





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































VxWorks 5.3.1
Programmer’s Guide

List of Figures
Figure C-1 VxWorks System Memory Layout (i960CA) .................. 535
Figure C-2 VxWorks System Memory Layout (i960JX) .........ccceouue... 536

Figure C-3 VxWorks System Memory Layout (i960KA and i960KB) 537

526



(0]
Intel i960

C.1 Introduction

This appendix provides information specific to VxWorks development on Intel
i960CA, JX, KA, and KB targets. It includes the following topics:

*  Building Applications: how to compile modules for your target architecture.

» Interface Changes: information on changes or additions to particular VxWorks
features to support the 1960 processors.

»  Architecture Considerations: special features and limitations of the 1960
processors.

C.2 Building Applications

The following sections describe a configuration constant, an environment variable,
and compiler options that together specify the information the GNU ToolKit
requires to compile correctly for i960 targets.

Defining the CPU Type

Setting the preprocessor variable CPU ensures that VxWorks and your applications
build with the appropriate architecture-specific features enabled. Define this
variable to one of the following values, to match the processor you are using:

1960CA
1960]X

1960KA
1960KB

1
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For example, to define CPU for a i960CA on the compiler command line, specify
the following command-line option when you invoke the compiler:

-DCPU=I960CA

To provide the same information in a header or source file instead, include the
following line in the file:

#idefine CPU I960CA

Configuring the GNU ToolKit Environment

Tornado includes the GNU compiler and associated tools. Running the GNU
compiler requires that you define the environment variable GCC_EXEC_PREFIX.
No change is required to the execution path, because the compilation chain is
installed in the same bin directory as the other Tornado executables.

For developers using UNIX hosts, you must specifically define this variable. For
example, if you use the C-shell, add the following to your .cshrc:

setenv GCC_EXEC_PREFIX $WIND_ EASE/host/$WIND HOST TYPE/lib/gcc-lib/

For developers using Windows hosts, if you are working through the Tornado IDE,
the appropriate variable(s) are set automatically. However, before invoking the
compiler from a DOS command line, first run the following batch file to set the
variable(s):

%WIND_ BASE%/host/x86-win32/bin/torVars.bat

For more information, see the Tornado User’s Guide: Getting Started.

Compiling C or C++ Modules

The following is an example of a compiler command line for i960 cross-
development. The file to be compiled in this example has a base name of applic.

% cc960 -fno-builtin -I $WIND_BASE/target/h -0 -c¢ -mca\
-mstrict-align -fvolatile -nostdinc -DCPU=I960CA applic.c

The options shown in the example have the following meanings:!

1. For more information on these and other compiler options, see the GNU ToolKit User’s Guide.
WRS supports compiler options used in building WRS software; a list of these options is
included in the Guide. Other options are not supported, although they are available with the
tools as shipped.
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Required; uses library calls even for common library subroutines.

-1 $WIND_BASE/target/h

-C

~-mca

-mstrict-align

-fvolatile

-nostdinc

-DCPU=I1960CA

Required; includes VxWorks header files. (Additional -I flags may
be included to specify other header files.)

Optional; performs standard optimization.

Required; specifies that the module is to be compiled only, and not
linked for execution under the host.

Required for i960CA and i960]JX; specifies the instruction set. For
the 19960KA and KB, use -mka and -mkb, respectively.

Required; do not permit unaligned accesses.

Required; consider all memory references through pointers to be
volatile.

Required; searches only the directory(ies) specified with the -I flag
(see above) and the current directory for header files. Does not
search host-system include files.

Required; defines the CPU type. If you are using an i960 processor
other than the CA, specify the appropriate value (see Defining the
CPU Type, p.527).

applic.language_id

Required; the file(s) to compile. For C compilation, specify a suffix
of .c. For C++ compilation, specify a suffix of .cpp. The output is
an unlinked object module in a.out format with the suffix .o; for
the example, the output is applic.o.

During C++ compilation, the compiled object module (applic.0) is
munched. Munching is the process of scanning an object module
for non-local static objects, and generating data structures that
VxWorks run-time support can use to call the objects’ constructors
and destructors. See the Tornado User’s Guide: Cross-Development
for details.

529



VxWorks 5.3.1
Programmer’s Guide

C.3 Interface Variations
This section describes particular routines that are specific to i960 targets in any of
the following ways:
= available only on 1960 targets
»  parameters specific to 1960 targets
» special restrictions or characteristics on 1960 targets

For complete documentation on these routines, see the reference entries.

Initialization

There are several differences in what sysInit() initializes and in the initialization
sequence on 1960 targets.

Differences in sysInit() Routine

For the 1960, the sysInit() routine initializes the system interrupt and fault tables
with default stubs, in addition to its standard functions.

ROM-Based VxWorks with i960 Targets

As with other target architectures, the routines romlInit() and romStart() execute
first. Then initialization continues at the sysInit() call, rather than with the
usrInit() call as for other ROM-based targets.

Data Breakpoint Routine bh()

In addition to being able to break at an instruction with b(), the i960CA permits
breakpoints at a data address using bh().

For example, the following command from the VxWorks shell causes a data
breakpoint on any access to data address OxFFFF:

-> bh OxXFFFF, 3

For more information, see the reference entry for bh().

A NOTE: The bh() routine does not work reliably on instruction fetches; use b() to
break on instructions.
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The delete-breakpoint routines, bd( ) and bdall(), delete both instruction and data
breakpoints. Only two data breakpoints can be present in the system at one time.

Parameter Change for intLevelSet()

The 1960 version of intLevelSet() takes an argument from 0 to 31. Level 31 is
equivalent to locking all interrupts.

Results Change for memLib

In VxWorks for the i960, the library memLib forces both partitions and blocks
returned by malloc() to be 16-byte aligned.

Math Routines

Mathematics routines using software floating-point emulation are part of the
GNU/960 distribution from Cygnus, in the libraries libm.a, libg.a, and libgcc.a.
The location of these libraries is described by the variable LIBS in
h/make/make.I960xxgnu (where xx identifies libraries specific to the CA, JX, KA,
or KB variant of the i960 architecture).

The following double-precision floating-point routines are included in the
GNU/960 distribution from Cygnus:

acos()  asin()  atan()  atan2() ceil() cos() cosh()
exp() fabs()  floor()  fmod() log() log10() log2()
pow()  sin() sinh()  sqrt()  tan() tanh()

The following single-precision floating-point routines are also available:

atanf() atan2() ceilf()  expf()

fabsf()  floorf() logf()  log2f()
powf() sinf()  sqrtf()  tanf()

Adding in Unresolved Routines
Occasjons can arise when an application requires libm.a, libg.a, and libgcc.a

routines, although the application has not been prelinked with the VxWorks image.
There are several alternatives for dealing with this situation:
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*  You can compile and link a set of dummy calls with VxWorks to ensure that
the necessary routines are included in the VxWorks image.

*  You can explicitly link the appropriate archive with your application module
by using 1d960.

*  You can add any unresolved reference symbols to src/config/mathlInit.c and
rebuild VxWorks.

Floating-Point Task Option: VX_FP_TASK

The i1960CA, JX, and KA processors contain no floating-point hardware; thus no
floating-point context is used. Floating-point emulation is performed in software
with the routines provided by the Cygnus libraries (see Math Routines, p.531);
therefore, the task option VX_FP_TASK is not required.

The 1960KB has on-board floating-point hardware. The task option VX_FP_TASK is
required when spawning tasks on the i960KB processor.
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C.4 Architecture Considerations

Byte Order

This section describes the following characteristics of the i960 architecture that you
should keep in mind as you write a VxWorks application:

Byte order

Double-word Integers
VMEbus interrupt handling
Memory layout

The 1960 architecture uses little-endian byte order. For information about macros
and routines to convert byte order (from big-endian to little-endian and vice
versa), see Network Byte Order, p.250.

The VxWorks loader allows object module headers to be in either big-endian or
little-endian byte order. Host utility programs can use the most convenient byte
order to process i960 objects. Object file text and data segments must be little
endian for 1960 processors.

Double-word Integers: long long

The double-word integer long long is not supported, except as an artifact of your
particular architecture and compiler. For more information about handling
unsupported features, please see the Customer Support User’s Guide.

VMEDbus Interrupt Handling

The 1960 uses 31 interrupt levels instead of the seven used by VMEbus. The
mapping of the seven VMEbus interrupts to the 31 960 levels is board dependent.
VMEbus interrupts must be acknowledged with sysBusIntAck(). VxWorks does
not use the vector submitted by the interrupting device.

For more information, see the file h/arch/i960/iv1960.h.
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The figures on the following pages show the layout of a VxWorks system in
memory for various target architectures. Areas contain the following labels:

Interrupt Vector Table
Table of exception/interrupt vectors.

SM Anchor Anchor for the shared memory network (if there is shared
memory on the board).

Boot Line ASCII string of boot parameters.

Exception Message ASCII string of the fatal exception message.

Initial Stack Initial stack for usrInit( ), until usrRoot() gets allocated stack.

System Image Entry point for VxWorks.

WDB Memory Pool Size depends on the macro WDB_POOL_SIZE which defaults
to one-sixteenth of the system memory pool. This space is
used by the target server to support host-based tools.

interrupt Stack Size defined in configAll.h. Location depends on system
image size.

System Memory Pool
Size depends on size of system image and interrupt stack. The
end of the free memory pool for this board is returned by
sysMemTop().

Figure C-1 shows the memory layout for an i960CA target; Figure C-2 shows the
memory layout for an i960]X target; Figure C-3 shows the memory layout for an
i960KA or i960KB target.

All addresses shown in these figures are relative to the start of memory for a
particular target board. The start of memory (corresponding to 0x0 in the memory-

| PR t Aingunma) io Aafinna TNCAT RADAA T 3 .
layout aiagrami) is aefir ied as LOCAL_MEM_LOCAL ADRS in ccnﬁg.h for each

target.
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Figure C-1

VxWorks System Memory Layout (i360CA)

SM Anchor

Boot Line

Initial Stack

System Image

Interrupt Vector Table

Initialization Boot Record

C
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Address
+0x0000 LOCAL_MEM_LOCAL_ADRS

+400

+600
+700
+800
+900

+e00

+1000

KEY

Available

Reserved

_end

sysMemTop ()

££££££00
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Figure C-2 VxWorks System Memory Layout (i960JX)

Address
+0x0000 LOCAL_MEM LOCAL_ADRS

+400

+600

+800
+900

+30000

KEY

= Available

= Reserved

_end

Interrupt Vector Table

sysMemTop ()

££££££40

Initialization Boot Record
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Figure C-3 VxWorks System Memory Layout (i360KA and i960KB)
Address
0x0000
Initial Memory Image +ac
+0x0000 LOCAL_MEM LOCAL_ADRS
+400
+600
SM Anchor +700
Boot Line +800
Exception Message +900
+e00
Initial Stack
+1000
System Image
text
___________________________ KEY
data = Available
““““““““““““““““““““““ = Reserved
bss
_end
sysMemTop ()
££000000
ffEELEEFE
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D.1 Introduction
This appendix provides information specific to VxWorks development on Intel
386, 1486, and Pentium (x86) targets. It includes the following topics:
=  Building Applications: how to compile modules for your target architecture.

* Interface Changes: information on changes or additions to particular VxWorks
features to support the x86 processors.

»  Architecture Considerations: special features and limitations of the x86
processors.

* Board Support Packages: information on specific BSPs and device drivers.

For general information on the Tornado development environment’s cross-
development tools, see the Tornado User’s Guide: Cross-Development.

D.2 Building Applications
The following sections describe a configuration constant, an environment variable,
and compiler options that together specify the information the GNU ToolKit
requires to compile correctly for x86 targets.

Defining the CPU Type
Setting the preprocessor variable CPU ensures that VxWorks and your applications

build with the appropriate architecture-specific features enabled. Define this
variable to either 180386 or 180486, to match the processor you are using.
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For example, to define CPU for an i386 on the compiler command line, specify the
following command-line option when you invoke the compiler:

-DCPU=I180386
To provide the same information in a header or source file, include the following
line in the file:

#define CPU 180386

Configuring the GNU ToolKit Environment

Tornado includes the GNU compiler and associated tools. Running the GNU
compiler requires that you define the environment variable GCC_EXEC_PREFIX.
No change is required to the execution path, because the compilation chain is
installed in the same bin directory as the other Tornado executables.

For developers using UNIX hosts, you must specifically define this variable. For
example, if you use the C-shell, add the following to your .cshrc:

setenv GCC_EXEC_PREFIX $WIND_BASE/host/$WIND_HOST TYPE/lib/gcc-lib/

For developers using Windows hosts, if you are working through the Tornado IDE,
the appropriate variable(s) are set automatically. However, before invoking the
compiler from a DOS command line, first run the following batch file to set the
variable(s):

%WIND_BASE%/host/x86-win32/bin/torVars.bat

For more information, see the Tornado User’s Guide: Getting Started.

Compiling C and C++ Modules

The following is an example of a compiler command line for Intel x86 cross-
development. The file to be compiled in this example has the base name of applic.

% cc386 -DCPU=I80386 -I $WIND BASE/target/h -fno-builtin -0 \
-mno-486 -fno-defer-pop -nostdinc -c applic.lang_id

The options shown in the example have the following meanings:!

1. For more information on these and other compiler options, see the GNU ToolKit User’s Guide.
WRS supports compiler options used in building WRS software; a list of these options is
included in the Guide. Other options are not supported, although they are available with the
tools as shipped.
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Required; use cc386 for all supported x86 processors.

Required; defines the CPU type for the i386. If you are using the
i486 or Pentium, specify 180486.

-1 SWIND_BASE/target/h

-fno-builtin

-0

-mno-486

-fno-defer-pop

-nostdinc

-C

applic.lang_id

Required; includes VxWorks header files. (Additional -I flags may
be included to specify other header files.)

Required; uses library calls even for common library routines.

Optional; performs standard optimizations. Note that
optimization is not supported for the Pentium.

Required for the i386; generates optimized code for the i386. For
the 1486, the compiler automatically generates optimized code; no
additional flags are required.

Required; pops the arguments to each subroutine call as soon as
that subroutine returns.

Required; searches only the directory(ies) specified with the -1 flag
(see above) and the current directory for header files. Does not
search host-system include files.

Required; specifies that the module is to be compiled only, and not
linked for execution under the host.

Required; the file(s) to compile. For C compilation, specify a suffix
of .c. For C++ compilation, specify a suffix of .cpp. The output is
an unlinked object module in a.out format with the suffix .o; for
the example, the output is applic.o.

During C++ compilation, the compiled object module (applic.o) is
munched. Munching is the process of scanning an object module
for non-local static objects, and generating data structures that
VxWorks run-time support can use to call the objects’ constructors
and destructors. For details, see the Tornado User’s Guide: Cross-
Development.
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D.3 Interface Variations

This section describes particular features and routines that are specific to x86
targets in any of the following ways:

» available only for x86 targets
= parameters specific to x86 targets
»  special restrictions or characteristics on x86 targets

For complete documentation, see the reference entries.

Supported Routines in mathALib

For x86 targets, the following floating-point routines are supported. These routines
are also available without a hardware floating-point processor by defining
INCLUDE_SW_FP in config.h or configAllLh. For more information about
configuring the software floating-point emulation library, see Software Floating-
Point Emulation, p.552. See mathALib and the individual manual entries for
descriptions of each routine.

acos() asin() atan() atan2()  ceil() cos()
exp() fabs() floor() fmod() infinity()  irint()
iround()  log() log10() log2() pow() round()
sin() sincos()  sqri() tan() trunc()

Architecture-Specific Global Variables

Table D-1

The file sysLib.c contains the global variables shown in Table D-1.

Architecture-Specific Global Variables

Global Variable Value Description
sysVectorIRQO  0x20 (default) A mapping of the base vector for IRQO.
sysIntIdtType 0x0000£e00 Used when VxWorks initializes the interrupt
(default) vector table. The choice of trap gate vs. interrupt
= trap gate gate affects all interrupts (vectors 0x20 through
0x0000ee00 0xff).

= interrupt gate
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Table D-1  Architecture-Specific Global Variables (Continued)

Global Variable

Value Description

sysGDTI]

sysProcessor

sysCoprocessor

0x3ff limit (default) The Global Descriptor Table has five entries. The
first is a null descriptor. The second and third are
for task-level routines. The fourth is for interrupt-
level routines. The fifth is reserved.

0=1i386 The processor type (set by VxWorks).
1=1i486
2 = Pentium

0 =no coprocessor The type of floating-point coprocessor (set by
1 =387 coprocessor VxWorks).
2 = 487 coprocessor

Architecture-Specific Routines

Register Routines

The following routines read x86 register values, and require one parameter, the

task ID:

eax()
esi()

ebx() ecx() edx() edi()
ebp() esp() eflags()

Table D-2 shows additional architecture-specific routines. Other architecture-
specific routines are described throughout this section.

Breakpoints and the bh() Routine

VxWorks for the x86 supports both software and hardware breakpoints. When you
set a software breakpoint, VxWorks replaces an instruction with an int 3 software
interrupt instruction. VxWorks restores the original code when the breakpoint is
removed. The instruction queue is purged each time VxWorks changes an
instruction to a software break instruction.

A hardware breakpoint uses the processor’s debug registers to set the breakpoint.
The x86 architectures have four breakpoint registers. If you are using the target
shell, you can use the bh() routine to set hardware breakpoints. The routine is
declared as follows:
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Table D-2  Architecture-Specific Routines

Routine Function Header Description

sysInByte() UCHAR sysInByte Read one byte from I/O.
(int port)

sysInWord() USHORT sysInword Read one word (two bytes) from I/O.
(int port)

sysInLong() ULONG sysInLong Read one long word (four bytes) from I/0.
(int port)

sysOutByte() void sysOutByte Write one byte to 1/O.
(int port, char data)

sysOutWord() void sysOutWord Write one word (two bytes) to I/0.
(int port, short data)

sysOutLong() void sysOutLong Write one long word (four bytes) to I/0.
(int port, long data)

sysInWordString() void sysInWordString Read word string from I/O.
(int port, short *address,
int count)

sysInLongString() void sysInLongString Read long string from 1/0.
(int port, short *address,
int count

sysOutWordString() void sysOutWordString Write word string to I/0.
(int port, short *address,

int count)
sysQutLongString()  void sysOutLongString Write long string to 1/0.

sysDelay()

(int port, short *address,
int count)

void sysDelay
(void)

sysIntDisablePIC() STATUS sysIntDisablePIC

(int intLevel)

sysIntEnablePIC() STATUS sysIntEnablePIC

sysCpuProbe()

(int intLevel)

UINT sysCpuProbe
(void)

Allow enough recovery time for port accesses.

Disable a Programmable Interrupt Controller
(PIC) interrupt level.

Enable a PIC interrupt level.

Check for type of CPU (i386, 1486, or Pentium).
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STATUS bh
(
INSTR

int
int
int

INSTR
)

*addr,
task,
count,

type,
*addr0

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

D
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where to set breakpoint, or
0 = display all breakpoints
task to set breakpoint;

0 = set all tasks

number of passes before hit
breakpoint type; see below
ignored for x86 targets

The bh() routine takes the following types in parameter type:

BRK_INST
BRK_DATAW1
BRK_DATAW2
BRK_DATAW4
BRK_DATARWI1
BRK_DATARW2
BRK_DATARW4

Disassembler: 1()

Instruction hardware breakpoint (0x1000)

Data write 1-byte breakpoint (0x1400)
Data write 2-byte breakpoint (0x1500)
Data write 4-byte breakpoint (0x1700)

Data read-write 1-byte breakpoint (0x1c00)

Data read-write 2-byte breakpoint (1d00)

Data read-write 4-byte breakpoint (1f00)

*/
*/

*/
*/

*/
*/
*/

If you are using the target shell, note that the VxWorks disassembler I() does not

support 16-bit code compiled for earlier generations of 80x86 processors.

However, the disassembler does support 32-bit code for both the i386 and 1486

processors.

vxMemProbe()

The vxMemProbe() routine, which probes an address for a bus error, is supported

on the x86 architectures by trapping both general protection faults and page faults.
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D.4 Architecture Considerations

This section describes the following characteristics of the Intel x86 architectures
that you should keep in mind as you write a VxWorks application:

=  Operating mode, privilege protection, and byte order
= Memory segmentation and the MMU
=  Memory considerations for VME

* Interrupts and exceptions
*  Context switching

= ISA/EISA bus

= PC104 bus

= PCIbus

= Software floating-point emulation
= VxWorks memory layout

Consult Intel’s Intel486 Microprocessor Family Programmer’s Reference Manual for
details on the x86 architectures.

Operating Mode, Privilege Protection, and Byte Order

VxWorks for the x86 runs in the 32-bit protected mode.

No privilege protection is used, thus there are no call gates. The privilege level is
always 0, the most privileged level (Supervisor mode).

The x86 byte order is little-endian, but network applications must convert some
data to a standard network order, which is big-endian. In particular, in network
applications, be sure to convert the port number to network byte order using
htons().

See Network Byte Order, p.250 for more information about macros and routines to
convert byte order (from little-endian to big-endian or vice versa).

Memory Segmentation

The Intel x86 processors support both I/O-mapped devices and memory-mapped
devices.
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1/0 Mapped Devices

For I/O mapped devices, developers may use the following routines from
config/pcx86/sysALib.s:

sysInByte() - input one byte from 1/0O space
sysOutByte() — output one byte to I/O space
sysInWord() - input one word from I/O space
sysOutWord() —output one word to I/O space
sysInLong() — input one long word from I/O space
sysOutLong() - output one long word to I/O space
sysInWordString() —input a word string from I/O space
sysOutWordString() —output a word string to I/O space
sysInLongString() - input a long string from I/O space
sysOutLongString() — output a long string to I/O space
Memory Mapped Devices

For memory mapped devices, there are two kinds of memory protection provided
by VxWorks: the Memory Management Unit and the Global Descriptor Table.
Because VxWorks operates at the highest processor privilege level, no “protection
rings” exist.

The x86 processors allow you to configure the memory space into valid and invalid
areas, even under Supervisor mode. Thus, you receive a page fault only if the
processor attempts to access addresses mapped as invalid, or addresses that have
not been mapped. Conversely, if the processor attempts to access a nonexistent
address space that has been mapped as valid, no page fault occurs.

=  Memory Management Unit (MMU)

If INCLUDE_MMU_BASIC is defined, then VxWorks enables the MMU with the
mmuPhysDesc[] table which includes PCI memory mapping information. This is
the default.

If you have other memory mapped devices and if INCLUDE_MMU_BASIC is
defined in config.h (the default), you may need to add your device address space
into the MMU table by manually editing the MMU configuration structure
sysPhysMemDesc[] in sysLib.c. For information on editing the
sysPhysMemDesc[] structure, see 7.3 Virtual Memory Configuration, p.408. Do not
overlap any existing MMU entries, and be sure all entries are page aligned. We
recommend that you also maintain a 1:1 correlation between virtual and physical
memory, since VxWorks and all tasks use a common address space.
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Attempts to access areas not mapped as valid in the MMU result in page faults.

A NOTE: The i386 MMU does not have write-protect capability.

=  Global Descriptor Table (GDT)

The GDT is defined as the table sysGDT]I] in sysALib.s. The table has five entries:
a null entry, an entry for program code, an entry for program data, an entry for
ISRs, and a reserved entry. It is initially set so that the available memory range is
0x0-Oxffffffff. If INCLUDE_PCI is defined, VxWorks does not alter this setting. This
memory range is available at run-time with the MMU configuration.

If INCLUDE_PCI is not defined, VxWorks adjusts the GDT using the sysMemTop()
routine to check the actual memory size during system initialization and set the
table so that the available memory range is 0x0-sysMemTop. This causes a General
Protection Fault to be generated for any memory access outside the memory range
0x0-sysMemTop.

Memory Considerations for VME

The global descriptors for x86 targets are configured for a flat 4GB memory space.

If you are running VxWorks for the x86 on a VME board, be aware that addressing
nonexistent memory or peripherals does not generate a bus error or fault.

Interrupts and Exceptions

The Interrupt Descriptor Table (IDT) occupies the address range 0x0 to 0x800 (also
called the Interrupt Vector Table, see Figure D-1). Vector numbers 0x0 to Ox1f are
handled by the default exception handler. Vector numbers 0x20 to Oxff are handled
by the default interrupt handler.

By default, vector numbers 0x20 to 0x2f are mapped to IRQ levels 0 to 15. To
redefine the base address, edit sysVectorIRQO in sysLib.c.

For vector numbers 0x0 to 0x11, no task gates are used, only interrupt gates. By
default, vector numbers 0x12 to Oxff are trap gates, but this can be changed by
redefining the global variable sysIntldtType.

The difference between an interrupt gate and a trap gate is its effect on the IF flag:
using an interrupt gate clears the IF flag, which prevents other interrupts from
interfering with the current interrupt handler.
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Each vector of the IDT contains the following information:

offset offset to the interrupt handler

selector 0x0020, fourth descriptor (code) in GDT
descriptor privilege level 3

descriptor present bit 1

The interrupt handler calls intEnt() and saves the volatile registers (eax, edx, and
ecx). It then calls the ISR, which is usually written in C. Finally, the handler restores
the saved registers and calls intExit().

There is no designated interrupt stack. The interrupt’s stack frame is built on the
interrupted task’s stack. Thus, each task requires extra stack space for interrupt
nesting; the amount of extra space varies, depending on your ISRs and the
potential nesting level.

Some device drivers (depending on the manufacturer, the configuration, and so
on) generate a stray interrupt on IRQ7, which is used by the parallel driver. The
global variable sysStrayIntCount (see Table D-3) is incremented each time such an
interrupt occurs, and a dummy ISR is connected to handle these interrupts.

The chip generates an exception stack frame in one of two formats, depending on
the exception type: (EIP + CS + EFLAGS) or (ERROR + EIP + CS + EFLAGS).

Double-word Integers: long long
The double-word integer long long is not supported, except as an artifact of your

particular architecture and compiler. For more information about handling
unsupported features, please see the Customer Support User’s Guide.

Context Switching
Hardware multitasking and the TSS descriptor are not used. VxWorks creates a

dummy exception stack frame, loads the registers from the TCB, and then starts the
task.
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The optional PC-compatible hardware cards supported in this release (the
Ethernet adapter cards and the Blunk Microsystems ROM Card) use the ISA /EISA
bus architecture.

The PC104 bus is supported and tested with the NE2000-compatible Ethernet card
(4i24: Mesa Electronics). Ampro’s Ethernet card (Ethernet-II) is also supported.

The PCI bus is supported and tested with the Intel EtherExpress PRO100B
Ethernet card. Several functions to access PCI configuration space are supported.
Functions addressed here include:

*  Locate the device by devicelD and vendorID.
*  Locate the device by classCode.
*  Generate the special cycle.

= Access its configuration registers.

Software Floating-Point Emulation

The software floating-point library is supported for the x86 architectures; define
INCLUDE_SW_FP inconfigAlLh or config.h to include the library in your system
image. This library emulates each floating point instruction, by using the exception
“Device Not Available.” For other floating-point support information, see
Supported Routines in mathALib, p.544.

552



D
Intel x86

VxWorks Memory Layout

Two memory layouts for the x86 are shown in the following figures: Figure D-1
illustrates the typical upper memory configuration, while Figure D-2 shows a
lower memory option. These figures contain the following labels:

Interrupt Vector Table
Table of exception/interrupt vectors.

GDT Global descriptor table.

Anchor for the shared memory network (if there is shared
memory on the board).

Boot Line ASCII string of boot parameters.

Exception Message ASCII string of the fatal exception message.

FD DMA Area Diskette (floppy device) direct memory access area.

Initial Stack Initial stack for usrInit(), until usrRoot() gets allocated stack.
System Image Entry point for VxWorks.

WDB Memory Pool Size depends on the macro WDB_POOL_SIZE which defaults
to one-sixteenth of the system memory pool. This space is
used by the target server to support host-based tools.

Interrupt Stack Size defined in configAlLh. Location depends on system
image size. Note that although an interrupt stack is allocated,
it is not used.

System Memory Pool
Size depends on size of system image and interrupt stack.
The end of the free memory pool for this board is returned by
sysMemTop().

All addresses shown in Figure D-1 are relative to the start of memory for a
particular target board. The start of memory (corresponding to 0x0 in the memory-
layout diagram) is defined as LOCAL_MEM_LOCAL_ADRS in config.h for each
target.

In general, the boot image is placed in lower memory and the VxWorks image is
placed in upper memory, leaving a gap between lower and upper memory. Some
BSPs have additional configurations which must fit within their hardware
constraints. For details, see the reference entry for each specific BSP.
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Figure D-1  VxWorks System Memory Layout (x86 Upper Memory)

Address
+0x0000 + LOCAL_MEM LOCAL_ADRS
Interrupt Vector Table
(2KB)
+800
GDT
+1100
SM Anchor
+1200
Boot Line
+1300
Exception Message
+2000
FD DMA Area
+5000  KEY

= Available
= Reserved
+a0000
(no memory)
— +100000
Initial Stack
+108000
System Image
_end

sysMemTop ()
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Figure D-2  VxWorks System Memory Layout (x86 Lower Memory)

Address
+0x0000 + LOCAL_MEM_LOCAL_ADRS
Interrupt Vector Table
(2KB)
+800
GDT
+1100
SM Anchor
+1200 KEY
Boot Line
: +1300 = Available
Exception Message
+2000
FD DMA Area = Reserved
+5000
Initial Stack
+8000
System Image
_end

Interrupt Stack

+a0000 sysMemTop ()

no memor
( ) +100000
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D.5 Board Support Packages

Boot Considerations for pc386, pc486, and epc4

A

For general information on booting VxWorks, see the Tornado User’s Guide: Getting
Started.

This section describes how to build a boot disk, how to boot VxWorks, and how to
mount a DOS file system. Besides the standard tapes, VxWorks for x86 targets also
includes the following DOS diskettes (in both 5.25" (1.2MB) and 3.5" (1.44MB)
formats):

»  The diskette labeled “VxWorks Utility Disk” contains the DOS executables
vxsys.com, vxcopy.exe, vxload.com, and mkboot.bat.

»  The diskette labeled “VxWorks Boot Disk” contains the VxWorks boot sector
file, bootrom.sys; the minimal boot program, bootrom_uncmp (renamed
bootrom.dat); and standalone VxWorks, vxWorks.st (compiled with
BOOTABLE undefined in config.h). These files work for the i386, the i486, or
the Pentium.

These utilities help you build new boot disks and are described in the following
subsections.

NOTE: These utilities are also included in the Tornado tree at
usr/wind/host/x86-win32/bin.

Boot Process

Intel x86 targets that are IBM PC compatible have a BIOS ROM. The BIOS ROM is
not overwritten by VxWorks. The VxWorks executables that you build on the
development host—such as vxWorks.st_rom and bootrom_uncmp—are loaded
by the standard PC bootstrap mechanism?; that is, the PC BIOS (basic
input/output system) ROM.

In general terms, the PC BIOS boot process works as follows:

1. The BIOS boot process searches the first diskette drive’s (A:) boot sector for a
loader program.

. You can use a boot ROM if you install the Blunk Microsystems ROM Card 1.0; see ROM Card

and EPROM Support, p.566.
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2. Ifaloader program was not in drive A:’s boot sector, the process searches the
first hard disk’s (C:) boot sector for a loader program.

3. The loader program is loaded into memory and executed.

4. Typically, the loader program loads the operating system from disk and
executes it, completing the boot process.

For VxWorks, the process is the same except for step 4. Because the loader program
is specific to VxWorks, it loads and executes the file bootrom.sys.

To build a VxWorks boot disk (either diskette or hard drive), you must replace the
standard loader program with the VxWorks loader program and create the
appropriate bootrom.sys file. The following subsections describe how to do this
from VxWorks and from MS-DOS.

Building a Boot Disk/Diskette from VxWorks

The routine mkbootFd() produces a VxWorks boot diskette, and mkbootAta()
produces a VxWorks boot disk (an IDE or ATA hard disk). Both run on any
VxWorks x86 target. They are provided in config/bspname/mkboot.c. Use a DOS-
formatted disk or diskette.

NOTE: The mkbootFd() routine supports only high-density diskettes.

The mkbootFd() and mkbootAta() routines write the boot sector so that it
contains the VxWorks loader program, and make a boot image named
bootrom.sys. The boot image can be derived from one of the images listed in
VxWorks Images, p.565. Before making any version of the image, make sure that
DEFAULT_BOOT_LINE in config.h is set correctly (see the Tornado User’s Guide:
Getting Started), and that the size of the boot image (text+data+bss) is verified to be
less than 512KB. It cannot be larger than this, because it is written into lower
memory.

During the booting process, the VxWorks loader program reads bootrom.sys and
then jumps to the entry point of the boot image.

The mkbootFd() routine requires the following parameters:
STATUS mkbootFd (int drive, int £dType, char *filename)

The first two parameters specify the drive number and diskette type, specified as
in Booting VxWorks from a Diskette, an ATA/IDE Disk, or a PC Card, p.561. The third
parameter specifies the file name of the boot image.

The mkbootAta() routine requires the following parameters:

STATUS mkbootAta (int ctrl, int drive, char *filename)
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The first two parameters specify the controller number and drive number,
specified as in Booting VxWorks from a Diskette, an ATA/IDE Disk, or a PC Card, p.561.
The third parameter specifies the file name of the boot image.

For example, to create a boot disk for the pc386 BSP, first use the following
commands to create the mkboot.o object from mkboot.c:

% cd /usr/wind/target/config/pc386

% make mkboot.o
Then, from the Tornado shell, move to the appropriate directory, load mkboot.o,
and then invoke mkbootFd() or mkbootAta(). Remember to place a formatted,
empty diskette in the appropriate drive if you use mkbootFd().

In this example, mkbootAta() builds a local IDE disk on drive C: from
bootrom_uncmp with the default ataResources{] table (see ATA/IDE Disk Driver,
p.572):

-> cd "/usr/wind/target/config/pc386"

-> 1d < mkboot.o
-> mkbootAta 0,0, "bootrom_uncmp"

Building a Boot Disk/Diskette from MS-DOS

The VxWorks Utility Disk includes several utility programs for creating VxWorks
boot disks. These utilities write the VxWorks loader program on a diskette’s or a
hard disk’s boot sector, and then copy the VxWorks executables from the host to
the disk in a format suitable for the loader program. The utilities mimic the
corresponding MS-DOS utilities, but they must be run under a DOS session of
Windows, not “pure” DOS. They are summarized as follows and described in
more detail later in this section:

VXSys.com installs a VxWorks loader program in a disk’s boot sector.
vXcopy.exe copies a VxWorks a.out executable to the boot disk in the required
format.

vxload.com loads and executes VxWorks from MS-DOS.
mkboot.bat an MS-DOS batch file that creates boot disks.

= Creating a Boot Disk for PC-Compatible Targets

To create a diskette or a bootable hard disk for PC-compatible targets, follow these
steps:

1. On the development host, change to the BSP directory, for example,
config/pc386. Use make to produce the minimal boot program (the target
bootrom_uncmp) or a bootable VxWorks (the target vxWorks_boot or
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vxWorks_boot.st).> We recommend you copy the resulting file to a legal MS-
DOS file name, such as bootrom.dat, to simplify the rest of the process.

The commands for this sequence are as follows:

% cd wpwr/target/config/pc386
% make bootrom_uncmp
% cp bootrom_uncmp bootrom.dat
2. Transfer the executable image to a PC running MS-DOS. In many cases, the PC
is networked with the workstation, using PC-NFS or a similar networking
package. For example:

C:\> copy drive:bootrom.dat c:

where drive refers to the mounted file system on your PC.

3. Use the mkboot utility (or a combination of vxsys and vxcopy) to create the
boot disk. If this boot disk is a diskette, it must be a high-density diskette. The
following example shows this step, assuming the diskette is in drive A:

C:\> mkboot a: bootrom.dat

The mkboot utility uses vxsys to create the VxWorks loader program in the
disk’s boot sector. mkboot then runs vxcopy to copy bootrom.dat to the boot
file bootrom.sys on the target disk, excluding the a.out header.

4. Check that bootrom.sys is contiguous on the boot disk, using the MS-DOS
chkdsk utility. (The mkboot utility runs chkdsk automatically.) If chkdsk
shows that there are non-contiguous blocks, delete all files from the disk and
repeat the vxcopy operation to ensure that MS-DOS lays down the file
contiguously.

The following example shows chkdsk output where the boot file is not
contiguous (note especially the last line of output):

C:\> chkdsk a:bootrom.sys

Volume Serial Number is 2A35-18ED
1457664 bytes total disk space
895488 bytes in 11 user files
562176 bytes available on disk

512 bytes in each allocation unit
2847 total allocation units on disk
1098 available allocation units on disk

3. Before making either version of the image, make sure that DEFAULT_BOOT_LINE in
config.h is set correctly, and that the size of the boot image (text+data+bss) is less than
512KB. It cannot be larger than this, because it is written into lower memory.
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655360 total bytes memory
602400 bytes free

A:\BOOTROM.SYS Contains 2 non-contiguous blocks

5. To test your boot disk, first make sure that the correct drive holds the boot disk
(in this example case, drive A: holds the boot diskette).

6. Reboot the PC.

Depending on the configuration of your VxWorks image, if the boot is
successful, the VxWorks boot prompt appears either on the VGA console or on
the COML1 serial port. You can boot VxWorks by entering @:

[VxWorks Boot]: @

The MS-DOS Boot Utilities in More Detail

vxsys drive:
This command installs a VxWorks loader program in a drive’s boot sector. The
drive can be either a diskette (drive A:), or a hard disk that is searched by the
BIOS bootstrap (drive C:).# The VxWorks loader program searches for the file
bootrom.sys in the root directory and loads it directly into memory at 0x8000.
Execution then jumps to romInit() at 0x8000.

After a loader program is installed in the disk’s boot sector, you do not need to
repeat the vxsys operation for new ROM images. Just use vxcopy to make a new
version of bootrom.sys.

vxcopy source_file target_file
This command copies the VxWorks image file from source_file to target_file.
Normally this copies the bootrom_uncmp output to bootrom.sys on the boot
disk. vxcopy strips the 32-byte a.out header from source_file as it copies.

mkboot drive: source_file
This command is an MS-DOS batch file that uses vxsys to install the VxWorks
loader program in the drive’s boot sector, and then uses vxcopy to transfer
source_file to drive:bootrom.sys. It also runs the MS-DOS utility chkdsk to
check whether bootrom.sys is contiguous.

vxload [image_file]
This command is used during an MS-DOS session to load and execute the
VxWorks image (normally vxWorks.st or bootrom_uncmp). It can be more
convenient or quicker than loading the image via the PC boot cycle. vxload

. For embedded applications, actual disk drives are often replaced by solid state disks.
Because there are no moving parts, boot performance and reliability are increased.
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takes an optional parameter, the image file name; the default is vxWorks.st in
the current directory.

A NOTE: vxload cannot be used to load VxWorks if the MS-DOS session has a
protected mode program in use. Typical examples include the MS-DOS RAM disk
driver, vdisk.sys, and the extended memory manager, emm386.exe. To use
vxload, remove or disable such facilities.

Because vxload must read the image file to memory at 0x8000, it checks to see
that this memory is not in use by MS-DOS, and generates an error if itis. If you
receive such an error, reconfigure your PC to make the space available by
loading MS-DOS into high memory and reducing the number of device
drivers. Or start vxload instead of the MS-DOS command interpreter
command.com. (If you take this approach, remember to first ensure that you
can restore your previous configuration.)

The following is a sample config.sys file that shows these suggestions:

device=c:\dos\himem. sys

dos=high, umb

shell=c:\vxload.com c:\bootrom.dat
The file bootrom.dat must have an a.out header, unlike the bootrom.sys file
made by mkboot.

Booting VxWorks from a Diskette, an ATA/IDE Disk, or a PC Card

Three boot devices are available in VxWorks for the x86, one for diskettes, one for
ATA /IDE hard disks, and one for PCMCIA PC cards. You can also build your own
VxWorks boot ROMs using optional hardware; see ROM Card and EPROM Support,
p.566. Alternatively, as with other VxWorks platforms, you can also boot over an
Ethernet (using one of the supported Ethernet cards), or over a SLIP connection.

-

A NOTE: Because standard PC BIOS components do not support initial booting from
PCMCIA devices, systems which load VxWorks from PCMCIA devices must use
a VxWorks boot disk/diskette. See Building a Boot Disk/Diskette from VxWorks,
p.557 and Building a Boot Disk/Diskette from MS-DOS, p.558.

When booting from a diskette, an ATA /IDE disk, or a PC card, first make sure that
the boot device is formatted for an MS-DOS file system. The VxWorks boot
program mounts the boot device by automatically calling either usrFdConfig() in
src/config/usrFd.c for diskettes, usrAtaConfig() in src/configfusrAta.c for
ATA/1DE hard disks, or usrPcmciaConfig() in src/config/usrPcmcia.c for PC
cards.
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In each case, a mount point name is taken from the file name specified as one of the
boot parameters. You might choose diskette zero (drive A:) to be mounted as /fd0
(by supplying a boot file name that begins with that string). Similarly, you might
choose ATA/IDE hard disk zero (drive C:) to be mounted as /ata0 or you might
choose the PC card in socket 0 to be mounted as /pc0. In each case, the name of the
directory mount point (fd0, ata0, or pc0 in these examples) can be any legal file
name. (For more information on usrFdConfig( ), usrAtaConfig(), or
usrPemciaConfig(), see Mounting a DOS File System, p.564.)

Because the PC hardware does not have a standard NVRAM interface, the only
way to change default boot parameters is to rebuild the bootstrap code with a new
definition for DEFAULT_BOOT_LINE in config.h. See Boot Process, p.556 for
instructions on how to rebuild the bootstrap code.

NOTE: To enable rebooting with CTRL+X, you must set some of the BSP-specific
global variables sysWarmType, sysWarmFdType, and sysWarmFdDrive,
sysWarmAtaCtrl, and sysWarmAtaDrive, depending on which boot device you
use. For more information, see Architecture-Specific Global Variables, p.544.

Booting from Diskette

To boot from a diskette, specify the boot device as fd (for floppy device). First,
specify the drive number on the boot device: line of the boot parameters display.
Then, specify the diskette type (3.5" or 5.25"). The format is as follows:

boot device: f£d=drive number, diskette type

drive number
a digit specifying the diskette drive:

0 = default; the first diskette drive (drive A:)
1 = the second diskette drive (drive B:)

diskette type
a digit specifying the type of diskette:

0 = default; 3.5" diskette
1 =5.25" diskette
Thus, to boot from drive B: with a 5.25" diskette, enter the following:

boot device: £d=1,1

The default value of the file-name boot parameter is /fd0/vxWorks.st. You can
specify another boot image; for example, assume that you have placed your
vxWorks and vxWorks.sym files in the root directory of the 5.25" diskette in drive
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A: as the files A:\vxworks and A:\vxworks.sym, and that the mount point for this
drive is /fd0. To boot this image, enter the following in the boot parameters
display:

boot device: £4=0,1

file name: /£d0/vxworks

Booting from ATA/IDE Disk

To boot from an ATA/IDE disk, specify the boot device as ata. First, specify the
controller number on the boot device line of the boot parameters display. Then,
specify the drive number. The format is as follows:

boot device: ata=controller number, drive number

controller number
a digit specifying the controller number:

0 = a controller described in the first entry of the ataResources
table (in the default configuration, the local IDE disk is the
first controller)

1 =a controller described in the second entry of the ataResources
table (in the default configuration, the ATA PCMCIA PC card
is the second controller)

drive number
a digit specifying the hard drive:
0 = the first drive on the controller (drive C: or E:)
1 = the second drive on the controller (drive D: or F:)

If your vxWorks and vxWorks.sym files are in the root directory of your IDE hard
disk drive C: as the files C:\vxworks and C:\vxworks.sym, where C: is the first
IDE disk drive on the system and the mount point for the drive is /ata0, then enter
the following in the boot parameters display:

boot device: ata=0,0

cee

file name: /ata0/vxworks

Booting from PCMCIA PC Card

To boot from a PCMCIA PC card, specify the boot device as pcmcia. Specify the
socket number on the boot device: line of the boot parameters display. The format
is as follows:

boot device: pemecia=socket number
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socket number
a digit specifying the socket number:

0 = the first PCMCIA socket
1 = the second PCMCIA socket

If your vxWorks and vxWorks.sym files are in the root directory of your ATA or
SRAM PCMCIA PC card drive E: as the files E:\vxworks and E:\vxworks.sym,
and the mount point for your PC card drive is /pc0, then enter the following:

boot device: pemcia=0
file name: /pcO/vxworks

If you are using an Ethernet PC card, the boot device is the same and the file name
is:

file name: /usr/wind/target/config/pc386/vxWorks

Mounting a DOS File System

You can mount a DOS file system from a diskette, an ATA /IDE disk, or a PC card
(SRAM or ATA) to your VxWorks target.

Use the routine usrFdConfig( ) to mount the file system from a diskette. It takes the
following parameters:

drive number  the drive that contains the diskette: MS-DOS drive A:is 0; drive B:
is 1.
diskette type 0(3.5"2HD) or 1 (5.25" 2HD).

mount point from where on the file system to mount, for example, /£d0/.

Use the routine usrAtaConfig( ) to mount the file system from an ATA /IDE disk. It
takes the following parameters:

controller number
the controller: a controller described in the first entry of the
ataResources|] table is 0; a controller described in the second
entry is 1. In the default configuration, the local IDE disk is 0; the
PCMCIA ATA driveis 1.

drive number  the drive: the first drive of the controller is 0; the second drive of
the controller is 1. In the default configuration, MS-DOS drive C:
is 0; drive D: is 1.

mount point from where on the file system to mount, for example, /ata0/.
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Use pccardMount() to mount the file system from a PC card (SRAM or ATA). This
routine differs from usrPcmciaConfig() in that pccardMount() uses the default
device. A default device is created by the enabler routine when the PC card is
initialized. The default device is removed automatically when the PC card is
removed. pccardMount() takes the following parameters:

socket number  the socket that contains the PC card; the first socket is 0.
mount point from where on the file system to mount, for example, /pc0/.

Use pccardMEkfs() to initialize a PC card and mount the file system from a PC card
(SRAM or ATA). It takes the following parameters:

socket number  the socket that contains the PC card; the first socket is 0.
mount point from where on the file system to mount, for example, /pc0/.

The pccardMount() and pccardMkfs() routines are provided in source form in
sre/drv/pemcia/pecardLib.c.

DMA Buffer Alignment and cacheLib

If you write your own device drivers that use direct memory access into buffers
obtained from cacheLib, the buffer must be aligned on a 64KB boundary.

Support for Thii‘d-Party BSPs

To support third party pc386 and pc486 BSPs, the global variable sysCodeSelector
and the routines sysIntVecSetEnt() and sysIntVecSetExit() are defined in
sysLib.c.

VxWorks Images

The executable targets bootrom_uncmp, vxWorks, and vxWorks.st were tested
and verified on the pc386, pc486, and epc4 BSPs. The executable target
bootrom_uncmp uses lower memory (0x0 - 0xa0000), while vxWorks and
vxWorks.st use upper memory (0x100000 - pcMemSize). A minimum of 1MB of
memory in upper memory is required for vxWorks and vxWorks.st.

The VxWorks makefile targets listed below are supported in these BSPs. They
should be placed on a bootable diskette by mkboot (a DOS utility) or by
mkbootFd() or mkbootAta() (VxWorks utilities). The makefile target
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vxWorks_low should be downloaded by the bootrom_high bootROM image; for
information on all VxWorks makefile targets, see the Tornado User’s Guide: Cross-

Development:

vxWorks_rom
vxWorks_rom_low
vxWorks.st_rom

bootrom

bootrom_uncmp
bootrom_high

BSP-Specific Global Variables

bootable VxWorks: upper memory
bootable VxWorks: lower memory
bootable VxWorks.st (compressed): upper memory

bootROM (compressed): lower memory
bootROM: lower memory
bootROM (compressed): upper memory

The BSP-specific global variables shown in Table D-3 apply to pc386, pc486, and

epcd.

Table D-3 BSP-Specific Global Variables

Location Global Variable Value Description
sysLib.c sysWarmType 0 = ROMBIOS sysWarmType controls how CTRL+X is processed.
sysWarmFdType 1 (default) = If 0, VxWorks asserts SYSRESET line, and CTRL+X
sysWarmFdDrive Diskette produces cold start. If 1, VxWorks reads aboot image
sysWarmAtaCtrl 2=ATA from the diskette specified by sysWarmFdType and
sysWarmAtaDrive sysWarmFdDrive, and jumps to the boot image
entry point. If 2, VxWorks reads a boot image from
the ATA/IDE disk specified by sysWarmAtaCtrl
and sysWarmAtaDrive and jumps to the boot image
entry point.
sysFdBufAddr 0x2000 Address and size of diskette DMA buffer.
sysFdBufSize 0x3000
sysStrayIntCount VxWorks increments this when it catches a stray
interrupt on IRQ7.
ROM Card and EPROM Support

Aboot EPROM (type 27020 or 27040) is supported with Blunk Microsystems” ROM
Card 1.0. For information on booting from these devices, see the Blunk

Microsystems documentation.

The following program is provided to support VxWorks with the ROM Card:
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config/bspname/romcard.s
a loader for code programmed in to the EPROM.

In addition, the following configurations are defined in the makefile to generate
Motorola S-record format from bootrom_uncmp or from vxWorks_boot.st:

romcard_bootrom_512.hex
boot ROM image for 27040 (512 KB)

romcard_bootrom_256.hex
boot ROM image for 27020 (256 KB)

romcard_vxWorks_st_512.hex
bootable VxWorks image for 27040 (512 KB)

Neither the ROM Card nor the EPROM is distributed with VxWorks. To contact
Blunk Microsystems, call or FAX 415-960-7190.

VxWorks for the x86 includes a console driver, network drivers for several kinds
of hardware, a diskette driver, an ATA/IDE hard disk driver, and a line printer
driver.

NOTE: There is no support for a SCSI device driver in VxWorks 5.3.1.

VGA and Keyboard Drivers

The keyboard and VGA drivers are character-oriented drivers; thus, they are
treated as additional serial devices. Because the keyboard deals only with input
and the VGA deals only with output, they are integrated into a single driver in the
module src/drv/serial/pcConsole.c.

To include the console drivers in your configuration, define the config.h macro
INCLUDE_PC_CONSOLE. When this macro is defined, the serial driver
automatically initializes the console drivers.

The console drivers do not change any hardware initialization that the BIOS has
done. The I/O addresses for the keyboard and the console, and the base address of
the on-board VGA memory, are defined in config/bspname/pc.h.

The macro PC_KBD_TYPE in config/bspname/config.h specifies the type of
keyboard. If the keyboard is a portable PC keyboard with 83 keys, define the macro
as PC_XT_83_KBD.
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In the default configuration, /tyCo/0 is serial device 1 (COM1), /tyCo/1 is serial
device 2 (COM2), and /tyCo/2 is the console.

You can define the following configuration macros for the console drivers in pc.h:

= INCLUDE_ANSI_ESC_SEQUENCE supports the ANSI terminal escape
sequences. The VGA driver does special processing for recognized escape
sequences.

=  COMMAND_8042, DATA_8042, and STATUS_8042 refer to the I/O base
addresses of the various keyboard controller registers.

= GRAPH_ADAPTER can be set to either VGA or MONOCHROME.

Network Drivers

Several network drivers are available, corresponding to an assortment of boards
from different manufacturers. For the list of macros to include specific network
drivers in your configuration, see 8.3 Configuring VxWorks, p.430.

For all network drivers, the I/O address, RAM address, RAM size, and interrupt
request (IRQ) levels are defined in config.h (the I/O address must match the value
recorded in the EEPROM). Use the configuration program supplied by the
manufacturer to set the I/O address; in some cases you can set IRQ levels with the
same configuration program.

You can set the board-specific macro listed in Table D-4 (defined in config.h) to
specify whether you are using EEPROM, thin coaxial cable (BNC), twisted-pair
cable (RJ45), thick coaxial cable (AUI), or some combination (for example,
RJ45+AUI and/or RJ45+BNC). The exceptions are the Intel EtherExpress32, which
uses EEPROM only, and the Novell/Eagle NE2000, which uses a hardware jumper.

For most network drivers, if INCLUDE_SHOW_ROUTINES is defined, a board-
specific routine boardShow( ) ° displays statistics collected in the interrupt handler
on the standard output device. This routine requires two parameters: interface unit
and zap. For all boards currently supported, interface unit is 0; zap can be either 0
or 1. If zap is 1, all collected statistics are cleared to zero.

Table D-4 shows the software configuration details for each network driver.

5. The prefix board is an abbreviation for the corresponding network board. For example, the
abbreviation for the 3Com EtherLink IIT board is elt, so the corresponding show routine is
eltShow().
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Network Drivers

Ethernet
Network Board IRQ Levels Supported Configuration Show Routine

Macro
SMC Elite 16 2,3,4,5,7,9,10,11,15 CONFIG_ELC elcShow'()
SMC Elite 16 Ultra 2,3,57,10,11 CONFIG_ULTRA ultraShow()*
Intel EtherExpress’ 2,3,4,5,9,10, 11 CONFIG_EEX (none)
Intel EtherExpress32t 3,5,7,9,10,11,12,15 (EEPROM) (none)
Intel EtherExpress PRO100B 0 - 15 (EEPROM) (none)
3Com EtherLink III 3,5,7,9,10,11,12,15 CONFIG_ELT eltShow()*
Novell/Eagle NE2000 2,3,4,5,10,11,12,15 (jumper) eneShow()”
Ampro Ethernet-1I 2,3,10,11 CONFIG_ESMC  esmcShow()*

* These routines are not built in to the Tornado shell. To use them from the
Tornado shell, you must define INCLUDE_SHOW_ROUTINES in your
VxWorks configuration; see 8. Configuration. When you invoke them, their
output is sent to the standard output device.

+ Auto-detect mode is not supported for these boards.

Certain network boards are also configurable in hardware. Use the jumper settings
shown in Table D-5 with the network drivers supplied.

Network Board Hardware Configuration
Network Board Jumpers Settings
SMC Elite 16 w1 SOFT
W2 NONE/SOFT
SMC Elite 16 Ultra w1 SOFT
Intel EtherExpress (none)
Intel EtherExpress32 (none)
Intel EtherExpress PRO100B (none)
3Com EtherLink IIT (none)
Novell/Eagle NE2000 various follow manufacturer’s instructions
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Table D-5 Network Board Hardware Configuration (Continued)
Network Board Jumpers Settings
Ampro Ethernet-II w1 PROM size: 16K or 32K
W3 No.0: 0x300
W4 Select IRQ-10,11
Diskette Driver

To include the diskette driver in your configuration, define the macro
INCLUDE_FD in config.h (“fd” stands for floppy disk). When INCLUDE_FD is
defined, the initialization routine fdDrv() is called automatically from usrRoot#()
in config/all/usrConfig.c. To change the interrupt vector and level used by
fdDru(), edit the definitions of FD_INT_VEC and FD_INT_LVL in
config/bspnamel/pc.h.

The fdDevCreate() routine installs a diskette device in VxWorks. You must call
fdDevCreate() explicitly for each diskette device you wish to install; it is not called
automatically. The fdDevCreate() routine requires the following parameters:

drive number the diskette drive that corresponds to this device: MS-DOS
drive A:is 0; drive B: is 1.
diskette type 0(3.5"2HD) or 1 (5.25" 2HD). These numbers are indices to the

structure table fdTypes|] in config/bspname/sysLib.c, which is
described below.

number of blocks the size of the device.
offset the number of blocks to leave unused at the start of a diskette.

As shipped, the fdTypes|] table in sysLib.c describes two diskette types: the 3.5"
1.44MB 2HD diskette and the 5.25" 1.2MB 2HD diskette. (In particular, there is no
entry for low-density diskettes.) To use another type of diskette, add the
appropriate disk descriptions to the fdTypes|] table, shown below. Note that each
entry in the table is a structure. The entry dataRate is described in more detail in
Table D-6 and the entries stepRate, headUnload, and headLoad are described in
Table D-7.

int sectors; /* number of sectors */
int sectorsTrack; /* sectors per track */
int heads; /* number of heads */
int cylinders; /* number of cylinders */
int secSize; /* 128 << secSize gives bytes per sector */
char gapl; /* suggested gap value in read/write cmds */

/* to avoid splice point between data field */

/* and ID field of contiguous sections */
char gap2; /* suggested gap values for format-track cmd */
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char dataRate; /* data transfer rate */
char stepRate; /* stepping rate */
char headunload; /* head unload time */
char headLoad; /* head load time */
char mfm; /* 1~->MFM (double density),

0--> FM (single density) */
char sk; /* if 1, skip bad sectors on read-data cmd */
char *name; /* name */

The dataRate field must have a value ranging from 0 to 3. The bit value controls
the data transfer rate by setting the configuration control register in some IBM
diskette controllers. The values correspond to transfer rates as shown in Table D-6.

Diskette Data Transfer Rates

dataRate MFM (double density) FM (single density)
3 1Mbps invalid

0 500Kbps 250Kbps

1 300Kbps 150Kbps

2 250Kbps 125Kbps

The stepRate, headUnload, and headLoad parameters describe time intervals
related to physical operation of the diskette drive. The time intervals are a simple
function of the parameter value and of a multiplier corresponding to the data
transfer rate, except that 0 has a special meaning for headUnload and headLoad,
as shown in Table D-7.

Time Interval Parameters in fdTypes{]

Time (ms) by transfer rate

Description Field Value 1M 500K 300K 250K
Transfer rate multiplier (T): 1 2 3.33 4

Interval between stepper stepRate 0 8 16 26.7 32
pulses S

0-15 (8 - 0.5 x stepRate) x T
Interval from end of read or headUnoad 0 128 256 426 512
write to head unload

1-15 8 x headUnload X T
Interval from end of head ~ headLoad 0 128 256 426 512
load to start of read or write

1-127 headLoad x T
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Interleaving is not supported when the driver formats a diskette; the driver always
uses a 1:1 interleave. Use the MS-DOS format program to get the recommended
DOS interleave factor.

The driver uses memory area 0x2000 to 0x5000 for DMA, for the following reasons:
= The DMA chip has an addressing range of only 24 bits.
=  Abuffer must fit in one page; that is, a buffer cannot cross the 64KB boundary.

Another routine associated with the diskette driver is fdRawio(). This routine
allows you to read and write directly to the device; thus, the overhead associated
with moving data through a file system is eliminated. The fdRawio() routine
requires the following parameters:

drive number the diskette drive that corresponds to this device: MS-DOS
drive A:is 0; drive B:is 1.
diskette type 0(3.5"2HD) or 1 (5.25" 2HD). These numbers are indices to the

structure table fdTypesl] in config/bspname/sysLib.c.

FD_RAW ptr pointer to the FD_RAWI] structure, where the data that is
being read and written is stored; see below.

The following is the definition of the FD_RAWI] structure:
typedef struct fdRaw

{ .
UINT cylinder; /* cylinder (0 -> (cylinders-1)) */

UINT head; /* head (0 -> (heads-1)) */
UINT sector; /* sector (1 -> sectorsTrack) */
UINT *pBuf; /* ptr to buff (bytesSector*nSecs) */
UINT nsSecs; /* # of sectors (1-> sectorsTrack) */
UINT direction; /* read=0, write=1 */
} FD_RAW;

ATA/IDE Disk Driver

To include the ATA /IDE disk device driver in your configuration, define the macro
INCLUDE_ATA in config.h. When INCLUDE_ATA is defined, the initialization
routine ataDrv() is called automatically from usrRoot() in usrConfig.c for the
local IDE disk. To change the interrupt vector and level and the configuration type
used by ataDrv(), edit the definitions of the constants ATA0_INT VEC,
ATAO0_INT_LVL, and ATAO_CONFIG in pc.h. The default configuration is suitable
for the i8259 interrupt controller; most PCs use that chip. The ataDrv() routine
requires the following parameters:
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controller number
the controller: a controller described in the first entry of the
ataResources[] table is 0; a controller described in the second
entry is 1. In the default configuration, the local IDE disk is 0; the
PCMCIA ATA drive is 1.

number of drives number of drives on the controller: maximum of two drives per
controller is supported.

interrupt vector interrupt vector
interrupt level  IRQ level

configuration type
configuration type

semaphore timeout
timeout value for the semaphore in the device driver.

watchdog timeout
timeout value for the watchdog in the device driver.

The ataDevCreate() routine installs an ATA /IDE disk device in VxWorks. You
must call ataDevCreate() explicitly for each local IDE disk device you wish to
install; it is not called automatically. The ataDevCreate() routine requires the
following parameters:

controller number
the controller: a controller described in the first entry of the
ataResources|] table is 0; a controller described in the second
entry is 1. In the default configuration, the local IDE disk is 0; the
PCMCIA ATA driveis 1.

drive number the drive: the first drive of the controller is 0; the second drive of
the controller is 1. In the default configuration, MS-DOS drive C:
is 0 on controller 0.

number of blocks the size of the device.
offset the number of blocks to leave unused at the start of a disk.

If the configuration type specified with ataDrv() is 0, the ATA /IDE driver does not
initialize drive parameters. This is the right value for most PC hardware, where the
ROMBIOS initialization takes care of initializing the ATA/IDE drive. If you have
custom hardware and the ATA/IDE drive is not initialized, set the configuration
type to 1 to cause the driver to initialize drive parameters.
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The drive parameters are the number of sectors per track, the number of heads,
and the number of cylinders. The table has two other members used by the driver:
the number of bytes per sector, and the precompensation cylinder. For each drive,
the information is stored in an ATA_TYPE structure, with the following elements:

int cylinders; /* number of cylinders */
int heads; /* number of heads */
int sectorsTrack; /* number of sectors per track */
int bytesSector; /* number of bytes per sector */
int precomp; /* precompensation cylinder */

A structure for each drive is stored in the ataTypes|[] table in sysLib.c. That table
has two sets of entries: the firstis for drives on controller 0 (the local IDE disk) and
the second is for drives on controller 1 (the PCMCIA ATA card). The table is
defined as follows:

ATA TYPE ataTypes[ATA MAX CTRLS] [ATA_MAX DRIVES] =
{

{{761, 8, 39, 512, Oxff}, /* ctrl 0 drive 0 */
{761, 8, 39, 512, Oxff}}, /* ctrl 0 drive 1 */
{{761, 8, 39, 512, Oxff}, /* ctrl 1 drive 0 */
{761, 8, 39, 512, Oxff}}, /* ctrl 1 drive 1 */
};

The ioctl() function FIODISKFORMAT always returns ERROR for this driver,
because ATA/IDE disks are always preformatted and bad sectors are already
mapped.

If INCLUDE_SHOW_ROUTINES is defined, the routine ataShow() displays the
table and other drive parameters on the standard output device. This routine
requires two parameters: controller number, which must be either 0 (local IDE) or 1

(PCMCIA ATA), and drive number, which must be either 0 or 1.

Another routine associated with the ATA /IDE disk driver is ataRawio(). This
routine allows you to read and write directly to the device; thus, the overhead
associated with moving data through a file system is eliminated. The ataRawio()
routine requires the following parameters:

controller number
the controller: a controller described in the first entry of the
ataResources|[] table is 0; a controller described in the second
entry is 1. In the default configuration, the local IDE disk is 0; the
PCMCIA ATA driveis 1.

drive number  the drive: the first drive of the controller is 0; the second drive of
the controller is 1. In the default configuration, MS-DOS drive C:
is 0 on controller 0.
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ATA_RAW ptr  pointer to the ATA_RAW structure, where the data that is being
read and written is stored; see below.

The following is the definition of the ATA_RAW structure:

typedef struct ataRaw
{

UINT cylinder; /* cylinder (0 -> (c¢ylinders-1)) */
UINT head; /* head (0 -> (heads-1)) */
UINT sector; /* sector (1 -> sectorsTrack) */
UINT *pBuf; /* ptr to buff (bytesSector*nSecs) */
UINT nSecs; /* #of sectors (1 -> sectorsTrack) */
UINT direction; /* read=0, write=1 */
} ATA_RAW;

The resource table used by ataDrv(), ataResourcesl], is defined in sysLib.c as
follows:

ATA_ RESOURCE ataResources|[ATA MAX CTRLS] =

{

{

{

5, 0,

{ATA0_IO_STARTO0, ATAO_IO_START1l}, {ATAO0_IO_STOPO, ATAO_IO_STOPl},
0o, 0, 0, 0, 0, O
}

IDE_LOCAL, 1, ATAO_INT VEC, ATAO_INT LVL, ATAO_CONFIG,

ATA_SEM_TIMEOUT, ATA_WDG_TIMEOUT, 0, O

}, /* ctrl 0 */

{

{

5 ’ 0 I

{ATA1l_IO_STARTO, ATAl IO_START1}, {(ATAl_IO_STOPO, ATAl_IO_STOPl},
0o, 0, 0, 0, 0, 0
}

ATA PCMCIA, 1, ATAl_INT VEC, ATAl INT_LVL, ATAl_ CONFIG,

ATA_SEM_TIMEOUT, ATA WDG_TIMEOUT, 0, 0

Y, /* ctrl 1 */

};

Each resource in the table is an ATA_RESOURCE structure, defined as follows:

typedef struct ataResource /* PCCARD ATA resources */
{
PCCARD_RESOURCE resource; /* must be the first member */
int ctrlType; /* controller type: IDE_LOCAL */
/* or ATA PCMCIA */
int drives; /* 1,2: number of drives */
int intVector; /* interrupt vector */
int intLevel; /* IRQ level */
int configType; /* 0,1: configuration type */
int semTimeout; /* timeout seconds for sync semaphore */
int wdgTimeout; /* timeout seconds for watch dog */
int sockTwin; /* socket number for twin card */
int pwrdown; /* power down mode */

} ATA_RESOURCE;

575



VxWorks 5.3.1
Programmer’s Guide

/\ NOTE: This structure applies to both ATA PCMCIA PC cards and local IDE hard
disks. For the definition of PCCARD_RESOURCE, see PCMCIA for x86 Release Notes
and Supplement.

Line Printer Driver

This release of VxWorks for the x86 supports write operations to an LPT line
printer driver.

To include the line printer driver in your configuration, define the macro
INCLUDE_LPT in config.h. When INCLUDE_LPT is defined, the initialization
routine IptDrv() is called automatically from usrRoot() in usrConfig.c.

The resource table used by IptDrv() is stored in the structure IptResource[] in
sysLib.c. The resources are defined as follows:

int ioBase; /* IO base address */
int intvector; /* interrupt vector */
int intLevel; /* interrupt level */
BOOL autofeed; /* TRUE if enable autofeed */
int busyWait; /* loop count for BUSY wait */
int strobeWait; /* loop count for STROBE wait */
int retryCnt; /* timeout second for syncSem */

IptDro() takes two arguments. The first argument is the number of channels (0, 1,
or 2). The second argument is a pointer to the resource table.

To change IptDru()’s interrupt vector or interrupt level, change the value of the
appropriate constant (LPT_INT_VEC or LPT_INT_LVL) in pc.h.

Many of the LPT driver’s routines are accessible only through the I/O system.
However, the following routines are available (see the manual pages for details):

IptDevCreate() installs an LPT device into VxWorks. Call IptDevCreate()
explicitly for each LPT device you wish to install; it is not
called automatically. This routine takes the following
parameters:

name = device name

channel = physical device channel (0, 1, or 2)

IptAutofeed() enables or disables the autofeed feature; takes the parameter
channel (0, 1, or 2).
IptShow() if INCLUDE_SHOW_ROUTINES is defined, shows driver

statistics; takes the parameter channel (0, 1, or 2).
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In addition, you can perform the following ioctl() functions on the LPT driver:

LPT_GETSTATUS
gets the value of the status register; takes an integer value where
status is stored

LPT_SETCONTROL
sets the control register; takes a value for the register
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MIPS R3000, R4000, R4650

E.1 Introduction
This appendix provides information specific to VxWorks development on MIPS
targets. It includes the following topics:
*  Building Applications: how to compile modules for your target architecture.

* Interface Changes: information on changes or additions to particular VxWorks
features to support the MIPS processors.

»  Architecture Considerations: special features and limitations of the MIPS
processors, including a figure showing the VxWorks memory layout for these
processors.

For general information on the Tornado development environment’s cross-
development tools, see the Tornado User’s Guide: Cross-Development.

E.2 Building Applications

The following sections describe a configuration constant, environment variables,
and compiler options that together specify the information the GNU toolkit
requires to compile correctly for the MIPS targets.

Defining the CPU Type

Setting the preprocessor variable CPU ensures that VxWorks and your applications
build with the appropriate architecture-specific features enabled. Define this
variable to be R3000 (for the MIPS R3000 or R3500), R4000 (for the R4200 or R4600),
or R4650 (for the MIPS R4640 or R4650).
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For example, to define CPU for an R3500 on the compiler command line, specify
the following command-line option when you invoke the compiler:

-DCPU=R3000

To provide the same information in a header or source file, include the following
line in the file:

#define CPU R3000

All VxWorks makefiles pass along the definition of this variable to the compiler.
You can define CPU on the make command line as follows:

% make CPU=R3000 ...
You can also set the definition directly in a makefile, with the following line:

CPU=R3000

Configuring the GNU ToolKit Environment

Tornado includes the GNU compiler and associated tools. Running the GNU
compiler requires that you define the environment variable GCC_EXEC_PREFIX.
No change is required to the execution path, because the compilation chain is
installed in the same bin directory as the other Tornado executables.

For developers using UNIX hosts, you must specifically define this variable. For
example, if you use the C-shell, add the following to your .cshrc:

setenv GCC_EXEC_ PREFIX $WIND BASE/host/$WIND_HOST_ TYPE/lib/gcc-1lib/

For developers using Windows hosts, if you are working through the Tornado IDE,
the appropriate variable(s) are set automatically. However, before invoking the
compiler from a DOS command line, first run the following batch file to set the
variable(s):

%WIND_BASE%/host/x86-win32/bin/torVars.bat

For more information, see the Tornado User’s Guide: Getting Started.

Compiling C or C++ Modules

The following is an example of a compiler command line for R3000 cross-
development. The file to be compiled in this example has a base name of applic.

% ccmips ~DCPU=R3000 -I/usr/vw/h -mcpu=r3000 -02 -funroll-loops \
-nostdine -G 0 -¢ applic.c
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This is an example for the R4000:

% ccmips ~-DCPU=R4000 -I/usr/vw/h -mcpu=r4000 -mips3 -mgp32 \
-mfp32 -02 -funroll-loops -nostdinc -G 0 -c applic.c

The options shown in the examples have the following meanings:!

-DCPU=R3000 Required; defines the CPU type for the R3000 or R3500. For the
R4200 or R4600, specify R4000. For the R4640 or R4650, specify
R4650.

-I $WIND_BASE/h
Required; gives access to the VxWorks include files. (Additional
-I flags may be included to specify other header files.)

-mcpu=13000 Required; tells the compiler to produce code for the R3000 or
R3500. For the R4200 or R4600, specify r4000. For the R4640 or
R4650, specify r4650.

-mips3 Required for R4000 targets (R4200 and R4600) and R4650 targets
(R4640 and R4650); tells the compiler to issue instructions from
level 3 of the MIPS ISA (64-bit instructions). This compiler option
does not apply to R3000 or R3500 targets.

-mfp32 Required for R4000 and R4650 targets; tells compiler to issue
instructions assuming that fp registers are 32 bits, required for
compatibility with mathALib.

-mgp32 Required for R4000 and R4650 targets in code which makes calls
to varargs functions provided by VxWorks (printf(), sprintf(),
and so forth); tells the compiler to issue instructions assuming that
all general-purpose registers are 32 bits.

-msingle-float Required for R4640 and R4650; tells the compiler to assume that
the floating-point processor supports only single-precision

operations.
-m4650 Required for R4650 targets; sets -msingle-float and -mmad? flags.
-02 Optional; tells the compiler to use level 2 optimization.

NOTE: To specify optimization for use with GDB, use the -O0 flag.

. For more information on these and other compiler options, see the GNU ToolKit User’s Guide.
WRS supports compiler options used in building WRS software; a list of these options is
included in the Guide. Other options are not supported, although they are available with the
tools as shipped.

2. Consult GNU Toolkit User’s Guide.
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-funroll-loops Optional; tells the compiler to use loop unrolling optimization.

-nostdinc Required; searches only the directories specified with the -I flag
(see above) and the current directory for header files.

-msoft-float Required for software emulation, tells the compiler to issue
library callouts for floating point. For more information, see
Floating-Point Support, p.587.

-GO Required; tells the compiler not to use the global pointer. For more
information, see Gprel Addressing, p.587.

-c Required; specifies that the module is to be compiled only, not
linked for execution under the host.

The output is an unlinked object module in ELF format with the
suffix .o; for the example above, the output would be applic.o.

The default for ccmips is big-endian (set explicitly with -EB) and defines MIPSEB.
Use -EL to compile little-endian and automatically define MIPSEL. Users should
not define either MIPSEB or MIPSEL.

E.3 Interface Variations
This section describes particular routines and tools that are specific to MIPS targets
in any of the following ways:
= available only on MIPS targets
*  parameters specific to MIPS targets
*  special restrictions or characteristics on MIPS targets

For complete documentation, see the reference entries for the libraries,
subroutines, and tools discussed below.

cacheR3kLib and cacheR4kLib

The libraries cacheR3kLib and cacheR4kLib are specific to the MIPS release. They
each contain a routine that initializes the R3000 or R4000 cache library.
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In the MIPS release, the routine t£() displays the first four parameters of each
subroutine call, as passed in registers a0 through a3. For routines with less than
four parameters, ignore the contents of the remaining registers.

For a complete stack trace, use GDB.

In the MIPS release, the routines intLevelSet() and intVecBaseSet() have no effect.
For a discussion of the MIPS interrupt architecture, see Interrupts, p.588.

VxWorks for MIPS supports the same set of mathALib functions using either
hardware facilities or software emulation.?

The following double-precision routines are supported for MIPS architectures:

acos() asin() atan() atan2()  ceil() cos() cosh()
exp() fabs() floor()  fmod()  log10()  log() pow()
sin() sincos()  sinh() sqrt() tan() tanh() trunc()

The following single-precision routines are supported for MIPS architectures:

acosf()  asinf()  atanf()  atan2f() ceilf() cosf() coshf()
expf) floorf()  logf)  log2f)  loglOfl) sinf)  sinhf()
sqrif() tanf() tanhf()  truncf()

In addition, the single precision routines fimodf() and powf() are supported for
R4650 processors only.

The following math routines are not supported by VxWorks for MIPS:

cbrt() cbrif() infinity() infinityf() irint() irintf()  iround()
iroundf() log2() round()  roundf(}  sincosf()

. To use software emulation, compile your application with the -msoft-float compiler option

as well as defining INCLUDE_SW_FP; see Floating-Point Support, p.587. Use of these func-
tions on the R4000 requires that your code be compiled with -mfp32.
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taskArchLib

The routine taskSRInit() is specific to the MIPS release. This routine allows yoﬁ to
change the default status register with which a task is spawned. For more
information, see Interrupt Support Routines, p.589.

MMU Support

MIPS targets do not support memory management units (MMUs). Thus, you do
not need to define the constants INCLUDE_MMU_BASIC or INCLUDE_MMU_FULL
in config.h, and you do not need to define sysPhysMemDesc[] in sysLib.c. For
more information, see Virtual Memory Mapping, p.590.

ELF-specific Tools

The following tools are specific to the ELF format. For more information, see the
reference entries for each tool.

elfHex converts an ELF-format object file into Motorola hex records. The
syntax is:

elfHex [-a adrs] [-1] [-v] [-p PC] [-s SP] file

elfToBin extracts text and data segments from an ELF file. The syntax is:
elfToBin < inFile > outfile

elfToBsd converts ELF object modules to BSD format. The syntax is:
elfToBsd < infile_elf > outfile_bsd

elfXsyms extracts the symbol table from an ELF file. The syntax is:
elfXsyms < objMod > symTbl
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E.4 Architecture Considerations

Gprel Addressing

Reserved Registers

This section describes the following characteristics of the MIPS architecture that
you should keep in mind as you write a VxWorks application:

Gprel addressing
Reserved registers
Floating-point support
Interrupts

Virtual memory mapping
64-bit support

Memory layout

The VxWorks kernel uses gprel (gp-relative) addressing. However, the VxWorks
module loader cannot dynamically load tasks that use gprel addressing.

To keep the loader from returning an error, compile application tasks with the -G 0
option. This option tells the compiler not to use the global pointer.

Registers k0 and k1 are reserved for VxWorks kernel use, following standard MIPS
usage. The gp register is also reserved for the VxWorks kernel, because only the
kernel uses gprel addressing, as discussed in above. Avoid using these registers in
your applications.

Floating-Point Support

R4650

For the R4650, single precision hardware floating-point support is included by
INCLUDE_HW_FP (the default). Double precision floating-point support is
provided by software emulation when you use -msoft-float. (Note that
INCLUDE_SW_FP is not required with -msoft-float for the R4650.)
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R3000 and R4000

If your MIPS board includes a floating-point coprocessor (CP1), we recommend
you use it for best performance.

However, if this chip is not available, you can use the GNU compiler -msoft-float
option. This option keeps all floating-point values in integer registers (a pair of
them for double-precision) and emulates all floating-point arithmetic.

To use this software emulation support, define INCLUDE_SW_FP and undefine
INCLUDE_HW_FP. Then, in the BSP directory, build VxWorks with the following
command:

% make [CPU=cpuType] TOOL=sfgnu

Building your applications with the -msoft-float flag produces library callouts for
math routines. If you get unresolved references when downloading your applica-
tions, link your applications with the following library:

For R3000 targets:
$GCC_EXEC_PREFIX/mips-wrs-vxworks/cygnus-2.7.2-960126/msoft-float/libgcc.a
For R4000 targets:

$GCC_EXEC_PREFIX/mips-wrs-vxworks/cygnus-2.7.2-960126/mips3/msoft-float/libgcc.a

Interrupts

MIPS Interrupts

The MIPS architecture has inputs for six external hardware interrupts and two
software interrupts. In cases where the number of hardware interrupts is
insufficient, board manufacturers can multiplex several interrupts on one or more
interrupt lines.

The MIPS CPU treats exceptions and interrupts in the same way: it branches to a
common vector and provides status and cause registers that let system software
determine the CPU state. The MIPS CPU does not switch to an interrupt stack or
exception stack, nor does it generate an IACK cycle. These functions must be
implemented in software or board-level hardware (for example, the VMEbus
IACK cycle is a board-level hardware function). VxWorks for MIPS has
implemented a single interrupt stack, and uses task stacks for exception
conditions.

Because the MIPS CPU does not provide an IACK cycle, your interrupt handler
must acknowledge (or clear) the interrupt condition. If the interrupt handler does

588



E
MIPS R3000, R4000, R4650

not acknowledge the interrupt, VxWorks hangs while trying to process the
interrupt condition.

VxWorks for MIPS uses a 256-entry table of vectors. You can attach exception or
interrupt handlers to any given vector with the routines intConnect() and
intVecSet(). The files h/arch/mips/ivMips.h and bspname.h list the vectors used by
VxWorks.

Interrupt Support Routines

Because the MIPS architecture does not use interrupt levels, the intLevelSet()
routine is not implemented. The six external interrupts and two software
interrupts can be masked or enabled by manipulating eight bits in the status
register with intDisable() and intEnable(). Be careful to pass correct arguments to
these routines, because the MIPS status register controls much more than just
interrupt generation.

For interrupt control, the routines intLock() and intUnlock() are recommended.
All interrupts are blocked when calling intLock(). The routine intVecBaseSet()
has no meaning on the MIPS; calling it has no effect.

To change the default status register with which all tasks are spawned, use the
routine taskSRInit(). If used, call this routine before kernellnit() in sysHwInit().
taskSRInit() is provided in case your BSP must mask interrupts from all tasks. For
example, the FPA interrupt must be disabled for all tasks.

VMEbus Interrupt Handling

The processing of VMEbus interrupts is the only case where it is not necessary for
an interrupt handler to acknowledge the interrupt condition. If you define the
option VME_VECTORED as TRUE in configAlLh (and rebuild VxWorks), all
VMEDbus interrupts are acknowledged by the low-level exception/interrupt
handling code. The VxWorks interrupt vector number corresponds to the VMEbus
interrupt vector returned by the VMEbus IACK cycle. With this interrupt handling
scheme, VxWorks for MIPS allows multiple VMEbus boards to share the same
VMEbus interrupt level without requiring further decoding by a user-attached
interrupt handler.

You can still bind to VMEbus interrupts without vectored interrupts enabled, as
long as the VMEDbus interrupt condition is acknowledged with sysBusIntAck() (as
defined in sysLib.c). In this case, there is no longer a direct correlation with the
vector number returned during the VMEbus IACK cycle. The vector number used
to attach the interrupt handler corresponds to one of the seven VMEbus interrupt
levels as defined in bspname.h. The mapping of the seven VMEbus interrupts to a
single MIPS interrupt is board-dependent.
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Vectored interrupts do not change the handling of any interrupt condition except
VMEDbus interrupts. All the necessary interrupt-acknowledge routines are
provided in either sysLib.c or sysALib.s.

A NOTE: Not all boards support VME-vectored interrupts. For more information, see
the BSP reference entries.

Virtual Memory Mapping

VxWorks for MIPS operates exclusively in kernel mode and makes use of the kseg0
and kseg1 address spaces. A physical addressing range of 512 MB is available. Use
of the on-chip translation lookaside buffer (TLB) is not supported.

» kseg0. When the most significant three bits of the virtual address are 100, the
2% byte (512 MB) kernel physical space labeled kseg0 is the virtual address
space selected. References to kseg0 are not mapped through the TLB; the
physical address selected is defined by subtracting 0x8000 0000 from the
virtual address. Caches are always enabled for accesses to these addresses.

= ksegl. When the most significant three bits of the virtual address are 101, the
22 pyte (512 MB) kernel physical space labeled ksegl1 is the virtual address
space selected. References to ksegl are not mapped through the TLB; the
physical address selected is defined by subtracting 0xa000 0000 from the
virtual address. Caches are always disabled for accesses to these addresses;
physical memory or memory-mapped 1/O device registers are accessed
directly.

64-bit Support (R4000 Targets Only)

With VxWorks for MIPS, real-time applications have access to the MIPS R4000 64-
bit registers. This lets applications perform 64-bit math for enhanced performance.

To specify 64-bit integers in C, declare them as long long. Pointers, integers, and
longs are 32-bit quantities in this release of VxWorks.
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The memory layout of the MIPS is shown in Figure E-1. The figure contains the
following labels:

Exception Vectors  Table of exception/interrupt vectors.

SM Anchor Anchor for the shared memory network (if there is shared
memory on the board).

Boot Line ASCII string of boot parameters.

Exception Message ASCII string of the fatal exception message.

Initial Stack Initial stack for usrInit( ), until usrRoot() gets allocated stack.
System Image Entry point for VxWorks.

Host Memory Pool Memory allocated by host tools. The size depends on the
system image and is defined in config/all/configAlLh.

Interrupt Stack Size defined in configAlLh. Location depends on system
image size.

System Memory Pool
Size depends on size of system image and interrupt stack. The
end of the free memory pool for this board is returned by l
sysMemTop().

All addresses shown in Figure E-1 depend on the start of memory for a particular
target board. The start of memory is defined as LOCAL_MEM_LOCAL_ADRS in
config.h for each target.
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F.1 Introduction
This appendix provides information specific to VxWorks development on
PowerPC targets. It includes the following topics:
*  Building Applications: how to compile modules for your target architecture.

= Interface Changes: information on changes or additions to particular VxWorks
features to support the PowerPC processors.

*  Architecture Considerations: special features and limitations of the PowerPC
processors, including a figure showing the VxWorks memory layout for these
processors.

For general information on the Tornado development environment’s cross-
development tools, see the Tornado User’s Guide: Cross-Development.

F.2 Building Applications

A NOTE: The compiler for PowerPC conforms to the Embedded Application Binary
Interface (EABI) protocol. Therefore type checking is more rigorous than for other
architectures.

The following sections describe a configuration constant, an environment variable,
and compiler options that together specify the information the GNU Toolkit
requires to compile correctly for PowerPC targets.
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Defining the CPU Type

A

Setting the preprocessor variable CPU ensures that VxWorks and your applications
are compiled with the appropriate architecture-specific features enabled. This
variable should be set to one of the following values, depending on the processor
you are using:

- PPC403
- PPCe03
- PPC604
— PPC860

For example, to specify CPU for a PowerPC 603 on the compiler command line, use
the following command-line option when you invoke the compiler:

~DCPU=PPC603

To provide the same information in a header or source file, include the following
line in the file:

#define CPU PPC603

All VxWorks makefiles pass along the definition of this variable to the compiler.
You can define CPU on the make command line as follows:

% make CPU=PPC603 ..
You can also set the definition directly in a makefile, with the following line:

CPU=PPC603

NOTE: If you are using a PowerPC 821 processor, define CPU to be PPC860.

Configuring the GNU ToolKit Environment

Tornado includes the GNU compiler and associated tools. Running the GNU
compiler requires that you define the environment variable GCC_EXEC_PREFIX.
No change is required to the execution path, because the compilation chain is
installed in the same bin directory as the other Tornado executables.

For developers using UNIX hosts, you must specifically define this variable. For
example, if you use the C-shell, add the following to your .cshrec:

setenv GCC_EXEC PREFIX $WIND_BASE/host/$WIND_HOST TYPE/lib/gcc-1lib/

NOTE: A trailing slash is important in the value of GCC_EXEC_PREFIX (as shown in
the previous examples). If you do not include the slash, compilation fails.
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For developers using Windows hosts, if you are working through the Tornado IDE,
the appropriate variable(s) are set automatically. However, before invoking the
compiler from a DOS command line, first run the following batch file to set the
variable(s):

%WIND_BASE%/host/x86-win32/bin/torVars.bat

For more information, see the Tornado User’s Guide: Getting Started.

Compiling C and C++ Modules

The following is an example of a compiler command line for PowerPC 603 cross-
development. The file to be compiled in this example has a base name of applic.

% ccppc -02 -mcpu=603 -ISWIND_BASE/target/h -fno-builtin \
-fno-for-scope -nostdinc -DCPU=PPC603 -D_GNU_TOOL -c applic.language_id

The options shown in the example have the following meanings:
-02 Optional; performs level 2 optimization.

-mcpu=603 Optional for 603 and 604; required for other processors (specify
the appropriate processor values: 601, 403, 860, or 821); instructs
the compiler to produce code for the specified PowerPC
architecture. The default is 604, which applies to 603 as well.

-ISWIND_BASE/target/h
Required; gives access to the VxWorks include files. (Additional
-1 flags may be included to specify other header files.)

-fno-builtin  Required; uses library calls even for common library subroutines.

-fno-for-scope Required; allows the scope of variables declared within a for loop
to be outside of the for loop.

-nostdinc Required; searches only the directory or directories specified with
the -I flag (see above) and the current directory for header files. It
does not search host-system include files.

- -DCPU=PPC603 Required; defines the CPU type. If you are using another
PowerPC processor, specify the appropriate value (see Defining the
CPU Type, p.596).

-D_GNU_TOOL Required; defines the compilation toolkit used to compile
VxWorks or applications.

-c Required; specifies that the module is to be compiled only, and not
linked for execution under the host.
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applic.language_id
Required; specifies the file(s) to compile. For C compilation,
specify a suffix of .c. For C++ compilations, specifies a suffix of
.cpp. The output is an unlinked object module in ELF format with
the suffix .0. For the example above, the output would be applic.o.

Compiling Modules for GDB

To compile C modules for debugging in GDB, we recommend using the -gdwarf
flag to generate DWARF debug information instead of the -g flag, which generates
STABS information. For example:

% ccppc -mepu=603 -ISWIND BASE/target/h -fno-builtin -nostdinc \
-DCPU=PPC603 -c -gdwarf test.c

where $WIND_BASE is the location of your Tornado tree and -DCPU specifies the
CPU type.

The compiler does not support DWARF debug information for C++. If you are
using C++, you must use the -g flag:

% ccppc -mcpu=603 -ISWIND_BASE/target/h -fno-builtin -nostdinc \
-DCPU=PPC603 -c -g test.cpp

Unsupported Features

Prefixed Underscore

In the PowerPC architecture, the compiler does not prefix underscores to symbols.
In other words, symbol is not equivalent to _symbol as it is in other architecture
implementations.

Small Data Area

The compiler supports the small data area. However, for this release of Tornado for
PowerPC, VxWorks does not support the small data area. Therefore the -msdata
compiler flag must not be used.
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F.3 Interface Changes
This section describes particular routines and tools that are specific to PowerPC
targets in any of the following ways:
= available only for PowerPC targets
»  parameters specific to PowerPC targets
»  special restrictions or characteristics on PowerPC targets

For complete documentation, see the online documentation.

Memory Management Unit

VxWorks provides two levels of virtual memory support: the basic level bundled
with VxWorks, and the full level that requires the optional product VxVMI.Check
with your sales representative for the availability of VxVMI for PowerPC.

For detailed information on VxWorks MMU support, see 7. Virtual Memory
Interface. The following subsections augment the information in that chapter.

Instruction and Data MMU

The PowerPC MMU introduces a distinction between instruction and data MMU
and allows them to be separately enabled or disabled. Two new macros,
USER_I_MMU_ENABLE and USER_D_MMU_ENABLE, are defined in
config/all/configAll.h. To enable/disable one or both MMUs, define/undefine the
corresponding macros in either configAllh or in your BSP’s config.h file.

60X Memory Mapping

The PowerPC 603 and 604 MMU supports two models for memory mapping. The
first, the BAT model, allows mapping of a memory block ranging in size from
128KB to 256MB into a BAT register. The second, the segment model, gives the
ability to map the memory in pages of 4KB. Tornado for PowerPC supports both
memory models.

= 603/604 Block Address Translation Model

The size of a BAT register is two words of 32 bits. For the PowerPC 603 and
PowerPC 604, eight BAT registers are implemented: four for the instruction MMU
and four for the data MMU.
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The data structure sysBatDesc[], defined in sysLib.c, handles the BAT register
configuration. The registers will be set by the initialization software in the MMU
library. By default these registers are cleared and set to zero.

All the configuration constants used to fill the sysBatDesc[] are defined in
h/arch/ppc/mmu603Lib.h for both the PowerPC 603 and the PowerPC 604.

603/604 Segment Model

This model specifies the configuration for each memory page. The entire physical
memory is described by the data structure sysPhysMemDesc[], defined in
sysLib.c. This data structure is made up of configuration constants for each page
or group of pages. All the configuration constants defined in Table 7-1 of 7. Virtual
Memory Interface are available for PowerPC virtual memory pages.

Use of the VM_STATE_CACHEABLE constant listed in Table 7-1 for each page or
group of pages, sets the cache to copy-back mode.

In addition to VM_STATE_CACHEABLE, the following additional constants are
supported:

- VM_STATE_CACHEABLE_WRITETHROUGH
— VM_STATE_MEM_COHERENCY

-~ VM_STATE_MEM_COHERENCY_NOT

— VM_STATE_GUARDED

— VM_STATE_GUARDED_NOT

The first constant sets the page descriptor cache mode field in cacheable write-
through mode. Cache coherency and guarded modes are controlled by the other
constants.

For more information regarding cache modes, refer to PowerPC Microprocessor
Family: The Programming Environments.

For more information on memory page states, state flags, and state masks,
see7. Virtual Memory Interface.

The page table size depends on the total memory to be mapped. The larger the
memory to be mapped, the bigger the page table will be. The VxWorks
implementation of the segment model follows the recommendations given in
PowerPC Microprocessor Family: The Programming Environments. During MMU
library initialization, the total size of the memory to be mapped is computed,
allowing dynamic determination of the page table size. The following table shows
the correspondence between the total amount of memory to map and the page
table size.
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Table 10-2  Page table size

Total Memory to map Page table size
8 MB or less 64 KB
16 MB 128 KB
32MB 256 KB
64 MB 512 KB
128 MB 1 MB
256 MB 2 MB
512 MB 4MB
1GB 8 MB
2GB 16 MB
4GB 32 MB
ELF-specific Tools

The following tools are specific to the ELF format. For more information, see the
reference entries for each tool.

elfHex converts an ELF-format object file into Motorola hex records. The
syntax is:

elfHex [-a adrs] [-1] [-v] [-p PC] [-s SP] file

elfToBin extracts text and data segments from an ELF file. The syntax is:
elfToBin < inFile > outfile

elfToBsd converts ELF object modules to BSD format. The syntax is:
elfToBsd < infile_elf > outfile_bsd

elfXsyms extracts the symbol table from an ELF file. The syntax is:
elfXsyms < objMod > symTbl
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F.4 Architecture Considerations

This section describes the following characteristics of the PowerPC processors that
will affect your VxWorks application:

»  supervisor/user mode

»  24-bit addressing

= byte order

* PowerPC register usage

= caches

* memory management unit (MMU)
= floating-point support

= memory layout

For a more comprehensive documentation of PowerPC architectures, see the
appropriate Motorola microprocessor user’s manual or the IBM user’s manual.

Processor Mode

VxWorks always runs in Supervisor mode on processors in the PowerPC family.

24-bit Addressing

The PowerPC architecture limits its relative addressing to 24-bit offsets to conform
to the EABI (Embedded Application Binary Interface) standard.

Byte Order

The byte order used by VxWorks for the PowerPC family is big-endian.

PowerPC Register Usage

The PowerPC conventions regarding register usage, stack frame formats,
parameter passing between routines, and other factors involving code inter-
operability, are defined by the ABI (Application Binary Interface) and the EABI
(Embedded Application Binary Interface) protocols. The VxWorks
implementation for the PowerPC follows these protocols. Table F-1 shows
PowerPC register usage in VxWorks.
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Caches

PowerPC

PowerPC Registers

Register Name

Usage

gpr0

gprl

gpr2

gpr3 -gprd
gpr5-gprl0
gprll-gprl2
gprl3
gprl4-gpr30
gpr31l

fpr0

fprl

fpr2-fpr8
fpr9-fprl3
fpr14-fpr31

Volatile register which may be modified during function linkage.
Stack frame pointer, always valid.

Second small data area pointer register ( SDA2_BASE_).

Volatile registers used for parameter passing and return value.
Volatile registers used for parameter passing.

Volatile registers that may be modified during function linkage.
Small data area pointer register ( SDA_BASE_).

Non-volatile registers used for local variables.

Used for local variables or “environment pointers.”

Volatile floating-point register.

Volatile floating-point register used for parameter passing and return
value.

Volatile floating-point registers used for parameter passing.
Volatile floating-point registers.

Non-volatile floating-point registers used for local variables.

The following subsections augment the information in 3. I/O System.

PowerPC processors contain an instruction cache and a data cache. In the default
configuration, VxWorks enables both caches. To disable the instruction cache,
undefine USER_I_CACHE_ENABLE in config/all/configAllLh. To disable the data
cache, undefine USER_D_CACHE_ENABLE in configAll.h.

For most boards, the cache capabilities must be used with the MMU to resolve
cache coherency problems. The page descriptor for each page selects the cache
mode. This page descriptor is configured by filling the data structure
sysPhysMemDesc[] defined in sysLib.c. (For more information about cache
coherency, see the reference entry for cacheLib. For information about the MMU
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and VxWorks virtual memory, see 7. Virtual Memory Interface. For MMU
information specific to the PowerPC family, see Memory Management Unit, p.604.)

The state of both data and instruction caches is controlled by the WIMG!
information saved either in the BAT (Block Address Translation) registers or in the
segment descriptors. Since a default cache state cannot be supplied, each cache
may be enabled separately after the corresponding MMU is turned on. For more
information on these cache control bits, refer to PowerPC Microprocessor Family: The
Programming Environments, published jointly by Motorola and IBM.

A NOTE: The cache library for the PowerPC 860 is provided with Tornado 1.0.1.
Caching may be used with any CPU of revision A.1 or later. However, due to
problems with the chip hardware, VxWorks must be run with the cache disabled
on any processor earlier than revision A.1.

Memory Management Unit

The PowerPC MMU architecture required some extensions to the standard
VxWorks MMU interface. See Memory Management Unit, p.599.

Floating-Point Support

PowerPC 403 and 860

The PowerPC 403 and 860 do not support hardware floating-point instructions.
However, VxWorks provides a floating-point library that emulates these
mathematical functions. All ANSI floating-point functions have been optimized
using libraries from U. S. Software.

PowerPC 60X

A subset of the ANSI functions is optimized using libraries from Motorola:

acos() asin() atan() atan2()
cos() exp() log() log10()
pow() sin() sqrt()

1. W: the WRITETHROUGH or COPYBACK attribute.
I:  the inhibited attribute.
M: the memory coherency attribute
G: the guarded attribute
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Handling of floating-point exceptions is supported for PowerPC 60X processors.
Tasks spawned with the VX_FP_TASK option have the following default floating-
point exception environment:

— Divide by zero, Overflow, and Underflow exceptions are enabled.
— The rounding mode is “Round to nearest.”

- The floating-point exception mode selected is “imprecise and
nonrecoverable.”

To change the default for a specific task, modify the values of the Machine State
Register (MSR) and the Floating Point Status and Control Register (FPSCR) at the
beginning of the task code.

— The MSR’s FEQ and FE1 bits select the floating-point exception mode.

— The FPSCR’s VE, OE, UE, ZE, XE, NI, and RN bits enable or disable the
corresponding floating-point exceptions and rounding mode. (See archPpc.h
for the macros PPC_FPSCR_VE and so forth.)

Register values may be accessed by the routines vxMsrGet( ), vxMsrSet(),
vxFpscrGet(), and vxFpscrSet().

VXMP Support for Motorola PowerPC Boards

VxMP is an optional VxWorks component that provides shared-memory objects
dedicated to high-speed synchronization and communication between tasks
running on separate CPUs. For complete documentation of the optional
component VxMP, see 6. Shared-Memory Objects.

Normally, boards that make use of VxMP must support hardware test-and-set
(TAS: atomic read-modify-write cycle). Motorola PowerPC boards do not provide
atomic (indivisible) TAS as a hardware function. VXMP for PowerPC provides
special software routines which allow these Motorola boards to make use of VxMP.

Boards Affected

A

The current release of VxMP provides a software implementation of a hardware
TAS for PowerPC-based VME boards of the 1300, 1600, and 2600 families
manufactured by Motorola. No other PowerPC boards are affected.

NOTE: Some PowerPC board manufacturers, for example Cetia, claim to equip
their boards with hardware support for true atomic operations over the VME bus.
Such boards do not need the special software written for the Motorola boards.

v
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Implementation

The VxMP product for Motorola PowerPC boards has special software routines
which compensate for the lack of atomic TAS operations in the PowerPC and the
lack of atomic instruction propagation to and from these boards. This software
consists of the routines sysBusTas( ) and sysBusTasClear().

The software implementation uses ownership of the VME bus as a semaphore; in
other words, no TAS operation can be performed by a task until that task owns the
VME bus. When the TAS operation completes, the VME bus is released. This
method is similar to the special read-modify-write cycle on the VME bus in which
the bus is owned implicitly by the task issuing a TAS instruction. (This is the
hardware implementation employed, for example, with a 68K processor.)
However, the software implementation comes at a price. Execution is slower
because, unlike true atomic instructions, sysBusTas() and sysBusTasClear()
require many clock cycles to complete.

Configuring Hardware TAS

To invoke this feature, define SM_TAS_TYPE as SM_TAS_HARD in configAll.h or
in config.h for your BSP.

Restrictions for Multi-Board Configurations

Systems using multiple VME boards where at least one board is a Motorola
PowerPC board must have a Motorola PowerPC board as the board with a
processor ID equal to 0 (the board whose memory is allocated and shared). This is
because a TAS operation on local memory by, for example, a 68K processor does
not involve VME bus ownership and is, therefore, not atomic as seen from a
Motorola PowerPC board.

This restriction does not apply to systems that have globally shared memory
boards which are used for shared memory operations. Specifying
SM_OFF_BOARD as TRUE in config.h for the processor with ID of 0 and setting the
associated parameters will enable you to assign processor IDs in any
configuration.
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Memory Layout

F
PowerPC

The VxWorks memory layout is the same for all PowerPC processors. Figure F-1
shows the memory layout, labeled as follows:

Interrupt Vector Table
Table of exception/interrupt vectors.

SM Anchor Anchor for the shared memory network and VXMP shared
memory objects (if there is shared memory on the board).

Boot Line ASCII string of boot parameters.

Exception Message
ASCII string of the fatal exception message.

Initial Stack Initial stack for usrInit(), until usrRoot() gets allocated stack.

System Image VxWorks itself (three sections: text, data, bss). The entry point for
VxWorks is at the start of this region, which is BSP dependent. The
entry point for each BSP is as follows:

cetCvme604 0x100,000
evb403, ads850 0x10,000
mv1603/4 0x30,000
ultra60X 0x10,000

Host Memory Pool
Memory allocated by host tools. The size depends on the system

image and is defined in config/all/configAllL.h.

Interrupt Stack Stack for the interrupt handlers. The size is defined in configAlLh.
The location depends on the system image and host memory pool
sizes.

System Memory Pool
Size depends on the size of the system image. The sysMemTop()
routine returns the address of the end of the free memory pool.

All addresses shown in Figure F-1 are relative to the start of memory for a
particular target board. The start of memory (corresponding to 0x0 in the memory-
layout diagram) is defined as LOCAL_MEM_LOCAL_ADRS in config.h for each
target.
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VxWorks System Memory Layout (PowerPC)

Interrupt Vector Table
(12KB)

SM Anchor

Boot Line

Exception Message

Initial Stack

System Image
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Address
+0x0000 LOCAL_MEM LOCAL_ADRS

+0x3000
+0x4100

+0x4200
+0x4300

+0x4c00

BSP dependent value

KEY

= Available

] =Reserved

_end

sysMemTop ()



Numerics

24-bit addressing (PowerPC) 602
64-bit support (MIPS R4000) 590
68000, 68K, see MC680x0

80386, see x86

80486, see x86

80960, see 1960

A

abort character (target shell) (CTRL+C) 132,134,
460-461
changing default 460
accept() 252
Address Resolution Protocol, see ARP
address(es), memory
gprel (MIPS) 587
probing ASI space (SPARC) 513
address(es), network
broadcast (Internet) 247-248, 296
Internet, see Internet addresses
sequential 309-310

Index

code example 370

target board, determining 365
advertising (VXxMP option) 375
AIOQ, see asynchronous 1/0
aio_cancel() 123,126
AIO_CLUST _MAX 124
aio_error() 123,125
AIO_IO_PRIO_DFLT 124
AIO_IO_STACK_DFLT 124
AIO_IO_TASKS_DFLT 124
aio_read() 123,125
aio_return() 123,125
aio_suspend() 123,128
AIO_TASK_PRIORITY 124
AIO_TASK_STACK SIZE 124
aio_write() 123,125
aiocb 124

see also control block (AIO)
aioPxLib 123
aioPxLibInit() 123,124
aioShow() 123
aioSysDrv 124
aioSyslnit() 124
ANSIC

buffered I/O 120-121

NOTE: Index entries of the form “see also bootLib(1)” refer to the module’s reference entry in the VxWorks
Reference Manual or the equivalent entry in the Tornado Online Manuals.
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libraries 16-17
ansiCtype 17
ansiMath 17
ansiSetjmp 17
ansiStdarg 17
ansiStdio 17
ansiStdlib 17
applic compiler option
i960 529
MC680x0 491
PowerPC 598
SPARC 509
x86 543
application modules
building
1960  527-529
MC680x0  489-491
MIPS 581-584
PowerPC 595-598
SPARC. 507-509
x86 541-543
loader 465-466
symbol table, target 464466
see also symLib(1)
unloader 465-466
architecture-specific development
see also specific target architectures
i960 527-537
MC680x0  489-503
MIPS 581-592
PowerPC  595-608
SPARC/SPARClite 507-523
x86 541-577
archive file attribute (dosFs) 209
ARP (Address Resolution Protocol) 247, 316-318
see also proxy ARP
and shared-memory networks 309
asynchronous 1/O (POSIX) 122-130
code examples 126-130
completion, determining 128
control block 124-125
drivers 124
initializing 123-124
constants 124
routines 124
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requests
multiple, submitting 125
routines 123-124
return values 125
status, getting 126
ATA/IDE hard disks (x86) 572-575
booting from 561-562, 563
dosFs file systems, mounting 564
ATA_RAW 575
ATA_RESOURCE structure 575
ATAO0_CONFIG 572
ATAQ_INT_LVL 572
ATAO_INT_VEC 572
ataDevCreate() (x86) 573
ataDru() (x86) 572-573, 575
ataRawio() (x86) 574-575
ataResources| ] table (x86) 573, 574, 575
ataShow() (x86) 574
ataTypes] | table (x86) 574

backplane
input queues, processor 307
Internet network bus, as 301
processor numbers 302, 361, 366
shared-memory networks 301
shared-memory pool 302-307

backplane network, see shared-memory networks

backspace character, see delete character

bALib (SPARC) 510

beopyDoubles() (SPARC) 510

bd() (i960) 531

bdall() (i960) 531

bfillDoubles() (SPARC) 510

bh()
i960 530
x86 545-547

big-endian numbers 250

binary semaphores 58-61

bind() 252

BLK_DEV 172,197, 221,226
see also direct-access devices
fields 175



block address translation (BAT) registers
(PowerPC) 599
block devices 140-151, 153, 171-185, 193
see also BLK_DEYV; direct-access devices; disks;
SCSI devices; SEQ_DEYV; sequential
devices
adding 158
drivers 155,171-185
and file systems 140, 191
implementing 171-185
interface conventions 171
naming 111
RAM disks 140-141
SCSI devices 141-151
board support package (BSP) 18, 427-429
see also BSP Porting Kit; sysALib(1); sysLib(1)
documentation 429
initialization modules 429
x86 556-577
boards, see target board
Booch Components (C++) 481484
code examples
instantiating templates 484
makefile 483-484
boot ROMs
and boot parameters 366
ROM-resident images 450
and SCSI booting 218
boot sector (dosFs) 193
boot utilities (x86)
DOS utilities 556, 558-561
chkdsk 559
mkboot 559, 560, 565
vxcopy 559, 560
vxload 560-561
vxsys 559, 560
VxWorks utilities
mkbootAta() 557-558, 565
mkbootFd() 557-558, 565
booting
see also BOOTP
BOOTP 363-370
CSLIP, using  332-333
networks, initializing 361, 442
parameters 363

Index

and boot ROMs 366
setting 329, 366-367
shared-memory anchor address,
specifying 304
PPP, using 345-346
SCSI devices, from  218-219
shared-memory networks 303, 329
master processor 303
SLIP, using 332-333
startup scripts 444
x86 BSPs  556-565
ATA/IDE hard disks, from 561-562, 563
boot disks, building 556-561
diskettes, from 561-563
dosFs file systems, mounting 564-565
mount points 562 v
PCMCIA PC cards, from 561-562, 563
BOOTP 13, 363-370
boot parameters 366-367
database 364-366
debugging 368
instructions, step-by-step booting  366-368
protocols, using with other  369-370
code example 370
registering targets 364-366

server 363
multiple servers 369
bootrom 566

bootrom.hex 218
bootrom_high 566
bootrom_res 450
bootrom_uncmp 566
x86 565,567
bootstrap protocol, see BOOTP
branch cache (MC68060) 497
BRANCH_CACHE 492,497
breakpoints
1960 530
x86 545-547
broadcast (Internet) addresses 247-248, 296
bss segment 436
buffers
linear 16
see also bALib(1); bLib(1)
SPARC 510
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network
mbufs 298-299
zbufs 264-278
ring 16
see also rmgLib(1)

byte locations (zbufs) 265-266
byte order

i960 533

networks 250-251

PowerPC 602

shared-memory objects (VXMP option) 374
x86 548

bzeroDoubles() (SPARC) 510

-c compiler option

960 529
MCe680x0 491
MIPS 584
PowerPC 597
SPARC 509
x86 543

c() (SPARC) 510
C++ support 15, 471-484

see also Booch Components; Iostreams;
Tools.h++; Wind Foundation Classes;
Wrapper Class library; cplusLib(1)

application size, controlling 474

Booch Components 481-484

calling strategy 473

compiling applications 474-475

configuring 475

CrossWind (Tornado) 473

header files 474

initializing 443

Iostreams 476

munching 473

static constructors 473-474

template instantiation 473, 484

Tools.h++ 480

VxWorks Wrapper Class library  477-480

WindSh (Tornado) 472

cache

612

see also data cache; instruction cache;
cacheLib(1)
branch (MC68060) 497
coherency 168-171
copyback mode 168
PowerPC 600
writethrough mode 168
initializing 436
locking
MC68040 495
MC68060 496, 497
SPARClite 520
MC680x0 495-497
microSPARC 510
MIPS 584
PowerPC 603
shared-memory networks 306
SPARClite 510, 520
CACHE_DMA_FLUSH 170
CACHE_DMA_INVALIDATE 170
CACHE_DMA_PHYS_TO_VIRT 170
CACHE_DMA_VIRT_TO_PHYS 170
CACHE_INH_IMPRECISE 496
CACHE_INH_PRECISE 496
cacheClear( ) (MC68040) 495
cacheDmaMalloc() 169
cacheFlush() 169
cachelnvalidate() 169
MC68040 495
cacheLib
DMA buffer alignment (x86) 565
cacheLock()
MC68040 492,495
MC68060 496, 497
cacheMb930Lib (SPARClite) 510
cacheMb930LockAuto() (SPARClite) 520
cacheMicroSparcLib (microSPARC) 510
cacheR3kLib (MIPS) 584
cacheR4kLib (MIPS) 584
cacheStoreBufDisable() (MC68060) 492, 496
cacheStoreBufEnable() (MC68060) 492, 496
cachelnlock()
MC68040 492,495
MC68060 496, 497
cc386 compiler option (x86) 543



cc68k compiler 501
cemips compiler 584
Challenge-Handshake Authentication Protocol
(CHAP) 342-343, 354-355
character devices 153, 155-157
see also drivers
adding 158
naming 111
characters, control (CTRL+x)
target shell 459460
tty 133-134
checkStack() 95
MC68060 492,494
chkdsk utility (x86) 559
client-server communications 87-88
CLOCK_REALTIME 100
clocks
see also system clock; clockLib(1)
POSIX 100-101
system 40, 444
close() 112,115,156, 163,212,227,252
fd, freeing obsolete 212
closedir() 208
clusterConfig structure 298
clusters (dosFs) 192, 201-202
and files 196
and subdirectories 196
code

interrupt service, see interrupt service routines

pure 49
shared 48
write protecting 410
code examples
asynchronous I/0 (POSIX) 126-130

Booch Components (C++) makefile 483-484

booting a slave processor 370
contiguous files (dosFs) 215,216
data cache coherency 169, 170-171

dosFs file system file attributes, setting 210

drivers 154
instantiating templates (C++) 484
message queues
attributes, examining (POSIX) 85-86
checking for waiting message
(POSIX) 81-84

Index

POSIX 78-80
shared (VxMP option) 383
Wind 76
mutual exclusion 60
partitions
system (VxMP option) 388
user-created (VxMP option) 391
PPP hooks, using 355-356
SCSI devices, configuring  146~150
select facility, implementing  166-167
semaphores
binary 60
named 72
recursive 64
shared (VxMP option) 379
unnamed (POSIX) 69
shared-memory objects, configuring (VXMP
option) 401
sockets
datagram (UDP) 260-263
stream (TCP) 254-259
tape devices, configuring 149, 232
tasks
deleting safely 39
round-robin time slice (POSIX) 45
scheduling (POSIX) 44
setting priorities (POSIX) 43
synchronization 60-61
virtual memory (VxVMI option)
private 415
write protecting 421
watchdog timers
creating and setting 100
wrapper classes, using (C++) 479480
zbufs
data structures, manipulating 272-273
socket calls, using 274-278

COMMAND _8042 568
compiler environment

see also GNU ToolKit User’s Guide
960 527-529

MC680x0 489-491

MIPS 581-584

PowerPC 595-598

SPARC 507-509
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x86 541-543
config.h 432-434
see also configuration
CONFIG_ALL 430
configAllLh 431-434
see also configuration
configuration 427-453
alternatives 447-453
and booting 363, 366-367
C++ support 475
CSLIP 332
disks (dosFs) 199-205
reconfiguring 203
sector values 201-202
showing current configuration 205
standard configurations 202-203
volume configuration 199-205
files 430
see also config.h, configAll.h
host for shared-memory networks 311-314
mbufs 298-299
module (usrConfig.c) 434
networks 280-300
at startup  361-362
option dependencies 449
options (INCLUDE constants) 432-434
PPP (Point-to-Point Protocol) 336-340
proxy ARP  326-330
proxy clients 323
remote file access
NFS file systems, mounting exported 287
user IDs and group IDs 288
SCSI devices 142-150
shared-memory networks 302, 304, 305-307,
308
shared-memory objects (VXMP option) 396—
403
signals 93
SLIP 331-332
subnetworks 297-298
tape devices 232-233
virtual memory 408409
VxVMI option  408-409
configuration header files 431434
see also INCLUDE constants
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connect() 252
connectWithTimeout() 252
console devices 440
CONSOLE_BAUD_RATE 440
CONSOLE_TTY 440
contexts
task 30
creating 35
floating-point (SPARC) 518
switching (x86) 551
virtual memory (VxVMI option) 411-413
CONTIG_MAX 216
contiguous files
dosFs file systems 215-216
code example 215,216
rt11Fs file systems 220
fragmented disk space, reclaiming 223
control block (AIO) 124-125
fields 125
control characters (CTRL+x)
target shell 459460
tty 133-134
conventions
device naming 111-112
documentation 21
file naming 111-112
task names 36
copyback mode, data cache 168
counting semaphores 65, 68
cplusCtors() 473
cplusDtors() 473
cplusXtorSet() 473
CPU preprocessor variable, see -DCPU
CPU type, defining
i960 527
MCe680x0 489
MIPS 581
PowerPC 596
SPARC 507
x86 541
crashes
initialization, during 409
creat() 112,115
cret() (SPARC) 510
CSLIP (compressed SLIP) 244, 331-333



see also SLIP

booting 332-333

configuring 332

and networks 244
CSLIP_ALLOW 332
CSLIP_ENABLE 332
CTRL+C (abort character) 132, 134, 460—-461
CTRL4+D (end-of-file character) 133
CTRL+H (delete character) 133, 460
CTRL+Q (resume character) 132, 133, 460
CTRL+S (suspend character) 132, 133, 460
CTRL+U (delete-line character) 133, 460
CTRL+X (reboot character) 132, 133, 460, 562
customer services (WRS) 20

D

-D_GNU_TOOL compiler option (PowerPC) 597
daemons
network tNetTask 53
remote login tRlogind 53
remote shell rshd 279, 283
routing routed 293
RPC tPortmapd 54
target agent tWdbTask 53
telnet tTelnetd 54
TFTP server 292
data cache
see also cache; cacheLib(1)
coherency 168-171
code example 169, 170-171
and device drivers 168-171
copyback mode 168
disabling for interprocessor
communication 420
flushing 169
injtializing 436
invalidating 169
MC68040 495
MC68060 496
PowerPC 603
shared-memory objects (VxMP option) 396
writethrough mode 168
data structures, shared 55

Index

data transfer rates (x86) 571
DATA_8042 568
datagrams 89
see also sockets; UDP
broadcast 321-322
dbgArchLib (SPARC) 512
dbglInit()
abort facility 460
dbgLib
MIPS 585
SPARC 510-511
-DCPU compiler option
i960 529
MCe680x0 491
MIPS 583
PowerPC 597
SPARC 508
x86 543
debugging
BOOTP 368
error status values 4547
remote debugging server tRdbTask 54
routing problems 330
SCSI configuration 147
SPARC routines 510-512
target shell 459
virtual memory (VxVMI option) 424
VxGDB 598
DEFAULT_BOOT_LINE 562
delayed tasks 31
delayed-suspended tasks 31
delete character (CTRL+H) 133, 460
delete-line character (CTRL+U) 133, 460
demangling (C++) 472
DEV_HDR 158
development environment 430
development tools, see tools, development
device descriptor 158
device header 158
device list 158
devices 109-112, 131-151, 158-159
see also drivers and specific device types
adding 158-159
block 111, 140-151, 153, 158, 171-185, 193
character 111,153, 155-157, 158
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creating 156

NFS 137

non-NFS 139

pipes 135

RAM 140
default 111
descriptors 158
dosFs 112
and I/O system 158-159
lists 158
naming 111-112
network 137-140
NFS 111,137-139
non-block, see character
non-NFS 111, 138-140
pipes 135-136
pseudo-memory 136-137
pty (pseudo-terminal) 131-135
RAM disk 140-141
SCSI  141-151
selecting, see select facility
serial /O 131, 429
sockets 152
tty 429
tty (terminal) 131-135

direct-access devices 171-185

disks, changing 213
drivers
creating devices 174-176
initialization routine 173-174
installing 173
I/0 control 179
reading blocks 176-177
ready status change 181-182
resetting devices 180
status, checking device 180-181
write protection 181
writing blocks 178
initializing
for dosFs 197-198
for rawFs 226
for rtl1Fs 221
RAM disks 140-141

disassembler

and x86 547
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diskette drivers (x86) 570-572
disks )
see also block devices; dosFs file systems; rawFs
file systems; rt11Fs file systems
changing
and device drivers 181-182
dosFs file systems 211-216
rawFs file systems 227-229
rt11Fs file systems 223-224
without notification 213,224, 228
clusters (dosFs) 192,196, 201-202
configuring
standard formats (dosFs) 202-203
volumes (dosFs) 199-205
and file systems 191
initialized, using (dosFs) 204
mounting volumes 205, 222, 226
organization
dosFs file systems 192-197
rawFs file systems 225
rt11Fs file systems 220
RAM 140-141
ready-change mechanism 212-213, 223, 228
reconfiguring (dosFs) 203
sectors 192
synchronizing 213-214, 229
volumes
configuring (dosFs) 199-205
mounting 205, 222, 226
unmounting 211, 227
displaying system information 424, 466
DMA devices 407
buffer alignment (x86) 565
documentation
conventions 21
online man pages (on host) 21, 429
DOS_ATTR_ARCHIVE 209
DOS_ATTR_DIRECTORY 209
DOS_ATTR_HIDDEN 209
DOS_ATTR_RDONLY 208, 290
DOS_ATTR_SYSTEM 209
DOS_ATTR_VOL_LABEL 209
DOS_OPT_AUTOSYNC 200, 214
DOS_OPT_CHANGENOWARN 200, 213
DOS_OPT_EXPORT 200, 201, 288, 289



DOS_OPT_LONGNAMES 200, 201, 291
DOS_OPT_LOWERCASE 200, 201, 289
DOS_VOL_CONFIG 195, 199-202
fields 199-202
DOS_VOL_DESC 203
dosFs file systems 9, 142, 191-219
see also dosFsLib(1)
auto-sync mode 214
boot sector 193
booting from, with SCSI  218-219
clusters 192, 196, 201-202
configuring
disk volume 199-205
showing current configuration 205
standard formats 202-203
contiguous files 215-216
code examples 215, 216
devices, naming 112
directory structure 207-208, 210-211
disk changes 211-216
ready-change mechanism 212-213
unmounting volumes 211
disk organization 192-197
disk volume 199-205
configuration 199-205

accessing information about 205

changing 203-204
label 196-197
mounting 205
FAT tables 202
file attributes  208-210
setting (code example) 210
fileI/O 206
file names, extending 291
file permissions 291
files 196
initialized disks, using 204
initializing 197, 441
and foctl() requests 217-218
NFS
exporting via  288-290
limitations 291
open(), creating files with 115
opening an entire volume 206
raw mode 206

Index

reconfiguring 203
root directory 195, 196-197
subdirectories 195, 207-208
synchronizing volumes 213-214
auto-sync mode 214
timestamp 210-211
UNIX-compatible file names, using 214
volume label 196-197
adding 197
dosFsConfigGet() 205
dosFsConfigInit() 199
dosFsConfigShow() 205,216
dosFsDateSet() 210,290
dosFsDateTimelnstall() 211
dosFsDevInit() 144,195,198, 203, 290, 441
dosFsDrvNum global variable 197
dosFsFileMode global variable 290, 291
dosFsGroupld global variable 290, 291
dosFsInit() 197,441
dosFsLib
file truncation 116
dosFsMkfs() 198,290
dosFsMkfsOptionsSet() 198
dosFsReadyChange() 212
dosFsTimeSet() 210,290
dosFsUserld global variable 290, 291
dosFsVolUnmount() 211
and interrupt handlers 212
dosvc_options 199
dosvc_secPerClust 201-202
dosve_secPerFat 202
driver number 156
driver table 156
drivers 109-112, 131-151, 153-157
see also devices and specific driver types
asynchronous I/O 124
ATA/IDE hard disks (x86) 572-575
block device 1553, 171-185
character 155-157, 158
code example 154
console (x86) 567-568
and data cache coherency 168-171
diskette (x86) 570-572
and file systems 191
installing 156-157, 173, 440, 441
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interrupt service routine limitations 97 MIPS 586
keyboard (x86) 567-568 PowerPC 601
libraries, support 186 eltShow() (x86) 569
line printer (x86) 576-577 encapsulation (PPP) 341
memory 136-137 encryption
network (x86) 568-569 login password 462
NES 137-139 PPP password 337
non-NFS network  138-140 end-of-file character (CTRL+D) 133
pipe 135-136 eneShow() (x86) 569
RAM disk 140-141 entry point 435
SCSI  141-151 ROM-based VxWorks 452
serial 429 environment variables, VxWorks 430
shared-memory network 301 displaying for tasks 466
ty 429 envShow() 466,467
tty (terminal) 131-135 EPROM support (x86) 566
VGA (x86) 567-568 __errno() 46
x86 567-577 errno  45-47,97
DWARF debug information (PowerPC) 598 and task contexts 46

example 47
return values 4647
E error status values 45-47
ESCAPE key 460
esi() (x86) 545
esmcShow() (x86) 569
esp() (x86) 545
etc/hosts 311
etc/hosts.equiv 292
etc/hosts/equiv 284, 311
Ethernet 244
see also etherLib(1)
exception handling 48, 90
see also signals; excLib(1); sigLib(1)
floating-point (SPARC) 518-519

eax() (x86) 545

ebp() (x86) 545

ebx() (x86) 545

ecx() (x86) 545

edi() (x86) 545

edit mode (target shell) 459
edx() (x86) 545

eflags() (x86) 545

EISA bus (x86) 552
elcShow() (x86) 569

ELF utilities simulation 519
MIPS 586 P
initializing 441
PowerPC 601 .
1fHex tool and interrupts 97
€ o0 MC68060 and integer instructions 493
MIPS 586
MIPS 588-589
PowerPC 601 .
. signal handlers 48
elfToBin tool
task tExcTask 53
MIPS 586
x86 550-551
PowerPC 601 .
exception stack frames (ESF)
elfToBsd tool
SPARC 516
MIPS 586
PowerPC 601 x86 551
exception vector table (VxVMI option) 410
elfXsyms tool pt € ( ption)
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excInit() 441
excTask() 441
abort facility 461

SPARC 518
excVeclnit() 437
exit() 38

F

FAT tables (dosFs) 194-195, 202

fdtable 160

fd, see file descriptors

FD_CLR 118

FD_INT_LVL 570

FD_INT_VEC 570

FD_ISSET 118

FD_RAW[ ] (x86) 572

FD_SET 118

FD_ZERO 118

fdDevCreate() (x86) 570

fAdDro() (x86) 570

fdopen() 120

faprintf() 122

fdRawio() (x86) 572

fdTypes[1(x86) 570-572

FIFO
message queues, Wind 75
POSIX 42,44

file allocation table, see FAT tables

file descriptors (fd) 113-121, 159-171
see also files; ioLib(1)
and device drivers 159
freeing obsolete

dosFs file systems 212
rawFs file systems 227

and I/O system 160
pending on, see select facility

standard input/output/error 113,121
redirecting global assignments of 113

file pointers (fp) 120

file systems 9-11, 191-235
alternative 11
drivers 191
and block devices 191

Index

DOS, see dosFs file systems

initializing 197, 220-221, 225, 231, 441
and RAM disks 141

raw disk, see rawFs file systems

RT-11, see rt11Fs file systems

SCSI sequential, see tapeFs file systems

File Transfer Protocol, see FTP

attributes 208-210
flags (dosFs) 208-209
read-only (dosFs) 208
subdirectory flag 209
volume label (dosFs) 209
closing 115
example 163
configuration header 431-434
contiguous
dosFs file systems  215-216
rt11Fs file systems 220
creating 115
deleting 115
dosFs file systems 196
exporting to remote machines 137
IDs, specifying 290, 291
1/0
and dosFs file systems 206
and rawFs file systems 227
and rt11Fs file systems 222
and tapeFs file systems 233
and I/O system 109-112, 159-163
modes, specifying 290, 291
naming 111-112
and NFS 137
opening 114-115
example 160-163
reading from 116
example 163-164
remote machines, on 137
remote access, see remote file access
timestamp 210-211
truncation 116
see also dosFsLib(1)
writing to 116

FIOATTRIBSET 209
FIOBAUDRATE 135

619



VxWorks 5.3.1
Programmer’s Guide

FIOBLKSIZEGET 232
FIOBLKSIZESET 232
FIOCANCEL 135
FIOCONTIG 215
FIODISKCHANGE 212, 223, 228
FIODISKFORMAT 198, 221, 226
x86 574
FIODISKINIT 194, 198, 204, 221
FIOFLUSH 135, 136, 234
FIOFSTATGET 139
FIOGETNAME 135, 136, 139
FIOGETOPTIONS 135
FIOLABELGET 197
FIOLABELSET 197
fioLib 121
FIOMKDIR 207
FIONBIO 253
FIONMSGS 136
FIONREAD 135, 136, 139, 253
FIONWRITE 135
FIOREADDIR 139, 140
FIORMDIR 207
FIOSEEK 137,139, 227
FIOSELECT 165
FIOSETOPTIONS 135
tty options 132
FIOSQUEEZE 223
FIOSYNC 139, 140, 229, 234
FIOTRUNC 216
FIOUNMOUNT 212,227
FIOUNSELECT 165
FIOWHERE 137, 139
floating-point support
contexts, task (SPARC) 518
emulation library (SPARClite) 520
exceptions (SPARC) 518-519
1960 531, 532
initializing 442
interrupt service routine limitations 97
math coprocessor, restoring (SPARC) 512
MC680x0  498-501
compiling 501
MIPS 585, 587
PowerPC 604
SPARC 512,512-513, 518-519

620

SPARClite 512, 512-513, 518-519, 520
task options 36
x86 544,552

floatInit() 442

flow-control characters (CTRL+Q and S) 132,133,

460

-fno-builtin compiler option

i9%60 529

MC680x0 491

PowerPC 597

SPARC 509

x86 543
-fno-defer-pop compiler option (x86) 543
-fno-for-scope compiler option (PowerPC) 597
fopen() 120
fppArchLib 97

SPARC 512
fppFsrDefault global variable (SPARC) 518
fread() 121
free() 96
fsrShow() (SPARC) 512
fstat() 208, 209
FTP (File Transfer Protocol) 13,279

see also ftpdLib(1); ftpLib(1)

network devices for, creating 139, 284-285

password, user 283, 367

user IDs, setting 285
ftpLib 283
ftruncate() 116,216
-funroll-loops compiler option (MIPS) 584
-fvolatile compiler option (1960) 529
fwrite() 121

G

-G 0 compiler option (MIPS) 584, 587
gateway processors

see also routeLib(1)

adding 292-295

and shared-memory networks 301
GCC_EXEC_PREFIX

i960 528

MC680x0 490

MIPS 582
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PowerPC 59 |

SPARC 508

x86 542 i i
GDB, see VxGDB : c0$géler5<;gt10n
-gdwarf compiler option (PowerPC) 598 MC680x0 491
gete() 121 MIPS 583
getpeername() 252 PowerPC 597
getsockname() 252 SPARC 508
Global Descriptor Table (GDT) (x86) 550 x86 543
global variables 50 1386 /1486, see x86

x86 architecture-specific 544-545, 566 1960 525,_537
GNU ToolKit, see compiler environment; GNU see also 1960CA; i960]X; i960K A /i960KB

ToolKit User’s Guide breakpoints 5’30 ’

gp-relative addressing (MIPS gprel) 587 byte order 533

GRAPH_ADAPTER 568

guarded mode, cache (PowerPC) 600 compiler environment, configuring 528

compiler options  528-529
CPU type, defining 527
floating-point support 531, 532

H interface differences, VxWorks 530-532
interrupt handling, VMEbus 533

hardware intLevelSet(), parameter change for 531

initializing 437 long long 533

interrupts, see interrupt service routines and malloc() 531
hashLibInit() 465 math routines 531
header files, see configuration header files; and memLib 531

INCLUDE constants memory layout, VxWorks 534-537

heartbeat, shared-memory 304-305, 403, 404 ROM-based VxWorks 530
hidden files (dosFs) 209 routines, handling unresolved 531
hooks, task 40 sysInit(), using 530
hop count 293 i960CA
host shell see also 1960

target shell, differences from 463-464 memory layout, VxWorks 535
host utilities 1960JX

MIPS 586 see also 1960

PowerPC 601 memory layout, VxWorks 536
hostAdd() 281 i960K A /1960KB
hostShow() 281 see also 1960
htonl() 250 memory layout, VxWorks 537

shared-memory objects (VxMP option) 376 IACK
htons() 250 and MIPS 588-589

and SPARC 515
iam() 285
IBM PC, see x86

ICMP (Internet Control Message Protocol) 247
IDE hard disks, see ATA /IDE hard disks
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ifAddrSet() 281,309
ifBroadcastSet() 297
ifFlagChange() 324
ifMaskSet() 297
ifShow() 365
INCLUDE constants 432-434

see also specific constants
include files

configuration headers 430

SCSI devices 142
INCLUDE_ANSI_ESC_SEQUENCE 568
INCLUDE_ATA 572
INCLUDE_CPLUS 443,473, 475
INCLUDE_CPLUS_BOOCH 476,481
INCLUDE_CPLUS_IOSTREAMS 475, 476
INCLUDE_CPLUS_MIN 443, 473, 475
INCLUDE_CPLUS_TOOLS 476, 480
INCLUDE_CPLUS_VXW 476, 477
INCLUDE_DEBUG 459
INCLUDE_DOSFS 142,197, 441
INCLUDE_EXC_HANDLING 441
INCLUDE_EXC_TASK 441
INCLUDE_FD 570
INCLUDE_FLOATING_POINT 442
INCLUDE_FTP_SERVER 284
INCLUDE_HW _FP 442,499
INCLUDE_INSTRUMENTATION 443
INCLUDE_LOADER 465
INCLUDE_LOGGING 441
INCLUDE_LPT 576
INCLUDE_MMU_BASIC 408, 443, 549, 586
INCLUDE_MMU_FULL 408, 443, 586
INCLUDE_NET_INIT 442
INCLUDE_NET_SHOW 467
INCLUDE_NET _SYM_TBL 464
INCLUDE_NFS 138, 288
INCLUDE_NFS_MOUNT_ALL 287
INCLUDE_NFS_SERVER 288
INCLUDE_PC_CONSOLE 567
INCLUDE_PCI 550
INCLUDE_PIPE 441
INCLUDE_POSIX_AIO 123
INCLUDE_POSIX_AIO_SYSDRV 123,124
INCLUDE_POSIX_MEM 102
INCLUDE_POSIX_MQ 77

622

INCLUDE_POSIX_SCHED 42
INCLUDE_POSIX_SEM 67
INCLUDE_POSIX_SIGNALS 93
INCLUDE_PPP_CRYPT 337
INCLUDE_PROTECT_TEXT 408, 443
INCLUDE_PROTECT_VEC_TABLE 408, 443
INCLUDE_PROXY_DEFAULT_ADDR 328
INCLUDE_PROXY_SERVER 326
INCLUDE_RAWEFS 225, 441
INCLUDE_RPC 448
INCLUDE_RT11FS 221,441
INCLUDE_SCSI 142,218
INCLUDE_SCSI_BOOT 142, 143,218
INCLUDE_SCSI_DMA 142
INCLUDE_SCSI2 142
INCLUDE_SECURITY 462, 463
INCLUDE_SHELL 457, 459
INCLUDE_SHOW_ROUTINES 466, 569
INCLUDE_SIGNALS 93, 441
INCLUDE_SLIP 332
INCLUDE_SM_OBJ 396, 403, 443
INCLUDE_SM_SEQ_ADDR 310, 327
INCLUDE_SOCK_ZBUF 273
INCLUDE_SPY 442
INCLUDE_STANDALONE_SYM_TBL 465
INCLUDE_STARTUP_SCRIPT 443
INCLUDE_STDIO 441
INCLUDE_SW_FP 442, 544, 552
INCLUDE_SYM_TBL 464
INCLUDE_TAPEFS 142,231
INCLUDE_TFTP_CLIENT 292
INCLUDE_TFTP_SERVER 292
INCLUDE_TIMEX 442
INCLUDE_UNLOADER 465
INCLUDE_ZBUF_SOCK 264
inet, see Internet addresses
initialization 435446

see also usrConfig(1)

asynchronous I/0 (POSIX) 123-124

board support package 429

C++ support 443

cache 436

dosFs file systems 197, 441

drivers 440

exception handling facilities 441



file systems 441
floating-point support 442
hardware 437
interrupt vectors 436
I/O system 440
kernel 437-438
logging 441
memory pool 438
MMU support 443
multitasking environment 437-438
network 361-362,442
pipes 441
rawFs file systems 225, 441
rt11Fs file systems 220-221, 441
SCSlinterface 144
sequence of events, VxWorks 435, 444-446
ROM-based 452-453
sequential addressing 309
sequential devices 231-232
shared-memory objects (VXMP option) 398-
401, 402, 443
standard [/O 441
sysInit() 435
system clock 439
tapeFs file systems 231
usrlnit() 436438, 445, 453
usrRoot() 439-444, 446,453
vector tables (SPARC) 514
virtual memory (VxVMI option) 411, 443
WindView 443
input queues, backplane processor 307
installation
drivers 156-157, 173, 440, 441
instantiation, template (C++) 473, 484
instruction cache
initializing 436
MC68040 495
MC68060 496
PowerPC 603
intArchLib
MIPS 585
SPARC 512
intConnect() 94
MIPS 589
intCount() 94

Index

intDisable() (MIPS) 589
integers
64-bit (MIPS R4000) 590
Intel 80386, see x86
Intel 80486, see x86
Intel 80960, see 1960
intEnable() (MIPS) 589
intEnt() (x86) 551
interleaving (x86) 572
Internet
addresses 247-248, 280
see also inetLib(1)
broadcast 247-248, 296
classes of 248
of host 361
host names, associating with 281-282
network interfaces, configuring 281
see also ifLib(1)
sequential addressing 309
shared-memory network master
processor 303
and subnetworks 297
of target 361
File Transfer Protocol, see FTP
packet routing  249-250
protocols  246-247
see also ARP; ICMP; IP; TCP; UDP
and sockets 251-263
Internet Control Message Protocol (ICMP) 247
Internet Protocol, see IP
interprocessor communication 407-424
Interrupt Descriptor Table (IDT) (x86) 550-551
interrupt handling
see also interrupt service routines; interrupts;
intArchLib(1); intLib(1)
application code, connecting to 94
callable routines 94
disks, changing
ready-change mechanism 213, 223, 228
unmounting volumes 212, 227
and exceptions 97
hardware, see interrupt service routines
pipes, using 135
SPARC 515-517
stacks 95
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VMEbus
1960 533
MIPS 589
SPARC 517
interrupt latency 56
interrupt levels 98
interrupt masking 98
interrupt service routines (ISR) 93-99
see also interrupt handling; interrupts;
intArchLib(1); intLib(1)
limitations 95-97
logging 97
see also logLib(1)
and message queues 99
and pipes 99
routines callable from 96
and semaphores 98
and shared-memory objects (VXMP
option) 395
and signals 92,99
interrupt stacks 95
MC680x0 494, 502
MIPS 588-589
x86 551
interrupt vector table, see Interrupt Descriptor Table
interrupts
interprocessor 307-308
locking 56
mailbox 308
MIPS 588-590
routines, supporting 589
shared-memory objects (VXMP option) 397
SPARC 515-517
task-level code, communicating to 98
thrashing 439
vectored
initializing 436
MIPS 589
SPARC 516-517
VMEbus 95, 307, 308
x86 550-551
intertask communications 7-8, 54-93
see also message queues; pipes; semaphores;
shared-memory objects; signals;
sockets; tasks; taskLib(1)

624

network 89-90
intExit() (x86) 551
intLevelSet() 94
1960 531
MIPS 585, 589
SPARC 512
intLock() 94
MIPS 589
SPARC 512
intLockLevelSet() 98,438
intUnlock() 94
MIPS 589
intVecBaseGet() 94
intVecBaseSet() 94,436
MIPS 585, 589
intVecGet() 94
intVecSet() 94
MIPS 589
I/O system 8, 109-186
asynchronous I/O  122-130
see also asynchronous I/O; aioPxLib
basicI/O 112-119
see also ioLib(1)
buffered I/O 120-121
control functions, see ioctl()
and devices 158-159
differences between VxWorks and host
system 152
driver writers 9
see also iosLib(1); tyLib(1)
and files 159-163
formatted I/O 121
see also ansiStdio(1); fioLib(1)
implementing 153-186
initializing 440
redirection 113
serial devices 131, 429
standard input/output/error 113,440
standard I/O 120-121
initializing 441
ioctl() 112,117,252
dosFs file system support 217-218
line printers (x86) 577
memory drivers 137
NFS client devices 138



non-NFS devices 140

pipes 136

raw file system support 229

rt11Fs file system support 224

socket functions 253

tapeFs file system support 234-235

tty

functions 134
options 132

i0GlobalStdSet() 113,440
ioMmuMicroSparcLib (mictoSPARC) 512
iosDevAdd() 158,221
iosDrvInstall() 156,197,231
iosInit() 440
Tostreams (C++) 476
ioTaskStdSet() 114
IP (Internet Protocol) 246

packet routing  249-250
IP Control Protocol (IPCP) 342
ISA/EISA bus (x86) 552
ISR, see interrupt service routines
ISR_STACK_SIZE 494

K

kernel 7
see also Wind facilities
excluding facilities 447448
execution, start of 436
gprel addressing (MIPS) 587
initializing 437-438
and multitasking 30

POSIX and Wind features, comparison of 29

message queues 86-87
scheduling 41-42
semaphores 68
priority levels 32
registers, reserved
MIPS 587
SPARC 514
kernellnit() 437-438, 446
kernelTimeSlice() 32,33, 44
keyboard drivers (x86) 567-568
kill() 91,92

Index

killing
target shell, see abort character
tasks 38

L

1) (x86) 547
latency
interrupt locks 56
preemptive locks 56
libraries
ANSIC 16-17
driver support 186

floating-point emulation (SPARClite) 520

general utility 15-17
hardware interface 18
NFS
client 286
server 286
line editor (target shell) 459
line mode (tty devices) 132
line printer drivers (x86) 576-577
Link Control Protocol (LCP) 336, 341
linked lists 16
see also 1stLib(1)
lio_listio() 123,125
listen() 252
little-endian numbers 250
loader, module 465-466
loadSymTbl() 465
local objects 373
LOCAL_MEM_LOCAL_ADRS 452
1960 534
MC680x0 502
PowerPC 607
SPARC 521
x86 553
location monitors 308
locking
cache
MC68040 495
MC68060 496
SPARClite 520
interrupts 56
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page (POSIX) 102
semaphores 67,72
shared-memory test-and-set 307

spin-lock mechanism (VXMP option) 395-404

target shell access 462
task preemptive locks 34, 56
logging facilities 16, 122
see also logLib(1)
initializing 441
and interrupt service routines 97
task tLogTask 53
login
password, encrypting 462
remote
daemon tRlogind 53
and RSH 284
security 462-463
shell, accessing target 461462
VxWorks to host 292
logInit() 441
loginUserAdd() 462
logLib 122
logTask() 441
long long
i960 533
MC680x0 493
MIPS 590
SPARC 515
x86 551
LPT_GETSTATUS 577
LPT_INT_LVL 576
LPT_INT_VEC 576
LPT_SETCONTROL 577
IptAutofeed() (x86) 576
IptDevCreate() (x86) 576
IptDro() (x86) 576
IptResourcel ] (x86) 576
IptShow() (x86) 576

-m4650 compiler option (MIPS R4650) 583
M68000 family, see MC680x0
-m68881 compiler option 499

626

mailbox interrupts 308
make command (UNIX)

MIPS 582

PowerPC 596

x86 558
malloc() 438

1960 531

interrupt service routine limitations 96
man command (UNIX) 429
mangling (C++) 472
math routines

see also floating-point support; mathALib(1)

i960 531
MC680x0 498-500
MIPS 585
SPARC 512-513
SPARClite 513
x86 544
mathHardInit() 442
MC680x0 499
mathSoftInit() 442
MAX_AIO_SYS_TASKS 124
MAX_LIO_CALLS 124
mbufConfig structure 298
mbufs 298-299
configuring 298-299
partitions, creating memory 298
MCe68040
see also MC680x0
cache 495496
locking, unimplemented 495
modes 498
floating-point support 498, 499, 500
interrupt stacks 494
MMU 497-498
MC68060
see also MC680x0
buffer, FIFO 496
cache 496497
branch 497
cache-inhibited precise mode 496
locking 496
modes 498
floating-point support 498, 499, 500
integer instructions, emulated 493



Index

i960KA/i960KB 537
MC680x0  502-503
microSPARC 523
MIPS  591-592
PowerPC  607-608
SPARC/SPARClite 520-523
x86 553-555

lower memory 555

upper memory 554

interrupt stack, unimplemented 494
MMU 498

address tables, searching 498
superscalar pipeline 494

MC680x0 489-503

see also MC68040; MC68060
architecture-specific development 489-503
cache 495-497

branch (MC68060) 497

compiler environment, configuring 490

compiler options 490491

CPU type, defining 489

floating-point support  498-501

interface differences, VxWorks 492

interrupt stacks 494, 502

long long 493

memory layout, VxWorks 502-503

MMU 497-498

routines, architecture-specific 492
cacheStoreBufDisable() 492,496
cacheStoreBufEnable() 492,496
vxSSDisable() 492,494
vxSSEnable() 492,494

and virtual memory 497-498

loading, required for 465
locking (POSIX) 101-102
see also mmanPxLib(1)
mbuf partitions, creating 298
paging (POSIX) 101
pool 50
adding to 438
initializing 438
pseudo-1/0 devices 136-137
segmentation (x86) 548-550
shared-memory networks 301-316
shared-memory objects (VXMP option) 373-
404
shared-memory pool 302-307
start of, see LOCAL_MEM_LOCAL_ADRS

-mca compiler option (1960) 529
-mcpu compiler option
MIPS 583
PowerPC 597
MEM_BLOCK_CHECK 394
memAddToPool() 438
memDrv 131, 136-137 memPartShow() 466,467
memlLib (i960) 531 memPartSmCreate() 391
memory memShow() 466,467
see also shared-memory networks; shared- message logging, see logging facilities
memory objects (VXMP option); message queues 74-88
shared-memory pool; strings; virtual see also msgQLib(1)
memory client-server example 88
allocation 16, 438 displaying attributes 87
see also memLib(1), memPartLib(1) and interrupt service routines 99

swapping (POSIX) 101

virtual 407-424

write protecting 410, 421-423
memory management unit, see MMU
memPartLib 438

and shared-memory partitions 391

availability of, determining 438 POSIX 77-87
driver 136-137 see also mqPxLib(1)
layout attributes 84-86

i960 534-537
i960CA 535
i960]X 536

code examples
attributes, examining 85-86
checking for waiting message 81-84
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communicating by message

queue 78-80
notifying tasks 80-84
unlinking 78

Wind facilities, differences from 86-87
priority setting 76
shared (VxMP option) 381-386
code example 383
creating 381
local message queues, differences
from 382
Wind 75-76
code example 76
creating 75
deleting 75
receiving messages 75
sending messages 75
timing out 75
waiting tasks 75
_~-mfp32 compiler option (MIPS R4000, R4650) 583
-mgp32 compiler option (MIPS R4000, R4650) 583
microSPARC
see also SPARC /SPARClite
cache 510
I/OMMU 512
memory layout, VxWorks 523
MIPS 581-592
cache, initializing 584
compiler environment, configuring 582
compiler options 582-584
CPU type, defining 581
floating-point support 585, 587
gprel addressing 587
interface differences, VxWorks 584-586
interrupts 585, 588-590
routines, supporting 589
VMEbus 589
math routines 585
memory layout, VxWorks 591-592
MMU, unsupported 586
registers, reserved 587
routine parameters, displaying 585
64-bit support (R4000) 590
stack traces 585
task traces 585
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tasks, spawning 586
tools, ELF 586
virtual memory mapping 590
and VxGDB 583, 585
-mips3 compiler option (MIPS R4000, R4650) 583
-mka compiler option (i960) 529
-mkb compiler option (i960) 529
mkboot utility (x86) 559, 560, 565
mkbootAta() 565
mkbootAta() (x86) 557-558
mkbootFd() 565
mkbootFd() (x86) 557-558
mlock() 102
mlockall() 102
mmanPxLib 102
MMU
see also virtual memory - VxVMI option;
vmLib(1)
address tables, searching (MC68060) 498
initializing 443
MC680x0 497-498
cache-inhibited imprecise mode 498
cache-inhibited non-serialized mode 498
states, architecture-specific 492
MIPS 586
PowerPC  599-601, 604
shared-memory networks 306
shared-memory objects (VXMP option) 399
using programmatically 410-424
x86 549-550
mmuPhysDesc[ ] table (x86) 549
-mno-486 compiler option (x86) 543
modules
see also application modules
optional (INCLUDE constants) 432-434
moduleShow() 466
mount points (x86) 562
mountd server task 286
mounting volumes
dosFs file systems 205
rawFs file systems 226
rt11Fs file systems 222
tapeFs file systems 184, 233
mq_close() 77,78
mgq_getattr() 77,84



mgq_notify() 77,80-84
mq_open() 77
mq_receive() 77,78
mq_send() 77
mgq_setattr() 77,84
mq_unlink() 77,78
mqPxLib 77
mqPxLibInit() 77
-msdata compiler option (PowerPC) 598
MS-DOS
boot disks, building (x86) 558-560
file systems, see dosFs file systems
interleaving (x86) 572
msgQCreate() 75
msgQDelete() 75
msgQReceive() 75
msgQSend() 75
msgQShow() 383,466
msgQSmCreate() 381
-msingle-float compiler option (MIPS R4650) 583
-msoft-float compiler option
MC680x0 491, 499, 501
MIPS 584, 588
SPARC 509
-msparclite compiler option (SPARClite) 509, 520
-mstrict-align compiler option (i960) 529
MTIOCTOP 235
MTWEOF 233
multitasking 7-8, 30, 48
see also taskLib(1)
example 52
munching (C++) 473
munlock() 102
munlockall() 102
mutual exclusion 55-56
see also semLib(1)
code example 60
counting semaphores 65
interrupt locks 56
NFS, initializing 290
preemptive locks 56
and reentrancy 50
and shared-memory networks 307
Wind semaphores 57, 62-65
binary 60

Index

deletion safety 64
priority inheritance 62
priority inversion 62-63
recursive use 64

N

name database (VxMP option) 375-376
accessing objectsin 375
adding objects 375
displaying 376

name mangling, see mangling

named semaphores (POSIX) 67,71-73

nanosleep() 39,40, 101

net masks 297

netDevCreate() 139,284

netDrv 131, 138, 282
and FTP 283
and RSH 283

netLibInit() 442

network buffers
mbufs 298-299
zbufs 264-278

Network Control Protocol (NCP) 342

network devices 137-140
see also FTP; NFS; RSH
creating

for NFS 287

for RSH and FTP 284-285
NES 137-139
non-NFS  138-140

Network File System, see NFS

network task tNetTask 53

networks 11-12,243-370
see also hostLib(1); netLib(1)
byte order 250-251
components, hierarchy of 244
configuring 280-300
drivers (x86) 568-569
excluding from VxWorks 448
gateways, adding  292-295
initializing 361-362, 442
interfaces 280

see also ifLib(1)
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Internet addresses, specifying 280 PowerPC 597
Internet, see Internet SPARC 509
intertask communications 8990 x86 543
proxy 319-322 ntoh() 250
shared-memory 246, 301-316 ntohl() 250
see also shared-memory networks shared-memory objects (VXMP option) 376
and sockets 251-263 NUM_DOSFS_FILES 197
subnetworks 297-298 NUM_RAWFS_FILES 225
and proxy ARP 318, 325 NUM_RT11FS_FILES 221
testing connections  295-296 NUM_SIGNAL_QUEUES 93
transparency 137 NUM_TTY 440
NEFS (Network File System) 12, 13, 115, 137-139,
286-291
see also nfsDrv(1); nfsLib(1) O
authentication parameters 138
clients o i1 .
ioctl requests 138 -0 comptler option

1960 529

MC680x0 491

PowerPC 597

x86 543
-00 compiler option (MIPS) 583
-02 compiler option

library 286
devices 137-139
creating 137, 287
naming 111
open(), creating with 115
dosFs file systems

exporting 288-290 MIPS 583
mutual exclusion 290 SPARC 508
server 286,288-291 O_CREAT 71,77

: O_EXCL 71

configuring 288

libraries 286

limitations 291
transparency 137
user authentication 287-288, 291
user IDs, setting  287-288

O_NONBLOCK 77,84
object ID (VxMP option) 374
offset (zbufs) 265-266
online documentation
man pages (on host) 21,429
NFS_GROUP_ID 288 open() 112,114,115, 123, 160, 207, 233

NFS_USER_ID 288 opendir() 208
nfsAuthUnixPrompt() 138,288 operating system  29-102

. OPT_7_BIT 132
nfsAuthUnixSet() 138,287 ==
nfsd server task 286 OPT_ABORT 132

nfsDrv 131,137, 286 OFT_CRMOD 132

nfsExport() 288,289 OPT_ECHO 132
nfsMount() 137,287 OPT_LINE - 132

L . OPT_MON_TRAP 132
non-block devices, see character devices

-nostdinc compiler option OPT_RAW 132
. OPT_TANDEM 132
i960 529

MC680x0 491 OPT"T].ERMINAL 132, 440 —
MiPS 584 optimizing, see performance monitoring
optional VxWorks features (INCLUDE
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constants) 432-434
optional VxWorks products
VxMP shared-memory objects 14, 373-404
VxSim simulator 19
VxVMI virtual memory 13, 408-409, 410-424
Wind Foundation Classes 471-484
WindNet SNMP 12,279

P

packet routing  249-250
page locking 102
see also mmanPxLib(1)
page states (VxVMI option) 412
paging 101
Password Authentication Protocol (PAP) 337,342,
353-354
password encryption
login 462
PPP 337
pause() 91
PC, see x86
PC_KBD_TYPE 567
PC_XT_83_KBD 567
PC104 bus (x86) 552
pc386/pcd86 support (x86) 565
PCCARD_RESOURCE 576
pecardMkfs() 565
pecardMount() 565
PCIbus (x86) 552
PCMCIA PC cards (x86)
booting from 561-562, 563
dosFs file systems, mounting 565
pended tasks 31
pended-suspended tasks 31
Pentium, see x86
performance monitoring 17
see also spyLib(1); timexLib(1)
tools for, including 442
PHYS_MEM_DESC 408, 429
see also sysPhysMemDesc] ]
ping() 295-296
PING_OPT_DONTROUTE 296
PING_OPT_SILENT 296

Index

pipeDevCreate() 88, 441
pipeDrv 131,135
pipeDro() 441
pipes 88-89, 135-136
see also pipeDrv(1)
creating 135
initializing 441
interrupt handling 135
interrupt service routines 99
ioctl requests 136
select(), using with 89
Point-to-Point Protocol (PPP) 246, 334-360
authentication 347, 347-356
link-layer 336
secrets 347-355
booting VxWorks 345-346
Challenge-Handshake Authentication Protocol
(CHAP) 342-343, 354-355
configuring environment for 336-340
and debugging 358
encapsulation 341
encryption 337
errors, detecting 335
extensibility 335
header protocol field 335
hooks, using  355-356
code example 355-356
IP addresses, negotiating 336
IP Control Protocol (IPCP) 342
Link Control Protocol (LCP) 336, 341
links
deleting 344
initializing 343-344
managing 335-336
Network Control Protocol (NCP) 342
network interface, as
additional 357
default target 357-358
network protocols, supporting multiple 335
newsgroup, online 360
optional features 337-340, 347-351
precedence 347
setting
configuration constants, with 337~
339
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options files, with  339-340
options structures, with 339
turning on 338
options, negotiating 336

Password Authentication Protocol (PAP) 337,

342, 353-354
peers 335
Requests for Comments (RFCs) 360
SLIP, versus 335-336
troubleshooting  358-360
authentication 359
links, establishing 359
polling 307, 308
shared-memory objects (VXMP option) 397
ports 18
see also sysALib(1); sysLib(1)
enabling and disabling 321
and sockets 251
POSIX 8
asynchronous I/O  123-130
routines 123-124
clocks 100-101
see also clockLib(1)
file truncation 116
and kernel 29
memory-locking interface 101-102
message queues 77-87
see also message queues; mqPxLib(1)
page locking 102
see also mmanPxLib(1)
paging 101
priority numbering 42
scheduling 4145
see also scheduling; schedPxLib(1)
semaphores 67-73
see also semaphores; semPxLib(1)
signal functions 92-93
see also signals; sigLib(1)
routines 91
swapping 101
task priority, setting 43-44
code example 43
timers 100-101
see also timerLib(1)
Wind features, differences from 29
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message queues 86-87
scheduling 4142
semaphores 68
posixPriorityNumbering global variable 42
PowerPC  595-608
architecture-specific development 595-608
byte order 602
cache 603
modes 600
compiler environment, configuring 596
compiler options  597-598
CPU type, defining 596
floating-point support 604
GDB, compiling modules for 598
interface differences, VxWorks 599-601
memory layout, VxWorks 607-608
memory mapping
block address translation registers 599
memory page, by 600
MMU 599-601, 604
operating mode 602
registers, using 602-603
shared-memory objects (VXMP option) 605-
606
small data area 598
tools, ELF 601
24-bit addressing 602
underscores, handling 598
virtual memory 599-601
PPP, see Point-to-Point Protocol
PPP_BAUDRATE 345
PPP_CONNECT_DELAY 338, 359
PPP_OPTIONS 339
PPP_OPTIONS_FILE 347
PPP_OPTIONS_STRUCT 338
PPP_TTY 338,345
pppDelete() 344
pyrinfoGet() 344
pppInit() 337,339, 340, 344
pppSecretAdd() 352,353
preemptive locks 34, 56
preemptive priority scheduling 32, 33, 44
printErr() 122
printErrno() 47
printf() 121
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priority protocol 320-321
inheritance 62 protocols, using with other 369-370
inversion 62-63 server 318-320
message queues 76 routing issues on  319-320
numbering 42 shared-memory networks, tiers of 324-328
preemptive, scheduling 32, 33, 44 and subnetworks 318, 325
scheduling parameters 45 proxyPortFwdOff() 322
task, setting proxyPortFwdOn() 321
POSIX 43-44 psrShow() (SPARC) 512
Wind 32 pty devices 131-135
privilege protection (x86) 548 see also ptyDrv(1)
processes (POSIX) 41 ptyDrv 131
processor number 302, 361, 366 pure code 49
zero 303 putc() 121
protocols
see also individual protocols
ARP (Address Resolution Protocol) 247, 309 Q

backplanes, communicating over 301
BOOTP (bootstrap protocol) 363-370
example 369
CSLIP (compressed SLIP) 244, 331-333 queues
FTP (File Transfer Protocol) 279 see also message queues
ICMP (Internet Control Message Protocol) 247 np Ut’. backplane processor 307
IP (Internet Protocol) 246 ordering (FIFQ vs. priority) 66-75
PPP (Point-to-Point Protocol) 334-360 semaphore wait 66
proxy ARP 320-321
example 369

queued signals 92

and shared-memory networks 301 R
SLIP (Serial Line Internet Protocol) 244-246,
331-333 R3000, see MIPS
TCP (Transmission Control Protocol) 247 R4000, see MIPS
TFTP (Trivial File Transfer Protocol) R4650, see MIPS
example 369 raise() 91
UDP (User Datagram Protocol) 247 RAM disks 140-141
proxy ARP 13, 316-331 see also ramDrv(1)
clients 320-324 RAM_HIGH_ADRS 452
and broadcasts 324 RAM_LOW_ADRS 435, 452
configuring 323 ramDevCreate() 140
multi-homed 323-324 ramDrv 131, 136, 140
registering 329 raw mode
routing tables 323-324 dosFs file systems 206
see also routeLib(1) rtl1Fs file systems 222
configuring  326-330 tty devices 132
debugging 330 rawFs file systems 225-230
network 319-322 see also rawFsLib(1)
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disk changes 227-229
ready-change mechanism 228
unmounting volumes 227
without notification 228

disk organization 225

disk volume, mounting 226

fd, freeing obsolete 227

fileI/O 227

initializing 225, 441

and ioctl() requests 229

and rt11Fs file systems 222

synchronizing disks 229

rawFsDevInit() 226,441
rawFsDrvNum global variable 225
rawFsInit() 225,442
rawFsLib 225
rawFsReadyChange() 228
rawFsVolUnmount() 227

interrupt handling 227

read() 112,116, 163,252
readdir() 208

read-only files (dosFs) 208
ready tasks 31
ready-change mechanism

dosFs file systems 212-213

rawFs file systems 228

rt11Fs file systems 223

reboot character (CTRL+X) 132, 133, 460
reco() 252
recofrom() 252
recomsg() 252
redirection 113
reentrancy 48-52
registers
gp (MIPS) 587
PowerPC  602-603

reserved
MIPS 587
SPARC 514

64-bit (MIPS R4000) 590

x86 routines 545
remote command execution, see RSH
remote file access 12, 13,278-279, 282-291

634

see also FTP; NFS; RSH; TFTP; ftpdLib(1);
ftpLib(1); nfsDrv(1); remLib(1);

titpdLib(1); tftpLib(1)

file permissions 286

mounting remote file systems 287

NFES 279, 286-291

devices for, creating 287
user IDs, setting  287-288

RSH and FTP 279, 283
remote file transfer (TFTP) 291-292
remote login

and RSH 284

daemon tRlogind 53

security 462-463

shell, accessing target 461-462

VxWorks to host 292
remote procedure calls, see RPC
remote shell, see RSH
remove() 112,115,156,207
reserved registers

MIPS 587

SPARC 514

restart character (target shell) (CTRL+C) 132,134,

460461
changing default 460
resume character (CTRL+Q) 132, 133, 460
rewinddir() 208
.rhosts 284,292, 311
ring buffers 16,97, 98
see also rngLib(1)
rlogin (UNIX) 461
rlogin() (VxWorks) 292
ROM
monitor trap (CTRL+X) 132, 133, 460
VxWorks in  449-453
and 1960 530
ROM cards (x86) 566
romInit() 452,530
romlnit.s 429
romStart() 452,530
root directory (dosFs) 195, 196-197
root task tUsrRoot 52
round-robin scheduling 33-34, 4445
code example 45
route command 293
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routeAdd() 250,294, 324, 330 S
routed routing daemon 293
routeDelete() 250,324 SPARC) 510
routeNetAdd() 250,294 Zi;l(ability )4
routes . VxWorks features 432-434
see also routeLib(1) scanf() 122
adding 292-295 SCHED_FIFO 44

UNIX 293-294

d iori ,
VxWorks 294 sched_get_priority_max() 42,45

sched_get_priority_min() 42,45

d WiI.IdOWS 293 sched_getparam() 42
ebu.ggmg 330 . sched_getscheduler() 42,44
multi-homed proxy clients 323 SCHED RR 44

proxy server 319-320

hed_rr_get interval() 42,45
RPC (Remote Procedure Calls) 12, 90, 278 sched_rr_get_interval()

sched_setparam() 42,44

see also rpcLib(1) sched_setscheduler() 42,44
daemon tPortmapd 54 sched_yield() 42
excluding from VxWorks 448 schedPxLib 41,42
RSH (Remote Shell protocol) 13 scheduling 32_’34
see also remLib(1) POSIX 41-45
daemon rshd 279, 283 see also schedPxLib(1)

network devices for, creating 139, 284-285 algorithms 42
and UNIX 284 code example 44
user IDs, setting 285 FIFO 42 44

rt11Fs file systems 10, 220-224 :
see also rt11FsLib(1)

contiguous files _220 o priority limits 45
fragmented disk space, reclaiming 223 priority numbering 42

disk changes 223-224 round-robin 4445
ready-change mechanism 223 code example 45
without notification 224 routines 42

disk organization 220 time slicing 45

‘?iSk volume, mounting 222 Wind facilities, differences from 41-42
fileI/O 222 Wind

initiaflizing 220-221, 441 preemptive locks 34, 56

and ioctl() requests 224 preemptive priority 32, 33

open(), creating files with 115 round-robin  33-34

raw mode 222

policy, displaying current 44
preemptive priority 44

scripts, startup 443

rtl1FsDevInit() 144,221,441 ;

;T SCSI d 141-151
rt11FsDrvNum global variable 220 s eeelesC: SS csiLib(1)
rt11FsInit() 220,442 booting from 218-219

rt11FsLib 220

ROM size, adjusti 143
rt11FsReadyChange() 223 size, aqjusting

configuring 142-150
code examples 146-150
options 144-146
constants 142
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initializing support 144 sem_destroy() 68
libraries, supporting  143-144 sem_getvalue() 68
SCSIbus ID sem_init() 68,69
changing 150 SEM_INVERSION_SAFE 62
configuring 143 sem_open() 68,71
SCSI-1 vs. SCSI-2  143-144, 151 sem_post() 68,69,72
tagged command queuing 146 sem_trywait() 68, 69,72
troubleshooting 151 sem_unlink() 68,72
VxWorks image size, effecting 142 sem_wait() 68,69,72
wide data transfers 146 semaphores 7, 57-73
x86, unsupported on 567 see also semLib(1)
SCSI_AUTO_CONFIG 142 counting 68
SCSI_OPTIONS structure 145 example 65
scsilLib 143 deleting 58, 68
scsi2Lib 143 and drivers 156
scsiBlkDevCreate() 144 giving and taking 58-59, 67
scsiCommonLib 143 and interrupt service routines 98, 96
scsiDirectLib 143 locking 67,72
scsilib 131, 142, 143 POSIX 67-73
scsiPhysDevCreate() 144,218 see also semPxLib(1)
scsiSeqDevCreate() 231 named 67,71-73
scsiSeqLib 144 code example 72
scsiTargetOptionsSet() 145 unnamed 67, 68, 69-70
security 462-463 code example 69
segment ID (zbufs) 265-266 Wind facilities, differences from 68
SEL_WAKEUP_LIST 165 posting 67,72
SEL_WAKEUP_NODE 165 recursive 64
select facility 117-119 code example 64
see also selectLib(1) shared (VxMP option) 376-381
code example 118-119 code example 379
implementing 163-167 creating 378
code example 166-167 displaying information about 378
macros 118 local semaphores, differences from 377
select() 118,252 synchronization 57, 65
implementing 163-167 code example 60-61
and pipes 89 unlocking 67,72
selectLib.h 117 waiting 67,72
seINodeAdd() 165 Wind 57-66
seINodeDelete() 165 binary 58-61
selWakeup() 165 code example 60
selWakeupAlI() 165 control 57-58
selWakeupListInit() 165 counting 65
selWakeupType() 165 mutual exclusion 60, 62-65
sem_close() 68,72 queuing 66
SEM_DELETE_SAFE 64 synchronization 60-61
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timing out 66
semBCreate() 58
semBSmCreate() (VXMP option) 378
semCCreate() 58
semCSmCreate() (VXMP option) 378
semDelete() 58
shared semaphores (VxMP option) 377
semFlush() 58,62
semGive() 58
semInfo() 378
semMCreate() 58
semPxLib 67
semPxLibInit() 68
semShow() 378,466
semTake() 58
send() 252
sendmsg() 252
sendto() 252
SEQ_DEV 172,231
see also sequential devices
fields 175
sequential addressing 309-310, 327, 369-370
code example 370
enabling 310
starting address, determining 309
sequential devices 171-185
see also block devices; SEQ_DEV; tape devices;
tapeFs file systems
drivers
creating devices 174-176
erasing tapes 185
file marks, writing 182
initializing 173-174
installing 173
I/O control 179
loading/unloading 184
physical block limits, polling for 183-184
reading blocks 177
ready status change 181-182
releasing tape device access 183
reserving tape device access 183
resetting devices 180
spacing tape media 185
status, checking device 180-181
tape volumes, mounting 184

Index

tapes, rewinding 182
write protection 181
writing blocks  178-179
initializing for tapeFs 231-232
serial drivers 131, 429
Serial Line Internet Protocol, see SLIP
server, proxy, see proxy ARP
setsockopt() 252
shared code 48
shared data structures 55
shared message queues (VXMP option) 381-386
code example 383
creating 381
displaying queue status 383
local message queues, differences from 382
shared semaphores (VXMP option) 376-381
code example 379
creating 378
displaying information about 378
local semaphores, differences from 377
shared-memory allocator (VxMP option) 386-394
shared-memory anchor 303-304
see also shared-memory networks; shared-
memory pool
address 304, 305
shared-memory objects, configuring (VXMP
option) 397
shared-memory networks 246, 301-316
see also shared-memory anchor; shared-memory
pool
accessing, see proxy ARP
anchor 303-304
and ARP 309
cacheability 306
configuring 302, 304, 305-307, 308
example 311-314
host support for 311-314
driver 301
gateway processors 301
heartbeat 304-305
Internet addresses, self-configuring 309
interrupts
interprocessor 307-308
mailbox 308
VMEbus 307, 308
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location monitors 308
master processor 303
see also usrConfig
heartbeat, maintaining 304-305
polling 307, 308
protocols
alternative, running 302
higher-level, running 301
sequential addressing 309-310
and shared-memory objects (VxMP
option) 397
test-and-set instructions 307
troubleshooting configuration of 314-316
shared-memory objects (VXMP option) 14, 373-404
see also msgQSmLib(1); semSmLib(1);
smMemLib(1); smNameLib(1);
smODbjLib(1); smObjShow(1)
advertising 375
anchor, configuring shared-memory 397
and backplane network 397
cacheability 396, 399
configuring 396403
code example 401
constants 401
displaying number of used objects 400
heartbeat 403, 404
initializing 398-401, 402, 443
interrupt latency 395
interrupt service routines . 395
interrupts
bus 397
mailbox 397
layout 398
limitations 395-396
locking (spin-lock mechanism) 395-404
memory
allocating  386-394
insufficient 396
running out of 396
message queues, shared 381-386
see also shared message queues
code example 383
name database 375-376
objectID 374
partitions 386-394

638

routines 387-388
side effects 394
system 386-391
code example 388
user-created 387, 391-393
code example 391
polling 397
PowerPC support 605-606
semaphores, shared 376-381
see also shared semaphores (VxMP option)
code example 379
shared-memory pool 398
single- and multiprocessors, using with 374
system requirements 394-395
troubleshooting 403
types 376
shared-memory pool 302-307
see also shared-memory anchor; shared-memory
networks
address, defining (VXMP option) 398
anchor 303-304
initialized, determining whether 304-305
locating 303, 305
on-board/off-board options  306-307
size, determining 306
shared-memory region (VXMP option) 398
shell task (tshell) 458
shell, see host shell; target shell
shelllnit() 457
shellLock() 462
show routines 466-467
x86-specific 569
show() 71,87,466
shutdown() 252
sigaction() 91,92
sigaddset() 91
sigblock() 91,92
sigdelset() 91
sigemptyset() 91
sigfillset() 91
siglnit() 91,441
sigismember() 91
sigLib 17
sigmask() 91
signal handlers 92



signal() 91
signals 90-93
see also sigLib(1)
configuring 93
and interrupt service routines 92, 99
POSIX 92-93
queued 92
routines 91
signal handlers 92
UNIXBSD 91
routines 91
sigpending() 91
sigprocmask() 91,92
sigqueue() 92,93
sigqueuelnit() 93
sigsetmask() 91,92
sigsuspend() 91
sigtimedwait() 92
sigvec() 91,92
sigwaitinfo() 92

Simple Network Management Protocol, see WindNet

SNMP
single-stepping (SPARC) 510-511
SIOCATMARK 253
68000, 68K, see MC680x0
64-bit support (MIPS R4000) 590
SLIP (Serial Line Internet Protocol) 244-246,331—
333

see also CSLIP (compressed SLIP)

booting  332-333

configuring  331-332

and networks 244-246

PPP, versus 335-336
SLIP_BAUDRATE 332
SLIP_TTY 332
sm driver 301, 303
SM_ANCHOR_ADRS 304, 397
SM_INT_ARGn 308
SM_INT_TYPE 308, 397
SM_MEM_SIZE 306
SM_OBJ_MAX_MEM_PART 401
SM_OBJ_MAX_MSG_Q 401
SM_OBJ_MAX_NAME 401
SM_OBJ_MAX_SEM 401
SM_OBJ_MAX_TASK 401

Index

SM_OBJ_MEM_ADRS 398
SM_OBJ_MEM_SIZE 400
SM_OFF_BOARD 306, 606
SM_TAS_HARD 394, 606
SM_TAS_TYPE 307, 606
small computer system interface, see SCSI devices
smCpulnfoGet() (VxMP option) 397
smIfVerbose global variable (VxMP) 404
smMemAddToPool() (VXxMP option) 388
smMemCalloc() (VxMP option) 388
smMemFindMax() (VXMP option) 388
smMemFree() (VXMP option) 388
smMemMalloc() (VXMP option) 388
smMemOptionsSet() (VXMP option) 388
smMemRealloc() (VXMP option) 388
smMemShow() (VXMP option) 388
smNameAdd() (VXMP option) 375
smNameFind() (VXMP option) 375
smNameFindByValue() (VxMP option) 375
smNameLib.h 376
smNameRemove() (VxMP option) 375
smNameShow() (VxMP option) 375
smNetShow() 309,315
smObjAttach() (VXMP option) 402
smObjlInit() (VxMP option) 402
smObjLib.h 388
smObjSetup() (VxMP option) 402
smObjShow() (VxMP option) 400, 404
smObjTimeoutLogEnable() (VXMP option) 404
SNMP, see WindNet SNMP
so() (SPARC) 511
socket() 152,252
sockets 11, 89-90, 251-263
see also zbufs; sockLib(1); zbufSockLib(1)
datagram 251, 259-263
code example 260-263
and Internet protocols 251-263
1/0 control 253
asI/O device 152
routines for manipulating 252
stream 251, 253-259
code example 254-259
TCP, using 251, 253-259
code example 254-259
UDP, using 259263
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code example 260-263
zbufs 264-278
socket calls 273-278

SPARC/SPARClite 505-523

see also microSPARC

ASI addresses, probing 513

buffer manipulation, linear 510

cache 510
microSPARC 510
SPARClite 520

compiler environment, configuring 508

compiler options  508-509

CPU type, defining 507

debugging 510-512

floating-point support 512, 518-519
emulation library (SPARClite) 520

I/OMMU 512

interface differences, VxWorks 509-513

interrupt handling 515-517
VMEbus 517

long long 515

math routines 512-513

memory layout, VxWorks 520-523

microSPARC 510, 512, 523

operating mode 514

reserved registers 514

routines, architecture-specific 513
becopyDoubles() 510
bfillDoubles() 510
bzeroDoubles() 510
cacheMb930LockAuto() 520
fsrShow() 512
psrShow() 512

single-stepping 510-511

SPARClite enhancements 519-520

stack pointer, using the 519

task traces 511

test-and-set instructions 513

traps, enabling 514

vector table, initializing the 514

spy utility 17
see also spyLib(1)
sscanf() 121
stack traces (MIPS) 585
stacks
interrupt 95
no fill 37
standard I/O 113,120-121
see also ansiStdio(1)
initializing 441
omitting 121
standard input/output/error 440
startup
see also initialization
entry point 435
networks, initializing 361-362
scripts 443

VxWorks, sequence of events 435-446

ROM-based 452-453

stat() 208,209
static constructors (C++) 473-474
STATUS_8042 568
stdioShow() 466
strings, formatting 16

see also ansiStdio(1); fioLib(1)
subdirectories (dosFs) 195, 207-208

file attributes 209
subnetworks 297-298

and proxy ARP 318, 325
superscalar pipeline (MC68060) 494
suspended tasks 31
swapping 101
symbol table

and BOOTP 367

target shell 464-466

see also symLib(1)

symLibInit() 465
symTblCreate() 465
synchronization (task) 57

code example 60-61

SPARCmon 519

spawning tasks 35, 51-52

spin-lock mechanism (VxMP option) 395-404
interrupt latency 395

sprintf() 121

counting semaphores, using 65
semaphores 60-61
synchronizing disks
dosFs file systems  213-214
auto-sync mode 214
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rawFs file systems 229
sysALib.s 429

entry point 435
sysBusIntAck() (MIPS) 589
sysBusTas() 307
sysClkConnect() 439
sysClkRateSet() 439
sysCodeSelector global variable (x86) 565
sysCoprocessor global variable (x86) 545
sysCpuProbe() (x86) 546
sysDelay() (x86) 546
sysFdBuf global variable (x86) 566
sysFdBufSize global variable (x86) 566
sysGDTI[ ] table(x86) 545
sysGDTI Itable (x86) 550
sysHwlnit() 437
sysInByte() (x86) 546, 549
syslnit() 435, 444

i960 530
sysInLong() (x86) 546,549
sysInLongString() (x86) 546, 549
sysIntDisable() 95
sysIntDisablePIC() (x86) 546
sysIntEnable() 95
sysIntEnablePIC() (x86) 546
sysIntldtType global variable (x86) 544, 550
sysIntVecSetEnt() (x86) 565
sysIntVecSetExit() (x86) 565
sysInWord() (x86) 546, 549
sysInWordString() (x86) 546, 549
sysLib.c 428
sysMemTop() 438
sysOutByte() (x86) 546, 549
sysOutLong() (x86) 546,549
sysOutLongString() (x86) 546, 549
sysOutWord() (x86) 546, 549
sysOutWordString() (x86) 546, 549
sysPhysMemDesc[ ] 306, 408409, 411, 429

MC68040 495, 497

MIPS 586

page states 408

PowerPC 600, 603

shared-memory objects (VXMP option) 399

virtual memory mapping 409

x86 549

Index

sysProcessor global variable (x86) 545
sysScsilnit() 144
sysSerial.c 429
sysStrayIntCount global variable (x86) 566
system clock 40, 444

initializing 439
system files (dosFs) 209
system image 427

downloading 435

excluding facilities 447

ROM-based VxWorks 452

and x86 BSPs  565-566
system information, displaying 424, 466467
system library 428
system tasks 52-54
sys VectorIRQO global variable (x86) 544, 550
sysWarmAtaCtrl global variable (x86) 566
sysWarmAtaDrive global variable (x86) 566
sysWarmFdDrive global variable (x86) 566
sysWarmFdType global variable (x86) 566
sysWarmType global variable (x86) 566

T

SM_BLOCK 376
SM_MSG_Q 376
T_SM_PART_ID 376
T_SM_SEM_B 376
T_SM_SEM_C 376
tape devices
see also sequential devices; tapeFs file systems
changing 234
configuring 232-233
code example 149, 232
SCSI, supporting 142
volumes 10
mounting 184, 233
unmounting 234
TAPE_CONFIG 232
tapeFs file systems 142, 230-235
configuring devices
code example 149, 232
fileI/O 233
fixed block size transfers 232-233

T_
T_
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initializing 231
and ioctl() requests 234-235
operating modes 233
tape changes 234
tape organization 230
tape volumes 10, 184, 233
variable block size transfers 232-233
tapeFsDevInit() 231
tapeFsDrvNum global variable 231
tapeFslnit() 231
tapeFsVolUnmount() 234
target agent 18
task (tWdbTask) 18,53
target board
see also board support package; sysALib(1);
sysLib(1)
address, determining hardware 365
BOOTP registration 364-366
configuration header for 432
interface 428
processor number 302, 361, 366
target shell 457467
see also dbgLib(1); shellLib(1); symLib(1);
usrLib(1)
aborting (CTRL+C) 132, 134, 460-461
changing default 460
accessing from host 461-462
banner, sign-on 458
control characters (CTRL+x) 459460
creating 457-458
debugging 459
demo, initializing the 459
host shell, differences from 463-464
line editing 459
loader, defining module 465-466
locking access 462
remote login 461462
restarting 460461
symbol table, defining 464466
task tShell 53
unloader, defining module 465466
using 459
target.nr 429
target-specific development
see also specific target architectures
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i960 527-537
MC680x0 489-503
MIPS 581-592
PowerPC 595-608
SPARC/SPARClite 507-523
x86 541-577
task control blocks (TCB) 30, 37, 40, 51, 95
taskActivate() 35
taskArchLib (MIPS) 586
taskCreateHookAdd() 40
taskCreateHookDelete() 40
taskCreateHookShow() 466
taskDelay() 39
taskDelete() 38
taskDeleteHookAdd() 40
taskDeleteHookDelete() 40
taskDeleteHookShow() 466
taskIldListGet() 37
taskIdSelf() 36
taskldVerify() 36
taskInfoGet() 37
taskInit() 35
taskIsReady() 37
taskIsSuspended() 37
taskLock() 32
taskName() 36
taskNameTold() 36
taskOptionsGet() 37
taskOptionsSet() 37
taskPriorityGet() 37
taskPrioritySet() 32,33
taskRegsGet() 37
taskRegsSet() 37
taskRestart() 39
taskResume() 39
tasks 30-54
blocked 34
communicating at interrupt level 135
contexts 30
creating 35
floating-point (SPARC) 518
switching (x86) 551
control blocks 30, 37, 40, 51, 95
creating 35
delayed 31



delayed-suspended 31
delaying 30, 31, 39, 99-100
deleting safely 38-39
code example 39
semaphores, using 64
displaying information about 37
environment variables, displaying 466
error status values 45-47
see also errnoLib(1)
exception handling 48
see also signals; sigLib(1); excLib(1)
tExcTask 53
executing 39
hooks 40
see also taskHookLib(1)
extending with 4041
IDs 35
interrupt level, communicating at 98
logging (tLogTask) 53
names 35
automatic 36
network (tNetTask) 53
option parameters 36
pended 31
pended-suspended 31
priority, setting
POSIX 43-44
code example 43
Wind 32
ready 31
remote debugging server (tRdbTask) 54
remote Jogin (tRlogind, tRlogInTask,
tRlogOutTask) 53
root (tUsrRoot) 52
RPC server (tPortmapd) 54
scheduling
POSIX 41-45
preemptive locks 34, 56
preemptive priority 32, 33, 44
round-robin 33-34, 44-45
Wind 32-34
shared code 48
shell (tshell) 458
and signals 48, 90-93
spawning 35, 51-52

Index

states 30-31
suspended 31
suspending and resuming 39
synchronization 57
code example 60-61
counting semaphores, using 65
system 52-54 ‘
target agent (tWdbTask) 18, 53
target shell (tShell) 53
telnet (tTelnetd, tTelnetInTask,
tTelnetOutTask) 54
variables 51
see also taskVarLib(1)
context switching 51
taskSafe() 38
taskShow() 466
taskSpawn() 35
taskSRInit() (MIPS) 586, 589
taskStatusString() 37
taskSuspend() 39
taskSwitchHookAdd() 40
taskSwitchHookDelete() 40
taskSwitchHookShow() 466
taskTcb() 37
taskUnlock() 32
taskUnsafe() 38,39
taskVarAdd() 51
taskVarDelete() 51
taskVarGet() 51
taskVarSet() 51
TBR, see Trap Base Register
TCP (Transmission Control Protocol) 89, 247, 251
stream sockets 251, 253-259
code example 254-259
zero-copy 264
TCP/1P, see ARP; ICMP; IP; TCP; UDP
technical support (WRS) 20
telnet 461-462
daemon tTelnetd 54
terminal characters, see control characters
text protection, see VxVMI option
TFTP (Trivial File Transfer Protocol) 13,279, 363
see also tftpdLib(1); tftpLib(1)
client 292
protocols, using with other 369-370
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code example 370 see also tyLib(1)
remote file transfer 291-292 control characters (CTRL+x) 133-134
server 291,292 and ioctl() requests 134
tftpCopy() 292 line mode, selecting 132
tftpXfer() 292 options 132
TGT_DIR 430 raw mode 132
thrashing 439 X-on/X-off 132
tickAnnounce() 444 ttyDevCreate() 440
time slicing 33,45 ttyDrv  131-135, 429
timeout ttyDro() 440
message queues 75 tuning, see performance monitoring
semaphores 66 24-bit addressing (PowerPC) 602
timers tyAbortSet() 134,460
see also timerLib(1) tyBackspaceSet() 134
code execution 17 tyDeleteLineSet() 134
see also timexLib(1) tyEOFSet() 134
for message queues (Wind) 75 tyMonitorTrapSet() 134

POSIX 100-101
for semaphores (Wind) 66
watchdog 99-100 U
see also wdLib(1)
code examples 100, 479-480
timestamp 210-211
tools, development

UDP (User Datagram Protocol) 89, 247, 251, 363
broadcasts 321-322
datagram sockets 259-263

host
Ci+ support  472-473 code example 260-263
target 14 enabling and disabling ports 321
see also target shell ultraShow() (x86) 569
#undef 447
Tools.h++ (C++) 480 UNIX

training classes (WRS) 20 . .
Transmission Control Protocol, see TCP 1 sglnulatot'i, ‘{XWZ?;Z(;;XSIHI) 19
Trap Base Register (SPARC) 514 un oacer, mocuwe

: unlocking, see locking
traps, enabling (SPARC) 514 unnamed semaphores (POSIX) 67, 68, 69-70

Trivial File Transfer Protocol, see TFTP . .

troubleshooting -Ur compiler option (C++) 475
see also debugging User Datagram Protocol, see UDP
PPP  358-360 user IDs

dosFs file systems 291
remote file access
NEFS, setting for  287-288
UNIX, setting for 288
RSH and FTP, setting for 285
USER_B_CACHE_ENABLE 492, 497
USER_D_CACHE_ENABLE 396, 495, 603
USER_D_CACHE_MODE 495
USER_D_MMU_ENABLE 599

SCSI devices 151
shared-memory networks 314-316
shared-memory objects (VXMP option) 403
truncation of files 116
tt()
MIPS 585
SPARC 511
tty devices 131-135, 429
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USER_I_CACHE_ENABLE 495, 603
USER_I_CACHE_MODE 495
USER_I_MMU_ENABLE 599
usrAtaConfig() (x86) 564
usrClock() 444
usrConfig.c 430, 434
ustDepend.c 449
usrFdConfig() (x86) 561, 564
usrldeConfig() (x86) 561
usrInit() 436-438
usrKernellnit() 445
usrMmulnit() 411,443
usrNetInit() 442
gateways, adding 295
host names, adding 282
injtializing network 361
Internet addresses, setting 281
network devices, creating 285
NFS 287
user IDs, setting 285
usrNetwork.c 303
usrPemciaConfig() 561
usrPPPInit() 337,338, 340, 343-344
usrRoot() 439444
usrScsiConfig() 144
usrSlipInit() 332
usrSmObjInit() 443
usrSmObjInit() (VXMP option) 396, 398
USS floating-point emulation library 520
utilities, host
MIPS 586
PowerPC 601

\'}

valloc() (VXVMI option) 413
variables
global 50
x86 architecture-specific 544-545, 566
static data 50
task 51
uninitialized 436
vector tables
exception, write-protecting 410

Index

initializing (SPARC) 514
protecting, see VxVMI option
vectored interrupts
MIPS 589
SPARC 516-517
VGA drivers (x86) 567-568
virtual circuit protocol, see TCP
virtual memory 13, 407424
see also virtual memory mapping
configuration 408-409
MC680x0 497-498
PowerPC  599-601
VxVMI option 13, 408-409, 410424
configuration 408-409
contexts 411-413
debugging 424
global 411
initializing 411, 443
and MC680x0 497, 498
page states 412
private 413-420
code example 415
restrictions 424
write protecting 410, 421-423
code example 421
virtual memory mapping 408409, 429
aliasing 414
MIPS 590
VM_CONTEXT 411
VM_PAGE_SIZE 408
VM_STATE_CACHEABLE constants 412
MC68040 497
PowerPC 600
VM_STATE_GUARDED 600
VM_STATE_GUARDED_NOT 600
VM_STATE_MASK_CACHEABLE 412
VM_STATE_MASK_VALID 412
VM_STATE_MASK_WRITABLE 412
VM_STATE_MEM_COHERENCY 600
VM_STATE_MEM_COHERENCY_NOT 600
VM_STATE_VALID 412
VM_STATE_VALID_NOT 412
VM_STATE_WRITABLE 412
VM_STATE_WRITABLE_NOT 412
vmContextCreate() (VXVMI option) 413
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vmContextShow() (VxVMI option) 424
vmCurrentSet() (VxVMI option) 413
VME_VECTORED 589
VMEbus interrupt handling 95

960 533

MIPS 589

SPARC 517
vmGloballnfoGet() (VxVMI option) 414
vmGlobalMap() (VxXVMI option) 411, 424
vmGlobalMaplnit() (VXVMI option) 411
vmMap() (VxVMI option) 413, 424
vmStateSet() (VxVMI option) 412, 420, 421
volume label (dosFs) 196-197

adding 197

file attribute 209
volumes

tape 10
volumes, see disks; tape devices
VX_FP_TASK 37

1960 532

SPARC 518
VX_NO_STACK_FILL 37
VX_PRIVATE_ENV 37
VX_UNBREAKABLE 37,458
vxALib (SPARC) 513
vxcopy utility (x86) 559, 560
vxencrypt 462
VxGDB

and MIPS 583, 585

and PowerPC 598
vxLib (SPARC) 513
vxload utility (x86) 560-561
vxMemProbe() (x86) 547
vxMemProbeAsi() (SPARC) 513

VxMP, see shared-memory objects (VXMP option)

VxSim 19
vxSSDisable() (MC68060) 492, 494
vxSSEnable() (MC68060) 492, 494
vxsys utility (x86) 559, 560
vxTas() (SPARC) 513
VxVMI (option) 13, 408-409, 410424, 443
see also virtual memory; vmLib(1)
VxWorks '
customer services 20
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optional products 12,13, 19, 373-404, 408-424,

471-484
overview 3-21

scalable features INCLUDE constants) 432—

434

simulator (VxSim) 19

and Tornado 34

Wrapper Class library (C++) 477-480
vxWorks (x86) 565
vxWorks.res_rom 450
vxWorks.res_rom_nosym 450
vxWorks.st (x86) 565, 567
vxWorks.st_rom 566
vxWorks.sym 465
vxWorks_low 566
vxWorks_rom 566
vxWorks_rom_low 566

w

WAIT_FOREVER 66
watchdog timers 99-100
see also wdLib(1)
code examples
creating a timer 100

wrapper classes, using (C++) 479-480

WDB_POOL_SIZE
1960 534
MC680x0 502
SPARC 520
x86 553
wdCancel() 99,100
wdCreate() 99
wdDelete() 99
wdShow() 466
wdStart() 99
WIMG (PowerPC) 604
Wind facilities 29
message queues 75-76
POSIX, differences from 29
message queues 8687
scheduling 41-42
semaphores 68
scheduling 32-34



semaphores 57-66
Wind Foundation Classes (option) 15, 471-484
see also Booch Components; C++ support;
Iostreams; Tools.h++; Wrapper Class
library; cplusLib(1)
wind kernel, see kernel
$WIND_BASE 430
WindNet SNMP (option) 12,279
WindView
initializing 443
workQPanic 97
Wrapper Class library (C++) 477-480
header files 477
write protection 410, 421423
and device drivers 181
write() 112,116,136, 252
writethrough mode, cache 168
MC68040 498
PowerPC 600

X

x86 541-577

BIOS ROM 556

board support packages 556-577

booting 556-565
ATA/IDE hard disks, from 561-562, 563
boot disks, building  556-561
diskettes, from 561-563
dosFs file systems, mounting  564-565
PCMCIA PC cards, from 561-562, 563

breakpoints 545-547

BSP support, third party 565

byte order 548

compiler environment, configuring 542

compiler options 542-543

context switching 551

CPU type, defining 541

data transfer rates, diskette 571

DMA buffer alignment 565

drivers 567-577
ATA/IDE hard disks 572-575
console 567-568
diskette 570-572

Index

keyboard 567-568
line printer 576-577
network 568-569
SCSI, unsupported 567
VGA 567-568
EPROM support 566
exception handling  550-551
and fdTypes[]1 570-572
floating-point support 544, 552
Global Descriptor Table (GDT) 550
global variables 544-545, 566
interface differences, VxWorks 544-547
interrupts  550-551
I/0 mapped devices 549
ISA/EISA bus 552
long long 551
math routines 544
memory
layout, VxWorks 553-555
mapped devices 549
segmentation 548-550
MMU 549-550
network boards in hardware,
configuring  569-570
operating mode 548
PC compatibility 552, 556, 558
PC104bus 552
pc386/pcd86 support 565
PCIbus 552
privilege protection 548
register values, reading 545
routines, architecture-specific 545-546
eax() 545
ebp() 545
ebx() 545
ecx() 545
edi() 545
edx() 545
eflags() 545
elcShow() 569
eltShow() 569
eneShow() 569
esi() 545
esmcShow() 569
esp() 545
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sysCpuProbe() 546
sysDelay() 546
sysInByte() 546, 549
sysInLong() 546,549
sysInLongString() 546, 549
sysIntDisablePIC() 546
sysIntEnablePIC() 546
sysInWord() 546,549
sysInWordString() 546, 549
sysOutByte() 546, 549
sysOutLong() 546,549
sysOutLongString() 546,549
sysOutWord() 546,549
sysOutWordString() 546, 549
ultraShow() 569

SCSI device driver, unsupported 567

system images, VxWorks 565-566

VME-specific conditions 550

Y

yacc (UNIX) 458

Y4

ZBUF_BEGIN 266
ZBUF_END 266
zbufCreate() 266
zbufCut() 267
zbufDelete() 266
zbufDup() 267
zbufExtractCopy() 267
zbufInsert() 267
zbufInsertBuf() 267
zbufInsertCopy() 267
zbufLength() 267
zbufs 11,264-278
see also zbufLib(1); zbufSockLib(1)
byte locations 265-266
creating 266
data buffers, sending 264
data structures, manipulating 265-273

648

examples 269-273
data, handling 267
deleting 266, 268
dividing in two 268
inserting 268
length, determining 268
offset 265-266
removing bytes 268
routines 266-278
segment ID  265-266
segments 265, 268-269
freeing 268
routines 268-269
sharing 268
socket calls 273-278
zbufSegData() 269
zbufSegFind() 269
zbufSegLength() 269
zbufSegNext() 269
zbufSegPrev() 269
zbufSockBufSend() 264,273
zbufSockBufSendto() 264,273
zbufSockLibInit() 273
zbufSockRecv() 273
zbufSockRecvfrom() 273
zbufSockSend() 273
zbufSockSendto() 273
zbufSplit() 267
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