupt Descriptor Table for al of the processor
exceptions for which AMX assumes responsibility. These entries in the Interrupt
Descriptor Table are identified by Intel's exception identifiers (vector numbers) which are
defined in AMX header file C1722KT. H. Figure 3.2-1 summarizes the exception vector
mnemonics.

A 32-bit mask in your Target Parameter File is used to specify which of the possible
exceptions you wish AMX to service. The mask bits are defined in Figure 3.2-1. The
AMX Configuration Builder (see Chapter 4) puts a directive in your Target Parameter
File to specify the mask required to meet your configuration requirements.

If an enable mask bit is not defined in Figure 3.2-1 for a particular exception, then AMX
will not provide a default exception service procedure for that exception.

AMX does not provide default exception service procedures for any of the entries which
Intel has declared as undefined but reserved.

AMX 386/ET Target Guide i KADAK
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Vector
Name

CJ_PRVNZD
CJ_PRVNDB
CJ_PRVNNM
CJ_PRVNBP
CJ_PRVNOV
CJ_PRVNBD
CJ_PRVNOP
CJ_PRVNNC
CJ_PRVNDF
CJ_PRVNCS
CJ_PRVNTS
CJ_PRVNNS
CJ_PRVNSF
CJ_PRVNGP
CJ_PRVNPF

CJ_PRVNCE
CJ_PRVNAL

Vector
Number

OCO~NOUITARWNEFO

18t0 31
3210 255

Enable
M ask

00000001H
00000002H
00000004H
00000008H
00000010H
00000020H
00000040H
00000080H
00000100H
00000200H
00000400H
00000800H
00001000H
00002000H
00004000H

00010000H
00020000H

Exception

Divide error

Debug exception
Non-maskabl e interrupt
Breakpoint (I NT 3 instruction)
| NTOinstruction trap

BOUND instruction trap

Invalid opcode

Coprocessor not available
Double fault

Coprocessor segment overrun
Invalid TSS

Segment not present

Stack exception

General protection

Page fault

reserved

Coprocessor error

Unaligned memory

reserved
User defined interrupts

Figure 3.2-1 AMX Vector Table and Vector Numbers
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3.3 AMX Interrupt Priority and NM|

The 1386 family of processors does not offer inherent interrupt priority ordering.
However, many 1386 hardware implementations include one or more Intel 8259 Interrupt
Controllers which prioritize the interrupt requests from multiple external devices. The
AMX Interrupt Supervisor supports this feature and alows the nesting of interrupts for
fast response to high priority events.

The 1386 interrupt mask (1F) in the flags register (EFLAGS) establishes the current
interrupt state. Tasks run at the lowest interrupt priority level with all interrupt sources
enabled (I F = 1). Some interrupts may be specifically disabled by an externa interrupt
controller.

If no external interrupt controller is present, Interrupt Service Procedures run with
interrupts disabled (1 F = 0). The ISP must NOT enable interrupts.

When an external interrupt controller is present, Interrupt Service Procedures run at the
interrupt priority level dictated by the manner in which the interrupt source is connected
to the interrupt controller. When the interrupt occurs, al interrupts are disabled and
remain so until the ISP explicitly enables interrupts by setting 1 F = 1. Lower priority
interrupt requests are masked by the interrupt controller. An ISP must NOT instruct the
interrupt controller to drop the interrupt priority level to any level below that of the
interrupt which it is servicing. When the ISP completes its service, it must disable
interrupts (I F = 0) and issue an end of interrupt command to the interrupt controller.
Only then can the ISP return to the point of interruption.

AMX 386/ET Target Guide i KADAK
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Non-Maskable Interrupt

The Intel 1386 processor provides a non-maskable interrupt (NM1). This interrupt cannot
be inhibited by software. The processor will respond to any request on the NMI pin by
generating a non-maskable interrupt. When the non-maskable interrupt occurs, the
processor automatically saves the processor flags register and the return address on the
current stack. The processor then vectors to a memory address determined by the NMI
interrupt vector (vector number 2) in the Interrupt Descriptor Table.

You have complete control over the non-maskable interrupt 1SP. Usually, the NMI
interrupt is used to signal a catastrophic event such as a pending loss of power. The NMI
ISP must not use any AMX services. The ISP must process the interrupt in an
application-dependent fashion, restore all registers and return to the point of interruption
if feasible. This ISP must assure that the interrupt facility is restored according to its
state at the time the non-maskabl e interrupt occurred.

Warning!

Because the occurrence of an NMI interrupt cannot be
controlled, the NMI interrupt can occur at any instant,
including within critical sections of AMX.

Consequently, the NMI ISP cannot use AMX service
procedures for task communication.
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3.4 Conforming | SPs

A conforming ISP consists of an ISP root and a device Interrupt Handler. The ISP root is
created in your Target Configuration Module by the AMX Configuration Generator using
the information provided in your Target Parameter File (see Chapter 4).

The address of the ISP root must be installed in the Interrupt Descriptor Table. Y ou must
provide a Restart Procedure or task which calls AMX procedure cj ksi dt wr Or cj ksi dt x
to install the ISP root pointer into the Interrupt Descriptor Table prior to enabling
interrupt generation by the device.

The ISP root is the actual Interrupt Service Procedure which is executed by the processor
when the interrupt occurs. The ISP root calls the AMX Interrupt Supervisor to indicate
that interrupt service has begun.

The ISP root then calls the device Interrupt Handler to dismiss the interrupt request and
service the device. Upon return from the Interrupt Handler, the ISP root informs the
Interrupt Supervisor that the interrupt service is complete. The Interrupt Supervisor
either resumes execution at the point of interruption or invokes the Task Scheduler to
suspend the interrupted task in preparation for a context switch. The path taken is
determined by the actions initiated by your Interrupt Handler.

Interrupt Handlers can be written as C procedures with or without a single 32-bit formal
parameter. The parameter, if needed, is identified in your definition of the ISP root in
your Target Parameter File (see Chapter 4.3).

Upon entry to your Interrupt Handler written in C, the following conditions exist:

Interrupts are disabled.

The stack pointer in register Ss: ESP references the AMX Interrupt Stack.
The data segment register DS is set to DGROUP.

All other registers are in the state required by C.

The Interrupt Handler can also be written in assembly language. Use assembly language
if speed of execution is critical. Upon entry to an Interrupt Handler written in assembly
language, the following conditions exist:

Your Interrupt Handler parameter isin register EAX.

The stack pointer in register SS: ESP references the AMX Interrupt Stack.
The data segment register DS is set to DGROUP.

The return addressis on the stack at [ ESP] .

Registers EAX, EBX, ECX and EDX are free for use.

Condition code flags in the flags register (EFLAGS) can be altered.

All other registers must be preserved.
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The following examplesillustrate how simple an Interrupt Handler can be.

/* The ISP root definition in the Target Parameter File is as foll ows:
/* ... 1 SPC devi cei sp, devi cei h, 226, 0,0

/* The ISP root is given the public name deviceisp

/* The Interrupt Handler is named deviceih

/* The device interrupts on vector nunber 226

voi d CJ_CCPP devi cei h(voi d)
{

| ocal variables, if required

If (interrupt controller is used AND nesting desired)
Enabl e interrupts.

Cl ear the source of the interrupt request.

Performall device service.

If (interrupt controller is used) {
Di sabl e interrupts.

*/
*/
*/
*/
*/

| ssue end of interrupt command to the interrupt controller

}

/* Assume dchinfo is some application device control block structure.
/* Assume deviceXdcb is a structure variable defined as

[* "struct dchinfo deviceXdcb;".

/*

/* The ISP root definition in the Target Parameter File is as foll ows:
/* ... 1SPC dcb_isp,dcb_i h, 230, devi ceXdch, 1

/* The ISP root is given the public nane dcb_isp

/* The Interrupt Handler is naned dcb_ih

/* The device interrupts on vector nunmber 230

/* deviceXdcb is the nane of the public structure variable which
/* contains information about the specific device.

void CJ_CCPP dcb_i h(struct dcbinfo *dcbp)
| ocal variables, if required

If (interrupt controller is used AND nesting desired)
Enabl e interrupts.
Use device control block pointer dcbp to access structure variable
devi ceXdcb to determ ne device addresses.
Cl ear the source of the interrupt request.
Performall device service.

If (interrupt controller is used) {
Di sabl e interrupts.

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

| ssue end of interrupt command to the interrupt controller

}
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3.5 Nonconforming | SPs

The 1386 family of processors provides an interrupt mechanism which permits the use of
nonconforming ISPs within an AMX system. Since nonconforming ISPs bypass the
AMX Interrupt Supervisor, they cannot make use of any AMX services.

Upon entry to a nonconforming ISP the processor state matches its state at the time of the
interrupt. All interrupts are disabled. No registers are free for use. All registers must be
preserved.

The nonconforming ISP executes on the stack in effect at the time of the interrupt.
Hence, the nonconforming ISP may execute on any task stack including the AMX Kernel
Task's stack. A nonconforming ISP will execute on the AMX Interrupt Stack if the
nonconforming ISP interrupts a conforming 1SP.

The nonconforming ISP must service the device to remove the interrupt request and
dismiss the interrupt with an 1 RETD instruction.

If no externa interrupt controller is present, the nonconforming ISP runs with interrupts
disabled. The ISP must NOT enable interrupts.

When an external interrupt controller is present, the nonconforming ISP runs at the
interrupt priority level dictated by the manner in which the interrupt source is connected
to the interrupt controller. When the interrupt occurs, al interrupts are disabled and
remain so until the ISP explicitly enables interrupts by setting IF = 1 in the flags
register. Lower priority interrupt requests are masked by the interrupt controller.

A nonconforming ISP must NOT instruct the interrupt controller to drop the interrupt
priority level to any level below that of the interrupt which it is servicing. Higher priority
interrupts are only alowed if the corresponding I SPs are also nonconforming ISPs.

A nonconforming ISP must NOT alow an interrupt from ANY higher priority
conforming ISP. Remember that, in this context, the ISP for the device which generates
the AMX clock interrupt is considered to be a conforming I1SP.

When the ISP completes its service, it must disable interrupts (I F = 0) and issue an end
of interrupt command to the interrupt controller. Only then can the nonconforming ISP
return to the point of interruption with an | RETD instruction.
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3.6 Processor Vector Initialization

Whenever an interna or external device interrupt occurs, the 1386 processor
unconditionally vectors to a unique memory address determined by an entry in the
processor Interrupt Descriptor Table. The code located at that address is called an
Interrupt Service Procedure.

Whenever an exception occurs, the 1386 processor also unconditionally vectors to a
unique memory address determined by an entry in the processor Interrupt Descriptor
Table. The code located at that addressis called an exception handler.

Your Target Parameter File defines whether the Interrupt Descriptor Table isin ROM or
RAM. The Target Parameter File further qualifies whether or not AMX is allowed to
modify thetableif itisin RAM.

If the table is declared to be aterable, AMX will alow you to dynamicaly install
pointers to 1SPs and exception handlers into the Interrupt Descriptor Table.

If the Interrupt Descriptor Table is in RAM and the table is declared to be alterable,
AMX will instal pointers to the AMX Exception Supervisor into selected exception
vectorsin the Interrupt Descriptor Table.

If the Interrupt Descriptor Table is unalterable (in ROM or simply constant by design),
then it is your responsibility to initialize the descriptor table to meet your requirements.
The address of a uniqgue AMX exception handler must be installed in each entry in the
Interrupt Descriptor Table for which AMX isto be responsible.

Each AMX exception handler is located at an offset from entry point cj _kdevt in your
Target Configuration Module. Each offset is a multiple of 8 bytes. The AMX exception
mask identifies the specific exceptions which AMX must handle. An exception is
supported if its mask bit (see Figure 3.2-1) is enabled in the AMX exception mask. The
AMX exception handler for the exception identified by mask bit j is located at byte
address cj _kdevt +(i *8) where i is one less than the sum of the enabled bits in the
AMX exception mask, counted from bit 0 to bitj inclusive.

For example, if vectors O (divide error) and 5 (BOUND trap) inclusive are the only vectors
to be serviced by AMX, the AMX exception mask will have value 0x00000021. The
AMX BOUND trap exception handler will be found at entry point cj _kdevt +(1*8) (enable
mask iS0x0020, j iS5, thebitsumis2 andi istherefore1).

You must also initialize entries in the Interrupt Descriptor Table for each interrupt which
your application can generate. For each interrupting device, you must install the address
of the device's Interrupt Service Procedure (1SP) into the device's entry in the descriptor
table. For each conforming ISP or clock ISP, the address is the pointer to the ISP root
named in your AMX Target Configuration Module. For prebuilt AMX clock drivers, you
can determine the ISP root name by examining the call to chcl ki ns() in procedure
chcl ocki ni t () inthe clock driver source module.

The entries in the processor Interrupt Descriptor Table are 8-byte packed descriptors, not
simple pointers. The entries encoded in your ROMed Interrupt Descriptor Table for the
AMX exception handlers must be defined as trap gates. Those for 1SPs must be defined
as interrupt gates. All must be at privilege level 0. The ease with which such a ROMed
table can be created will depend upon the link and |ocate tools which you use.
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4. Target Configuration Module

4.1 TheTarget Configuration Process

Every AMX application must include a Target Configuration Module which defines
the manner in which AMX is to be used in your target hardware environment. The
information in thisfile is derived from parameters which you must provide in your Target
Parameter File.

The Target Parameter File is a text file which is structured according to the
specification presented in Appendix A. You create and edit this file using the AMX
Configuration Builder following the general procedure outlined in Chapter 16 of the
AMX User's Guide. If you have not already done so, you should review that chapter
before proceeding.

Using the Builder

When AMX is installed on your hard disk, the AMX Configuration Manager for
Windows utility program and its related files are stored in directory CFGBLDW in your
AMX instalation directory. To start the Configuration Manager, double click on its
filename, ci722cMm EXE.  Alternatively, you can create a Windows shortcut to the
manager's filename and then simply double click the shortcut's icon.

To create a new Target Parameter File, select New Target Parameter File from the File
menu. The Configuration Manager will create a new, as yet unnamed, file using its
default AMX target parameters. When you have finished defining or editing your target
configuration, select Save As... from the File menu. The Configuration Manager will save
your Target Parameter File in the location which you identify using the filename which
you provide.

A good starting point is to copy one of the Sample Target Parameter Files CISAMICF. UP
provided with AMX into file HDWCFG. UP. Choose the file for the evaluation board which
most closdly matches your hardware platform. Then edit the file to define the
requirements of your target hardware.

To open an existing Target Parameter File such as HDWCFG. UP, select Open... from the File
menu and enter the file's name and location or browse to find the file. When you have
finished defining or editing your target configuration, select Save from the File menu.
The Configuration Manager will rename your original Target Parameter File to be
HDWCFG. BAK and create an updated version of the file called HDWCFG. UP.

To direct the Configuration Manager to use its Configuration Generator utility to produce
an updated copy of your Target Configuration Module, say HDWCFG ASM select
Generate... from the File menu. If necessary, the path to the template file required by the
generator to create your Target Configuration Module can be defined using the
Templates... command on the File menu.

The assembly language Target Configuration Module must be assembled as described in
the toolset specific chapter of the AMX Tool Guide for inclusion in your AMX system.
The assembler will generate error messages which exactly pin-point any inconsistencies
in the parameters in your Target Parameter File.
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Screen Layout

Figure 4.1-1 illustrates the Configuration Manager's screen layout once you have begun
to create or edit a Target Parameter File. Thetitle bar identifies the Target Parameter File
being created or edited. Below the title bar is the menu bar from which the operations
you wish the Manager to perform can be selected. Below the menu bar is an optional
Toolbar with buttons for many of the most frequently used menu commands.

At the bottom of the screen is the status bar. As you select menu items, a brief
description of their purpose is displayed in the status bar. If the Configuration Manager
encounters an error condition, it presents an error message on the status bar describing
the problem and, in many cases, the recommended solution.

Along the left margin of the screen are a set of one or more selector icons. These icons
identify the type of output files which the Manager's Configuration Generator will
produce. The Target Configuration Module selector must be active to generate the Target
Configuration Module.

The center of the screen is used as an interactive viewing window through which you can
view and modify your target configuration parameters.

% Hdwcfg.up - AMX 386,/ET Configuration Manager M|E 3 |
File Edit Help
22 o= = o e e S A
Module: General | Selectursl F atal I ISP I Hull Funu:tiu:unsl
® CPU Type: IF'entium j
¥ &AM launch is permansnt
[T Enable cache when A3 iz launched
RO Option
todule ¥ “ector table iz in Rk
¥ [~ Wectors are MOT alterable
L
ROM Access
Module V¥ Use software /0 delay
Delay basedona |120  MHz CPU clock
i
Ll
RO Option
Link/Locate
File
For Help, press F1 |Target Parameter File

Figure4.1-1 Configuration Manager Screen Layout
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Menus

All commands to the Configuration Manager are available as items on the menus present
on the menu bar. The File menu provides the conventional New, Open, Save and
Save As... commands for creating and editing your Target Parameter File. It also provides
the Exit command.

When the Target Configuration Module selector icon is the currently active selector, the
Generate... command on the File menu can be used to generate your Target Configuration
Module. The path to the template file required by the generator to create this product can
be defined using the Templates... command on the File menu.

The Edit menu provides the conventional Cut, Copy, Paste and Undo editing commands.
It also includes an Undo Page command to restore the content of all fields on a property
page to undo a series of unwanted edits to the page. The Toolbar is hidden or made
visible using the View Toolbar command on the Edit menu.

The Help menu provides access to the complete AMX Configuration Manager reference
manual. Context sensitive help is also available by pressing the F1 function key or
clicking the 2 button on the Toolbar.

Field Editing

When the Target Configuration Module selector icon is the currently active selector, the
Target Configuration Modul€e's tabbed property sheet is displayed in the central region of
the screen. Each tab provides access to a particular property page through which your
target configuration parameters can be declared. For instance, if you select the ISP tab,
the Configuration Manager will present an ISP definition window (property page)
containing all of the parameters you must provide to completely define an Interrupt
Service Procedure.

Some fields are boolean options in which all you can do is turn the option on or off by
checking or unchecking the associated check box.

Some fields are option fields in which you must select one of a set of options identified
with radio buttons. Click on the option button which meets your preference.

Other fields may require numeric or text entry. Parameters are entered or edited in these
fields by typing new values or text to replace the current field content. Only displayable
characters can be entered. New characters which you enter are inserted at the current
cursor position in the field. Right and left arrow, backspace and delete keys may be used
to edit the field.

When you are altering a numeric or text field, you tell the Configuration Manager that
you are finished editing the field by striking the Enter key. At that point, the
Configuration Manager checks the numeric value or text string that you have entered for
correctness in the context of the current field. If the value or text string that you have
entered is invalid, an error indication is provided on the status bar at the bottom of the
screen suggesting how the fault should be corrected.

The Tab and shift-Tab keys can also be used to compl ete the editing of afield and move to
the next or previousfield.
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If you have modified some of the fields on a property page and then decide that these
modified values are not correct, use the Undo Page command on the Edit menu or Toolbar
to force the Configuration Manager to restore the content of all fields on the page to the
values which were in effect when you moved to that property page.

When you go to save your Target Parameter File or prepare to move to another property
page, the Configuration Manager will validate all parameters on the page which you are
leaving. If any parameters are incomplete or inconsistent with each other, you will be
forced to fix the problem before being alowed to proceed.

Add, Edit and Delete Objects

Separate property pages are provided to alow your definition of one or more objects such
as ISPs or null functions. Pages of this type include a list box at the left side of the
property page in which the currently defined objects are listed. At the bottom of the list
box there may be a counter showing the number of objects in the list and the alowable
maximum number of such objects.

Also below the list are two control buttons labeled Add and Delete. If the allowable
maximum number of objectsis 0 or if al such objects have already been defined, the Add
button will be disabled. If there are no objects defined, the Delete button and all other
fields on the page will be disabled.

To add a new object, click on the Add button. A new object with a default identifier will
appear at the bottom of the list and will be opened ready for editing. When you enter a
valid identifier for the object, your identifier will replace the default in the object list.

To edit an existing object's definition, double click on the object's identifier in the object
list. The current values of all of that object's parameters will appear in the property page
and the object will be opened ready for editing.

To delete an existing object, click on the object's identifier in the object list. Then click
on the Delete button. Be careful because you cannot undo an object deletion.

The objects in the object list can be rearranged by dragging an object’s identifier to the
desired position in the list. Y ou cannot drag an object directly to the end of the list. To
do so, first drag the object to precede the last object on the list. Then drag the last object
on the list to precede its predecessor on the list.
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4.2 Target Configuration Parameters

General Parameters

The General Parameter window allows you to define the general operating characteristics
of your AMX system within your target hardware environment. The layout of the
window is shown in Figure 4.1-1 in Chapter 4.1.

CPU Type

Identify your processor architecture by selecting a processor from the available list. This
parameter is used to condition AMX to accommodate the operating characteristics of a
particular processor or architecture. The supported list of processors includes but is not
limited to:

80386 {any of Intel386 DX, SX, CX or EX}
i 486 {any of Intel486 DX2, DX or SX}
Penti um { Pentium, Pentium I1, Pentium Pro}

AMX Launch

Most AMX applications are such that once AMX is launched the application runs
forever. For such applications, check this box. If your AMX launch is to be temporary,
uncheck this box. In this case, you will be able to shut down your AMX application and
return to your main program from which AMX was launched.

Enable Cache at Launch

If the processor or architecture indicated by field cPU Type has cache control, then,
before launching AMX, you must initialize the Memory Management Unit (MMU) to
condition the memory subsystem to meet the caching requirements of your system.

When AMX is launched, if this box is checked, AMX will enable the processor
instruction and data caches by calling the AM X cache support function cj cf hwbcache.

When AMX is launched, if this box is unchecked, AMX will not alter the state of the
processor instruction or data caches.

If the processor or architecture indicated by field CPU Type has no cache control, leave
this box unchecked.
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Vectorsin RAM

In most cases, the processor Interrupt Descriptor Table will be located in alterable RAM.
Therefore check this box.

If your processor Interrupt Descriptor Tableisin ROM, leave this box unchecked. In this
case, you must initialize the ROM vector table for AMX use as directed in Chapter 3.6.

Vectors Not Alterable

Even if the processor Interrupt Descriptor Table will be located in RAM, you can still
prevent AMX from atering it. To do so, check thisbox. Inthis case, be sureto initialize
the vectorsfor AMX use as directed in Chapter 3.6.

Software /O Delay

AMX provides a device I/0O delay procedure cj cf hwdel ay which is used by AMX board
support modules and sample device drivers to provide the necessary delay between
sequential references to a device I/O port. Such delay is often required to accommodate
long device access times when operating at very high processor clock frequencies.

Check this box to adjust the AMX software delay loop to match your hardware
requirements. Enter your best estimate of the processor's effective instruction execution
frequency. AMX will use this parameter to derive the loop count needed to provide a one
microsecond delay.

For example, if your processor executes at 120 MHz with no wait states for instruction
fetches and one clock cycle per instruction, enter a CPU clock frequency of 120 MHz.

If you are able to detect the processor frequency at run time, then you can dynamically
adjust this 1/0O delay procedure to match your target hardware without reconfiguring your
AMX application. To do so, enter a CPU frequency of 0 MHz. In this case, your mai n()
program must install the processor frequency value into | ong variable cj cf hwdel ayf
prior to launching AMX.

Leave this box unchecked if you want the I/O delay procedure cj cf hwdel ay to produce
no delay beyond that inherent in the procedure call and return.
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Selector Definitions

The Target Configuration Module defines the selectors to be used by your application to
access your Interrupt Descriptor Table, DGROUP data memory and physical (absolute)
memory. These selector definitions are specified by you in the Selector Definition
window. The layout of the window is shown below.

The selector values must be derived from your link and locate tool. Most tools give you
the ability to identify or allocate specific selectors.

% Hdwcfg.up - AMX 386,/ET Configuration Manager M|E 3 |
File Edit Help
D| =S| X|E = <=2 2
-:u:lule: General Selectors | Fatal I ISP I FHuill Funu:tiu:unsl
Target DT selector type: ILinear addresz [ j
“anfiguration
r.:.1,5,:|,_,TE I IDT selectar: IEI:-:'II:I
e Data selectar: IEI:-:1EI
HDMMDEHITSDH Physical memary selector: ID:-:'IU
4
L
ROM Access
Module
i
Ll
RO Option
Link/Locate
File
For Help, press F1 |Target Parameter File
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IDT Selector Type

This parameter is used to specify the manner in which the address of the Interrupt
Descriptor Table is determined. Two choices are available from the pull down list. The
value specified for the IDT selector is dependent upon the IDT selector type which you
choose.

IDT Selector

This parameter specifies a particular selector in the Global (or Local) Descriptor Table
which can be used to access the Interrupt Descriptor Table. The value must be an integer
in the range 0 to 0x1FFC. The value must be divisible by four.

If you do not know the IDT selector value, set this parameter to 0. Since AMX cannot
access the Interrupt Descriptor Table using selector 0, the AMX procedures cj ksi dt xxx
will generate error CJ_ERNOACCESS indicating that the IDT is not accessible.

If the selector typeisthe Actual IDT selector, this parameter must specify a selector which
can be used to directly access the Interrupt Descriptor Table. The Interrupt Descriptor
Table is assumed to be addressable at offset 0 using this selector. For example, if the
selector value is 0x40, then the Interrupt Descriptor Table can be accessed by AMX at
address 40H: 00000000H.

When the selector type is Linear address 0, this parameter must specify a selector which
can be used to access memory beginning at linear address 0. The LI M T value in the
descriptor must be such that the entire Interrupt Descriptor Table lies within the segment
described by the selector. AMX reads the | DTR register to extract the linear base address
of the Interrupt Descriptor Table, say | DTADR. The Interrupt Descriptor Table is assumed
to be addressable at offset | DTADR using this selector. For example, if the selector value
is 0x10 and the extracted linear address is 0x0008C000, then the Interrupt Descriptor
Table can be accessed by AMX at 10H: 0008CO00H.

Data Selector

This parameter specifies the run-time selector value corresponding to a descriptor in the
Global (or Local) Descriptor Table which is used to access the read/write data segment
commonly described as a member of group DGROUP. Your AMX application is assumed
to execute with this selector value in segment register DS. The value must be an integer
in the range 0 to 0x1FFC. The value must be divisible by four.

Physical Memory Selector

This parameter specifies the run-time selector which can be used to access al of physical
memory. Memory at physical (absolute) address O is assumed to be addressable at offset
0 using this selector. The value must be an integer in the range 0 to 0x1FFC. The value
must be divisible by four. For most toolsets which use the flat memory model, the
physical memory selector is the same as the data sel ector.
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Fatal Exceptions

The Target Configuration Module defines the processor exceptions which are to be
serviced by AMX and treated as fatal. These exceptions are specified by you by
checking the appropriate boxes in the Fatal Exception window. The layout of the
window is shown below.

This example leaves the debug, non-maskable interrupt, breakpoint, invalid opcode and
unaligned memory exceptions free for use by a debugger.

Note that the divide error, BOUND and | NTO exceptions are also serviced by AMX in order
to allow the use of Task Trap Handlers by your application tasks. If any of these
exceptions occur outside a task or in a task with no Task Trap Handler, AMX will treat

the exception asfatal.
In this example, all other exceptions are serviced by AMX and treated as fatal.

% Hdwcfg.up - AMX 386,/ET Configuration Manager M|E 3 |
File Edit Help
I el o= = e = = A
-:u:lule: General I Selectors  Fatal | ISP I MHull Functions
® Select the processor elceptions that are
Targe to be treated as fatal by Ak 386/ET
arget
Canfiguration
e dls ¥ Divide emor ¥ Coprocessor segment overun
e [~ Debug exception W lreealid TSS
RO Option [ Mon-maskable interupt ¥ Seament not present
todule [ Ereakpoint ¥ Stack fault
3 [V INTO instruction rap ¥ General protection fault
e ¥ BOUMD instruction trap ¥ Page faul
ROM &ccess [ Invalid opoode ¥ Coprocessor emor
Madule ¥ Coprocessor not available [™ Unaligned memary
. [V Double fault
Ll
RO Option
Link/Locate
File
For Help, press F1 |Target Parameter File
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4.3 Interrupt Service Procedure (I SP) Definitions

Your Target Configuration Module must include a device ISP root for each confor ming
| SP which you intend to use in your application. The ISP roots are constructed for you
by the AMX Configuration Builder from ISP descriptions which you enter in the ISP
Definition window. The layout of the window is shown below.

To add an ISP definition, click on the Add button. A new ISP with a default ISP root
name of - - - New- - - will appear at the bottom of the ISP list and will be opened ready for
editing. When you enter a name for the ISP root, it will replace the default name in the
ISP list.

To edit an existing ISP definition, double click on the name of the ISP root in the ISP list.
The ISP definition will appear in the property page and will be opened ready for editing.

To delete an existing ISP definition, click on the name of the ISP root in the ISP list.
Then click on the Delete button. Be careful because you cannot undo an ISP deletion.
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ISP Type

At least one of your 1SPs must service a clock interrupt which provides AMX with its
fundamental clock tick at the frequency and resolution defined in your AMX System
Configuration Module. To define your custom clock | SP, choose Clock Handler from the
pull down list. An alternate fast clock ISP can be provided by choosing Fast Clock
Handler as described in Chapter 4.4.

If your hardware configuration includes one or more 8259 Interrupt Controllers, then you
must be prepared to support the IRQ7 spurious interrupt signal which these controllers
can generate. If no physical deviceis attached to IRQ7 on a master 8259, you can choose
8259 Spurious (master) to allow the predefined AMX handler to service the interrupt. 1f no
physical device is attached to IRQ7 on a slave 8259, you can choose 8259 Spurious (slave)
to alow the predefined AMX handler to service the interrupt.

All other application 1SPs must be conforming AMX 1SPs which you define by choosing
AMX Compliant from the pull down list.

| SP Root

Edit the default name - - - New - - to provide the name you wish to give to the ISP root.
The ISP root nameis used to identify ISPsin the ISP list.

The ISP root is a function created by the AMX Configuration Builder in your Target
Configuration Module. The function entry point is declared with a public symbol defined
with the name you provide. The name must be unique and must conform to the symbol
naming conventions of your assembler.

Interrupt Handler

Enter the name of your device Interrupt Handler which will clear the device interrupt
request and service the device. This is the name of the procedure which will be called
from the ISP root by the AMX Interrupt Supervisor once the interrupt source has been
identified and the machine state preserved according to the conditions which existed at
the time of the interrupt. Your Interrupt Handler must be coded as described in
Chapter 3.4.

If your Interrupt Handler is coded in C, you may have to add a leading or trailing
underscore to the Interrupt Handler name which you enter in order to meet the C function
naming conventions of your C compiler.

Handler Language

Your Interrupt Handler can be coded in C or assembly language. Identify the language in
which your Interrupt Handler is written by picking C or Assembly from the pull down list.
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Interrupt Handler Parameter

Y our Interrupt Handler can be coded to receive a 32-hit parameter every timeit is called.
The Parameter Type field is a pull down list used to identify what kind of parameter, if
any, your Interrupt Handler expects. If your Interrupt Handler has no need for a
parameter, set the Parameter Type t0 (none).

If your Interrupt Handler expects a numeric parameter, set the Parameter Type t0 Value
and enter the required unsigned, 32-bit hexadecimal numeric value into the Parameter
field.

If your Interrupt Handler parameter must be a pointer to a variable or function, set the
Parameter Type t0 Symbol and enter the name of the variable or function into the
Parameter field. The parameter must be a text string giving the name of a public symbol
(variable or function) defined in some module in your AMX application. The symbol's
32-bit value, as resolved by your linker, will be passed to your Interrupt Handler as its
parameter.
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Spurious Master 8259 Interrupt

If your hardware configuration includes an 8259 Interrupt Controller, then you must be
prepared to support the IRQ7 spurious interrupt signal which this controller can generate.
If a physical device is attached to IRQ7 on the master 8259, you must provide an
Interrupt Service Procedure (ISP) to service the device. That ISP must deal with the
spurious IRQ7 interrupt request.

If no physical device is attached to IRQ7 on the master 8259, you can use the AMX
handler for the spurious IRQ7 interrupt request. To do so, go to the ISP Definition
window, click on the Add button and select 8259 Spurious (master) as the ISP Type. Then
edit the default name - - - New- - - to provide the name you wish to give to your spurious
master ISP root. It is up to your application to install the pointer to this ISP root into the
Interrupt Descriptor Table using the AMX procedure cj ksi spwr ().

AMX handles the spurious master 8259 interrupt by ignoring the request and dismissing
the interrupt with an | RETD instruction.

The layout of the window is shown below.
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Spurious Slave 8259 Interrupt

If your hardware configuration includes one or more slave 8259 Interrupt Controllers,
then you must be prepared to support the IRQ7 spurious interrupt signals which these
controllers can generate. A unique spurious interrupt handler is required for each dave

8259 controller.

If a physical device is attached to IRQ7 on a slave 8259, you must

provide an Interrupt Service Procedure (ISP) to service the device. That ISP must deal
with the spurious IRQ7 interrupt request.

If no physical deviceis attached to IRQ7 on a slave 8259, you can use the AMX handler
for the spurious IRQ7 interrupt request. To do so, go to the ISP Definition window, click

on the Add button and select 8259 Spurious (slave) as the ISP Type.

parameters which describe the ISP handler.

The layout of the window is shown below.
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ISP Type

Your ISP for the 8259 IRQ7 spurious interrupt is identified as such by selecting 8259
Spurious (slave) from the pull down list.

| SP Root

Edit the default name - - - New- - - to provide the name you wish to give to your spurious
slave ISP root. The ISP root name is used to identify your ISP in the ISP list.

The ISP root is a function created by the AMX Configuration Builder in your Target
Configuration Module. The function entry point is declared with a public symbol defined
with the name you provide. The name must be unique and must conform to the symbol
naming conventions of your assembler. It is up to your application to install the pointer
to this ISP root into the Interrupt Descriptor Table using the AMX procedure
cj ksispwr ().

AMX handles the spurious slave 8259 interrupt by ignoring the request, issuing an end-
of-interrupt (EOI) command to the master 8259 and dismissing the interrupt with an
| RETD instruction.

Master and Slave 8259 Port

These parameters specify the 16-bit, hexadecimal values for the device port addresses of
the master and slave 8259 interrupt controllers. For PC compatible hardware, the master
8259 port number is0x20 and the slave 8259 port number is 0xA0.

EOI Command

This parameter is the 8-bit, hexadecimal value of the command which must be written to
the master interrupt controller to dismiss the interrupt request generated by the slave
8259. For PC compatible hardware, the spurious interrupt from the slave 8259 is cleared
by writing the non-specific EOl command (0x20) to the master 8259 port.
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4.4 Defining a Fast Clock | SP

At least one of your 1SPs must service a clock interrupt which provides AMX with its
fundamental clock tick at the frequency and resolution defined in your AMX System
Configuration Module. For many applications, your clock ISP will just be a standard
AMX conforming ISP defined in the ISP Definition window. It is distinguished from all
other ISPs by picking Clock Handler asits ISP Type.

Rarely does the Interrupt Handler for your AMX clock ISP have to do anything except
dismiss the clock interrupt request. This is frequently accomplished by simply writing a
command to adevice I/O port. For such clocks, the AMX Configuration Builder lets you
create afast clock ISP without having to write any code at all.

To create a fast clock ISP, go to the ISP Definition window, click on the Add button and
select Fast Clock Handler as the ISP Type. Then fill in the description of the operating
characteristics of your clock device. The layout of the window is shown below.
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ISP Type

Your fast clock ISP is identified as such by selecting Fast Clock Handler from the pull
down list.

| SP Root

Edit the default name - - - New - - to provide the name you wish to give to your fast clock
ISP root. The ISP root nameis used to identify your fast clock ISP in the ISP list.

The ISP root is a function created by the AMX Configuration Builder in your Target
Configuration Module. The function entry point is declared with a public symbol defined
with the name you provide. The name must be unique and must conform to the symbol
naming conventions of your assembler.

Clock Service
Y our clock device will be serviced as follows:

Write Value #1 to the device port at device Address #1.
Delay for the number of ps defined as I/0 Delay (us).
Write Value #2 to the device port at device Address #2.

Addressand Value

Each address parameter specifies the 16-bit, hexadecimal value of a device port address
which, when referenced with an n-bit value using an 1386 1/O instruction, is decoded by
your target hardware as a reference to your clock device. Each value parameter is an
n-bit, hexadecimal value which must be written to the device port specified by the
associated address in order to dismiss the clock interrupt.

If your clock device only requires that one value be written to one device port, leave
fields Address #2 and Value #2 blank (empty).

I/O Delay (us)

Your target hardware may not operate correctly if two sequential device 1/0 references
are issued at the processor's instruction execution speeds. If this is the case, you can
force the fast clock ISP to inject a delay of n us between the 1/O device references by
entering anon-zero value into thisfield.

If your clock device requires no delay or only requires that one value be written to one
device port, leave the I/0 Delay field blank (empty).

Write Size

From the pull down list, select the number of bits (8, 16 or 32) which must be written to
the clock device. Theleast significant n bits of each value will be written to the device.
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45 Null Functions

Occasionally, while developing an AMX application, it can be very convenient to be able
to create software functions to satisfy your program link requirements without having to
create the final version of these functions. For example, if your AMX System
Configuration Module references a Restart Procedure and a task procedure which do not
yet exist, you will have to create them in order to successfully link your system.

Such functions are called null functions because they do nothing. Such functions can be
specified by you in the Null Function window whose layout is shown below.

To add a null function, click on the Add button. A new function named - - - New- - - will
appear at the bottom of the list of functions. Click on the name in the list and edit it to
meet your needs.

To edit the name of a null function, double click on its namein the list and edit it to meet
your needs.

To delete a null function, click on its name in the list and then click on the Delete button.
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4.6 ROM Option Parameters

The AMX ROM Option allows the subset of AMX and its managers required by your
application to be linked together without any application code to form a separate AMX
ROM image. The resulting AMX ROM can be located anywhere in your memory
configuration. Your AMX application is then linked with a ROM Access Module which
provides accessto AMX and its managersin the AMX ROM.

The AMX ROM Option Module defines the subset of AMX and its managers which you
wish to commit to the AMX ROM. This module is assembled and linked with the AMX
Library to create that ROM. The AMX ROM Option Link/Locate Specification File is
used to link and locate the ROM image as described in the toolset dependent chapter of
the AMX Tool Guide.

The AMX ROM Access Module provides your AMX application with access to the
AMX ROM. Thismoduleis assembled and linked with your AMX application.

To access the ROM Option window, use the AMX Configuration Builder to open your
Target Parameter File. From the selector list, pick the ROM Option Module selector
making it the active selector. The layout of the window is shown below.
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Enable ROM Option

By default, the ROM Option feature is disabled. Check this box to enable the feature.
Y ou can disable the feature by removing the check from the box.

ROM Address

Y ou must define the absolute physical ROM address at which the AMX ROM image isto
be located. This address is dictated by you according to your hardware requirements.
Enter the address value as an unsigned 32-bit hexadecimal number. The ROM memory
address must be long aligned.

RAM Address

Y ou must define the absolute physical RAM address of a block of 32 bytes reserved for
use by AMX. This addressis dictated by you according to your hardware requirements.
Enter the address value as an unsigned 32-bit hexadecimal number. The RAM memory
address must be long aligned.

Resident Managers

Check the boxes which identify the AMX managers which you wish to commit to the
AMX ROM. If you do not want a particular manager to be in the ROM, leave the
corresponding box unchecked.

Warning!

If your AMX ROM was created without a particular
manager, then an AMX fatal exit will occur if your system
attempts to access that manager.
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5. Clock Drivers

5.1 Clock Driver Operation

You must provide a clock driver as part of your AMX application so that AMX can
provide timing services. AMX clock drivers are provided with AMX for the timer chips
used on the boards with which AMX has been tested. These drivers are ready for use and
can be installed as described in Chapter 5.3.

An AMX clock driver consists of three parts: an initialization procedure, a clock Interrupt
Service Procedure (1SP) and an optional shutdown procedure.

Clock Startup

The clock initialization procedure must configure the real-time clock to operate at the
frequency defined in your AMX System Configuration Module. It can then install the
pointer to the clock ISP root into the Interrupt Descriptor Table and start the clock.

Care must be taken to ensure that clock interrupts do not occur until the clock is properly
configured and the pointer to the clock ISP root is present in the Interrupt Descriptor
Table.

Your AMX application will not have any AMX timing services until your clock
initialization procedure, say cl ocki nit, has been executed. The first opportunity for
cl ocki ni t to execute occurs when AMX begins to execute your Restart Procedures. It
is recommended that your cl ocki nit procedure be inserted into your list of Restart
Procedures at the point at which you wish the clock to be enabled during the launch.

Although it is not recommended, there is nothing to prohibit you from deferring the
starting of your clock by having some application task call your cl ocki ni t procedure.

The clock drivers provided with AMX illustrate how to install and start several different
real-time clocks. You should be able to pattern your clock initialization procedure after
the chip support procedure chcl ocki nit in one of the AMX clock driver source files
CHxxxxT. C.
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Clock Interrupts

A real-time clock used with the 1386 processor will interrupt through an interrupt gate
defined by an entry in the Interrupt Descriptor Table. The processor will automatically
dispatch through the interrupt gate to your clock ISP.

The clock |1 SP consists of an ISP root and an Interrupt Handler. The processor dispatches
to the ISP root in response to the clock interrupt request. The ISP root calls the clock
Interrupt Handler to dismiss the clock interrupt request. Your clock ISP must be defined
as a conforming ISP of type Clock Handler as described in Chapter 4.3.

In some cases you may be able to create a fast clock ISP which has an ISP root but no
Interrupt Handler. In this case, it is the ISP root which dismisses the clock interrupt
request. Such a clock ISP is defined to be a conforming ISP of type Fast Clock Handler as
described in Chapter 4.4.

It isthe ISP root which informs AMX that a hardware clock tick has occurred. When you
define your clock ISP, your definition of the ISP as a Clock Handler (Or Fast Clock Handler)
ensures that the ISP is recognized by AMX as the source of its fundamental clock tick
operating at the frequency and resolution defined in your AMX System Configuration
Module.

Clock Shutdown

The clock shutdown procedure stops the clock in preparation for an AMX shutdown
following a temporary launch of AMX. If AMX is launched for permanent execution,
there is no need for a clock shutdown procedure.

If you intend to launch AMX for temporary execution, insert your clock shutdown
procedure, say cl ockexi t, into your list of Exit Procedures at the point at which you
wish the clock to be disabled during the shutdown. Usualy that will require that
cl ockexi t bethelast Exit Procedure in the list because, once you stop your clock, AMX
timing services will no longer be available.

The clock drivers provided with AMX illustrate how to disable several different real-time
clocks. You should be able to pattern your clock shutdown procedure after the chip
support procedure chel ockexi t inone of the AMX clock driver source files CHxxxxT. C.
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5.2 Custom Clock Driver

The easiest way to create a custom clock driver is by example. Assume that the
counter/timer which you intend to use for your AMX clock is characterized as follows:

The /O port address of the clock is at 0x03C0.

The clock interrupt is generated using vector number 125.

The clock interrupt is dismissed by writing bit pattern 0x08 to the clock register at its
device address plus 4.

The Interrupt Handler for an assembly language conforming clock ISP for such a device
could be coded as follows:

PUBLIC _clockih
_clockih LABEL NEAR

receives EAX = I SP root paraneter = clock device address + 4
MoV DX, AX ; DX = clock device address + 4
MoV AL, 8 ; AL = 8
out DX, AL ; Dismiss interrupt
RET ; Return

Create a clock ISP root for the clock as described in Chapter 4.3. Use the following
parametersin your definition of the clock 1SP.

ISP Type: Clock Handler
ISP Root: cl ockr oot
Interrupt Handler:  _cl ockih
Handler Language:  Assembly
Parameter Type: Value
Parameter: 0x03C4

Note that you could just as easily create a fast clock ISP root for this simple clock as
described in Chapter 4.4 avoiding the need to create the Interrupt Handler cl ocki h. Use
the following parametersin your definition of the fast clock 1SP.

ISP Type: Fast Clock Handler
ISP Root: cl ockr oot
Address #1: 0x03C4

Value #1: 0x08

I/O Delay: leave blank
Address #2: leave blank
Value #2: leave blank
Write Size: 8-bit

AMX 386/ET Target Guide i KADAK

43



The clock initialization procedure for this custom clock driver could be coded in C as
follows. Insert procedure cl ocki nit into your list of Restart Procedures provided in
your System Configuration Module at the point at which you wish the clock to be
enabled during the launch.

voi d CJ_CCPP cl ockroot (void); /* External clock ISP root */
void CJ_CCPP cl ockinit(void)
{
/* Inhibit clock interrupts */
/* Configure clock for correct frequency */

/* Install pointer to clock ISP root into Interrupt Descriptor Tabl e*/
cj ksi spwr (125, (CJ_I SPPRCC) cl ockroot);

/* Start clock and enable clock interrupts */

}
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5.3 AMX Clock Drivers

AMX clock drivers are provided with AMX for the timer chips used on the boards with
which AMX has been tested. These drivers are ready for use as described in this chapter.
The clock drivers are delivered in chip support source files having names of the form
CHnnnnT. C where nnnn identifies the particular clock chip. The clock chip support
procedures are named chxxxxxxx.

5.3.1 PC/AT 8253 (8254) Clock Driver

The AMX clock driver for the Intel 8253 (8254) PIT is ready for use on either a PC/AT
or on hardware which incorporates the Intel386EX processor. It is configured to use
timer channel O operating at 1 KHz (1 ms period). Source code for this AMX clock
driver isprovided in file AT386\ CH8253T. C.

The 8253 timer generates IRQO on the PC/AT master 8259 interrupt controller which is
assumed to use the block of 8 descriptors at vector 0x78 in the Interrupt Descriptor Table.
Board support module AT386BRD. C provides interrupt and clock support services used by
this clock driver.

You must compile clock source module cHg8253T.C and board support module
AT386BRD. C and link the resulting object modules with the rest of your AMX application.

To use the AMX 8253 clock driver, you must create a fast clock 1SP root as described in
Chapter 4.4. Usethe following parametersin your definition of the clock I1SP.

ISP Type: Fast Clock Handler
ISP Root: _ch8253cl k
Address #1: 0x20

Value #1: 0x20

I/O Delay: leave blank
Address #2: leave blank
Value #2: leave blank
Write Size: 8-bit

Your Target Configuration Module will include a clock ISP root named _ch8253cl k.
The clock driver'sinitialization procedure will install the pointer to this clock ISP into the
Interrupt Descriptor Table. On the PC/AT, the pointer to the clock ISP root is usually
installed into the entry for interrupt vector number 8, overwriting any exception handler
for the processor double fault exception. However, some debuggers relocate the PC/AT
device interrupt vectors 8 to 15 to some other vector, often 0x20 or 0x78. For this reason,
the AMX 8253 clock driver installs the pointer to the ISP root into IDT entry 0x78.

Clock driver module cH8253T. C includes the clock initialization procedure chcl ocki ni t
and the clock shutdown procedure chcl ockexi t . Insert procedure chcl ocki nit into the
list of Restart Procedures provided in your System Configuration Module at the point at
which you wish the clock to be enabled during the launch. If you intend to launch AMX
for temporary execution, insert chcl ockexi t into the list of Exit Procedures at the point
at which you wish the clock to be disabled during the shutdown.

AMX 386/ET Target Guide i KADAK

45



46

Porting the PC/AT 8253 (8254) Clock Driver

If you wish to use a different 8253 timer channel, change the timer frequency or use a
different interrupt vector number, you must edit the definitions in source file CH8253T. C
and recompile the module. Edit instructions are included in the file.

If you edit this clock driver to use the Intel386EX timer channel 1 or 2, then you must
ater the definition of your fast clock ISP as follows.

ISP Type: Fast Clock Handler
ISP Root: _ch8253cl k
Address #1: 0x A0

Vaue#1: 0x20

I/O Delay: 0

Address #2: 0x20

Value #2: 0x20

Write Size: 8-bit

If you port the 8253 clock driver to a different hardware platform, you may also have to
edit and compile the board support module AT386BRD. C.

The board support module AT386BRD. C includes a board initialization procedure
chbrdinit which can be modified to initialize the i386 interrupt system for your
particular board. It is recommended that chbr di nit be called from your mai n program
prior to launching AMX. Alternatively, include chbr di ni t asthe first procedure in your
list of Restart Procedures.
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Appendix A. Target Parameter File Specification

A.1l Target Parameter File Sructure

The Target Parameter File is atext file structured as illustrated in Figure A.1-1. ThleIle
can be created and edited by the AMX Configuration Manager, a Windows® utility
provided with AMX.

; AMK Target Paraneter File

.. LAUNCH PERM VNA

.. HOW PROC, VMASK, EVTROM CACHE

.. SEL | DTTYPE, | DTSEL, DGSEL, MEMSEL

. . DELAY CPUFREQ

.. MB259 MB2591 SP

. $8259 S82591 SP, MPORT, SPORT, EQ - CVD

; Nul I Functions (optional; one line for each null function)
... NULLFN FNNAVE
; Conformng | SP definitions (one line for each I SP)
... | SPA | SPROOT, HANDLER, VNUM PARAM PARTYPE
... 1 SPC | SPROOT, HANDLER, VNUM PARAM PARTYPE
; Conform ng fast clock ISP (no user code required)

.. CLKFAST CLKROOT, CLKADR, CLKCVD, CLKADR2, CLKCVD2, | ODELAY, VNUM

.. CLKFAST16 CLKROOT, CLKADR, CLKCVD, CLKADR2, CLKCVD2, | ODELAY, VNUM
... CLKFAST32 CLKROOT, CLKADR, CLKCVD, CLKADR2, CLKCVD2, | ODELAY, VNUM
; or conform ng clock ISP (coded in assenbly | anguage)
... CLKA CLKROOT, CLKHAND, VNUM PARAM PARTYPE
; or conformng clock ISP (coded in Q
... CLKC CLKROOT, CLKHAND, VNUM PARAM PARTYPE
; AMX ROM Opti on (optional)

.. ROMOPT ROVADR, RAMADR

. . ROVEM ; Semaphor e Manager

.. ROVEM ; Event Manager

. . ROWB ; Mai | box Manager

.. ROMWX ; Message Exchange Manager

. . ROVBM ; Buf f er Manager

.. ROVW ; Menory Manager

. . ROMCL ; Crcular List Manager

.. ROMLL ; Li nked Li st Manager

. ROMID ; Ti me/ Dat e Manager

Figure A.1-1 AMX Target Parameter File

AMX 386/ET Target Guide K ADAK A-l



A-2

The Target Parameter File consists of a sequence of directives consisting of a keyword of
the form . . . XXX beginning in column one which is usually followed by a parameter list.
Some directives require only a keyword with no parameters. Any line in the file which
does not begin with avalid keyword is considered a comment and is ignored.

It is the purpose of this appendix to specify all AMX 386/ET directives by defining their
keywords and the parameters, if any, which they require.

The example in Figure A.1-1 uses symbolic names for al of the parameters following
each of the keywords. The symbol names in the Target Parameter File are replaced by
the actual parameters needed in your system.

The order of keywords in the Target Parameter File is not critical. The order of the
keywords in Figure A.1-1 may not match their order in the sample Target Parameter File
provided with AMX.

It is expected that you will use the AMX Configuration Manager to create and edit your
Target Parameter File. The Configuration Manager creates the directives using the
parameters which you provide. Since these parameters are well described in Chapter 4,
the parameter definitions presented in this appendix will be limited to the detail needed to
form aworking specification.

If you are unable to use AMX Configuration Manager utility, you should refer to the
porting directions provided in Appendix A.3.
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A.2 Target Parameter File Directives

The AM X Launch Parameters are defined as follows.

... LAUNCH PERM VNA
PERM 0if the AMX launch istemporary
1if the AMX launch is permanent
VNA 0 if the Interrupt Descriptor Table entries are to be alterable

1if the Interrupt Descriptor Table entries are NOT to be aterable

You must set VNA to O to alow AMX or your application to dynamicaly install 1SP
pointers into the Interrupt Descriptor Table at run time. 1f you set VNA to 0, you must also
set EVTROMto O in the . . . HDwkeyword entry. If you set VNA to 1, you must initialize the
Interrupt Descriptor Table entries for AMX use as described in Chapter 3.6.

The Target Parameter File includes a set of har dwar e definitions.

... HDW PROC, VMASK, EVTROM CACHE
PROC Processor identifier
VIVASK = MWMMVMVH = AM X exception vector mask
EVTROM 0 if the Interrupt Descriptor Tableisto bein RAM
1if the Interrupt Descriptor Tableisto bein ROM
CACHE 0if cacheisto beignored by AMX at launch

1if cacheisto be enabled by AMX at launch

The PROC parameter is a string used to identify the processor architecture. PROC must be
one of:

80386 {any of Intel386 DX, SX, CX or EX}
80486 {any of Intel486 DX2, DX or SX}
80586 { Pentium, Pentium I1, Pentium Pro}

Note that you can set PROC to 80386 to allow your AMX 386/ET application to be used
on any of the Intel386, Intel486 or Pentium processors. Be aware that in this case you
will NOT have AMX cache support for the Intel486 or Pentium.

Set bit N of the vivask Exception Vector Mask for each of the exceptions which are to be
serviced by AMX. For example, set this parameter to 00037FFFH to alow AMX to
handle all exceptions. Bitsin the mask are defined in Figure 3.2-1. When you are using
AMX with a debugger, do not set any of the mask bits for exceptions which the debugger
services. For example, amask of 00000031H is commonly used with many debuggers.

The cACHE parameter can be used to instruct AMX to enable the i386 instruction and data
caches when AMX is launched. If the processor or architecture selected with parameter
PROC has no cache control, set parameter CACHE to 0.
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Selector Definitions

The Target Parameter File includes a set of selector definitions.

. SEL | DTTYPE, | DTSEL, DGSEL, MEMSEL
| DTTYPE IDT selector type
= 0 IDTSEL = xxxxHistheactua IDT selector.
The IDT isat address | DTSEL: 0.
= 1 IDTSEL = xxxxHisaselector suchthat | DTSEL: 0 references
linear address 0.
The IDT isat address| DTSEL: | DTADR Where
| DTADR isthe linear base address from the | DTR register.
DGSEL = xxxxH = selector for DGROUP data segment access.
MVEMSEL = xxxxH = selector which can be used to access all of memory
using physical addresses.

The | DTTYPE parameter is used to specify the manner in which the address of the
Interrupt Descriptor Table is determined.

If 1DTTYPE = 0, then | DTSEL must be a selector value corresponding to a descriptor in
the Global (or Local) Descriptor Table which can be used to access the Interrupt
Descriptor Table. The Interrupt Descriptor Table can be accessed by AMX at
| DTSEL: 00000000H.

If 1DTTYPE = 1, then | DTSEL must be a selector value corresponding to a descriptor in
the Global (or Local) Descriptor Table which can be used to access memory beginning at
linear address 0. The LI M T value in the descriptor must be such that the entire Interrupt
Descriptor Table lies within the segment. AMX reads the | DTR register to extract the
linear base address of the Interrupt Descriptor Table. If the extracted linear address is
| DTADR, then the Interrupt Descriptor Table can be accessed by AMX at | DTSEL: | DTADR.

The value for | DTSEL must be derived from your link and locate tool. Most tools give
you the ability to identify or allocate specific selectors. If you do not know the selector
value, set parameter | DTSEL to O.

DGSEL is the run-time selector value corresponding to a descriptor in the Global (or
Local) Descriptor Table which is used to access the read/write data segment commonly
described as a member of group bGROUP. Your AMX application is assumed to execute
with selector DGSEL in segment register DS.

MEMSEL is the run-time selector which can be used to access al of physica memory.
Memory at physical (absolute) address O is referenced as MEMSEL: 0. For most toolsets
which use the flat memory model, MEMSEL is the same as DGSEL .
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Devicel/O Delay
The Target Parameter File includes a device 1/0O delay definition.
... DELAY CPUFREQ

CPUFREQ 1386 processor instruction execution frequency (MHz)

The . .. DELAY directive allows you to condition the delay loop of the AMX device I/O
delay procedure cj cf hwdel ay to match your hardware requirements. This directive
adlows AMX to use your estimate of the processor's instruction execution frequency
defined by parameter CPUFREQ to derive the loop count needed to provide a one
microsecond delay.

Null Function Declar ations

To create a null function, a function that does nothing, include the following directive in
your Target Parameter File.

... NULLFN FNNAME

FNNAVE Name given to the null function

For every ... NULLFN directive, your Target Configuration Module will include a public
assembly language function with name given by your parameter FNNAME. The function
will do nothing but return to the caler.

Master and Slave 8259 Spurious Interrupt | SPs

AMX 386/ET includes default spurious interrupt handlers for both master and save 8259
interrupt controllers. To include these handlers in your AMX system, add the following
statements to your AMX 386/ET Target Parameter File.

... MB259 MB2591 SP
... S8259 S82591 SP, MPORT, SPORT, EQ - CVD

MB259I SP isthe name to be assigned to your master 8259 ISP root.
S82591 SP is the name to be assigned to your slave 8259 ISP root.

MPORT is the master 8259 device port address.
SPORT isthe slave 8259 device port address.
EQ - C\VD isthe 8259 command byte to be issued to the master 8259

to clear a spurious interrupt occurring on the slave 8259.

If IRQ7 is used on the master 8259 interrupt controller, omit the . . . MB259 directive. If
you have no slave 8259 interrupt controller, omit the . . . S8259 directive. If you have
more than one slave controller, you will need a separate . . . S8259 directive for each
dave. If IRQ7 is used on a slave 8259 interrupt controller, omit the . . . S8259 directive
for that Slave.

When your AMX system is launched, you must update the Interrupt Descriptor Table so
that the entries for the master and slave 8259 IRQ7 interrupts reference these ISP rootsin
your Target Configuration Module.
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Conforming I SP Declarations

The Target Parameter File must include a definition of an ISP root for each conforming
Interrupt Service Procedure (ISP) which you intend to use in your application. The ISP
root definition is provided using one of the following directives. The ISP root is declared
using . . . I spcif its Interrupt Handler iscoded in C or . . . | SPA if its Interrupt Handler is
coded in assembly language.

...1SPC | SPROOT, HANDLER, VNUM PARAM PARTYPE

... 1SPA | SPROOT, HANDLER, VNUM PARAM PARTYPE
| SPROOT Name of the ISP root entry point
HANDLER Name of the public device Interrupt Handler
VNUM Interrupt vector number assigned to the device
PARAM Interrupt Handler parameter
PARTYPE Parameter PARAMtype

If your Interrupt Handler does not require a parameter, leave field PARAM blank (empty)
and set PARTYPE to O.

If your Interrupt Handler requires a numeric parameter, set PARAMto the 32-bit signed or
unsigned value and set PARTYPE to 0. The numeric value must be expressed in a form
acceptable to your assembler.

If your Interrupt Handler requires a pointer to a public variable as a parameter, let PARAM
be the name of that variable and set PARTYPE to 1.

VNUM defines the interrupt vector number which you have assigned to the device. VNUMis
0to 255. Notethat all vector numbersin the range O to 31 are reserved by Intel.

If vNumis O to 255, AMX will automatically install the pointer to the ISP root | SPROOT
into the corresponding entry in the Interrupt Descriptor Table when AMX is launched.
The pointer will be installed by AMX before any application Restart Procedures execute.
Consequently, you must ensure that interrupts from the device are not possible at the time
AMX islaunched.

If vNUMis -1, you must provide a Restart Procedure or task which installs the pointer to
the ISP root | SPROOT into the Interrupt Descriptor Table using AMX procedure
cj ksi spwr, cj ksi dtw Or cj ksi dt x.

Note

Parameter VNUM cannot be adjusted using the AMX
Configuration Builder. This parameter is provided for
compatibility with other AMX implementations.
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AMX Clock Handler Declaration

The Target Parameter File must include a definition of an ISP root for your AMX clock
handler. The clock ISP root definition must be provided using one of the following
directives. The clock ISP root isdeclared using . . . CLKC if its Interrupt Handler is coded
in Cor...cCLKA if its Interrupt Handler is coded in assembly language. The clock ISP
root can be declared using . . . CLKFAST if an Interrupt Handler is not required to service
the clock.

.. CLKC CLKROOT, CLKHAND, VNUM PARAM PARTYPE
.. CLKA CLKROOT, CLKHAND, VNUM PARAM PARTYPE
.. CLKFAST CLKROOT, CLKADR, CLKCMD, CLKADR2, CLKCVD2, | ODELAY, VNUM
.. CLKFAST16 CLKROOT, CLKADR, CLKCMD, CLKADR2, CLKCVD2, | ODELAY, VNUM
. CLKFAST32 CLKROOT, CLKADR, CLKCMD, CLKADR2, CLKCVD2, | ODELAY, VNUM
CLKROOT Name of the clock ISP root entry point
CLKHAND Name of the public clock device Interrupt Handler
VNUM Interrupt vector number assigned to the clock device
PARAM Interrupt Handler parameter
PARTYPE Parameter PARAMtype

If your clock Interrupt Handler does not require a parameter, leave field PARAM blank
(empty) and set PARTYPE to O.

If your clock Interrupt Handler requires a numeric parameter, set PARAM to the 32-bit
signed or unsigned value and set PARTYPE to 0. The numeric value must be expressed in
aform acceptable to your assembler.

If your clock Interrupt Handler requires a pointer to a public variable as a parameter, let
PARAM be the name of that variable and set PARTYPE to 1.

The definition of parameter VNUM is exactly the same as that described for conforming
ISPs declared using the . . . 1 SPC or . . . | SPA directives. However, unless warranted by
exceptional circumstances, parameter VNUM should always be set to - 1 in the declaration
of your clock ISP root. It is the responsibility of your clock initialization procedure to
install the pointer to the ISP root | SPROOT into the Interrupt Descriptor Table.

Note

Parameter VNUM cannot be adjusted using the AMX
Configuration Builder. This parameter is provided for
compatibility with other AMX implementations.
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If your clock can be serviced by writing one or two n-bit values to a device 1/O port, you
can usethe. .. CLKFAST directive to create a very fast clock ISP root with no application
code required. The general form of the. . . CLKFAST directive is asfollows.

... CLKFAST CLKROOT, CLKADR, CLKCMD, CLKADR2, CLKCVD2, | ODELAY, VNUM
CLKROOT Name of the clock ISP root entry point
CLKADR 16-bit numeric device port address
CLKCMD 8-bit numeric command
CLKADR2 16-bit numeric secondary device port address
CLKCMVD2 8-bit numeric secondary command
| ODELAY Delay (us) required between 1/0 commands
VNUM Interrupt vector number assigned to the clock device

The numeric parameters must be expressed in a form acceptable to your assembler.
Parameters CLKADR2, CLKCVD2, | ODELAY and VNUMcan be omitted if they are not required.
If aparameter is omitted, its field must be left blank (empty) and the commato the left of
the field must be retained. If the resulting . . . CLKFAST directive ends with a string of
commas because the intervening parameters have all been omitted, it is acceptable to
delete the trailing commas.

The clock ISP root will dismiss the clock interrupt by writing the 8-bit value cLKCVD to
the 16-bit device port CLKADR. If parameter CLKADR2 is present in the ... CLKFAST
directive, the clock ISP root will then write the 8-bit value to the 16-bit device port
CLKADR2. If parameter CLKADR? is present, parameter CLKCVD2 must also be present. If
this second device I/0O command is not required, leave both CLKCVD2 and CLKADR2 blank

(empty).

If two 1/O commands are provided, parameter | ODELAY can be used to define the delay, if
any, required after the first command before the second command can be issued. The
delay isprovided by acall to AMX procedurecj cf hwdel ay (seedirective. . . DELAY).

If there is no need for a delay or a second command is not required, leave the | ODELAY
field blank (empty).

Parameter VNUM has been described on the preceding page. If parameter VNUMis omitted,
then avalue of - 1 is assumed for VNUM

Usethe. .. CLKFAST16 directiveif 16-bit values must be written to the clock.
Usethe. .. CLKFAST32 directiveif 32-bit values must be written to the clock.
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AMX ROM Option

To use the AMX ROM option, the Target Parameter File must include the following
directives.

. . ROVOPT ROVADR, RAMADR
.. ROVBM ; Senmaphor e Manager
. . ROVEM ; Event Manager
. . ROWB ; Mai | box Manager
.. ROMVX ; Message Exchange Manager
.. ROVBM ; Buf f er Manager
. . ROVW ; Menory Manager
.. ROMCL ; Crcul ar List Manager
.. ROMLL ; Li nked Li st Manager
. ROMID ; Ti me/ Dat e Manager

Parameter ROVADR is used to determine the ROM address at which the AMX ROM image
is to be located. This address is dictated by you according to your hardware
requirements. If CSEL is the run-time code selector for your AMX application, then
CSEL: ROMADR specifies the run-time selector and offset which can be used to access the
AMX code segment.

Parameter RAMADR is used to determine the RAM address of a block of 32 bytes reserved
for use by AMX. If DGSEL is the run-time DGROUP data selector for your application (see
keyword . . . SEL), then DGSEL: RAMADR specifies the run-time selector and offset which
can be used to access this private AMX data segment.

Both CSEL: ROMADR and DGSEL: RAMADR must specify memory addresses which are long
aligned.

Parameters ROMADR and RAMADR must be expressed as undecorated hexadecima numbers.
An undecorated hexadecimal number is a hexadecimal number expressed without the
leading or trailing symbols used by programming languages to identify such numbers.

Language Hexadecimal Undecor ated
C OxABCDEF01 ABCDEF01
Assenbl er (Intel) OABCDEFO01H ABCDEFO01
Assenbl er (Mot orol a) $ABCDEF01 ABCDEF01

Keywords . . . ROwx are used to identify the AMX managers which you wish to commit
to the AMX ROM. If you do not want a particular manager to be in the ROM, omit the
corresponding keyword statement from the Target Parameter File or insert the comment
character ; in front of the keyword.
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A.3 Porting the Target Parameter File

It is expected that you will use the AMX Configuration Manager to create and edit your
Target Parameter File. If you are unable to use the AMX Configuration Manager utility,
you will have to create and edit your Target Parameter File using atext editor.

Y ou should begin by choosing one of the sample Target Parameter Files provided with
AMX. Choose the Target Parameter File for the Sample Program which operates on the
evaluation board which most closely matches your target hardware. Edit the parameters
in all directives to meet your requirements. Follow the specifications provided in
Appendix A.2 and adhere to the detailed parameter definitions given in the presentation
of the AMX Configuration Manager screensin Chapter 4.

The AMX Configuration Manager includes its own copy of the AMX Configuration
Generator which it uses to produce your Target Configuration Module from the Target
Configuration Template File and the directives in your Target Parameter File. If you are
unable to use the Configuration Manager, you will have to use the stand alone version of
the AMX Configuration Generator.

The command line required to run the Configuration Generator and use it to produce a
Target Configuration Module HDWCFG. ASM from the AMX 386/ET Target Configuration
Template File cJ812HDW CT and a Target Parameter File called HDWCFG. UP is as follows:

CJ812CG HDWCFG. UP CJ812HDW CT HDWCFG. ASM

If you are not doing your development on a PC or compatible, you may still be able to
port the Configuration Generator to your development system as described in
Appendix C of the AMX User's Guide.
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Appendix B. AMX 386/ET Service Procedures

B.1 Summary of Services

AMX 386/ET provides a collection of target dependent AMX service procedures for use
with the i386 processor and compatibles and the C compilers which support them. These
procedures are summarized below.

Interrupt Control (classksi )

cj ksidtm
cj ksidtrd
cj ksi dtwr
cj ksi dt x

cj ksi spwr

cjksitrap

Make an interrupt gate description

Read an entry from the Interrupt Descriptor Table
Write an entry into the Interrupt Descriptor Table
Exchange an entry in the Interrupt Descriptor Table
Install an ISP pointer as an interrupt gate

in an entry in the Interrupt Descriptor Table

Install atask trap handler

Processor and C Interface Procedures(classcf)

In addition to the services provided by AMX and its managers, the AMX Library
includes several C procedures of a general nature which simplify application
programming in real-time systems on your target processor.

cj cfcecsetup
cj cfdi

cjcfei
cjcfflagrd
cj cfflagw

cj cf hwdel ay
cj cf hwbcache
cj cf hwdcache
cj cf hwi cache
cj cfinp8
cjcfinpl6

cj cfinp32
cjcfjlong

cj cfj set

cj cf ntopy

cj cfnset

cj cfout p8

cj cfout p16
cj cfout p32
cjcfstkjnmp
cjcftag

cj cfvol 8

cj cfvol 16

cj cfvol 32

cj cfvol pntr

AM X 386/ET Target Guide

Setup C environment

Disable interrupts

Enable interrupts

Read the processor flags register (EFLAGS)
Write to the processor flags register (EFLAGS)
Delay n microseconds

Flush and enable/disable data and instruction caches
Flush and enable/disable data cache

Flush and enable/disable instruction cache
Read an 8-bit input port

Read a 16-bit input port

Read a 32-bit input port

Long jump to amark set by cj cfj set

Set amark for a subsequent long jump by cj cfj I ong
Copy ablock of memory

Set (fill) ablock of memory

Write an 8-bit value to an output port

Write a 16-bit value to an output port

Write a 32-bit value to an output port

Switch stacks and jump to a new procedure
Convert astring to an AMX tag value

Read avolatile 8-bit variable

Read avolatile 16-bit variable

Read avolatile 32-bit variable

Read avolatile pointer variable
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The AMX Library also includes several C procedures which are used privately by
KADAK. These procedures, although available for your use, are not documented in this
manual and are subject to change at any time. The procedures are briefly described in
source filecizzzus. AsSM Prototypes will be found in fileCizzzi F. H. The register array
structure cj xr egs which they use is defined in fileCizzzkT. H.

cjcfregld Load 1386 registers from aregister array
cj cfregst Store 1386 registersinto aregister array
cj cf si nt Generate a software interrupt
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B.2 Service Procedures

A description of all processor dependent AMX 386/ET service procedures is provided in
this appendix. The descriptions are ordered alphabetically for easy reference.

I'talics areused to distinguish programming examples. Procedure names and variable
names which appear in narrative text are also displayed in italics. Occasionally a lower
case procedure name or variable name may appear capitalized if it occurs as the first
word in a sentence.

Vertical elipses are used in program examples to indicate that a portion of the program
code is missing. Most frequently this will occur in examples where fragments of
application dependent code are missing.

. /* Dismiss device i nterrupt */

Capitals are used for all defined AMX filenames, constants and error codes. All AMX
procedure, structure and constant names can be readily identified according to the
nomenclature introduced in Chapter 1.3 of the AMX User's Guide.

A consistent style has been adopted for each description. The procedure name is
presented at the extreme top right and left asin adictionary. This method of presentation
has been chosen to make it easy to find procedures since they are ordered a phabetically.

Purpose A one-line statement of purpose is always provided.
Used by mTask OISP o Timer Procedure = Restart Procedure O Exit Procedure

This block is used to indicate which of your AMX application procedures
can call the AMX procedure. The term ISP refers to the Interrupt Handler
of a conforming ISP. A filled in box indicates that the procedure is
allowed to call the AMX procedure. In the above example, only tasks and
Restart Procedures would be allowed to call the procedure.

Setup The prototype of the AMX procedure is shown.
The AMX header file in which the prototype is located is identified.
Include AMX header file cC3zzz. Hfor compilation.

File c3zzz. His a generic AMX include file which automatically includes
the correct subset of the AMX header files for a particular target
processor. If you include CJzzz. H instead of its KADAK part numbered
counterpart (Cinnn. H), your AMX application source modules will be
readily portable to other processors without editing.

Description Defines all input parameters to the procedure and expands upon the
purpose or method if required.

AMX 386/ET Target Guide i KADAK
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Interrupts

Returns

Restrictions
Note
Task Switch

Example

See Also

AMX procedures frequently must deal with the processor interrupt mask.
The effect of each AMX procedure on the interrupt state is defined
according to the following legend.

m Disabled

m Enabled m Restored
(NotinISP)

D E R Effect on Interrupts

" ® [0 =

O = = 0O 0O

" 0000

Untouched

Disabled and left disabled upon return

Enabled and left enabled upon return

Disabled and then enabled upon return

Disabled and then, prior to return, restored to the state in
effect upon entry to the procedure

Disabled, possibly briefly enabled and then, prior to return,
restored to the state in effect upon entry to the procedure

The warning (Notin1sp) Will be present as a reminder that when the Interrupt
Handler of a conforming ISP calls the AMX procedure, interrupts will
NOT be explicitly enabled by the AMX procedure. If interrupts are
enabled when an Interrupt Handler calls the AMX procedure, they will be
enabled upon return.

The outputs, if any, produced by the procedure are always defined.

Most AMX procedures return an integer error status identified as a
CJ_ERRST. Notethat CJ_ERRST isnot a C datatype. CJ_ERRST is defined
(using #def i ne) to be ani nt allowing error codes to be easily handled as
integers but readily identified as AMX error codes.

If any restrictions on the use of the procedure exist, they are described.

Special notes, suggestions or warnings are offered where necessary.

Task switching effects, if any, are described.

An example is provided for each of the more complex AMX procedures.
The examples are kept simple and are intended only to illustrate the
correct calling sequence.

A cross reference to other related AMX procedures is always provided if
applicable.
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cjcfcesetup

Purpose
Used by
Setup

Description

Interrupts

Returns

Restrictions

AM X 386/ET Target Guide

cjcfcesetup

Setup C Environment
mTask wlISP m Timer Procedure m Restart Procedure m Exit Procedure

Prototypeisinfile Cizzzi F. H.
#i ncl ude "CJZzZzZ. H'
void CJ_CCPP cjcfccsetup(void);

Use cj cf ccset up to setup al low level processor registers to meet the
requirements of a particular C compiler. For example, the C compiler may
assume that some data variables can be accessed using a particular register
which always points to the data. However, when mixing languages, you
may find that when a C procedure is caled from assembly language, the
register assumptions are not valid. A call to ¢j cf ccset up on entry to the
C procedure will setup the correct register content.

O Disabled O Enabled O Restored

The registers, if any, which are required by C are set to the values which
they contained when AMX was launched.

Usecj cf ccset up with care. 'Y ou may inadvertently cause a register to be
set which violates the register preservation rules of the other language.
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cjcfdi
cjcfe

Purpose

Used by

Setup

Description

Interrupts

Returns

Restrictions

See Also

cjcfdi
cjcfe

Disable or Enable Interrupts

m Task m ISP m Timer Procedure m Restart Procedure m Exit Procedure
(cjcfdi only)

Prototypein file C1zzzTF. Hor macro in file Cizzzcc. H.
#i ncl ude "CIZZZ. H'

void CJ_CCPP cjcfdi(void);

void CJ_CCPP cjcfei(void);

Tasks can use cjcfdi to briefly disable all sources of interrupt.
Immediately thereafter the task can use cj cfei to enable al sources of
interrupt again.

» Disabled by cj cf di » Enabled by cj cf ei

Nothing

The interrupt enable flag in the flags register (EFLAGS) is reset to O to
disable interrupts or set to 1 to enable interrupts.

ISPs must not use cj cf ei unless nested interrupts are supported in your
application by external hardware such as the Intel 8259 Interrupt
Controller.

Interrupts should be enabled within a short time after they are disabled or
system performance will be degraded.

cjcfflagrd, cjcfflagw
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cjcfflagrd
cj cfflagwr

Purpose
Used by
Setup

Description

Interrupts

Returns

See Also

AM X 386/ET Target Guide

cjcfflagrd
cjcfflagwr

Read or Write Processor Flags Register
m Task m ISP m Timer Procedure m Restart Procedure m Exit Procedure

Prototypein file CJzzzTF. Hor macro in file Cizzzcc. H.
#i nclude "ClZZZ. H'

CJ_TYFLAGS CJ_CCPP cjcfflagrd(void);

void CJ_CCPP cjcfflagw (CI_TYFLAGS fl ags);

G cfflagrd returns the actual state of the processor flags register
(EFLAGS).

g cf f 1 agw updates the processor flags register (EFLAGS) by writing the
parameter f | ags to the register.

Use cj cffl agrd to read the state of the processor flags register, thereby
capturing the current interrupt state. Then use cj cf di to briefly disable
al sources of interrupt. Immediately thereafter, use cj cf f | agwr to restore
the state of the interrupt system.

o Untouched by cj cf f 1 agrd » Restored by cj cf f | agwr

g cf f 1 agr d returns the actual state of the processor flags register.
G cf fl agw returns nothing.

g cfflagw unconditionaly copies flags into the processor flags
register, thereby enabling or disabling interrupts. Since no validation of
f1 ags is performed, caution in the use of cj cf f 1 agwr isadvised.

cjcfdi, cjcfei
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cjcfhwdelay

Purpose
Used by
Setup

Description

Interrupts
Returns

Note

cjcfhwdelay

Delay n Microseconds
mTask wlISP m Timer Procedure m Restart Procedure m Exit Procedure

Prototypeisinfilecizzzl F. H.
#i ncl ude "CJZzZzZ. H'
void CJ_CCPP cjcfhwdel ay(int n);

n isthe delay interval measured in microseconds.

Use cj cf hwdel ay to generate a software delay loop of approximately n
microseconds. This procedure is intended for use in device drivers which
must introduce device access delays to avoid violating the minimum
timing delay needed between sequential references to adevice 1/0O port.

The. .. DELAY directive in your Target Parameter File is used by AMX to
derive the delay loop count needed to produce an n microsecond delay.

O Disabled O Enabled O Restored
Nothing

This procedure can be used at any time, even prior to launching AMX or
after exiting from AMX.

If the ... DELAY directive in your Target Parameter File indicates that the
processor frequency is 0, then you must install the frequency vaue into
the public | ong variable cj cf hwdel ayf prior to launching AMX. If you
call procedure cj cf hwdel ay() prior to launching AMX, be sure that
variable cj cf hwdel ayf isinitialized before making the call.
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cjcfhwbcache cjcfhwbcache
cjcfhwdcache cjcfhwdcache
cjcfhwicache cjcfhwicache

Purpose
Used by
Setup

Description

Interrupts

Returns

Note

Restrictions

AM X 386/ET Target Guide

Flush and Enable/Disable Caches
m Task olIsP O Timer Procedure m Restart Procedure m Exit Procedure

Prototypein file CJzzzl F. H.

#i ncl ude "CJZzZzZ. H'

void CJ_CCPP cj cf hwbcache(int operation);
void CJ_CCPP cjcfhwdcache(int operation);
void CJ_CCPP cj cfhw cache(int operation);

oper at i on =0 to force the caches to be flushed and disabl ed.
oper at i on =1 to force the caches to be flushed and enabled.

m Disabled O Enabled m Restored

Nothing
g cf hwbcache flushes and disables (or enables) both the data and
instruction caches.

g cf hwdcache flushes and disables (or enables) only the data cache.

g cf hwi cache flushes and disables (or enables) only the instruction
cache.

These procedures can be called even if your Target Parameter File
indicates that you are targeting an 80x86 processor with no cache or only
one kind of cache. In such cases, the procedures only affect the caches
which exist. If a single cache is used for both instruction and data
caching, only procedure cj cf hwbcache should be used since both caches
will always be affected.

ISPs and Timer Procedures must not use these procedures. Since
interrupts are disabled while the caches are flushed, use caution when
calling these procedures or system performance will be degraded,
especiadly if the cache sizes are large.
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cjcfinp8 cjcfinp8

cjcfinpl6 cjcfinpl6
cjcfinp32 cjcfinp32
Purpose Read an 8, 16 or 32-Bit Input Port

Used by mTask mwISP = Timer Procedure m Restart Procedure ~ m Exit Procedure

Setup Prototypein file C1zzzTF. Hor macro in file Cizzzcc. H.

#i ncl ude "CJZzZzZ. H'

CJ_T8 CJ_CCPP cjcfinp8(int port);
CJ_T16 CJ_CCPP cjcfinpl6(int port);
CJ_T32 CJ_CCPP cjcfinp32(int port);

Description port isthe port number of an 8, 16 or 32-bit device input port.
Interrupts o Dissbled o Enabled O Restored

Returns g cfi np8 returns an 8-bit signed value.
g cfinpl6 returns a 16-bit signed value.
G cf i np32 returns a 32-bit signed value.
Example #i ncl ude "CJZZZ. H'

#defi ne CONSTAT (0x12D) /* Consol e status register */
#defi ne CONDATA (0x12F) /* Consol e data register */

voi d CJ_CCPP conout (char ch) {

/* Wait for ready */
while ( (cjcfinp8(CONSTAT) & 0x80) == 0 )

/* Wite character */
cj cf out p8( CONDATA, (CJ_T32)ch);
}

See Also cj cfoutp8, cjcfoutpl6, cjcfoutp32
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cjcfjlong
cj cfj set

Purpose

Used by
Setup

Description

Interrupts

Returns

Restrictions

AM X 386/ET Target Guide

cjcfjlong
cjcfjset

cjcfjset SetsaMark for aLong Jump
¢jcfjlong Long Jumpsto that Mark

These procedures are provided for AMX portability. They are not
replacements for C library procedures | ongj mp or setj mp athough they
function in asimilar manner.

m Task olIsP O Timer Procedure O Restart Procedure m Exit Procedure

Prototypeisin file CJzzzTF. H.

#i nclude "CJZZZ. H'

void CJ_CCPP cjcfjlong(struct cjxjbuf *jbuf, int value);
int CJ_CCPP cjcfjset(struct cjxjbuf *jbuf);

j buf isapointer to ajump buffer to be used to mark the processor state at
thetimecj cfj set iscalled and to restore that state when cj cfjl ong is
subsequently called.

The processor dependent structure cjxjbuf is defined in file
CJZZZCC. H.

val ue is an integer value to be returned to the cj cfjset caler when
cj cfj | ong initiates the long jump return. Vval ue cannot be 0. If val ue
= 0,cjcfjlong will replaceit withval ue = 1.

O Disabled O Enabled O Restored

g cfj set returns O when initially called to establish the mark. G cfj set
returnsval ue (non 0) when cj cfj | ong iscalled to do the long jump to the
mark established by theinitial cj cfj set call.

Thereisno return fromcj cfj | ong.

g cfjset must be caled prior to any call to cj cfjlong. Each cal must
reference the same jump buffer. The jump buffer must remain unaltered
between the initial cjcfjset call and the subsequent cjcfjlong long
jump return.

Under no circumstances should one task attempt along jump using ajump
buffer set by another task.
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Example #i ncl ude "CIZZZ. H'
voi d CJ_CCPP dowor k(struct cjxjbuf *jbp);
static struct cjxjbuf junpbuffer;
#def i ne STACKSI ZE 512 /* Stack size (longs) */
#defi ne STACKDI R 1 /* 0=grows up; 1l=grows down */
static | ong newstack[ STACKSI ZE] ;
#if (STACKDI R ==
#defi ne STACKP (&newst ack[ STACKSI ZE - 1])
#el se
#def i ne STACKP newst ack
#endi f
voi d CJ_CCPP taskbody(void) {

if (cjcfjset(& unpbuffer) == 0)

/* Switch to new stack and do work */
cj cfstkj mp( & unpbuffer, STACKP,
( CJ_VPPRQOC) dowor k) ;
/* Never returns to here */
/* Do work using original stack */

dowor k( NULL) ;
}

void CJ_CCPP dowor k(struct cjxjbuf *jbp) {

/* Do work */
/* 1If junp buffer provided, then use long junp to */
/* restore the original stack and return */

if (jbp !'= NULL)
cjcfjlong(jbp, 1);
}

See Also cj cfstkjnp
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cjcfmcopy
cj cfmset

Purpose

Used by
Setup

Description

Interrupts
Returns

Restrictions

Example

AM X 386/ET Target Guide

cjcfmcopy
cjcfmset

Copy a Block of Memory
Set (Fill) aBlock of Memory

These procedures are provided for AMX portability. They are not
replacements for C library procedures mencpy or menset .

m Task m ISP m Timer Procedure m Restart Procedure m Exit Procedure

Prototypeisin file C1zzzTF. H.
#i ncl ude "CJZzZzZ. H'
void CJ_CCPP cjcfntopy(int *sourcep, int *destp,
unsi gned int size);
void CJ_CCPP cjcfnset(int *nenpntr,
unsigned int size, int pattern);

sour cep isapointer to the integer aligned block of memory which isto be
copied to the destination.

dest p is a pointer to the integer aligned block of memory which is the
destination of the block being copied.

menpnt r isapointer to the integer aligned block of memory which isto be
filled with pat t er n.

si ze is the number of integers to be copied or set. The number of bytes
copied or set will therefore besi ze * si zeof (int).

O Disabled O Enabled O Restored
Nothing

The source and destination blocks must not overlap unless dest p is lower
in memory than sour cep.

ISPs and Timer Procedures should not fill or copy large blocks of
memory.  Failure to observe this restriction may impose serious
performance penalties on your application.

#i nclude "ClZZZ. H'

#defi ne BLOCKSI ZE 1024

static int srcarray[ BLOCKSI ZE] ;

static int dstarray[ BLOCKSI ZE] ;

voi d CJ_CCPP bl ocksetcopy(int pattern) {

cjcfnset (srcarray, sizeof(srcarray), pattern);
cj cfntopy(srcarray, dstarray, sizeof(srcarray));
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cjcfoutp8 cjcfoutp8

cjcfoutpl6 cjcfoutpl6
cjcfoutp32 cjcfoutp32
Purpose Writeto an 8, 16 or 32-Bit Output Port

Used by mTask mwISP = Timer Procedure m Restart Procedure ~ m Exit Procedure

Setup Prototypein file C1zzzTF. Hor macro in file Cizzzcc. H.

#i ncl ude "CJZzZz. H'

void CJ_CCPP cjcfoutp8(int port, CJ_T32 data);
void CJ_CCPP cjcfoutpl6(int port, CJ _T32 data);
void CJ_CCPP cjcfoutp32(int port, CJ_T32 data);

Description port isthe port number of an 8, 16 or 32-bit device output port.
dat a isthe 8, 16 or 32-bit value to be output to the port.

Interrupts o Disabled O Enabled O Restored

Returns Nothing
g cf out p8 outputs the least significant 8 bits of dat a to the port.
g cf out p16 outputs the least significant 16 bits of dat a to the port.
g cf out p32 outputs the full 32 bits of dat a to the port.

Example #i ncl ude "CIZZZ. H'
#defi ne CONSTAT (0x12D) /* Consol e status register */
#defi ne CONDATA (0x12F) /* Consol e data register */
voi d CJ_CCPP conout (char ch) {
/* Wait for ready */
while ( (cjcfinp8(CONSTAT) & 0x80) == 0 )

/* Wite character * [
cj cf out p8( CONDATA, (CJ_T32)ch);
}

See Also cjcfinp8, cjcfinpl6, cjcfinp32
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cjcfstkimp cjcfstkimp

Purpose Switch Stacks and Jump to a New Procedure
This procedureis provided for AMX portability.
Used by mTask OISP O Timer Procedure O Restart Procedure = Exit Procedure

Setup Prototypeisin file C1zzzTF. H.
#i ncl ude "CJZzZzZ. H'
void CJ_CCPP cjcfstkjmp(void *vp, void *stackp,
CJ_VPPRQOC procp);

Description vp isapointer which is passed as a parameter to the new procedure.
stackp is a pointer to a properly aligned block of memory for use as a
stack. For the 80x86 family, the stack must be 16-bit word aligned.
For most 80386, 80486 and Pentium processors, performance will be
improved if the stack is 32-bit long word aligned.

St ackp must point to the top of the memory block since the processor
stack builds downward.

procp isapointer to the new procedure which is prototyped as follows:

void CJ_CCPP newfunc(void *vp);

For portability using different C compilers, cast your procedure pointer
as ( CJ_VPPRQOC) newf unc inyour call to cj cf st kj np.

Interrupts o Disabled O Enabled O Restored

Returns There is no return from cj cf stkj np. Use cjcfjset and cjcfjlong if
there isarequirement to return to the original stack.

Restrictions The new procedure referenced by procp must never return. The
procedure can call cj t kend to end the calling task.

Example See the example provided with cj cf j set andcj cfj I ong.

See Also cjcfjlong, cjcfjset, cjtkend
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cjcftag cjcftag

Purpose Convert a String to an Object Name Tag
Used by mTak wISP m Timer Procedure = Restart Procedure m Exit Procedure
Setup Prototypeisin file CJzzzTF. H.

#i ncl ude "CJZZZ. H'
CJ_TYTAG CJ_CCPP cjcftag(char *tag);

Description tag isapointer to astring which isaone to four character name tag.
Interrupts o Dissbled o Enabled O Restored

Returns The name tag string is converted to a 32-bit name tag vaue of type
CJ_TYTAGWhich is returned to the caller.

If the name tag string is less than four characters, the returned name tag

value is O filled. If the name tag string is longer than four characters, the

returned name tag valueis limited to the first four characters of the string.
Example See any of the cj XXbui | d examples in which an object name tag string is

converted to a name tag value for insertion into the object definition
structure.

See Also cj ksfind, cjksgbfind
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cjcfvol8
cjcfvol 16
cjcfvol32
cjcfvolpntr

Purpose

Used by
Setup

Description

Interrupts

Returns

Example

AM X 386/ET Target Guide

cjcfvol8
cjcfvol16
cjcfvol 32
cjcfvolpntr

Fetch a Volatile 8-Bit, 16-Bit, 32-Bit or Pointer Value

Use these procedures to fetch the content of a volatile variable if the C
compiler does not support the C keyword vol ati | e. These procedures (or
macros) also guarantee that multiple byte fetches will be done in an
indivisible fashion.

m Task m ISP m Timer Procedure m Restart Procedure m Exit Procedure

Prototypein file C1zzzTF. Hor macro in file Cizzzcc. H.
#i nclude "CJZZZ. H'

CJ_T8 CJ_CCPP cjcfvol 8(void *varp);

CJ_T16 CJ_CCPP cjcfvol 16(void *varp);

CJ_T32 CJ_CCPP cjcfvol 32(void *varp);

void * CJ_CCPP cjcfvol pntr(void *pntrp);

var p isapointer to an 8, 16 or 32-hit variable.
pnt r p isapointer to a pointer variable.
O Disabled O Enabled O Restored

G cf vol 8 returns an 8-bit signed value from *var p.
g cf vol 16 returns a 16-hit signed value from *var p.
g cf vol 32 returns a 32-bit signed value from *var p.
g cf vol pnt r returnsapointer from *pnt r p.

#i nclude "CJZZZ. H'
extern CJ_T8 control flag; /* Volatile control flag */
extern int *val uep; /* Vol atile pointer */
int * CJ_CCPP readpntr(void) {
i nt *pntr;
/* Wit until access allowed */

while (cjcfvol 8(&control flag) == 0)

/* Wait for valid pointer */
while ((pntr = (int *)cjcfvol pntr(&val uep)) == CJ_NULL)

control flag = O;
return (pntr);
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cjksidtm

Purpose
Used by
Setup

Description

Interrupts

Returns

See Also

AM X 386/ET Target Guide

cjksidtm

Make an Unpacked Interrupt Descriptor
mTask mISP m Timer Procedure m Restart Procedure m Exit Procedure

Prototypeisinfile Cizzzi F. H.

#i nclude "CJZzZzZ. H'

CJ_ERRST CJ_CCPP cj ksi dt m( CJ_I SPPROC i sppr oc,
struct cjxidts *gdp);

i spproc is a pointer to the Interrupt Service Procedure to be installed in
the interrupt descriptor.

gdp is a pointer to storage for an unpacked interrupt descriptor. Structure
cj xi dt s isdefined in file cJzzzkT. Has follows:

struct cjxidts {

CJ_T32U Xi dof s; /* Procedure offset */
CJ)_TieuU Xi dsel ; /* Procedure sel ector */
CJ_TieU Xi dt ype; /* Gate type, access rights */
1

O Disabled O Enabled O Restored

Error statusis returned.
CJ_ERXK Call successful.
*gdp contains the unpacked interrupt descriptor defining an interrupt
gate marked as present with privilege level 0.

The unpacked interrupt descriptor includes a FAR pointer to Interrupt
Service Procedurei spproc. The pointer is constructed using the AMX
code selector and the offset of procedurei sppr oc.

The unpacked interrupt descriptor can be packed and installed in the
Interrupt Descriptor Table using procedure cj ksi dt wr Or cj ksi dt x.

Errors returned:
None

cj ksidtwr, cjksidtx
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cjksidtrd cjksidtrd

Purpose Read from the Interrupt Descriptor Table
Used by mTak wISP m Timer Procedure = Restart Procedure m Exit Procedure
Setup Prototypeisin file CJzzzl F. H.

#i ncl ude "CJZZZ. H'
CJ_ERRST CJ_CCPP cj ksidtrd(int vector, struct cjxidts *gdp);

Description vect or isthe processor vector number (0 to 255).
gdp isapointer to storage for an unpacked copy of the descriptor retrieved

from the specified entry in the Interrupt Descriptor Table. Structure
cj xi dt s isdefined in file C1zzzKT. Hasfollows:

struct cjxidts {

C)_T32U Xi dof s; /* Procedure offset */
CJ_TieU Xi dsel ; /* Procedure sel ector */
CJ_TieU Xi dt ype; /* Gate type, access rights */
1

Interrupts = Disabled o Enabled = Restored

Returns Error statusis returned.
CJ_ERK Call successful.
*gdp contains the unpacked descriptor retrieved from Interrupt
Descriptor Table entry number vector. The unpacked descriptor
includes the Interrupt Service Procedure pointer (or exception service
procedure pointer) together with the gate type and access rights.

Errorsreturned:
None

See Also cj ksidtm cjksidtw, cjksidtx

B-20 K ADAK AMX 386/ET Target Guide



Gj ksidtwr

Purpose
Used by
Setup

Description

Interrupts

Returns

Restrictions
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Gj ksidtwr

Writeto the Interrupt Descriptor Table
mTask mISP m Timer Procedure m Restart Procedure m Exit Procedure

Prototypeisinfile Cizzzi F. H.
#i ncl ude "CJZZZ. H'
CJ_ERRST CJ_CCPP cj ksidtw (int vector, struct cjxidts *gdp);

vect or isthe processor vector number (O to 255).
gdp is a pointer to an unpacked descriptor to be packed and installed into

the specified entry in the Interrupt Descriptor Table. Structurecj xi dt s
isdefined in file C1zzzKT. H as follows:

struct cjxidts {

C)_T32U Xi dof s; /* Procedure offset */
CJ_TieU Xi dsel ; /* Procedure sel ector */
CJ_TieU Xi dt ype; /* Gate type, access rights */
1

The unpacked descriptor includes a FAR pointer to the Interrupt Service
Procedure (or exception service procedure). The gate type and access
rights must be one of the following:

CJ_I DTINT Interrupt gate, present, privilege level 0
CJ_I DTTRAP Trap gate, present, privilegelevel 0

m Disabled O Enabled m Restored

Error statusis returned.
CJ_ERXK Call successful.

Errors returned:
CJ_ERNOACCESS Interrupt Descriptor Table is not accessible.
AMX was launched with access to the
Interrupt Descriptor Table denied.

You must NOT use this procedure to alter the task trap vectors (vector =
CJ_PRVNZD, CJ_PRVNBD Or CJ_PRVNOV). Usecj ksi t rap for that purpose.
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Example #i ncl ude "CIZZZ. H'

#define | NTNUM 212 /* Device interrupt nunber */
void CJ_CCPP isproot(void); /* ISP root */
void CJ_CCPP ispRR(void) { /* 1SP Restart Procedure */
struct cjxidts ispgate;
/* Make an unpacked interrupt descriptor */
cj ksidtm((CJ_I SPPROC) i sproot, & spgate);
/* Pack and install the descriptor in the IDT */
cj ksidtwr (I NTNUM &i spgate);
}

See Also cjksidtm cjksidtrd, cjksidtx
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¢jksidtx

Purpose
Used by
Setup

Description

Interrupts

Returns
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¢jksidtx

Exchange an Entry in the Interrupt Descriptor Table
mTask mISP m Timer Procedure m Restart Procedure m Exit Procedure

Prototypeisinfile Cizzzi F. H.

#i ncl ude "CJZZZ. H'

CJ_ERRST CJ_CCPP cj ksidtx(int vector,
struct cjxidts *newgdp,
struct cjxidts *ol dgdp);

vect or isthe processor vector number (0 to 255).

newgdp IS a pointer to an unpacked descriptor to be packed and installed
into the specified entry in the Interrupt Descriptor Table. Structure
cj xi dt s isdefined in file C1zzzKT. Hasfollows:

struct cjxidts {

C)_T32U Xi dof s; /* Procedure offset */
CJ_TieU Xi dsel ; /* Procedure sel ector */
CJ_TieU Xi dt ype; /* Gate type, access rights */

};

The unpacked descriptor includes a FAR pointer to the Interrupt Service
Procedure (or exception service procedure). The gate type and access
rights must be one of the following:

CJ_I DTINT Interrupt gate, present, privilege level 0
CJ_I DTTRAP Trap gate, present, privilegelevel 0

ol dgdp is a pointer to storage for an unpacked copy of the previous
descriptor retrieved from the specified entry in the Interrupt Descriptor
Table.

m Disabled O Enabled m Restored

Error statusis returned.
CJ_ERXK Call successful.
*ol dgdp contains the unpacked copy of the previous descriptor
retrieved from Interrupt Descriptor Table entry number vector. The
unpacked descriptor includes the Interrupt Service Procedure pointer
(or exception service procedure pointer) together with the gate type and
accessrights.

Errors returned:
For all errors, * ol dgdp is undefined on return.
CJ_ERNOACCESS Interrupt Descriptor Table is not accessible.
AMX was launched with accessto the
Interrupt Descriptor Table denied.
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Restrictions You must NOT use this procedure to alter the task trap vectors (vector =
CJ_PRVNZD, CJ_PRVNBD Or CJ_PRVNOV). Usecj ksi t rap for that purpose.

Example #i ncl ude "CJZZZ H'

#define | NTNUM 212 /* Device interrupt nunber */
void CJ_CCPP isproot(void); /* ISP root */
/* A d descriptor */

static struct cjxidts ol dgate;

void CJ_CCPP ispRR(void) { /* 1SP Restart Procedure */
struct cjxidts newgate;

/* Make an unpacked interrupt descriptor */
cj ksidt n((CJ_I SPPROC) i sproot, &newgate);

/* Save ol d descriptor and install new one in the IDT */
cj ksi dt x(I NTNUM &newgat e, &ol dgate);
}

void CJ_CCPP ispEX(void) { /* 1SP Exit Procedure */

/* Install original descriptor in IDT */
cj ksidtwr (1 NTNUM &ol dgat e) ;
}

See Also cjksidtm cjksidtrd, cjksidtw
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cjksispwr cjksispwr

Purpose Install an ISP in the Interrupt Descriptor Table
Used by mTak wISP m Timer Procedure = Restart Procedure m Exit Procedure
Setup Prototypeisin file CJzzzl F. H.

#i ncl ude "CJZZZ. H'
CJ_ERRST CJ_CCPP cj ksi spw (int vector, CJ_| SPPROC newproc);

Description vect or isthe processor vector number (0 to 255).
newpr oc IS apointer to the new Interrupt Service Procedure.

Interrupts = Disabled O Enabled = Restored

Returns Error statusis returned.
CJ_ERK Call successful.
The Interrupt Service Procedure pointer newproc is installed into
Interrupt Descriptor Table entry number vect or as an interrupt gate
marked as present with privilege level 0.

Errors returned:
CJ_ERNOACCESS Interrupt Descriptor Table is not accessible.
AMX was launched with access to the
Interrupt Descriptor Table denied.

Restrictions You must NOT use this procedure to alter the task trap vectors (vector =
CJ_PRVNZD, CJ_PRVNBD Or CJ_PRVNOV). Usecj ksi t rap for that purpose.

See Also cj ksidtrd, cjksidtx
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cjksitrap cjksitrap

Purpose Install a Task Trap Handler
Used by mTask OISP o Timer Procedure O Restart Procedure m Exit Procedure
Setup Prototypeisin file CJzzzl F. H.

#i ncl ude "CJZZZ. H'
CJ_ERRST CJ_CCPP cjksitrap(int trapid, CJ_TRAPPROC handl er);

Description trapid isthe processor vector number which identifies the particular error

trap.

CJ_PRVNZD Zero divide trap

CJ_PRVNBD BOUND (bounds check) instruction trap
CJ_PRVNOV I NTO (overflow test) instruction trap

handl er isapointer to the task's trap handler for the particular error trap.

Interrupts o Disabled O Enabled O Restored

Returns Error statusis returned.

CJ_ERXK Call successful.
Errors returned:
CJ_ERTKTRAP  Trapi d isnot avector number for which task traps
are alowed.
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Appendix C. AMX 386/ET ROM Option

An AMX system can be configured in two ways. The particular configuration is chosen
to best meet your application needs.

Most AMX systems are linked. Your AMX application is linked with your System
Configuration Module, your Target Configuration Module and the AMX Library. The
resulting load module is then copied to memory for execution either by loading the image
into RAM or by committing the image to ROM. Such a ROM contains an image of your
application merged with AMX in an inseparable fashion.

The AMX ROM option offers an alternate method of committing AMX to ROM. The
ROM option alows the subset of AMX and its managers required by your application to
be linked together without any application code to form a separate AMX ROM image.
The resulting ROM can be located anywhere in your memory configuration. The penalty
paid for ROMing in this fashion is dlightly slower access by application code to AMX
Services.

Selecting AMX ROM Options
To support an AMX ROM system, the following files are provided.

CJ722ROP. LKT AMX ROM Option toolset dependent
Link Specification Template

CJ722ROP. CT AMX ROM Option Template

CJ722RAC. CT AMX ROM Access Template

To use the AMX ROM option, you must edit your Target Parameter File to identify the
AMX components which you wish to place in the AMX ROM and to specify where the
AMX ROM isto be located. You can use the AMX Configuration Builder to enter these
parameters as described in Chapter 4.6.
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Creatingan AMX ROM

The AMX ROM is created by using the AMX Configuration Generator to produce a
ROM Option Module which is then linked with the AMX Library to form an AMX ROM
image.

The Configuration Generator combines the information in your Target Parameter File
with the ROM Option Template file CI722RoP. CT to produce an assembly language
ROM Option Module C1722R0P. ASM

Y ou can use the AMX Configuration Builder to generate the ROM Option Module. Use
the AMX Configuration Manager to open your Target Parameter File. Make the ROM
Option Module selector the active selector. The ROM Option window will become
visible allowing you to view your ROM option parameters. To generate the ROM Option
Module, select Generate... from the File menu.

If you are unable to use the AMX Configuration Manager or are creating your ROM
Option Module from within a make file, you can use the stand alone version of the
Configuration Generator. If your Target Parameter File is named HDWCFG. UP, the stand
alone version of the Configuration Generator utility isinvoked as follows:

CJ722CG HDWCFG. UP CJ722ROP. CT CJ722RCP. ASM

The ROM Option Module C1722R0P. ASMis then assembled in exactly the same manner
as your Target Configuration Module HDWCFG. ASM according to the directions in the
AMX Tool Guides.

The AMX ROM islinked according to the directions in the AMX Tool Guides.

The resulting AMX ROM image file is then committed to ROM using conventional
ROM burning tools. The manner in which this is accomplished will depend completely
upon your development environment. In general, the process involves the transfer of the
AMX ROM hex fileto a PROM programmer.

Note that your toolset may require a filename extension other than . AsM for assembly
language files.
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Linkingfor AMX ROM Access

The AMX Configuration Generator is used to produce a ROM Access Module which,
when linked with your application, provides accessto AMX inthe AMX ROM.

The Configuration Generator combines the information in your Target Parameter File
with the ROM Access Template file CI722RAC. CT to produce an assembly language
ROM Access Module CJ722RAC. ASM

Y ou can use the AMX Configuration Builder to generate the ROM Access Module. Use
the AMX Configuration Manager to open your Target Parameter File. Make the ROM
Access Module selector the active selector. The ROM Option window will become
visible alowing you to view your ROM option parameters. To generate the ROM
Access Module, select Generate... from the File menu.

If you are unable to use the AMX Configuration Manager or are creating your ROM
Access Module from within a make file, you can use the stand alone version of the
Configuration Generator. If your Target Parameter File is named HDWCFG. UP, the stand
alone version of the Configuration Generator utility isinvoked as follows:

CJ722CG HDWCFG. UP CJ722RAC. CT CJ722RAC. ASM

The ROM Access Module CJ722RAC. ASMis then assembled in exactly the same manner
as your Target Configuration Module HDWCFG. ASM according to the directions in the
AMX Tool Guides.

The AMX ROM Access Module provides access to al of the procedures of AMX and the
subset of AMX managers which you included in your AMX ROM. These ROM access
procedures make software jumps to the ROM resident procedures.

To create an AMX system which uses your AMX ROM, proceed just as though you were
going to include AMX as part of a linked system. Your System Configuration Module
must indicate that AMX and its managers are in a separate ROM. To meet this
requirement, you may have to use the AMX Configuration Manager to edit your User
Parameter File accordingly and regenerate your System Configuration Module. 1f you do
so, do not forget to recompile the System Configuration Module.

Your AMX application is then linked as described in the AMX Tool Guides. However,
since AMX and a subset of its managers are in ROM, you must include the AMX ROM
Access Module c3722RAC. 0BJ in your list of object modules to be linked. By so doing,
you will preclude the inclusion of AMX and its managers from the AMX Library
CJ722. LI B.

Note that you must still include the AMX Library cJ722. LI B in your link in order to
have access to the small subset of AMX procedures which are never installed in your
AMX ROM.

Note that your toolset may require filename extensions other than . 08J and . LI B for
object and library files.
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Once linked, your AMX application can be downloaded into RAM memory in your target
hardware configuration. Alternatively, your application can be transferred to ROM using
the same techniques that were used to produce the AMX ROM. Regardless of the
manner in which your AMX system is loaded into your target hardware, access to the
AMX ROM viathe ROM Access Module is now possible.

For simplicity, the complexities which you will encounter when trying to commit the C
Runtime Library to ROM have been ignored. Refer to your C compiler reference manual
for guidance in ROMing C code and data in embedded applications.

Warning!

If your AMX ROM was created without a particular
manager, then an AMX fatal exit will occur if your system
attempts to access that manager.

Moving the AMX ROM

The AMX ROM is not position independent. Nor is the location of the RAM used by
AMX.

To move ether, you must edit the AMX ROM option parameters in your Target
Parameter File to define the new location of the AMX ROM and its RAM. Reconstruct a
new AMX ROM image and burn a new AMX ROM. Then rebuild the AMX ROM
Access Module and relink your AMX system with it.

K ADAK AMX 386/ET Target Guide



Appendix D. 1386 Bootstrap I nitialization

D.1 Introduction

AMX 386/ET is designed to execute with the 1386 processor in protected mode.
However, following a hardware RESET, the 1386 processor is in real mode. Additional
initialization must be performed by software to enter protected mode before AMX can be
launched.

The minimal protected mode requirements for an AMX launch are described in Chapter
1.5. If you are using a debugger and/or a ROM monitor in your target i386 hardware to
load and execute your AM X 386/ET application, then these minimal requirements will be
met. The debugger or ROM monitor prepares the protected mode environment when it
loads your program.

In an embedded ROM system, the initialization for protected mode operation is typically
performed by the real mode bootstrap code vectored to by the hardware reset.

This chapter describes the minimal initialization needed to support AMX and provides
example bootstrap code suitable for useinaROMed AMX system.

Note

You should only have to use the AMX 386/ET bootstrap
code if none is provided with the development tools which
you are using.
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D.2 Protected Mode | nitialization

The minimal requirements for the AMX 386/ET protected mode environment are as
follows. The GDT register must reference a valid Global Descriptor Table (GDT)
containing a readable code segment descriptor and a writable data segment descriptor.
The IDT register must reference a valid Interrupt Descriptor Table (IDT). Use of the
Loca Descriptor Table (LDT) or i386 memory paging or debugging registers is not
required. AMX will not prevent you from using them if you so desire. Thus the TR,
CR1. . CR3 and DRO. . DR7 registers may be left uninitialized.

The general initialization steps are as follows.

Disable interrupts and reset all interrupt generating devices.
Create a Global Descriptor Table.

Load the GDTR and switch to protected mode.

Load the | DTR.

Launch AMX.

If the IDT isin RAM, initidlize the IDT interrupt gates for your
interrupt generating devices.

To manage the transition from real mode to protected mode AMX provides the following
servicesin source file C1722BSU. ASM

CJ_PMBLD Create a Global Descriptor Table
CJ_PMBW Load GDTR and switch to protected mode

To setup the IDT register (1 DTR), use AMX library procedure CJ_PM DTS. See source
module C1722KKA. ASMfor the assembly language calling sequence.
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Creating a Global Descriptor Table

Some linkers/locators will create the necessary GDT and IDT data structures for you.
Alternatively, your bootstrap code can create its own GDT using AMX procedure
CJ_PMBLD.

CJ_PMBLD is areal mode NEAR procedure that creates a Global Descriptor Table in RAM
from a simple Segment Description Table.

The calling sequence for cJ_PMBLD is as follows:

ES: SI = A(Segment Description Table)
DS: DI = A(RAM storage for GDT)

CcX = size of GDT (bytes)

CALL CJ_PMBLD

EAX is altered.

All other registers are unaltered.
Interrupts are not touched.

The Segment Description Table defines the segments for which descriptors must be built
in the GDT. A minimum of two segments must be defined, one for code and one for
data.

The RAM storage allocated for use as the GDT must contain 8 bytes for each segment
descriptor. Entriesin the GDT are referenced by an index (0 to n-1). Entry 0 is unused
but must be present. Entry 1 isreserved for use by AMX. The remaining entries will be
used according to the specifications in your Segment Description Table.

Note that the GDT must be large enough to hold entries for al of the segments defined in
your Segment Description Table. This may imply that some entries in the GDT are
unused and hence not initialized.
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Segment Description Table

The Segment Description Table defines the segments for which descriptions will be built
inthe GDT.

At least two segments must be defined. One segment must be a readable, executable
code segment. The other segment must be a read/write data segment. These two
segments correspond to the s and DS runtime selectors which you have chosen for your
Flat (Small) model AMX system.

Other segments may be defined as well if required by your application.

The Segment Description Table consists of an array of segment descriptions followed by
a byte containing O to terminate the array. Figure D.2-1 illustrates a typical Segment
Description Table.

In Figure D.2-1, parameters shown as <xxxxxx> must be defined by you.

; AMX Segment Description Table
SEGDT LABEL BYTE

Defi ne your segnments here

Defi ne each segnment as foll ows:

DB <type> ; segnent type

DB 0 ; reserved

DW <i ndex>*8 ; GDT entry (selector)

DD <baseadr > ; linear base address

DD <limt> ; segnent limt = size-1 (bytes)
DB 0 ; end of Segment Description Table

Figure D.2-1 Segment Description Table
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Each segment is described with a single entry in the Segment Description Table. The
following parameters must be included in the definition of each segment.

DB <type> ; segnent type
DB 0 reserved

The segment type must be one of the following constants provided in the definition file
CJ722K. DEF.

K_PMRODS Read only data segment

K_PVRWDS Read/write data segment

K_PMECCS Execute only code segment

K_PMERCS Readable and executable code segment

DW <i ndex>*8 ; GDT entry (selector)

This parameter selects the entry in the GDT in which the segment descriptor is to be
built. 1 ndex must be greater than or equal to 2. Note that <i ndex>*8 is therefore the
privilege level 0 selector value (10H, 18H, 20H €etc.) to be used to reference the segment.

DD <baseadr > ; linear base address
This parameter defines the 32-bit linear address of the start of the segment.
DD <limt> ; segnent limt = size-1 (bytes)

This parameter defines the size of the segment. Note that the 1inmit is specified as
si ze- 1 bytes. Note that if the limit exceeds 1IMB, the limit will be rounded up to the
nearest 4K B boundary because of the way the 1386 performs limit checking.
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D.3 Switching to Protected Mode

Once a valid Global Descriptor Table (GDT) is defined, you can switch to protected
mode and execute your protected mode startup code by calling AMX procedure CJ_PVsW

The calling sequence for cJ_Pwvswis as follows:

Interrupts must be disabled.

DS: DI = A(GDT) with selector 8 providing adataalias for the GDT
ES: SI = A(Application Initialization Block)

Ss: sP = Stack pointer with at least 8 bytes of stack free for use
JW  CJ_PMBW

The GDT must be valid before ci_pvswis called. In particular, you must ensure that the
GDT entry at index 1 (selector value 8) contains a valid data adlias for the GDT itself. If
you used AMX procedure CJ_PMBLD to create your GDT, this condition will be met.

The Application Initialization Block defines the start address of your protected mode
startup code and the initial stack to be used on entry to it. The block must be structured
asfollows.

DD OFFSET <st ack> ; protected node ESP
DW <dat a sel ector> ; protected node SS
DD OFFSET <start> ; protected node EIP
DW <code sel ector> ; protected node CS

Note that the data and code selectors used in the Application Initialization Block must
reference valid entriesin the GDT.
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Procedure cJ_pPvsw loads the GDT register, switches to protected mode and jumps to
your startup code at the address specified in your Application Initialization Block.

Upon entry to your protected mode startup code, the following conditions exist.

Interrupts are disabled.

CS: El P = start address

SS: ESP = initial stack pointer

DS = ES = FS = GS = SS

EAX and EBX are undefined

All other registers are unaltered from their state upon entry to CJ_PVsW

Once your protected mode startup code gains control you can initialize the | DTR register
with the address of the protected mode Interrupt Descriptor Table (IDT) using AMX
procedure CJ_PM DTS. Thel DTR must be loaded before you launch AMX.

Note that, since the format of the Interrupt Descriptor Table changes from real mode to
protected mode, you must leave interrupts disabled until the | DTR has been loaded in
protected mode.

If your IDT isin RAM, you must initialize it yourself or launch AMX with access to the
IDT (see the Selector Definition window in Chapter 4.2). You can then use procedure
cj ksi spwr to install interrupt gates in the IDT for your interrupt devices. Procedure
cj ksi spwr cannot be called before AMX is launched. If you are going to dynamically
initialize your IDT in this fashion, be sure to launch AMX with interrupts disabled. Do
your IDT initialization in a Restart Procedure which, by virtue of its position in your
Restart Procedure List, is guaranteed to have the IDT initialization completed before
interrupts are enabled.
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D.4 Bootstrap Code Example

TI TLE Sanpl e Bootstrap Initialization

NAME BOOT

. 386P
Z kkkkhkkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkkkhkkhkhkikhkhkkkkkkkikikikkkkk**%
Z * *
; * AMX 386/ ET Sanpl e Real Mbde *
; * Bootstrap Initialization *

* *

EE R R I R I I S R I I R S S

; This code is an exanple of howto initialize the i386 processor
; to begin execution in protected node.
| NCLUDE CJ722K. DEF ; AMX 386/ ET Definitions

CODE SEGMVENT BYTE PUBLI C USE16 ' CODE'
ASSUME CS: CODE, DS: DATA, ES: NOTHI NG, SS: NOTHI NG

PUBLI C  BOOT ; Bootstrap entry point
’ EXTRN CJ_PMBLD: NEAR ; build GDT
EXTRN CJ_PNVBW NEAR ; load GDTR and switch to PM

; Bootstrap Procedure - Build protected node tables and enter
; prot ected node

BOOT PROC NEAR

CLI ; disable interrupts

MOV AX, SEG DATA

MoV DS, AX ;. set DS

MOV SS, AX

LEA SP, RVSP ;. SS:SP = real npde stack

; Build GDT and enter protected nopde

MOV AX, CS

MOV ES, AX

LEA SI, SDTABLE ; ES:SI = A(Seg Desc Tabl e)

LEA Dl , GDTABLE ; DS: DI = A(GDT)

MOV CX, GDTLEN ; CX = size of GDT (bytes)

CALL CJ_PMBLD ; build GDOT

LEA SI, APIB ; ES:SI = A(App Init Bl ock)
; ; DS: DI = A(GDT)

JwP CJ_PWVBW ; go to startup code in PM
BOOT ENDP

PAGE
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; Segnent Description Table

; Defines all of the segnent descriptors that will be created
; in the dobal Descriptor Table.

; Note that the first useable selector nunber is 10H

; Selector 0 is not a valid selector.

; Selector 8 is reserved by AMK for use as a GDT data ali as.

; This table assunmes the Flat nodel .

'SDTABL E LABEL BYTE

DB K_PMERCS ; PM Code segnent

DB 0 . reserved

DW 10H ;. sel ector

DD 0 ; linear base address
DD OFFFFFFFFH ; segnent limt = 4GB
DB K_PMRWDS ; PM Data segnent

DB 0 . reserved

DW 18H ;. sel ector

DD 0 ; linear base address
DD OFFFFFFFFH ; segnent limt = 4GB
DB 0 ; end of table

; Application Initialization Bl ock

; Defines the initial stack pointer and start address for the code
; to be executed once the switch to protected node occurs.

; This exanple assunes that the protected nbde application has

; been separately |inked using the Flat nodel.

; ROMis at offset 40000H and RAMis at offset 20000H.

APl B LABEL  BYTE

DD 21000H ; stack pointer = ESP
DW 18H ; data selector = SS
; ; DS, ES, FS,GS = SS
DD 40000H ; start address = EIP
DwW 10H ; code selector = CS
CODE ENDS
bATA SEGVENT PARA PUBLI C USE16 ' DATA'
GDTABLE DB 8*4 DUP (?) ; GDT RAM (selectors 0..18H)
GDTLEN EQU $- GDTABLE ; length of GDT
DB 32 DUP (?) ; bootstrap stack
RVSP LABEL WORD
DATA ENDS
CGROUP  GROUP CODE ; Code group
DGROUP  GROUP DATA ; Data group
’ END BOOT
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D.5 Linkingthe Bootstrap System

Since the bootstrap code executes in real mode and the AMX system executes in
protected mode, it is easiest to link and locate the final ROM in two stages in order to
avoid mixed-mode confusion with the linker.

Use your linker and locator to produce an Intel absolute hex format file containing the
real mode bootstrap code and an Intel 32-bit hex format file containing the protected
mode code, both suitable for conversion to a ROM image.

The sample bootstrap code presented in Appendix D.4 is delivered to you as file
CJ722BSC. ASM Assume that you have used it to create and assemble afile BOOT. ASM It
is assumed that this bootstrap code is to be located in ROM at address FO00: 0000 with
data in RAM at 0000: 0000. Use your linker/locator to create a bootstrap ROM image
file BOOT. HEX.

Then link and locate your protected mode AMX application into ROM image file
APPLN. HEX. Note that the bootstrap code example assumes that your application uses the
flat model with code in ROM at offset 40000H and datain RAM at offset 20000H. The
protected mode application is entered at its start address of 10: 40000 with a stack set to
be 18: 21000.

Hex files BOOT. HEX and APPLN. HEX can then be burned in ROM.
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Appendix E. Board Support Porting I ssues

E.1 Portingthe AMX 386/ET Sample Program

AMX 386/ET is delivered to you with a Sample Program ready for use on an Intel386 ",
Intel486 or Pentium hardware platform with a PC/AT-like architecture. For example,
the Sample Program can be used on a conventional PC treated as an embedded target.

Unfortunately, not al PCs are alike so you may have to make some modifications to the
Sample Program for it to work with your target hardware and your debugger. It is the
purpose of this appendix to help you determine what, if anything, needs to be modified.

On the PC/AT, the Intel 8253 timer interrupts on IRQO of the master 8259 interrupt
controller which uses a block of eight interrupt descriptors beginning at entry 8 in the
Interrupt Descriptor Table. However, the use of that particular block of eight descriptors
for device interrupts conflicts with the processor's use of the vectors for the detection of
processor dependent faults. Consequently, on some boards such as the Intel386EX
Evaluation Board, a ROM monitor relocates the block of eight descriptors from entry 8 to
some other entry (often entry 32) in the Interrupt Descriptor Table. A similar relocation
may also be done by a debug monitor (such as Paradigm's PDREMOTE/ ROM Target
Monitor) which permits a PC/AT to be used as atarget embedded system.

The Sample Program uses one Intel 8250 serial port for access to a simple display
terminal. The serial device driver provided with the Sample Program is configured to
support two 8250 UARTSs located at the standard PC/AT device addresses of 0x3F8 for
COM1 and ox2F8 for COM2 . The Sample Program then assumes that only the second
port (COM?2) is available for display since the first port (COM1) is often used by a debug
monitor for communication with a source level debugger operating on a connected host
PC or work station. Unfortunately, some boards such as the Intel386EX Evauation
Board, expect the debug monitor to use COM2 leaving COM1 available for use by the
application.

If you installed AMX into directory C:\KADAK then the files which may require
modification will be found in directory C:\ KADAK\ AMX722\ TOOLXX\ SAMPLE where XX is
the KADAK mnemonic for the supported software development toolset combination
which you are using. If you are using the Intel 386EX Evaluation Board or a PC/AT, use
the files in board support subdirectory AT386. The files of interest are the clock driver
CHB8253T. C and the serial port driver CH8250S. C.
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Verify that the clock driver cH8253T. C uses the correct interrupt descriptor number for
the 8253 timer in your hardware configuration. Look for and, if necessary, modify the
following definition.

#defi ne VI NTV 0x40

Verify that the serial driver CH8250S. C assigns the correct 8250 serial port for use by
your debugger. Look for and, if necessary, modify the following definition.

#def i ne VVDEBUG 1

The seria driver CH8250S. C supports the serial ports in the Intel386EX chip or in a
conventional PC/AT hardware configuration. Two symbols (VW386EX and VWPCAT) are
used to select the intended target hardware. One, and only one, of these symbols must be
defined.

To use serial driver cH8250S. C with the Intel386EX Evaluation Board, omit any
definition of WPCAT and include the following definition.

#def i ne VW386EX

To use serial driver cH8250S. € on a PC/AT, omit any definition of vW386EX and include
the following definition. The number of PC/AT COM ports (1 to 4) to be supported is
provided in the definition.

#def i ne VWPCAT 2

If youuse  onthis WINTV  WDEBUG Wboar d

any of these hardware must be must be must be

toolsets platform

with the Paradigm Debugger:

PD PC/IAT 0x40 1 VWPCAT 2
PD Intel 386EX Eval Board 0x40 2 VW386EX
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E.2 SpuriousInterruptsand the 8259 PIC

If your target hardware includes one or more Intel 8259 interrupt controllers (or
functional equivalents), you must be certain to account for the manner in which the
controllers cope with spurious interrupt requests. This note therefore applies to the
Intel386EX ™ processor with its two internal controllers and to any PC/AT-like target
hardware configuration.

When the 8259 interrupt controller detects an interrupt request which is removed before it
can be acknowledged, it declares the interrupt to be spurious. In response to a spurious
interrupt, the controller generates an IRQ7 interrupt but does NOT set the corresponding
in-service bit in its In-Service Register (ISR).

Because of this feature, it is essential that you provide an Interrupt Service Procedure
(ISP) for IRQ7 of every 8259 interrupt controller which exists in your hardware
configuration. If the master controller's IRQ7 interrupt is not used, your ISP can simply
issue an | RETD instruction to ignore the interrupt. If aslave controller's IRQ7 interrupt is
not used, your ISP must clear the master controller's interrupt request from the slave and
then issue an | RETD instruction to ignore the interrupt.

AMX 386/ET includes default spurious interrupt handlers for both master and slave 8259
interrupt controllers. To include these handlers in your AMX system, use the AMX
Configuration Manager to add the following statements to your AMX 386/ET Target
Parameter File.

... MB259 MB2591 SP
.. S8259 $82591 SP, MPCRT, SPORT, EQ - CVD

MB259| SP isthe name to be assigned to your master 8259 I1SP.
S82591 SP isthe name to be assigned to your slave 8259 | SP.

MPORT is the master 8259 device address.
SPORT is the dave 8259 device address.
EQ - CMD isthe 8259 command byte to be issued to the master 8259

to clear a spurious interrupt occurring on the slave 8259.

If IRQ7 is used on the master 8259 interrupt controller, omit the . . . MB259 directive. If
you have no slave 8259 interrupt controller, omit the . . . S8259 directive. If you have
more than one slave controller, you will need a separate . . . S8259 directive for each
dave. If IRQ7 is used on a ave 8259 interrupt controller, omit the . . . S8259 directive
for that Slave.

When your AMX system is launched, you must update the Interrupt Descriptor Table so
that the entries for the master and slave 8259 IRQ7 interrupts reference the default 1SPs
in your Target Configuration Module.
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Example: Application Ignores | RQ7

The following is an example of an AMX application operating on a PC/AT or compatible
hardware platform. It is assumed that the application does not use IRQ7 on either the
master or slave 8259 interrupt controller.

To include the default spurious interrupt handlers for both the master and slave
controllers, insert the following directives into your AMX 386/ET Target Parameter File.

... MB259 ATMast er
...S8259 ATS| ave, 20H, OAOH, 20H

The resulting Target Configuration Module will include two Interrupt Service
Procedures. The ISP at ATMast er will ignore spurious interrupts from the master 8259.
The ISP at ATSI ave will ignore spurious interrupts from the slave 8259.

Create the following Restart Procedure and add r r 8259 at or near the beginning of your
list of Restart Procedures in your AMX Configuration Module. The Restart Procedure
initializes the entries in the Interrupt Descriptor Table (IDT) for IRQ7 of the master and
slave 8259 interrupt controllers.

#i ncl ude "CJZzzZ. H'

void CJ_CCPP ATMaster(void); /* Master 8259 |SP */
void CJ_CCPP ATS| ave(voi d); /* Slave 8259 | SP */
#defi ne MB259BASE 0x08 /* Master 8259 | RQD base */
#defi ne S8259BASE 0x70 /* Slave 8259 | RQD base */

void CJ_CCPP rr8259(void)

{
/* Install Master 8259 IRQ7 ISP  */

cj ksi spwr ( MB259BASE + 7, (CJ_I SPPRCC) ATMast er);

/* Install Slave 8259 | RQ7 | SP */
cj ksi spwr ( S8259BASE + 7, (CJ_I SPPRQOC) ATSI ave);

Note that the Restart Procedure in this example unconditionally installs interrupt gates to
the ISPs into the IDT as is appropriate for an AMX application launched for permanent
execution. If your AMX application is launched for temporary execution, you should
save the initial values of each IDT entry using cjksidtrd. Then create an Exit
Procedure which uses cj ksi dt wr to restore the IDT entries to their initia values when
your AMX application shuts down.
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Example: Application Uses IRQ7

If your application uses IRQ7 on any 8259 interrupt controller, your Interrupt Service
Procedure (ISP) for that interrupt MUST account for the possibility that the interrupt
request was spurious. To do so, your ISP must read the 8259 In-Service Register (ISR)
and examine ISR bit 7. If the bit is 0, the IRQ7 interrupt request is spurious and must be
ignored as described previously. If the bit is 1, your ISP must service the real IRQ7
interrupt request.

To read the 8259 In-Service Register you must first select the ISR and then read it. For
example, if the 8259 device address is 0x20, write 0x0B to output port 0x20 and then read
input port 0x20. Thiswrite/read operation MUST be done with interrupts disabled.

If your ISP enables interrupts, then it must be prepared to accept a spurious interrupt on
IRQ7 while it is servicing a real IRQ7 interrupt. That is, the ISP must be recursive.
Since bit 7 in the In-Service Register remains set while the real IRQ7 is being serviced,
the bit can no longer be used to detect a spurious interrupt. The following example of a
conforming AMX Interrupt Handler for IRQ7 on the master 8259 illustrates this
reguirement.

#i ncl ude "CJZZZ. H'

#defi ne MB259 0x20 /* Master 8259 device address */
#defi ne MB259BASE 0x08 /* Master 8259 | RQD base */
void CJ_CCPP | RQ7r oot (void); /* 1SP root for IRQ7 ISP */
static int in_service; /* Private bool ean */
void CJ_CCPP | RQ7rr (void) /* I RQ7 Restart Procedure */
{
in_service = 0; /* IRQ7 is not in service */
/* Install I RQ7 | SP root */

cj ksi spwr (MB259BASE + 7, (CJ_I SPPRCC) | RQ7r oot ) ;

void CJ_CCPP | RQ7i sp(voi d) /* AMX I nterrupt Handler for |IRQ7 */

if (in_service)
return; /* In service; must be spurious */

cj cf out p8( MB259, 0xO0B);
if ( (cjcfinp8(MB259) & 0x80) == 0)

return; /* Not a real |RQ7 */
in_service = 1; /* Servicing a real |RQ7 */

cjcfei(); /* Enable interrupts */
Service the device and renove the level 7 interrupt request

chfdi(); /* Disable interrupts */

in_service = 0; /* Not in service */
cj cf out p8( MB259, 0x20); /* Non-specific EQ */
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