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Audience

The VME Services product provides configuration tools, a kernel-level
driver, and user- and kernel-level VME bus access functions to install,
administer, and access VME bus functionality for application-level pro-
grams and application-level and kernel-level drivers.

Generally, therme2kernel driver supports programming of the VME bus
adapter to the VME bus on behalf of the caller, arranging for bus transfers;
mapping memory between the HP-UX host and VME bus address space
(and vice versa); interrupt handling; reading and writing of EEPROM VME
data; and so on.

This manual describes how to:
* Write VME device drivers and access VME devices with user-level functions
» Configure VME devices and resources

» Use the Backplane Networking (BPN) services to communicate between pro-
cesses running on different HP VME computers (with HP-UX 10.20 and later re-
leases)

» Use BPN as the physical medium for TCP/IP networking
» Configure BPN

If you are configuring VME devices, we assume that you have received suf-
ficient documentation from their manufacturer.

Audience

This manual is primarily intended for C programmers who:
» Understand software development in an HP-UX environment
* Need to write kernel- and/or user-level VME I/O drivers

» Configure or provide configuration instructions for the installation of the driv-
er(s) and associated devices

» Use Berkeley socket programming to provide client-server, interprocess commu-
nication

Parts of this manual are also intended to be used by HP-UX system adminis-
trators who are installing and configuring VME resources.
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Organization

Organization

This manual has been organized with the purposes of several types of read-
ers in mind.

Every reader should read this Preface and Chapter 1, which provides a gen-
eral overview of VME on the HP VME-Class systems. Likewise, there is a
Glossary and Index that should prove useful for any reader.

Device Driver Writers
If you are writing a VME device driver, follow this reading path:

» Chapters 2 through 4 provide a conceptual overview and introduction to pro-
gramming with the functions that support memory allocation, interrupt process-
ing, direct memory access, and the location monitor and FIFO.

» Chapter 5 is a brief introduction to user-level access to the VME functions; this
type of access may be used to write a non-kernel-level driver, or just access the
functions of a VME card without writing a driver.

» Chapter 6 describes how to write the entry points for a device driver.
» Chapter 7 provides help in compiling your driver and building it into the kernel.

» Appendices A and B provide quick-reference summaries of the major structures
and routines that are pertinent to writing a device driver.

» Appendix C gives help on porting drivers, and Appendix D provides a skeletal
driver that you can use as a start to writing your own device driver.

BPN Interprocess Communication Programmers

If you have HP-UX 10.20 (or later) and are going to use the VME backplane
as the physical medium for TCP/IP networking; or if you are using Berkeley
socket programming to communicate between HP VME systems, follow
these reading suggestions:

» Chapter 9 introduces the BPN configuration utifity config that works in con-
junction withvme_configto allow you to define the configuration of the back-
plane network for TCP/IP.

» Chapter 9 also includes sections on BPN programming.

XV



Support and Compatibility Disclaimers

System Administrators

If you are going to configure a VME system, follow these reading sugges-
tions:

e Chapter 7 provides an overview of installing VME Services.

e Chapter 8 introduces the VME configuration file amde_configutility that to-
gether allow you to define the configuration in an ASCII file, correct syntax er-
rors in it, and compile the information into the VME-Class’s EEPROM.

» Chapter 9 describes BPN configuration and the usp ofonfig andifconfig.

Support and Compatibility Disclaimers

Since drivers function at the level of the kernel, Hewlett-Packard Company
(HP) reminds you of the following:

* Adding your own driver to HP-UX requires re-linking of the driver into HP-UX.
With each new release of HP-UX, you should plan on re-compiling your driver
and re-installing it. Drivers typically use some header files that may change
across releases (that is, you can have some system dependencies).

» To HP’s knowledge, the information in this manual is correct when it is released,
but some information such as kernel routines and header files may change.

» HP provides support services for HP products, including HP-UX. Products such
as drivers from non-HP parties receive no support other than the support of those
parts of a driver that rely on the documented behavior of supported HP products.

» Should difficulties arise during the development and test phases of writing a driv-
er, you may receive HP’s support in isolating problems provided:

¢ HP determines that HP hardware is not at fault.

« HP determines that HP software (and/or firmware) is not at fault by removing
user-written kernel drivers.

Documenting Your Driver's Configuration Needs

If you are providing VME cards and HP-UX kernel level drivers, you need
to document the VME configuration steps required for a conflict-free config-
uration. The goal is to provide a system where memory can be shared with-
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Related Documentation

out collisions (for example, only one card responds to a given bus address
and area modifier), and where interrupts and bus ownership are managed
fairly and appropriately.

Related Documentation

Release Document(s)

Please refer to thRelease Document(gdu received with your system or
system software for additional information that we may not have been able
to include in this guide at the time of its publication.

Manual Pages

Theman(1) pages for VME, BPN, and kernel-related functions should be
installed and online in their appropriate sections (1, 1m, 2, and 4); but also
see “Obtaining Additional Material” on page xviii.

When you see a utility or function name followed by a number in parenthe-
ses, that number indicates the section in the online man pages. In some
cases, you need to specify this section number—generally if there are two or
more man pages of the same name. To display a man page, for instance,
when you are told to “sdanction(2)” or “seeutility(1M),” use one of the
following commands:

man name
man section_number name

HP-UX Manuals

The following manuals may be useful in installing and configuring your HP-
UX systems:

» Installing and Updating HP-UXB2355-90039)
* HP-UX System Administration Tag{g2355-90079)
» Configuring HP-UX for Peripheralé82355-90053)

XVil



Related Documentation

HP-RT Manuals

For information on configuring VME Services on HP-RT systems, refer to:
» HP-RT System Administration Tasks

» VME Backplane Networking Guide

To order manuals, please contact your local sales office.

Obtaining Additional Material

The 10.20 and later releases of VME and BPN Services on HP-UX includes
only the following man pages in the distribution:

e vme_config1M)
* bp_config(1M)
« vme.CFG(4)

To obtain the many additional man pages for VME and BPN, as well as the
kernel reference man pages in the PostScript docudfetiX Driver
Development Referen¢@3577-90602), visit our World Wide Web homep-
age at:

http://lwww.hp.com/es

(You can also obtain the patches to VME Services via the WWW, along with
installation instructions.)

Xviii



Revision History

Revision History

The following table displays the part numbers for manuals that support
VME on different releases of HP-UX.

Ordering Information for Manuals for VME Services

Title HP Part No.  Edition Edition Notes

HP-UX 9.05 VME Device A2636-90020 E0594 Incorporates MME
Driver Guide Configuration Guide
HP-UX 10.0 VME Device A4412-90020 E0296 For HP-UX 10.01 and
Driver Guide 10.1

VME Services for HP-UX 10 A4412-90021 E0896 HP-UX 10.1, 10.2
VME Services for HP-UX 10 A4412-90022 EO0797 HP-UX 10.1, 10.2, and

fixes
VME Services for HP-UX 10 A4412-90022 Special HP-UX 10.1, 10.20,
and 11 Online  11.x, and fixes
Edition
E0998

This manual contains information to support HP-UX VME Services as fol-
lows:

e BPN in HP-UX 10.20 and later environments
* VME devices and drivers in HP-UX 10.01, 10.10, 10.20, and later environments

For 10.1 and later,VME Services has been updated to provide additional
function calls for asynchronous DMA purposes relating to queues, status,
and interrupts; for mapping pages and buffers to the VME bus, and remap-
ping memory; and for protecting access to the data and functions involved.
(To receive this updated functionality for 10.1, obtain the appropriate patch
from the WWW source, as explained on the previous page.)
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Document Conventions

Document Conventions

The following table displays the typographic conventions this manual uses
to represent various entities.

Typographic Conventions for this Manud

Convention Explanation

output Mono-spaced type indicates program code that you
enter using a text editor, or displayed results from the
HP-UX system.

literal values  Bold font indicates a function name, a word that is
being defined, or, more often, information that you
supply literally for pathnames, commands, keywords,
field names in structs, etc.

example values Italics are used for values that you need to supply for
pathnames, command parameters, arguments to func-
tions, variables, and struct names.

SMALL CAPS Small caps indicate flags, macros, and constants that
have been defined in one of the VME or kernel include
files.

Problems and Questions

If you have any questions or problems with our hardware, software, or docu-
mentation, please contact either your HP Response Center or your local HP
representative.
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Figure 1-1

Introducing VME Driver Concepts

Since VME's introduction in 1981, thousandsvefsa Module Eurocard
products have been introduced.

The VME bus (backplane) is microprocessor independent, implements a
reliable mechanical standard, and is compatible with products from many
independent vendors, including HP.

The HP VME computer systems use the VME backplane (or bus) as well,
thus helping to support the wide variety of existing hardware and software
that is an attractive feature of VME.

This versatility comes at the price of demanding care and skill in writing the
device drivers that let applications talk to the VME devices. The driver itself
must be installed in the kernel of the HP-UX operating system. The hard-
ware must be installed incard cageor an HP 748 workstation. And the

way in which the new hardware provides services such as memory or pro-
cessing needs to be orchestrated with all other boards in the cage so that one
board doesn’t step on another, and they can all take their turns in an orderly
fashion.

VME-Class Workstation Board and Card Cage

This chapter introduces the major concepts that you need to know before
you can effectively do even a simple board installation and configuration. It
continues by explaining some of the basics of using userimte(l/O

Control) commands in an application program to talk to a device, and it con-
cludes by introducing some of the basic concepts involved in writing device
drivers.
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HP VME-Class Workstations

HP VME-Class Workstations

This section describes the basic architecture of the HP VME-Class worksta-
tions and how their processor (the HP PA-RISC CPU) communicates with
its local busmemory, 1/0 space, and the ASIC (Application-Specific Inte-
grated Circuit) VME bus adapter that interfaces between the VME bus and
the VME-Class’s memory |/O controller.

HP VME-Class Buses

The HP VME-Class has three local buses, as shown in Figure 1-2:

» The cache bus, connecting the CPU to the instruction/data cache

* The memory bus, connecting the memory I/O controller to external DRAM

» The system bus, which connects the memory 1/O controller to the interface
controllers

Cache Bus
HP PA-RISC CPU % Cache

Memory I/O Controller

Memory Bus Memory

II II II II HP System Bus

Core EISA VME Graphics
Adapter
VME Bus
Figure 1-2 VME-Class Buses: Cache, Memory, and System
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Local Address Space Mapping

The HP-UX operating system uses 32-bit virtual addresses to access mem-
ory, thus providing 4 GB of address space per process.

When the CPU addresses its local memory, built-in virtual paging hardware
translates the virtual page addresses into physical page addresses. The phys-
ical page addresses need not be sequential. When the operating system allo-
cates a shared memory buffer, for instance, the physical pages may be
scattered throughout the system’s main memory, but the virtual translations
allow the CPU to access the buffer as contiguous virtual pages.

Physical Virtual
RAM Memory
°
.
r— - — —. 7
] Virtual Paging |
Controller
° I
o I
[ J
_ .« 1
Do
<~ T| CpU
-«
I . |
° I
I e
°
[ J
] .
°
32-256 MB 4 GB

Figure 1-3 Virtual-to-Physical Memory Translation
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I/O Space

The VME-Class board can access memory on other VME boards on the
VME bus, because the VME bus adapter providesfmpping the other

VME devices’ address space to the memory on the local bus seen by the PA-
RISC CPU.

Master mapping lets your CPU talk to the other boards by putting your
address request onto the VME bsigive mappinglets your board respond
to requests for memory from other boards. In technical terms, masters are
the ones that initiate bus read or write cycles to which the slaves respond.

The PA-RISC virtual memory for all processes contains a special 256 MB
dedicated to various I/O types of functions. Thik@sspace and it's spe-
cial because it will not be paged out.

The kernel allocates some of the 1/0 space for VME at power-up time, based
on the needs of graphics boards and EISA bus adapters, each of which takes
approximately 64 Mbytes of the total 256 Mbytes of the I/O space. This allo-
cation directly determines how much this VME board can see of the “outside
world,” that is, memory provided by the other boards on the VME bus.

EEPROM and VME Configuration

VME devices require system administration attention to configure properly
so that a particular HP-UX system does not try to configure its slave-mapped
VME memory on top of that provided by another card. The utility
vme_config1M) needs to be run against an ASCII configuration file that
contains information about all of the VME boards in the cage. When run
successfullyyme_configparses that information and determines what mem-
ory the HP-UX system should provide to the VME bus and where to place it
to avoid memory conflicts with other VME boards. This information is then
stored in a nonvolatile EEPROM.

When the HP-UX system boots, it reads the EEPROM and uses that infor-
mation to program the VME bus adapter’s access to the VME bus.
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DMA and Cache Memory

HP makes several VME board computers, as well as a Model 748 worksta-
tion that serves as a card cage for them. They can run either HP-UX or HP-
RT (a real-time operating system available as a separate product) and are dis-
tinguished by aifor those running HP-UX, amd for those running HP-RT
(unless the particular operating system is not relevant).

The 743 and 744 processors have a VME DMA engine capability in hard-
ware. (This capability is not present in the 742 or 747.) The DMA controller
runs independently of the VME-Class processor to transfer data between
local memory and other VME boards, and independently of other VME
boards transferring their local memory to and from the VME-Class’'s RAM.

The VME Bus

The VME bus originally was the single local bus in a system that used a
Motorola processor motherboard connected through the local bus backplane
to other boards such as memory and I/O. Currently, the VME boards that
connect to it most often have their own local buses (as we saw above with
the PA-RISC architecture).

The VME bus provides a form of virtual memory that is similar to the virtual
memory provided on the VME-Class systems. VME address space is actu-
ally composed of physical memory on the VME boards. Each board has the
facilities to put the contents of a requested memory location onto the VME
bus, according to whether the board recognizes the combination of the VME
address and address modifiers. Note that the VME boards have the ability to
see VME physical memory, not virtual memory or the processor’s cache
memory.

VME also has its peculiarities in the types of interrupt handling that it recog-
nizes and expects, as briefly described on page 1-8.




Introducing VME Driver Concepts
The VME Bus

Types of VME Address Space

The VME backplane has 196 lines that communicate with each VME card
through two connections known pisis or slotson the card. Some of these
lines carry data; others specify VME address space.

The VME backplane can read or write data at an address by using 8, 16, or
32 lines to carry the data, depending on the width of the data. It uses 16, 24,
or 32 additional lines to specify the address, and six more lines to specify the
type of address space.

Boards occupy different portions and amounts of VME address space known
asAl6 spaceA24 space andA32 space Different types of address space
exist because of historical limitations or different functionality as the VME
bus specification and associated hardware have developed. Because some
early VME boards used Motorola 68000 microprocessors that could present
24 address bits through their pins, memory boards (for example) became
available that had address decoding for only 24 bits. These are known as
A24 boards. Early peripheral /0O boards, on the other hand, used only 16-bit
architectures because they had 16-bit CPUs, so when they were incorporated
into VME architectures, they used A16 space.

The VME bus adapter on the 742/747 Series machines can distinguish only
Al6, A24, and A32 space, while the VME bus adapter on 743/744 Series
machines can distinguish 64 distinct spaces for each of these three types of
space, as indicated by an additional group of six VME signal lines known as
address modifiers (Most possible modifiers are actually reserved.) Many
cards accept several different modifiers for the address range they support.

The 742/747 systems can generate any address modifier. Only when they
slave memory are they restricted to A24 or A32. (No 742/747 or 743/744
architecture slaves A16 space.)

Allocation of VME Address Space

You need to specify how VME address space is proportioned to the various
VME boards, by editing a configuration file and runninguime_config
program.
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There may be more than one card with the same address on the VME bus,
provided each card responds to different address modifiers. Some cards are
A24 cards, others are A32 cards, and others respond to both A24 and A32
requests.

VME address space therefore is not a single continuum of addresses that are
apportioned to the various boards, but rather a “family” of continua of mem-
ory provided by the boards as they answer to bus requests that specify some
range of addresses and some set of address modifiers.

VME Interrupt Handling

VME boards can generate interrupts on seven hardware lines, which have
increasing priority from 1 to 7. When a device interrupts, it places a hard-
ware status ID on the VME bus to be read by the device that is handling the
interrupt. The operating system that handles the interrupt uses the status 1D
to determine which interrupt service routine to call.

VME Bus Arbitration

The VME bus requires an arbiter to mediate bus requests. Even if each card
has an arbiter, only the arbiter in Slot 1 of the VME card cage is used. For
the VME-Class systems, you define the arbiter in the VME configuration

file.

A request levelcan also be specified in the configuration file to define the
level at which a VME board or an interrupt handler requests the bus. An
arbitration mode (priority or round-robin) likewise can be specified in the
configuration file to define how the system determines which request level to
handle first.

Releasing the VME Bus

You can also specify in the VME configuration file a request mode to indi-
cate when the VME bus is to be released after an interrupt has been placed
on it. You can specify, for example, that the interrupt handler should finish
its task before releasing the bus; or that it should wait until another VME
board requests it; or that it will handle only a small part of the interrupt,
allow other VME boards to request the bus, and wait for them to finish
before re-requesting it.

1-8
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Location Monitor and FIFO

The Location Monitor and FIFO mechanisms are implemented in the VME
bus adapter hardware. They report when a specified area of memory has
been accessed.

The Location Monitor provides an interrupt mechanism that responds when
memory in a particular range of addresses has been read from or written into
by a VME bus master.

The VME FIFO provides a method of ordering asynchronous communica-
tions received by a VME processor. Whenever its FIFO is written into, an
interrupt occurs, and a user-specified function can be executed to read and
react to the FIFO’s contents.

VME Data Transfers

All VME transfers involve a master and a slave. The VME master controls
the transfer by establishing properties such as address, direction, and type of
transfer. Your driver, running in the context of the HP’s processor and RAM,
needs to direct a VME master to accomplish transfers in the VME context.

The types of available transfers are introduced in the following subsections:
* Local Master Transfers (742/747 and 743/744)

* Host DMA Transfers (743/744)

» Card Bus Master Transfers (742/747 and 743/744)

Local Master Transfers

You can use the built-in VME master under direct control of the HP PA-
RISC CPU in a fashion that is generally transparent to you as a driver writer.
The CPU's transactions involving I/O space controlled by the VME bus
adapter are converted in the adapter from local bus to VME bus addresses.

1-9
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Essentially, you map the VME space to local bus memory with a call to
map_mem_to_hogf), and choose one of the following approaches to trans-
fer the data:

» Use C constructs such as:

*dest = *source;
» Callvme_copy), vme_mod_copy), orvme_fifo_copy)

You can find an example of code that calise_copyin “Synchronous
DMA the Easy Way with vme_copy” on page 4-5. Fore_mod_copysee
“Data Transfer with vme_mod_copy” on page 6-16.

Host DMA Transfers

The VME bus adapter used on the 743/744 systems contains two VME mas-
ter finite state machines, one for DMA with another VME card that masters
the bus (see “Card Bus Master Transfers” below), and one for DMA with
VME space in which the 743/744 system masters the busdst.DMA
transfers.

One can run DMA cycles between VME space and the PA-RISC CPU'’s

local RAM without that CPU’s involvement. The PA architecture does not
interleave DMA in the classic sense (i.e., during wait states), because only
one PA master can access RAM at a time, whether through the PA processor
or the VME bus adapter.

The adapter’s DMA engine runs transactions between VME space and its
on-board FIFO, and then obtains the internal, local system bus to transfer the
entire FIFO at one time. The relative speed of the two buses allows this
FIFO-size interleaving to occur without noticeable slow-down on either side.
Access to the VME bus adapter's DMA master is provided by
vme_dmacopyand, with certain optiongme_copy Direct driver access to

the VME bus adapter's DMA master is not allowed.

Card Bus Master Transfers

If your VME card has VME bus master capability, you can program it to run
the transfer. You need to get the physical address of the VME-Class’s RAM
buffer, handle any cache issues, program your card to run the transfer (inter-
rupting upon completion), and then handle any cache issues yourself. Since
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the physical addresses of the PA buffer are generally not contiguous, you
may need to interrupt for every page transferred (i.e., every 4 KB) unless
your card has “scatter-gather” capability.

Writing a Device Driver

A device driver intermediates between an operating system and its 1/0O
devices in the following sequence:

1 User-level application programs make system calls to the operating system to
open and read devices (as well as files).

2 The operating system then issues requests to the appropriate device driver.

3 The device driver sends commands to the hardware interface to perform the op-
erations needed to service the request.

User-Level VME Access

HP-UX provides the capability to access VME address space without having
to write a driver. This is very convenient for one-time-only access to VME,
or to a device that requires only an occasional read or write.

Thisioctl() access has the effect of allowing an application to call routines
that a device driver such eme2has defined and implemented to open,

read, write, and otherwise access a VME device. This type of access may be
calleduser-level VME access

This access uséasctl commandsthat have been pre-defined to call the
device driver entry points provided by thhae?2 device driver. These com-
mands includ&ME2_REG READ, VME2_REG WRITE, VME2_MAP_ADDR,
VME2_UNMAP_ADDR, VME2_USER _COPY, and S0 on.

If you write your own device driver, you can specédgtl commands that
can be used by user-level applications to access similar functions.
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Block and Character Drivers

Character drivers are used for many kinds of devices, usually such as line
printers that can read or write in byte-sized pieces, but they can be any
device whose chunks of data are smaller or larger than the standard, fixed-
sized buffers used by block drivers.

Block drivers communicate with devices such as disk drives. For these driv-
ers, HP-UX uses @acheof fixed-sized buffers. If the user application asks

for data already in the cache, HP-UX doesn't need to access a device driver’s
read orwrite functions to supply the data, but when the data isn’t already in
the cache, or the cache has changed and must be written out, HP-UX
accesses the drivessrategy function.

A block driver differs from a character driver in the structure of the requests
sent to it, and in their origination. Character drivers receive requests directly
from user processes making system calls, e2gd(), write (), etc. Block

drivers receive requests from the "buffer cache."

For example, consider a request such as the following to open an ordinary
file:

fd = open ("/tmp/ordinary”, O_RDWR | O_CREAT)

This request becomes a request to the file system. The file system then
makes a request to the buffer cache, and the buffer ozeheall a device
driver if the request cannot be satisfied from the cache.

Another major difference between block and character drivers is that user
processes interact directly with character drivers. The 1/O request is passed
essentially unchanged to the driver to process, and the character driver is
responsible for transferring the data directly to and from the user process.
The block driver, on the other hand, exchanges data with a kernel buffer that
fills and empties essentially independently from the user process.

I/O System Calls

The routines, functions, @ntry points of a device driver, such as the
mydevice opeff) andmydevice_ read) functions shown in “Example

Device Driver Code” on page 1-14, are called by HP-UX using the standard
C function-calling mechanism. You compile these routines for the device
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driver and link them with the object code for the operating system itself,
resulting in a new file that contains a bootable operating system with all the
device drivers.

The system calls that let an application perform I/O are cHiledystem

calls. They includeopen(2), closg2), read(2), write (2), select2), and

ioctl(2). In using these calls, I/O goes through the system-call interface, the
kernel, and a device driver. Since devices are accessed (represented) as files,
a user process performs 1/0O by making system calls on device files.

When a user issues an I/0O system call on a device file, the kernel takes
actions that include, for example:

» Checking that the user has access permissions to the device file
» Obtaining any required system buffers
» Using the major number to index into a device switch table

» Calling the driver associated with the device file with the appropriate parameters

Then the kernel calls one of your device driver routines corresponding to the
I/O system call made by the application.

Functions that You Write

The driver functions that you write perform the functions expected by the
user application’s I/O system calls. They include the following (Wiiever
substitutes for your driver’s name).

driver_install(): During system initialization, youdriver_install() function

is called. It is responsible for registering the drivdriser_attach() func-

tion and kernel structures that specify the functions and configuration data
associated with the driver. This is the single routine in your driver’s reper-
toire that you can rely on to be called.

driver_attach(): When your system boots and yaluiver_attach() function
is called, you can perform any initialization that is appropriate for your card.

driver_open(): Used to enable a device for subsequent file system opera-
tions. If the device is off-line, does not exist, or cannot be accessed, an error
should be returned. When appropriate, your open routine can do nothing.
The corresponding application-level system catigen().
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driver_read(): An entry point for character devices only. It should return the
requested data read from the device. The corresponding application-level
system call isead().

driver_write (): An entry point for character devices only. It should write the
requested data to the device. The corresponding application-level system call
is write ().

driver_close(): Used to close a device. Yodoseroutine can disable inter-
rupts, reset a device, free resources, or perform other tasks required when the
device is closed. The corresponding application-level system céoisig).

driver_ioctl(): An entry point for character devices only. Used to read or
write information from or to a device. Also, it can be used to provide a
driver-dependent function not implemented by any other routine.The corre-
sponding application-level system callastl().

driver_select(): An entry point for character devices only. Used to test
whether 1/0 has completed or if some driver-dependent exception condition
has occurred. If your device is always ready for reading or writing, you can
set this to always return true. The corresponding application-level system
call isselecf).

driver_size(): An entry point for block devices only. It should return the size
of the swap partition for swap devices. You should consider writing a
driver_sizeroutine only if your device is used for swapping.

driver_strategy(): An entry point for block devices only. Used to queue the
I/O request for either reading or writing. Character device drivers often have
a strategy routine that is called by their read and write routines, but it is not
an entry point into the driver.

Example Device Driver Code

For example, the following code might represent the user-level application
program’s calls to open and read from a device:

fd = open (“/dev/imydevice”, O_RDWR);
read (fd, buf, 13);
printf (“%s”, buf);

1-14



Introducing VME Driver Concepts
Writing a Device Driver

The operating system code executed by HP-UX is knowerag| code In

the case of a device driver, the device driver code is compiled and linked
with the operating system code, so even though you as a device driver writer
have written it, it is not user-level code. The device-specific code that you
might write to provide thepenandread functions for your device could be:

mydevice_open (dev, flag)

dev_t dev;
int flag;
{
return(0);
}
mydevice_read (dev, uio)
dev_t dev;
struct uio *uio;
{
uiomove (“hello world\n”, 13, UIO_READ, uio);
return(0);
}

Integrating a Device and Its Driver

HP-UX can find your driver’s functions and communicate with the VME
devices because of what you tell it when configuring the device and driver
and building the driver’s functions into the kernel. Very briefly, you:

1 Editatextfile to specify the VME configuration (placement of memory, interrupt
handling, etc.).

2 Runvme_configto store the configuration file's data into EEPROM that can be
read when the system boots.

3 Issue anknod command to create a special device file.
4 Compile your driver into an object file.

5 Update various files to include information about your driver (its name, depen-
dencies, etc.).

6 Generate a new kernel that contains your device driver.

7 Reboot with the new kernel.
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How HP-UX Finds Your Functions

When the new kernel is built, it contains tawitch tableswith entries for
all of the entry points of all the device drivers (character or block) that it rep-
resents, including those that you define and build into the kernel.

For example, the following shell command might cause the file néitaed
nameto be printed on the line printhr:

cat filename > /devl/lp

This asks HP-UX to open the fildev/Ip to receive the contents fitname
You can see what is reported about the/@iy/Ip if you use the command:

Il -g /dev/lp

Look for the driver type and major device number, as shown in Figure 1-4.

CIW---------- 2 bin 6, 0 Nov 25 1995 /dev/Ip
The “c” indicates The “6” is a “major device
a character device number” that specifies which
driver. device driver to use.

A Device Driver's Appearance in Directory Listing

When HP-UX sees that the file to be opened is a character special file, it uses
the major device number to index into the switch table of all of the character
drivers on the system. For example, here is the C struct definition of the
character driver event switch tabtzlévsw for character drivers:

struct cdevsw cdevsw]] = {
/*6*/ {Ip_open, Ip_close, . ..}
/*59*/ {my_open, my_close, my_read, .. .}

}

Driver Development Environments

HP-UX device drivers can be developed and run on a single system, or
downloaded to a target system as shown in Figure 1-5.
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Some people find it easier to develop a driver and download it to a diskless
system, which will reboot faster than waiting for their host HP-UX to do a
file system check when it crashes. Others prefer the simpler directory struc-
ture of running the driver on their own system, and theysimacommand

so that the inevitablfsck takes minimal time.

You need the ANSI C compiler, and the device driver debugddh. The
nddb debugger is very similar tadb in its functionality, and for the most
part you can usedb’s man page for information on it. (See you local sales
representative for help on obtainingdb, which, although available on
request, is not a supported product.)
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This chapter presents the basic concepts involving VME memory manage-
ment and the interrelationship between master and slave VME boards. Its
general structure is:

» Basic concepts of VME memory management

» Introduction to the memory-related VME functions and user-lieotl com-
mands

Although the Location Monitor and FIFO are related to memory manage-
ment, we discuss them in later chapters.

VME Memory Mapping for the VME-Class

Mapping came about because of the evolution of the VME bus standard.
When there was originally only a 64-KB range of memory, there was no

need for mapping. When the 24-bit A24 memory space became available,
and later the 32-bit A32 space, the question arose as to where to allocate the
different types of address space.

The address lines on the VME bus include the 32 lines that can directly spec-
ify a 4-GB address range. For A32 space, all these lines are used for 4 GB.
For A24 and A16 space, the top 8 and 16 lines, respectively, are not consid-
ered, and the resulting address ranges are smaller (16 MB and 64 KB).

However, to specify what type of space is being requested takes at least an
additional 2 lines (to represent the A16, A24, and A32 maodifications). In
fact, there are 6, not 2, additional address lines, because the VME bus stan-
dard was expanded to include the potential for distinguishing between the
sub-space modifierghat might be used to specify varying types of supervi-
sory and non-privileged access. Because the PA-RISC and local-bus mem-
ory architecture of the HP VME-Class doesn't have these additional six
lines, the VME bus adapter is used to provide the mapping between the 32-
bit local I/O space address and the 38 bits provided by the VME bus.




NOTE:
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Mapping A16 Memory

The HP VME-Class systems automatically map 64 KB of local-bus, 1/0
memory to VME A16 memory. However, programs set up access to this A16
memory via thenap_mem_to_hogf) function, just as they do to access

A24 and A32 memory.

This is a one-way mapping: the VME bus adapter on the 700 Series
machine does not respond to A16 cycles mastered by another VME board.
Other VME boards can master (that is, request) addresses in this A16 space,
but the local board can not make A16 memory accessible by providing a
slave mapping for it.

Master Mapping

Master mapping is the term used to indicate that we are trying to access

VME address space that is not local to our CPU. As a bus master, the HP 743
system can map a portion of VME space into the PA-RISC I/O space. When

it reads or writes to these addresses in I/O space, addresses and address moc
ifier lines are raised on the VME bus and are recognized by other VME
boards that provide the physical memory.

Just as you use virtual addresses to access a local memory area, you use a
virtual address to access VME memory through a set of registersroaléed

ter mappers. Each register maps 4 MB of VME space. Reads and writes in
this range are translated into addresses in VME A24 or A32 space. (See Fig-
ure 2-1.) The actual VME address and specific sub-space depend on the pro-
gramming of the selected mapper and the address modifier.

The kernel allocates mapper space at power-up time, based on the presence
of graphics controllers and EISA bus adapters. This allocation directly deter-
mines the number of VME master mapper entries, each of which allows a 4-
MB space in the I/O space to access 4 MB of VME space. The VME
addresses are aligned to a 4-MB boundary.
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Master Mapper Operation

The total available space for the master mapper entries varies from system to
system, from less than 48 MB in a 74ystem with EISA and two graphics
controllers, to 240 MB in a 742system, which does not contain graphics
controllers or EISA. Since each entry takes 4 MB, there can be from 12 to 60
usable master mapper entries.

Slave Mapping

When a VME master initiates a bus read or write cycle, it can be thought of
as having requested memory supplied on another VME board for its use. The
other board, of which the 700 Series is also an example, is known in this
context as & ME bus slave It provides the memory by usistave mapper
facilities to translate the VME bus address into requests for physical RAM
memory, performing a function very similar to virtual paging hardware. (See
Figure 2-2.)
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Other VME masters view the 256-entry, 1-MB virtual-memory layout for

the host slave mapper as a single, contiguous region, not the scattered, dis-
contiguous 4-KB pages in physical memory. Within this 1-MB space, each
4-KB chunk may be mapped to any page of the HP physical memory.

The Safe Page

You can see that the slave mapper points into physical memory. Until your
program maps a particular physical page, all the pointers point to one single
page, called theafe pageWhen pages are unmapped, the pointers return to
pointing to this safe page. The safe page thus makes sure that any read or
write to memory doesn't fly out of the mapper and into some page at random
if that mapper register isn't initialized.
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Direct Mapping

The HP VME adapter also contains a second VME slave controller, the
direct mapper. This controller can map more than a single MB of VME
space to physical addresses, but it can’t perform the page-by-page transla-
tions of the slave mapper. Therefore, to other VME masters, the pages
appear in their physical order, making this mapper harder to use by local
drivers, which don’t see physically contiguous pages as virtually contiguous.
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Direct Mapping

There are actually two direct mappers, one for A24 space and one for A32.

If the A24 direct mapper is set to map, for example, 2 MB, then it maps 2
MB of VME A24 space to 2 MB of the HP CPU’s physical address space.
(See Figure 2-3.) The physical RAM can be made to appear at any 2-MB
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boundary in VME A24 space, and other VME boards can reference it. The
addresses in VME space and in the HP CPU's physical address space must
both be aligned to the size of the chunk of memory being mapped.

The direct mappers on the 742/747 and the 743/744 systems differ as fol-
lows:

The 742/747 A32 direct mapper maps 256 MB of HP-UX physical address space
to the VME backplane, where the VME region is mapped on a 256-MB boundary.
The first byte of the VME region maps to the first byte of physical memory on
the HP-UX system. (Even though the HP system will not likely have 256 MB of
physical memory, the entire region is assigned to it anyway, but an error is re-
turned if another VME bus master tries to access nonexistent memory.)

This A32 direct mapper supports only the A32_SUP address modifier (see “Set-
ting the Address Modifier” on page 2-9), and it cannot be turned off.

Similarly, the A24 direct mapper on the 742/747 maps the bottom 1 MB of HP-
UX physical space to A24 space, on a 1-MB boundary. It only responds to the
A24 SUP address modifier, and it also cannot be turned off.

The two 743/744 direct mappers map a chunk of HP-UX physical address space
to the VME backplane, as defined by thee_configprogram and read at start-

up. Each chunk’s size is a power of 2 between 64 KB and 16 MB (for A24 space)
or between 64 KB and 512 MB (for A32 space). Each can be configured to a start-
ing point within the physical address space, on a boundary the size of the chunk,
and each mapper can be turned off.

Address modifiers can also be specified in the configuration utility. Each mapper
can be programmed to respond to up to six modifiers in A24 space and A32
space, respectively.

Anatomy of a Memory-Mapped Read Request

As an example of how the mapping works, consider Figure 2-4, below,
which diagrams two HP VME-Class systems. The system on the right issues
a read request, and the system on the left fulfills it. The following steps are
taken, matching the numbered steps in the figure:

1
2
3

The PA-RISC CPU on the right issues a read from an address in 1/O space.
The VME bus adapter's master mapper sees the request.

The request is sent to its VME address mapping and the read request goes out
onto the VME bus.
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4 The second CPU'’s slave mapper sees the request on the VME bus and recognizes
it as one of its own addresses.

5 This slave mapper maps it into this CPU’s physical memory.
6 The data gets put on the VME bus, taking the reverse pathbftorh.
7 The original CPU reads the data, taking the reverse path3torato 1.
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Figure 4-4 Memory-Mapped Read Request
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Memory Mapping Routines

The mappers are set up and unmapped as follows:

» The master mapper—Set up framap_mem_to_hos2) and theoctl() com-
mandvME2_MAP_ADDR; and unmapped bynmap_mem_from_hostand
VMEZ2_UNMAP_ADDR.

e The slave mapper—Set up frammap_mem_to_busor a variant such as
vme_map_mem_to_bus2Unmapped byinmap_mem_from_bus

» The direct mappers—Permanently allocated at boot time, and no map or unmap
calls are provided.

The isc Structure

Theisc structure for a driver is returned from a series of driver-related func-
tions that are executed during system start-up and returned to your
driver_attachfunction. If you're using th@ctl mapping commands for
user-level access, you don’'t have to worry about it.

iscis short for Interface Select Code, which is an operating system table that
contains entries for each card (CORE 1/O select code, EISA slot, or VME
card) in the system. As used in this manualsars a structure describing a
VME card. For information about its fields, see “isc” on page A-13. See also
“isc_claim()” on page B-8, and “Attach Routines” on page 6-2.

Much of the control over VME boards comes from modifying fields in struc-
tures such aisc, dma_parms, io_parmsandbuf, the general buffer of infor-
mation about a particular card. However, you can do mapping calls such as
those described here without any change to the proisded

Setting the Address Modifier

All of the mapping routines reference the addressing mode value that can be
set in arisc structure by usingme_set_address_spac®( which has the
following form:

int vme_set_address_space (isc, address_modifier)
struct isc_table_type *isc;
int address_modifier;
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Specify a modifier ofmME_a16, vmME_A24, or vmME_A32 for the default modes
(which assume supervisory data access) or one of the set of modifiers in the
following table:

Symbolic Names for Memory Address Modifiers

Name

Explanation

SHORT NP_ACCESS
SHORT SUP_ACCESS
STD_NP_DATA_ACCESS
STD_NP_PRGM_ACCESS
STD_SUP DATA_ACCESS
STD_SUP PRGM ACCESS
EXT_NP_DATA_ACCESS
EXT_NP_PRGM ACCESS
EXT_SUP_DATA_ACCESS
EXT_SUP_PRGM ACCESS
STD_SUP BLK_ACCESS
STD_NP_BLK_ACCESS

A16 non-privileged access

A16 supervisory access

A24 non-privileged data access
A24 non-privileged program access
A24 supervisory data access

A24 supervisory program access
A32 non-privileged data access
A32 non-privileged program access
A32 supervisory data access

A32 supervisory program access
A24 supervisory block access

A24 non-privileged block access

STD SUP D64 ACCESS  A24 supervisory, 64-bit block transfer
STD_NP_D64_ACCESS A24 non-privileged, 64-bit block transfer
EXT_SUP BLK_ACCESS  A32 supervisory block access
EXT_NP_BLK_ACCESS A32 non-privileged block access
EXT_SUP D64 ACCESS  A32 supervisory, 64-bit block access
EXT_NP_D64 ACCESS A32 non-privileged, 64-bit block access

Setting up the Master Mapper

map_mem_to_hosta kernel routine, sets up one or more master mapper
entries to map a range of memory beginning at a VME address that you
specify me_addy, and it returns your host’s virtual /0 space—not physi-
cal—address for the beginning of the range. Later, reads and writes in this
range access the specified VME addresses.
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Its form is:

caddr_t map_mem_to_host (isc, vme_addr, num_bytes)
struct isc_table_type *isc;
caddr_t vme_addr;
int num_bytes;

Once a successful call is made, you can use the returned I/O space pointer to
read or write from the mapped space.

You can also set up error-handler functions to recover from attempted access
to unmapped space. (See “Setting an Error Handler” on page 3-10.)

Unmapping Master Mapping

When you have finished with the mapping, you should unmap the VME area
by using the unmap call whose form follows:

unmap_mem_from_host (isc, vme_addr, num_bytes)
struct isc_table_type *isc;
int vme_addr, num_bytes;

In general, call this only after a successful cathp_mem_to_host And,
becauseinmap_mem_from_hostdoes not do any error checking, be sure
that you always:

« Unmap both the original VME address

» Unmap the same number of bytes

Mapping Slave Memory

Themap_mem_to_busand its kindredrme2functions (such as
vme_map_mem_to_busyme_map_largest to_bus,
vme_map_pages_to_bysndvme_map_polybuf_to_bu¥ map local,

physical memory to the VME bus so that other processors or smart I/O cards
can access it. (This capability is not available for user-level VME access.)

For all of the mapping functions, the returned VME address takes into con-
sideration the address that you send in and the address space modifier that
you specify in thaésc structure. If you ask for a VME address modifier in

A24 space, the high byte of the returned address will be 0—that is,
OXOO0XXXXXX.
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Obtaining Current System Parameters

Thevme_hardware_map_infofunction obtains the VME address range,
base, and address modifiers pertinent to the direct and slave 1/O maps on the
current system. You can use this function, for instance, to

» Getthe VME address range, so that you don't try to specify a VME address that
isn't within the current I/O map when you cathe_map_mem_to_bus2

» Check if the address modifier that you want is supported and enabled

» Get the local, physical address range of direct-mapped memory
This function has the following form:

caddr_t vme_hardware_map_info(hw_map_type)
struct vme_hardware_map_type *hw_map_type;

See “vme_hardware_map_type” on page A-18 for the structure.

Theio_parmsStructure

The slave mapping routines use thestructure as well as ao_parms
structure in which the following fields are the only ones that you should
change (see “io_parms” on page A-12):

struct io_parms
... [*various fields */
int (*drv_routine)();/* routine to be called */
int drv_arg;/* passed to drv_routine */
caddr_t host_addr;/* local-bus virtual addr */

u_int num_bytes;/* # total bytes to map */
2
If slave mapper pages cannot be immediately allocated (and you provide a
routine to call), when the mapping becomes available as requested in either
mapping function (below), the map function callsdne routine that you
have specified, passing it tHev_arg.

Be sure to page-align the local-bus addresgp@arms=>host_addr) that
you're requesting, if you useme_map_mem_to_busar
vme_map_pages_to_bugForvme_map_pages_to_bysou must supply
a list of pages, instead of setting theparms>host_addr field.)
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Making Your Memory Available to the Bus

map_mem_to_buseturns a VME address that may be used by another
VME card to access your local memory space. You don't need to specify the
VME address, because this call selects one for you. This routine has the fol-
lowing form:

caddr_t map_mem_to_bus (isc, io_parms)
struct isc_table_type *isc;
struct io_parms *io_parms;

It assumes that you have filled in the proper fields inathgarmsstruct as
explained above. If this call fails to acquire a mapping, your request is put in
a queue, and your process continues until the resource becomes available, ir
which casesme2 calls the driver routine that you specifieddnparms

Mapping Your Memory to a Specific VME Address

vme_map_mem_to_bus?s the same amap_mem_to_busgxcept that
you can specify that your card’s local-bus memaygarmshost_addr) is
visible at a specific VME address. This routine has the following form:

caddr_t vme_map_mem_to_bus2 (isc, io_parms, vme_addr)
struct isc_table_type *isc;
struct io_parms *io_parms;
caddr_t vme_addr;

This routine returns a page-aligned VME address that maps to the page-
aligned virtual address that you requedbirparms The routine gives you
what you sent in, but it checks to see if you can have it.

Mapping Pages of Memory to the VME Bus

vme_map_pages_to_buis also similar tanap_mem_to_busgxcept that

it maps a specified number of pages, which need not be contiguous. As with
map_mem_to_bus), you don’t specify the VME address—instead, this is
returned to you as a pointer to the base of the slave area that is mapped. This
routine can be used to scatter-gather a collection of non-contiguous regions
or pages into a single, contiguous region in VME space (contiguous as seen
by VME masters).
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vme_map_pages_to_bukas the following form:

caddr_t vme_map_pages_to_bus (isc, io_parms, pages,
num_pages_p, all_or_nothing)
struct isc_table_type *isc;
struct io_parms *io_parms;
char **pages;
unsigned int *num_pages_p; /*how many to map */
BOOLEAN all_or_nothing; /* map all pages or none */

When you set thall_or_nothingflag toraLsE, this function’s behavior is
similar to the next function, below.

Mapping a Variable Size Buffer to the VME Bus

Thevme_map_largest_to_buskernel routine interrogates the slave mapper
for the number of pages required for the size of buffer that you specify, then
callsvme_map_pages _to_buw map the largest possible number of pages
beginning at the host address that you specify.

This routine has the following form:

caddr_t vme_map_largest_to_bus(isc, io_parms)
struct isc_table_type *isc;
struct io_parms *io_parms;

Before callingvme_map_largest to_busfirst sefio_parms->host_addr
andio_parms->sizeto specify the host address and the size of the maximum
buffer to be mapped. If the size can’'t be mappedarms-sizeis adjusted

to the largest buffer that can be mapped.

Mapping Multiple Regions to the VME Bus

Thevme_map_polybuf _to_buskernel routine lets you map an array of
pointers to multiple buffers, to the beginning of the host address that you

specify.
This routine has the following form:

caddr_t vme_map_polybuf _to_bus (isc, io_parms,
max_pages)

struct isc_table_type *isc;

struct io_parms *io_parms;

uint max_pages;
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Before calling this routine, s&_parms->host_addr to thepolybufstruct
containing pointers to the regions that you want to map (see “vme_polybuf
on page A-20); seb_parms>drv_routine to a callback function to be

called when the mapping is complete, amdarms>arg to a value to be

sent to the callback.

Themax_pageparameter lets you limit the number of 4-KB pages that will
be used to map the buffers that you specifyjiex_pagesalue of 0 lets the
function map as many pages as needed, up to 256.

Unmapping Slave Memory

unmap_mem_from_busreturns slave mapper resources to the system. The
I/0 map has only 256 entries, so it should be treated as a scarce resource,
and the entries returned to the system as soon as you are done with them.
This routine has the following syntax:

unmap_mem_from_bus (isc, io_parms)
struct isc_table_type *isc;
struct io_parms *io_parms;

This routine returnsuULL On Success.

NOTE: You must pass in theameio_parmsstruct that you specified when you
mapped the slave memory.
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This chapter presents the basic concepts involving VME interrupt handling
by the Series 700 HP-UX systems. Its general structure is:

» The Series 700’s I/O interrupt handling

* VME bus interrupt handling

* Interrupt-related VME functions

» Software triggers

Interrupts are generated by and handled differently for:

* VME cards or I/O devices, for which you use ISR interrupt service routines that
you have registered withme_panic_isr_hook(}—see “ISR Panic Hook” on
page 3-12.

* VME bus errors, for which you register interrupt functions with
vme_panic_berr_hook(}—see “Bus Error Panic Hook” on page 3-11.

» Location Monitor and FIFO—see “Location Monitor and FIFO” on page 3-19.

Series 700 1/O Interrupt Handling

The VME bus has a 7-level interrupt structure for I/O interrupts. Level 7, or
IRQ7, has the highest priority. Interrupts are generated by boards on the
VME bus via a module called amterrupter . The interrupter asserts one of
the seven IRQ lines. A board that services an interrupt must have a module
called aninterrupt handler .

HP-UX allows I/O interrupts a chance to interrupt the execution of the cur-
rent HP-UX process. It then executes an interrupt handler until the handler
completes or is itself interrupted by a higher priority interrupt. Thus there is
an interrupter module that has placed the interrupt on the bus, and an inter-
rupt handler, provided by theme2 driver, that eventually calls the interrupt
service routine that you write.

The general steps in processing an interrupt from a VME /O card are:

1 The I/O card generates an interrupt by placing a signal on the VME bus.

2 The Series 700's VME bus adapter recognizes the signal and gets the interrupt
information from the bus (see “Recognizing which Device Interrupted” on page
3-3).
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3 The Series 700 VME bus adapter signals the PA-RISC CPU and sets an appro-
priateElr bit in the 700’s External Interrupt Register (EIR) to indicate the inter-
rupt level, then waits until the CPU makes the PA-RISC system bus available.

4 Thevmezinterrupt handler calls your driver’s interrupt handler at level 5.

Your driver processes the interrupt as appropriate, then returns/oé2énter-
rupt handler.

6 Thevme2interrupt handler re-enables the VME bus interrupts at this level, be-
fore searching through the remainidgCK (Interface Acknowledge) registers at
this interrupt level for another status ID for another registered interrupt handler.

7 The HP-UX kernel handler re-enables Hw bit.

Interrupt Service Routines

When using interrupt-driven I/O, the device sends an interrupt when it has
completed an 1/O operation and is ready to send or receive more data. Your
driver provides aimterrupt service routine (ISR) that the HP-UX kernel

calls when an interrupt comes in from the device.

The kernel knows to call your ISR because your driver will have called
isr_link, on initialization, to link your ISR into the list of all of the interrupt
service routines at a given interrupt level.

Recognizing which Device Interrupted

When an interrupter asserts one of the seven IRQ lines, the bus adapter’s
interrupt handler responds with an interrupt-acknowledge cycle (IACK) if it
is assigned to that interrupt level. The IACK acquires the bus in order to
retrieve the status ID from the interrupter, and turns the status ID over to the
HP-UX kernel to decide which driver’s interrupt service routine to call to
service the interrupt.

The status ID is typically programmed by the device’s driver though a
register. In the case of HP-UX VME Services, a calirtee_isrlink(2),

with an argument of 0, assigns a status ID value, and it is up to the driver
writer to tell the card what it is. If your card requires a specific value, then
call vme_isrlink with this value.
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Your Device Driver’s Interrupt Handler

Assume that your driver performs input and output using interrupt 1/O.

Two Halves of a Driver

At some point during the processing of an I/O request, control transfers to
the interface driver responsible for direct communication with the interface
card that initiates transfers (to or from the device) and handles interrupts.

The device driver entry-point routines constituteapplication-oriented

half of the driver and are the routines that you write, as described in Chapter
6. A system call from a user application program activates thesatekn
rupt-oriented half of the driver processes interrupts from the device. The
halves work as follows:

1 The application-oriented half of the driver initiates activity on the device and
waits.

2 The device completes the activity and interrupts, causing the interrupt-oriented
half of the driver to tell the application-oriented half that it can continue.

Your ISR and supporting routines handle the interrupts.

The following steps illustrate the sequence of actions taken in an I/O request.
The varioudriver_routing)) calls are functions that you write.

1 A user executes a program that doesaal(2) system call on a device file.
2 On entering the system call, thead function:

e Performs necessary preprocessing of the request

e Extracts the major number from the inode for the special file

e Uses the number as an index into ¢devswtable that tells the system to
call thedriver_read() routine to complete the processing of the read request

3 Readinvokes youdriver_read routine, which callphysio(2) to invoke your
driver_strategy routine.

4 Yourdriver_strategy routine queues a request on the interface driver for a read
from the device. The interface driver is currently processing another request, so
thedriver_strategyroutine returns, anghysiosleeps, waiting for the 1/0 request
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to complete.

5 The device interrupts when it completes the previous I/O request. The interface
driver processes the interrupt and starts the next request waiting on the queue (this
is our request). The interface driver tells the hardware to perform our read re-
quest.

6 The hardware completes our read request and interrupts the system. The interface
driver processes the interrupt, waking up the device driver.

7 Control returns to thdriver_read routine, which completes any final, device-
specific processing of the request. It then returns toethe system call, which
completes the request and returns control to the user process.

spl* Routines

Interrupts cause the interrupt-oriented half of the driver to execute, and they
can occur at any time. Since an interrupt could occur while the application-
oriented half of your driver is executing, you must protect critical sections of
code and the manipulation of shared data structures by your driver's applica-
tion-oriented half from your device's interrupts.

Thespl*(2) routines are designed to let you protect critical sections of code
to guarantee that an interrupt doesn’t occur unexpecteglly, and so on
throughspl7, set the processor interrupt level to 1, and so on through 7,
respectively, and return the current interrupt level before the routine was
called. When the interrupt level is set, all interrupts at that level and below
are turned off.

There are conventions in HP-UX regarding the types of devices that use each
interrupt level. VME uses hardware interrupt level 6, which takes prece-
dence over EISA, the system clock, timeouts, and core LAN, SCSI, RS-232,
and parallel devices.

Uses for thespl* routines include making interrupts while:

e Manipulating common data

« Starting I/O so that a partially initiated request does not cause an interrupt at the
wrong time

« Doing an operation that cannot be delayed, for instance, handshaking bytes from
non-buffered, non-DMA devices
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A Skeletal spl* Routine

Here is a skeleton showing the use ofdpl routines to protect a critical
section of code:

[* code appearing in user context routine */
[* (driver_read, for instance) */
ints;

s = spl6();

/* manipulate data structure that the  */
[* interrupt context (isr) also uses  */

splx(s);

You must save the return value to use at the end of the critical section to call
splx(2) to restore the previous interrupt level.

There are restrictions for using thgl* routines. During an interrupt, you
canspl to a higher priority and back down again, but you caspktb a pri-
ority lower than the priority at the time of the interrupt. If you wish to do
some processing at a lower priority level, use the software trigger mecha-
nism described in “Software Triggers” on page 3-13.

Using Interrupts

To use interrupts:

< Determine the interrupt level to use

e Set up a status ID value to represent the hardware vectoring
e Write and link the ISR with the status ID

Finding Available Interrupts

Thevme_configprogram may split VME interrupt handling among multiple
processors. To determine the available interrupts on your driver’'s processor,
look at theavail_interrupts field of thevme_hardware_typstruct, which is
returned bywme_hardware_info() and contains other parameters of your
driver's system.

#include "/usr/conf/wsio/vme2.h"
#define MYCARDINT1 0x2 /* interrupt mask for level 1 */
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#define MYCARDINT2 0x4 /* interrupt mask for level 2 */
struct vme_hardware_type hw_type;

vme_hardware_info(&hw_type);
if ((hw_type->avail_interrupts) & MYCARDINT?2)
/* call vme_isrlink() to set up interrupts */
/* code to set up card to interrupt on level 2*/
else if ((hw_type->avail_interrupts) & MYCARDINT1)
/* call vme_isrlink() to set up interrupts */
/* code to set up card to interrupt on level 1%/
else
/* code to handle driver without interrupts */

You can also use thane2 macros/mME_HIGHEST PRI_AVAIL _IRQ and
VME_LOWEST_PRI_AVAIL _IRQ t0 choose either the highest or lowest IRQ avail-
able on the processor.

Setting Up a VME Card Interrupt Vector

For your card to be serviced when it interrupts, it must send the kernel its
hardware vector status ID so that the kewmed2 interrupt processor can
determines which interrupt is yours.

When it determines thigme2calls your ISR with a pointer to asc and
either (a) thestatus_idand thenterrupt_leve] or (b) a value that you have
provided in a call teme_isrlink(2), which has the following syntax:

int vme_isrlink (isc, isr_addr, status_id,
arg, sw_trig_Ivl)
struct isc_table_type *isc; /* to be updated */

caddr_tisr_addr; [* your isr */
status_id; [* status ID to try to obtain */
int arg; /*to be passed to isr */

int sw_trig_Ivl; [* currently ignored */

vme_isrlink() links an interrupt service routinesi_addr) to a VME-gener-
ated status ID.

If you can set the card status ID by setting a registesiaeis_icko 0x0
before callinggme_isrlink to let the kernel pick a vector.

If your VME card has restrictions on the value of its interrupt vector (per-
haps the card sets it with DIP switches),status_idto the vector that your
card uses.
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Thearg parameter determines if the card’s status ID will be passed into your
ISR (if you setarg tonuLL), or if yourarg itself specifies the status ID value
by containing it.

The following example illustrates ISR linkage and vector setup:

#include "/usr/conf/wsio/vme2.h"

#define MYCARDINT 0x2 /* interrupt mask for level 1 */
#define MYREALINT 0Ox1

#define DUMMYLEVEL 0x0

int my_isr(); [* addr of isr */
struct isc_table_type *my_isc; /[*setinattach*/

struct my_cardregs *cardregs; [*setinattach*/
unsigned char my_vector;

int my_attach();

{

int use_vec = 0x0;

int my_Ivl = DUMMYLEVEL; [* parm not implemented */
int stat_id = Ox0;

struct vme_hardware_type hw_type;

vme_hardware_info (&hw_type);
if((hw_type.avail_interrupts)&MYCARDINT){
VME_INIT_IF_INFO(D08_IRQ_TYPE,VME_A32);
my_vector = vme_isrlink
(my_isc,my_isr,use_vec,stat_id,my_Ivl);
if (my_vector == NULL)
/* code to handle card no interrupts */

}
else{
/* set up card */
my_cardregs->int_vector = my_vector;
my_cardregs->int_level = MYREALINT,;
}
} else

/* code to handle card without interrupts */

}

Upon succesyme_isrlink() returns the status ID (vector number) obtained,;
on failure, it returns 0x0.
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Thevme_get_status_id_type(andvme_set_status_id_type(junctions
get and set VME interrupt handling types. These functions talse and a
value_typeas arguments, as seen in the following syntax:

vme_get_status_id_type(isc, value_type)
struct isc_table_type *isc;
int value_type;

wherevalue_typds UNKNOWN_IRQ_TYPE, DO8_IRQ _TYPE, D16_IRQ_TYPE, Of
D32_IRQ _TYPE. These routines retunuLL on failure.

Writing the Interrupt Service Routine

Your ISR is called byme2s interrupt routine and has the following signa-
ture:

int driver _isr (isc, arg, level)
struct isc_table_type *isc;
int arg, level,

Thus, your ISR is called with the following arguments:

e Theiscfor this driver.

* The meaning of tharg parameter depends on how you originally called
vme_isrlink() to link your ISR with the VME-generatedatus ID. (See
“vme_isrlink()” on page B-32.) Your call could:

* Request a specific ID, which will later be passed to your ISRgsand if
it failed to receive the ID, the value afg would be zero

*  Accept an assigned status ID, and later pass it to your |18/ as
» The third parameter is the VME IRB@vel

An Example driver_isr Routine
The following code showsadriver _isr() routine for a non DMA transaction:

driver _isr (isc, arg, level)

struct isc_table_type *isc;

int arg, level,

{
register struct isc_table_type *isc = info->temp;
register char *card = (char *)isc->card_ptr;
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[* Is this interrupt for us? */
if ((card->status_reg & 0x40) == 0)
return;
/* The reference to the control register
clears the interrupt on that card. */
parml = card->control_reg;
wakeup(&skel_buf);

}

It is the responsibility of your driver’s ISR to:

e Stop a card from interrupting

» Determine a reason for an interrupt (if appropriate)

» Take appropriate action, such as cleanup or retry

Call wakeup() or iodone(),or initiate the next step in I/O

VME Bus Errors and Panics

VME cards generate bus errors when access is attempted to memory that is
not mapped. If these errors are not handled by a bus error handler, they will
cause a system panic. To avoid this, you can:

» Probe first usingme_test(2) orvme_testw?2); orvme_reg_read2) or
vme_reg_writg(2)

e Set up bus-error handlers for master mapper errors returned from calls to
map_mem_to_hogf?), by callingvme_set_mem_error_handlef)

Setting an Error Handler

vme_set_mem_error_handlef) assigns an error handler to each 4-MB
entry of the master mapper for the specified A24 or A32 address space.

void vme_set_mem_error_handler (isc, pa_address, size,
handler, arg)
struct isc_table_type *isc;
unsigned int pa_address;
int size;
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ROUTINE handler;
caddr_t arg;

Thepa_addressindsizeof the buffer to associate with the error handler
must be obtained from a prior calliap_mem_to_hostThearg is an
argument to be passed to the error handler when a VME bus error occurs.

Bus Error Panic Hook

Thevme2driver has a pointer-to-a-routine namawde_panic_berr_hook

whose default value isuLL. This allows a driver to link in a routine to han-

dle bus errors caused by improper kernel driver accesses to VME space that
are not handled by a per-master-mapper error handler.

Thevme2interrupt handler is called whenever a VME bus error occurs. The
interrupt handler first checks to see if the error occurred at a user-mapped
address, and, if so, the interrupt handler signals the application that origi-
nally mapped the address via the&2_MAP_ADDR userioctl.

Otherwise, the interrupt handler checks if a driver has mapped in the master
mapper involved in the bus error (if the master mapper is unmapped, the bus
error is ignored). If the driver has registered an error handler for the master
mapper, that error handler is called. Otherwise, as a catch-all for all bus
errors caused by driver attempts to map non-master-mapped memory, the
interrupt handler checks to see if the valugroé_panic_berr_hookis not

NuULL. If this the value isiuLL, panic() is called; otherwise, the pointed-to
handler is called, and, upon return, #mee2 interrupt handler simply

returns and the system continues running.

The following code shows how a bus error panic hook can be implemented.
If the card that generates the bus error can keep generating errors, you will
want to do more than print an error message such as shown below:
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extern int (*vme_panic_berr_hook)();
void vpbushook();

vpisrhook_link(){
vme_panic_berr_hook = vpbushook;

}

vpbushook(vme_addr)
unsigned int vme_addr;

{
}

msg_printf(“VME bus error at 0x%x\n”,vme_addr);

ISR Panic Hook

Thevme2VME driver also has a routine pointer named
vme_panic_isr_hooK), which is initiallynucLL. This allows a driver to link

in a routine to handle status ID panics caused by an unidentified (i.e., unreg-
istered) status ID that might occur during an IACK cycle. A return of O from
the handler re-enables the IRQ level, while a non-zero return leaves that IRQ
level disabled.

The following code shows an ISR handler for an unregistered status ID:

#define ENABLE_VME_INTS 0
#define DISABLE_VME_INTS 1
#define INT_HANDLED 4

extern int (*vme_panic_isr_hook)();
int vpisrhook();

vpisrhook_link(){
vme_panic_isr_hook = vpisrhook;

}

vpisrhook(vmeisr)
struct vme_noisr_table_type *vmeisr;
{
msg_printf(
“Panic ISR called with level %d; status id 0x%x\n”,
vmeisr->irq_level.vmeisr->status_id);
if(vmeisr->irg_level == INT_HANDLED){
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msg_printf(“Panic ISR re-enabled IRQ %d\n”,
vme->irg_level);
return(ENABLE_INTS);

}
else{
msg_printf(“Panic ISR left IRQ %d disabled\n”,
vmeisr->irq_level);
return(DISABLE_VME_INTS);
}
}
struct vme_int_contro
int irg_level,
int avail_interrupts;
int error;
}

This function is particularly useful when developing a driver for new hard-
ware that may not be behaving as expected.

Software Triggers

Most of the PA-RISC interrupts are handled at a given level in hardware, and
then a kernel routine is called at a software trigger level lower than the initial
hardware interrupt level. Software triggering via callswto trigger(2) adds

a software trigger request to a list that is checked whenever an interrupt is
processed. The appropriate use of software triggering allows higher priority
interrupts (such as the system clock) to be handled prior to calling the rest of
your driver’s interrupt handler.

Software Trigger Mechanism

Thesw_trigger routine arranges the calling of an interrupt service routine in
the interrupt context at a given priority level.

* You can provide a timeout routine that sets up a software trigger so it defers its
timeout processing to a lower interrupt level.

3-13



Interrupts
Software Triggers

Note that standard timeouts are no longer processed at interrupt level 5, but at
level 2, beginning with HP-UX 10.0. However, if you usetihreeout.h header

file, thetimeout() function is redefined tKtimeout (), which interrupts at level

5, but is processed after all other level 5 interrupts are handled. Thus, you can
still usetimeout() from current code.

» Use software triggers when a device needs to have its interrupt acknowledged
quickly, but there is additional processing to be done on an interrupt that is not so
urgent. A device can be set up to interrupt at a high level, and then a software trig-
ger can complete the interrupt processing at a lower interrupt level.

» Software triggers provide a way for the top half of a driver to trigger the lower
half to perform a specific function.

The kernel implements software triggers by using a linked list of structures
to be serviced. This list is checked during each processor bus interrupt. Ele-
ments of this list have the structure shown in “sw_intloc” on page A-16.

Drivers can add a software trigger request to this list by calling the
sw_trigger routine, which has the following syntax:

sw_trigger (intloc, proc, arg, level, sublevel)
static struct sw_intloc *intloc;/* struct to add */

int (*proc)(); /* call proc on trigger */
caddr_t arg; /* argument to routine */
int level, [* priority of interrupt */
int sublevel, [* sub-priority */

where:

* intloc— A pointer to thesw_intlocstructure to be added to the software trigger
queue. lts fields are initialized lswv_trigger.

» proc—The address of the routine to be called when the software trigger is pro-
cessed.

» arg—The argument to be passedtoc.
» level—The priority level of the software trigger.

» sublevel-The sub_priority of the software trigger. This field is not used by the
Series 70DHP-UX kernel. Set it to O.

At the time of an interrupt, any software trigger requests on the listevith
greater than the current interrupt level are processed. To process a software
trigger requestproc is called witharg as its argument.
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The software trigger queue is checked again when the processing for each
interrupt is being completed. Any pending software triggers are processed in
decreasing order of priority.

Thesw_trigger routine checks to see if the structure pointed to byntlec
parameter is already on the trigger queue. If it is, this request is thrown away,
permitting only one pending request ger_intlocstructure. If your driver

needs to have multiple software triggers pending, it must use separate
sw_intlocstructures.

Levelhas the following restrictions on values you can use:

* You cannot set a software trigger higher than your current processor priority lev-
el. For instance, if you are executing at processor priority level 5, you cannot call
sw_trigger with level 6.

e You cannot calkw_trigger with level set to 7.

A Skeletal Driver Fragment

The following code segment is a skeletal driver fragment that uses the soft-
ware trigger mechanism to acknowledge an interrupt from a card at a high
interrupt level and then defer the bulk of the interrupt processing to a lower
priority.

#include <sys/types.h>

#include <sys/timeout.h>
struct sw_intloc *mycard_intloc;

mycard_isr (isc, arg)
struct isc_table_type *isc;
int arg;

{

int reason;

/* stop card from interrupting */
mycard->control = .....;

/* determine reason for interrupt and do
any immediate interrupt processing */

reason = ...; /*values from card regs */

[* set up swtrigger request to perform */
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/* remainder of interrupt processing at */
[* a lower level */

sw_trigger(mycard_intloc,mycard_isrll,reason,1,0);
return(0);

}

mycard_isrll (reason)
int reason; /* reason for interrupt, */
/* passed by mycard_isr() */

/* complete secondary interrupt processing */
switch(reason)

{
case IOCOMPLETE:

[* process 1/O complete condition */
case IOERROR:
[* processing for 1/O error */

}

Selecting the Software Trigger Level

When selecting the software trigger level for your device, consider the fol-
lowing characteristics:

» If your device requires a lot of processing to complete an interrupt, it should not
complete interrupt processing at a high interrupt level.

* You must not block out other devices for too long. You should probably not
spend longer than 400 microseconds at a high interrupt level (this length of time
is hardware-dependent).

* Some devices need to be acknowledged very quickly when they interrupt, so that
they do not lose any data. These devices should be at a high interrupt level.

» If a device needs to be acknowledged quickly, but requires a lot of processing to
complete the interrupt, you may need to use additional software triggering for
further processing.

3-16



Interrupts
Timeout Mechanisms

When deciding on the importance of your device, consider its relative prior-
ity in relation to the other devices in your system. The following general
guidelines can help you determine the relative importance of your device:

» High Priority—The system clock is always at a high priority to ensure that time-
outs are handled in a timely manner.

* Next Levels—The next level of devices include real time devices to ensure that
they do not lose data. Examples of devices that should be in this priority range
include serial devices; networking devices; and non-buffered, non-DMA devices.

» Lower Levels—The disk subsystem should be at the next level of priority so disk
I/O bottlenecks can be avoided.

» Lowest Levels—The remaining priority levels should be used for other devices
(e.g. the least-used devices).

Timeout Mechanisms

A driver uses timeout mechanisms whenever it needs to wait for a response
from a device. Timeouts ensure the return of control to the driver in the event
a device fails to respond within an allotted time. By setting up a call to a
timeout handling routine, a driver has an opportunity to recover even if the
device hangs. Catimeout() with the following syntax:

timeout (function, arg, t, timeout)

int (*function)(); [* routine to call */
caddr_t arg; * arg for routine */
intt; [* count to wait */
struct timeout *timeout; /* NULL */

Timeout works as follows:

1 Your driver calls it to set a timeout on a request to the device.

2 After the specified number of clock ticks and no reply ftimetionspecified as
the first parameter is called to abort the request, depending on how you code it.

This routine is called at interrupt level 5 and should be treated like an ISR in
terms of data structure protection by usspdf() andsplx() appropriately.

3 To remove the timeout, calhtimeout (function, arg.
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The following skeleton driver fragment uses tineeout anduntimeout
routines:

#include <sys/timeout.h>
#include <sys/types.h>

mycard_timeout() /* call this on timeout */
{
noerror = 0; /* cause polling loop in open to exit */
return(0);
}
mydriver_open (dev, flag)
dev_t dev;
int flag;
{
noerror = 1; /* set up timeout for 1 second  */
timeout(mycard_timeout,0,1*HZ,NULL);
/* poll card - wait for bit set  */
if (noerror){
[* if here, card responded */
untimeout(mycard_timeout,0);
}
else {
[* perform error recovery, retry, */
[* or report error, as appropriate */
return(ENXI0);
}
}
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Location Monitor and FIFO

The Location Monitor and FIFO stack are primarily designed for interpro-
cessor communication. VME Services provides simple calls to access a
basic functionality that you can use to build your own system.

Location Monitor Functions

The Location Monitor provides an interrupt mechanism that can alert a user
process when a particular range of addresses has been read from or written
into. It passes the user process a pointer to a function that can be executed to
react to this information.

See Appendix B for more information on the functions that are related to the
Location Monitor:

» vme_locmon_grab—Locks the Location Monitor for exclusive use, thereby
avoiding interference from other processes. You specify the address, address
modifier, the size, and a routine to be called when an interrupt is generated be-
cause the monitored area has been written into or read from.

» vme_locmon_pol—Polls the Location Monitor to find out if any interrupts have
occurred, and if so, how many.

» vme_locmon_release-Unlocks the exclusive grab that this process has on the
Location Monitor.

FIFO Functions

The FIFO provides a method of ordering asynchronous communications
received by a VME processor. Whenever a FIFO is written into, an interrupt
occurs on the HP’s VME processor board, and a user-specified function can
be executed to read and react to the FIFO’s contents.

The primary differences between the FIFO and the Location Monitor are:

» The Location Monitor reports both reads and writes.

* The FIFO’s address/register area contains information in the first two bytes.
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See Appendix B for more information on the functions that are related to the
FIFO. Essentially, they parallel the Location Monitor functions and are as
follows:

» vme_fifo_copy—Transfers data to or from the FIFO. This is a clone of
vme_mod_copy except that the VME side of the transfer is expected to be a
FIFO. In other words, only the PA-RISC CPU'’s side of the transfer's addresses
will be auto-incremented.

« vme_fifo_grab—Locks the FIFO for exclusive use, thereby avoiding interfer-
ence from other processes. You specify the address, address modifier, the size,
and a routine to be called when an interrupt is generated because the FIFO has
been written into.

» vme_fifo_pol—Polls the FIFO to find out if any interrupts have occurred, and if
so, how many.

« vme_fifo_read—Reads the contents of the FIFO register.

» vme_fifo_release—Unlocks the exclusive grab that this process has on the FIFO.
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Direct Memory Access (DMA)

Direct Memory Access (DMA) uses separate hardware to transfer data to or
from system memory and VME address space, thereby freeing the CPU for
other computation.

Thevme2driver provides:

» The queuing of buffers for asynchronous DMA transfer via the functions
vme_dma_queué andvme_dma_queue_polybud, with specification of a
callback function to be called when the transfer completes

» User- and kernel-level, synchronous access to the DMA controller with calls to
vme_dmacopy), vme_copy(), and thesME2_USER coPYioctl() command

» Initialization of data structures and hardware for synchronous DMA hosted by ei-
ther the Model 743/744 hardware or by another card’s DMA master, via
vme_dma_setul)

» The return of those data structures and hardware to their originaingresetup
state, viavme_dma_ cleanup()
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VME-Class DMA Hardware

The Model 743 and 744 processors have a VME DMA engine, but the
Model 742 and 747 systems do not. This DMA hardware can be used only
for transfers between VME space and the VME-Class’s physical memory.

The DMA controller arbitrates for the VME-Class system bus and acts as a
master on that bus when running transfers to and from VME space. (The
DMA controller’'s 64-byte FIFO keeps the system bus from locking up.)

The DMA software functions provided yne2 support two types of DMA,
synchronous and asynchronous:

* Synchronous—Each DMA transfer request consists of a list of physically con-
tiguous transfer addresses and counts, along with data concerning the type of
transfer. After providing the DMA controller with this list, tiie2driver calls
sleef) and waits for completion of the transfer. The DMA controller fetches the
list, processes each list item by obtaining the VME bus and the internal VME-
Class system bus, and then mastering the individual transfers. At the end of the
list or upon failure (such as a VME bus error), the DMA controller interrupts,
waking upvme2, which returns the results to the calling process.

» Asynchronous—One or more buffers may be queued for DMA transfer, but the
process requesting the DMA is not put to sleep. Instead, it provides a callback
function that is called apl level 2 when the DMA completes. In the meantime,
the process may continue, but must not disturb the contents of the buffer(s)
queued for DMA.

Model 743/744 DMA Cycle and Transfer Types

The host DMA controller can run D16 (2-byte), D32 (4-byte), and D64 (8-
byte) data bus block transfer cycles in A32 and A24 space. It can also run
most other non-block VME cycle types, such as D16 or D32 transfers, in
Al6, A24, and A32 space.

The 743/744 DMA controller does not support a mode for writing to or read-
ing from a fixed address. Rather, each data transfer goes to or from a new,
sequential address—i.e., tlilem andto addresses are auto-incremented.
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Asynchronous DMA on Model 743/744 Systems

The DMA controller runs each cycle with the requested address modifier
and data transfer size. The above cycle restrictions apply.

Asynchronous DMA also requires:

e Adriver-provided callback function to be called when the DMA completes, or re-
peated calls tsme_dma_queue_statuso poll for completion, or conversion to
synchronous behavior by a calhvime_dma_wait_done

e Cache-alignment (see “Cache Coherency Issues” on page 4-21)

Synchronous Host DMA with Remote VME Cards

Normally, the DMA controller runs each cycle with the requested address
modifier and data transfer size. However, VME cards that slave the host
DMA controller are expected to be capable of slaving varying data transfer
sizes and possibly non-block-transfer address modifiers (because such trans-
fers can occur even if the DMA controller is set up to do block transfers).

Not only can non-block transfers occur, but smaller data widths (D08, D16)
may be used, even when a larger data width is specified (D16, D32), when:

* The DMA controller does beginning alignment to get to a legal block address
boundary or D16/D32 address alignment.

* The DMA controller does the final few bytes of data that are less than the block
size or data width.

* A DMA transfer is set up with a size so small that doing a block transfer is of no
advantage, (e.g., 4-byte D32 and 8-byte D64 blocks will run non-block) or the
transfer size is smaller than the data width.

To handle a possible non-block transfer, a VME slave should be set up to
respond to both the block and the equivalent, non-block, data address modi-
fier. To handle the shift in data width, a slave should be able to handle D08
and D16 data widths, or the driver should ensure that buffer addresses and
transfer sizes are compatible with the data width restrictions of the card.

The cycle restrictions on the host DMA controller apply as follows:

e Calls tovme_dmacopy()always use the DMA controller, and the cycle restric-
tions on the DMA controller apply.

e Calls tovme_copy) or thevME2_USER coPYioctl use the DMA controller if it
can master the transfer, otherwise they handle the transfer under CPU control.
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Synchronous DMA the Easy Way withvme_copy

Thevme_copyroutine moves data between VME and kernel addresses, and
between kernel addresseme_copywill fail if either or both addresses are
in user space.

vme_copyis the easiest way to automatically use host DMA hardware if it's
present, and you don’t need to set up the address and data chains, and so on,
as described in later sections in this chapter. (If DMA hardware is unavail-
able or inappropriate/me_copycallsvme_mod_copyto do the actual

transfer via a software copy.)

Thevme_copyroutine is defined as follows:

vme_copy (to_va, from_va, count, options)
caddr_tto va;
caddr_t from_va,;
unsigned int count;
int options;

The arguments to this function have the following significance:

» from_vaandto_va—Virtual addresses representing the transfer source and des-
tination, respectively. At least one must be a kernel RAM address and the other a
kernel address or a VME address.

» count—The number of bytes to be transferred, regardless of data width.
» options—Flags used to:
» select the data width of the transfer:

» Bits 0-5 of the options parameter can specify an address modifier, but this
will be ignored ifvME_IGNORE_ADM specifies the use of the currently
mapped address maodifier.

» If you specifyvME_OPTIMAL, thefrom_vaandto_vaaddresses do not
have to be aligned. If yoaisoset one of the width flags, transfers of that
width will occur, except that shorter width transfers might occur for un-
aligned leftovers.
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e If you don’'t usevME_OPTIMAL, be sure to useME_D16 andvME_D32
only whenfrom_vaandto_vaare aligned to 16-bit or 32-bit boundaries
andcountis a multiple of 2 or 4, respectively.

* VME_DO8 imposes no alignment restrictions.
* whether to try to use a DMA engine:
» UsevME_cPU _coOPYto prevent the use of the DMA hardware.

» UsevME_FASTESTto specify thavme_mod_copyshould be used if the
DMA hardware is busy or unavailable, rather than waiting for it.

* whether or not to do a block transfer:

* VME_D16 andvMmE_D32 transfers run as repetitive single transfers if the
BLOCK options bit is not specified.

» TheBLOCK option is ignored (andme_mod_copyis used) if block trans-
fers are not supported by the underlying hardware. Otherwise, the address
modifier is determined by the VME address space of the VME virtual ad-
dress parametefrom_vaorto_va).

vme_copyreturns 0 on success, <0 for an error, or >0 to indicate the residual
count of bytes not transferred in the case of an error (such as a VME bus
error), in addition to the error values described below.

e ILLEGAL_opTioN—for any of the following combinations of options:

e If BLOCK andvME_FASTESTare not both set whemMe_IGNORE_ADM isn't,
to allow fallback to a specified width when DMA hardware is unavailable.

e Multiple data widths.

e VME_D64 withoutBLOCK.

e VME_CPU_COPY andvME_D64.

* BLOCK and an A16 address modifier for the Model 743.

e VME_D64 for a Model 742/747 system.

e BLOCK andvME_cPU_COPY both for hosts that support block transfers.

e INT_ALLOC_FAILED—Memory can't be allocated to set up the DMA chain or add
an entry to the wait queue.

e ILLEGAL _CONTEXT— vme_copywas called from interrupt context.
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ILLEGAL _CALL_VALUE—An illegal parameter or combination, e.g., neither
from_vanorto_vais in kernel space, neithieom_vanorto_vais in VME space,
or bothfrom_vaandto_vaare in I/O space.

ILLEGAL _CALL_VALUE—Without host DMA hardware, if eithdérom_vaor
to_vaviolates the alignment requirements imposed by the width options flag, and
VME_OPTIMAL isn’t set, no bytes will be transferred. With DMA, these conditions
will likely cause a bus error.

ILLEGAL_DMA_ADM—AN invalid address modifier is specified.

BUFLET_ALLOC_FAILED—Memory can't be allocated to handle a (possible)
shared cache line at the beginning or end of the transfer.

NO_DO08_BLOCK—S743/744 hosts don’t support D08 block transfers.
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Synchronous Local Host DMA

If you want more control than vme_copy gives you over the VME-Class’s
host DMA controller and various transfer characteristics, you can separately:
e Set up a chain of DMA requests

» Start DMA

e Perform the DMA transfer using vme_dmacopy()

e Clean up when the DMA completes

Setting up a Chain for DMA Transfers

vme_dma_setup(xalled in HOST_DMA mode sets up for a VME bus-
master, DMA transfer using the VME-class’s DMA controller. It:

e Allocates memory for the chain

« Builds an address/count chain of VME-Class system bus physical addresses that
correspond to the VME-Class’s host’s virtual buffer described idrte _parms
struct

e Requests I/O map entries

Thevme_dma_setuproutine relies on aisc data structure that has been
filled in by your driver before this call, possibly in yalriver_open or
driver_attach, by callingvme_set_address_space()he syntax is:

vme_dma_setup (isc, dma_params)
struct isc_table_type *isc;
struct dma_parms *dma_params;

Thedma_parmsstruct also contains previously-specified information about
the requested DMA transaction. Its pertinent fields include:

» dma_options—The type of DMA for this transfer as follows:
* VME_HOST DMA—MUST BE SET for host DMA mode

* DMA_READ, DMA_WRITE—Direction is from or to the card, respectively
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» flags—Typically set to 0, but can include:

¢ NO_CHECKk—(Not recommended.) For host DMA, No maximum transfer
length checking is to be performed by vme_dma_setup. Clear this #mg for
ror checking (the default).

* NO_ALLOC_CHAIN—If set, the driver must allocate the chain pointed to by
chain_ptr. If this flag is cleared, the setup routine will allocate the chain to
hold the address/count pairs. If the driver allocates the chain, it must allocate
the worst case size, which is:

((transfer count / NBPG) + 5) * sizeof(struct addr_chain_type)

If the setup routine allocates the chain, it will allocate the size that is actually
used to hold the transfer information, rather than the worst case.

Setting thexo_ALLOC_CHAIN flag without allocating sufficient space results
in a trap 15 panic.

» chain_countandchain_index—Determine if there are more chains to transfer.
Don’'t modify thechain_countfield. For sample code, see Appendix D.

Synchronous VME to Kernel RAM DMA with vme_dmacopy

A driver normally callsyrme_dmacopyfrom itsdriver_strategy routine,
after callingvme_dma_setupto set up the chain of DMA requests.

Thevme_dmacopyroutine moves data between VME and kernel RAM
addresses using VME-class host DMA hardware. It can not be used to trans-
fer data between two 1/O spaces (for example, EISA to VME).

Call vme_dmacopyas follows:

vme_dmacopy(dma_parms, vme_addr, vme_adm, options)
struct dma_parms *dma_parms;
caddr_t vme_addr;
int vme_adm, options;
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The parameters have the following significance:

dma_parms-The structure passed to and filled invoge_dma_setup

« dma_parms>drv_routine—Specifies a function or subroutine to call if the
DMA hardware is currently busy.

e dma_parms>dma_options—Should set theme_HOST DMA flag. This field
also determines the transfer direction, agne_dma_setup

vme_add—The VME bus physical address for the transfer, not necessarily pre-
viously mapped. It must be the beginning of a contiguous region: chaining of
VME buffers is not supportedme_dmacopyuses the PA-RISC address infor-
mation returned byme_dma_setup

vme_adm-The address modifier used in the transfer (must be supported by the
DMA hardware).

options—Flags that select the transfer type and data width: block (which must be
specified) vME_D16,vME_D32, andvME_D64. (vMmE_DO8 isn’t supported on
743/744 hosts, arglLock isn’'t supported on 742/747 hosts.)

Thevme_dmacopyroutine returns 0 on success, < 0 for an error, or >0
indicating the residual number of bytes not transferred in the case of an
error (such as a VME bus error). It also returns the following errors:

ILLEGAL _OPTION—Specified options bit isn't supported on the host.

NO_DMA_HARDWARE—The host does not have DMA hardware. The S742 and
S747 do not have DMA hardware.

INT_ALLOC_FAILED—Memory cannot be allocated to set up the DMA chain or to
add an entry to the wait queue.

ILLEGAL _CONTEXT— vme_dmacopywas called from interrupt context.
ILLEGAL _CALL_VALUE—One of the parameters is illegal.
ILLEGAL_DMA_ADM—AN invalid address modifier is specified.

NO_DO08 _BLock—The host doesn’t support D08 block transfers, but the
VME_DOS8 option bit is specified with a block address modifier.
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Cleaning up after DMA

A VME driver calls thevme_dma_cleanuproutine from its DMA comple-
tion code isr ordma_dong to clean up after a DMA transfer.

Cleaning up is necessary because the kernel allocates special buffer pages
when end portions of the transfer are not cache aligned, and because host-to-
slave mapping pages that were allocatesirng _dma_setup(if

VME_USE IOMAP was set) need to be deallocated. Vime_dma_cleanup

routine checks for abnormal DMA termination, transfers the non-cache-
aligned bytes at the beginning and end of a transfer, and frees the system
resources used for the transfer.

Thevme_dma_cleanuproutine is called as follows:

vme_dma_cleanup (isc, dma_parameters)
isc_table_type *isc;
dma_parms *dma_parameters;

This function always returns a 0.
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Asynchronous Local Host DMA

To use the VME-Class host DMA engine to transfer data asynchronously:

* Queue one or more buffers for transfer (do notwakk_dma_setup
» Provide a callback function to be called when the DMA completes
* Initiate the transfer

» Continue processing (but without disturbing the buffers being transferred until
the transfer is complete

e Clean up from the transfer within your provided callback routine (callspl )

Queuing Transfer Buffers

Thevme_dma_queué) kernel routine queues a buffer for asynchronous
DMA transfer using the local host's DMA engine. It automatically builds the
necessary internal structures to transfer the data, much as the
vme_dma_setup(function allocates memory and builds an address/count
chain.

Thevme_dma_queue_polybuj kernel routine works the same way, except
that the buffer is replaced by a polybuf. Se®_polybuf on page A-20

These function do not check for cache alignment. You must make sure that
each buffer you specify is cache-alignment safe at both ends.

void vme_dma_queue (who, buffer, size, vme_address,
modifier, read_write, priority, callback, arg)
caddr_t who;
addr_t buffer;
int size;
caddr_t vme_address;
int modifier, read_write, priority;
ROUTINE callback;
caddr_t arg;

The parameters have the following significance:

» who—A pointer to theproc structure (or to any kernel driver address) that iden-
tifies this process
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* buffe—The buffer or polybuf to be queued

» size—The size of the buffer or polybuf (limited toaxpPHYS). If for a polybuf,
the value 0 is interpreted as “send as much as possible.”

» vme_address¥he starting VME bus address associated with the buffer

* modifie—Address modifier valuesME_A16,VME_A24,VME_A32, or any mod-
ifier listed in the table “Symbolic Names for Memory Address Modifiers” on
page 2-10. (Use64_ACCESSorBLK_ACCESSIf your target card allows for fastest
data transfers.)

» read_write—The direction of the transfebMA_READ or DMA_WRITE

» priority—Specifies queue prioritypMA_PRIORITY_QUEUE Or DMA_NORMAL

» callback—Who to call back when the transfer is done

» arg—An argument to pass to your callback function when the DMA completes
It returns:

* NO_DMA_HARDWARE if the local host is not a 743/744

* ILLEGAL_CALL_VALUE if sizeis less than or equal to zero

* INT_ALLOC_FAILED if there was an internahalloc problem

Providing a Callback Function

Your callback function should take whatever action is appropriate, such as
freeing any allocated space. For example:

vmedrv_dma_complete (who, buffer, result, count, arg)
int who;
caddr_t *buffer,;
int result, count;
void *arg;

int next;

struct vmedrv_transfer {
caddr_t *vme_buffer;
int  vme_am;
int  buffer_size;

int total;
} *transfer = (struct vmedrv_transfer) arg;
if (result == 0)
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; I* process error during DMA transfer & exit */
/* copy count bytes from buffer to ... */
transfer->total -= count;
transfer->vme_buffer += count;
if (total == 0)
; /* all done -- clean up and exit */
else {
next = total;
if (next > transfer->buffer_size)
next = transfer->buffer_size;
if (vme_dma_queue (who, buffer, next,
transfer->vme_buffer, transfer->vme_am,
DMA_READ, DMA_NORMAL,
&vmedrv_dma_complete, transfer) < 0)
; I* process error setting up DMA transfer */

}

Checking and Abnormally Terminating the Transfer

The following section describes functions that provide status checking and
gueue-related actions.

Sleeping until the Queue Empties

Thevme_dma_wait_doné) routine finds the queue for the specified pro-
cess. If the queue isn’t empty, the routine sleeps until it is:

void vme_dma_wait_done (who)
caddr_t who;

» who—A pointer to theproc structure (or to any kernel driver address) that iden-
tifies the process whose queue is to be checked

Callingvme_dma_wait_doneafter one or more calls tone_dma_queue
essentially turns the asynchronous call into a synchronous one.
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Checking DMA Status

Thevme_dma_statu$) routine returns information on whether a requested
DMA transfer is running, queued, or finished:

void vme_dma_status (who, buffer)
caddr_t who;
caddr_tbuffer;

* who—A pointer to identify the process whose transfer status is to be checked
* buffe—The buffer whose status is to be checked

vme_dma_statugeturns the following values:

* DMA_STATUS QUEUED—The requestedshoandbufferare still in the queue

* DMA_STATUS RUNNING—The transfer for the requestbdfferis in process

* DMA_STATUS UNKNOWN—The buffer and process could not be identified (this
value is returned once DMA has completed)

If vme_dma_queuss called with the callbackrg set tonuLL, you can use
vme_dma_statugo poll for completion.

Terminating DMA

Thevme_dma_nevermind) kernel routine can be called when a process is
going away. It removes any buffers from the queue if they haven't already
been transferred:

void vme_dma_nevermind (who)
caddr_t who;

» who—A pointer to theproc structure (or to any kernel driver address) that iden-
tifies the process on whose behalf the asynchronous DMA was queued
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Remote DMA Controllers

Remote DMA controllersrun as masters on the VME bus and provide their
own hardware to DMA the memory on your VME-Class host. They can be
either simple DMA devices that transfer only a single, contiguous local bus
address range without direct driver intervention, or smarter devices that can
generate multiple ranges of local bus addresses and without driver interven-
tion.

To use the remote DMA controller:

1 Setup alma_parmsstruct.

2 Callvme_dma_setupn REMOTE_DMA mode to set up Series 700 mapping
hardware on local board.

3 Callremote_dma_setumvhich sets up the registers for a single chain and then
starts the card’s DMA controller.

4 When the card’'s DMA controller is done, it interrupts, and¢heote_isroutine
(in your driver) runs.

5 From theremote_isr_routineallvme_dma_cleanupo release Series 700 map-
ping resources.

Thevme_dma_setuproutine relies on an isc data structure that has been
filled in by your driver before this call, possibly in your driver_open, or
driver_attach, by calling vme_set_address_space(). The syntax is:

vme_dma_setup (isc, dma_params)
struct isc_table_type *isc;
struct dma_parms *dma_params;

The dma_parms struct also contains previously-specified information about
the requested DMA transaction. Its pertinent fields include:

» dma_options—The type of DMA for this transfer as follows:

* VME_A32 DMA, VME_A24 DMA—32-hit or 24-bit addressable card (mutual-
ly exclusive)

* VME_HOST DMA—MUST BE CLEARED for remote DMA mode

* VME_USE IoMAP—Use the board computer’s VME slave I/O map hardware
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otherwise the VME slave direct map hardware is used

DMA_READ, DMA_WRITE—Direction is from or to the card, respectively

flags—Typically set to O, but can include:

NO_cHECk—(Not recommended.) No error checking is to be performed by
vme_dma_setup For remote dma, no maximum transfer length checking is
done. In addition, the physical memory address are checked for compatabil-
ity with the type of mapping selected. Clear this flag for error checking (the
default).

NO_ALLOC_cHAIN—If set, the driver must allocate the chain pointed to by
chain_ptr. If this flag is cleared, the setup routine will allocate the chain to
hold the address/count pairs. If the driver allocates the chain, it must allocate
the worst case size, which is:

((transfer count / NBPG) + 5) * sizeof(struct addr_chain_type)

If the setup routine allocates the chain, it will allocate the size that is actually
used to hold the transfer information, rather than the worst case.

NOTE: Setting thelo_ALLOC_CHAIN flag without allocating sufficient space results
in a trap 15 panic.

chain_countandchain_index—Determine if there are more chains to transfer.
Don’t modify the chain_count field. For sample code, see Appendix D.

drv_routine—Which routine to call in the event the VME_USE_IOMAP option
is selected and slave mapping resources cannot be obtained

If the driver callingvme_dma_setups a context-switch-driven driver, it
should sleep upon receiving an error returrREBOURCE UNAVAILABLE : the
function specified irdrv_routine is issued a call to wake up, and given
drv_argas its argument, when the system frees DMA resources.

If the driver is an interrupt-driven driver, it advances its state and exits: the
function specified irdrv_routine re-invokes the driver to try again.

If a driver does not wish to be notified when resources become available (if
they were unavailable at DMA setup time), it s#tg routine to null.

If the system resources (map hardware) needed for the DMA are unavail-
able,vme_dma_setupreturns resource_unavailable. See Appendix B for
other error conditions and returns.
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Remote DMA Setup Routine

The following hypothetical example routine sets up the DMA registers and
starts the card’s DMA controller. (Tlemote_card_register_sebr

instance, is a purely hypothetical structure that might be provided or
required by the card’s software.)

remote_dma_setup(isc)
struct isc_table_type *isc;
{
struct buf *bp = isc->owner;
int index = dma_parms->chain_index;
if (bp->b_flags & B_READ) {
/* Perform read-specific card set up */

}
else {

[* Perform write-specific card set up */
}

/* set up dma address and transfer count */
card_ptr->dma_addr = (unsigned long)
dma_parms->chain_ptr[index].phys_addr;
card_ptr->tfr_count = (short)
dma_parms->chain_ptr[index].count;
dma_parms->chain_index++;

Remote ISR Routine

The following routine provides the interrupt service for the remote DMA
controller and calls your drivertemote_dma_setupinction if there is at

least one more chain to be run. The controller then does the chain and re-
interrupts, and the cycle continues until there are no more chains.

void remote_isr (isc, arg)
struct isc_table_type *isc;
int arg;
int pri, i;
struct dma_parms *parms = isc->dma_parms;
struct buf *bp = isc->owner;
int idx = parms->chain_count;
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if (regs->int status & BERR){ /* clear interrupt */
for(i=0; i< parms->chain_count - idx; i++)
bp->b_resid +=
parms->chain_ptr[idx-1].count;
bp->b_error = EIO;
bp->b_fLags |= B_ERROR;
pri = spl6();
isc->owner = NULL;
spix(pri);
vme_dma_cleanup (isc, isc->dma_parms);
io_free (parms, sizeof(struct dma_parms));
iodone(bp);
wakeup(isc);
return;
}
if (idx != parms >chain_count) {
remote_dma_setup(isc);
return
}
vme_dma_cleanup(isc, isc->dma_parms);
io_free (parms, sizeof (struct dma_parms));
pri=spl6();
isc->owner = NULL
spix(pri);
wakeup(isc);
iodone(bp);

Remote DMA without vme_dma_setup

If you choose to use your card’'s DMA master to do DMA without using
vme_dma_setupandvme_dma_cleanupyour driver needs to set every-
thing, maintain cache coherency, and clean up. In this case, use either
map_mem_to_busor one of the other, similar, mapping functions that set
up the slave map entries, or use the direct mapper arld/tahys to

obtain the physical address of each VME-Class RAM page in the buffer so
that the host hardware will slave the card’s DMA master properly.
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Usingmap_mem_to_busn this manner is not appropriate for larger trans-
fers (greater than 8 Kbytes) because you are dedicating a scarce resource
(the 1 Mbyte slave mapper) to your driver. In this case, you can use
vme_map_largest_to_buso acquire VME shared memory in whatever size
chunks are available, and transfer your data in stages.
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Cache Coherency Issues

VME bus master access to VME-Class RAM occurs without the knowledge
of the VME-Class processor cache hardware. HP-UX provides two routines
to validate the processor cache before and after VME bus master access:
io_flushcache andio_purgecache

Flushing Cache

Thedma_syncroutine, as used below, writes (flushes) the current contents
of cache to memory, and ensures that the next CPU access causes the cache
to be loaded from memory.

dma_syncis defined as follows:

dma_sync (address_type, virtual_addr, size, hints)
int address_type;
caddr_t virtual_addr;
int size;
int hints;

A typical use of this call would be during the setup for a VME bus master to
do a read from a VME-Class RAM. The calldma_syncupdates the RAM
with the latest contents of cache prior to the VME bus master accessing it.

The following section of code shows the setup for the VME bus master:

my_strategy(buf)
struct buf *bp;

{

/* code to set up VME bus master */

/* address chains, counts etc. */

cp->dma_direction = TO_VME;

dma_sync (KERNELSPACE, MY_BUF, MY_SIZE,
IO_WRITE|IO_CONDITIONAL|IO_MODIFIED);

cp->dma_trigger = START_DMA;
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Purging Cache

Thedma_syncroutine, as used below, ensures that the next CPU access will
cause the cache to load from memory, discarding the previous contents in the
cache.

To purge cache, callma_syncas follows:

dma_sync (KERNELSPACE, virtual_addr, size,
IO_READI|IO_CONDITIONAL|IO_ACCESSED);

A typical use ofdma_syncwould be during the clean-up for a VME bus
master, after doing a write to VME-Class RAM. The calinea_syncinval-

idates the cache lines, so that the next VME-Class processor access will load
the correct RAM contents to cache.

my_isr(isc,arg)
struct isc_table_type *isc;
int arg;

[* This interrupt was caused by a card */
[* that interrupted after mastering the VME bus */

if (arg == FROM_VME)
dma_sync (KERNELSPACE, MY_BUF, MY_SIZE,
IO_READI|IO_CONDITIONAL|IO_ACCESSED);

Shared Cache Line Problems

If you write transfer routines for VME bus masters that do not use
vme_dma_setupandvme_dma_cleanupyou must use caution if your
transfers are not cache-align€hche alignmentmeans that your current
chain begins and ends on a cache line boundary (32 bytes).

There is no indication if another process is using the remaining portion of a
cache line at the end of an unaligned transfer. The other process could inval-
idate the cache line, causing a flush or purge during the time that your driver
is accessing it. Even if the rest of the cache line is owned by your driver,
writing a byte in the same cache line as, say, a DMA read, will cause the
entire contents of the cache (all 32 bytes) to be written to memory, overwrit-
ing (and hence losing) the data just DMAd into this cache line.
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Thevme2 synchronous DMA calls avoid this problem by setting up a sepa-
rate cache line buffer for possible shared cache lines at the beginning or end
of the transfer. The call tame_dma_cleanupghandles transferring the con-
tents of the separate cache line buffers to the real cache lines.
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NOTE:

User-Level VME Access
The ioctl Routine

This chapter describes the keragie2 services available for accessing
VME space from a user-level process.

All of the commands require that tkisne2 driver be opened. You will need
a character device special file nantgel/vme2with a major number ot4
and a minor number & This should be automatically installed when VME
Services are installed.

You do not need to write a driver in order to access VME address space
from a user-level process.

User-Level Access Advantages

» Good for fast prototyping to test hardware.

* No rebuild/reboot with every change (faster debugging turn-around time).
* You can use thredb anddde debugging tools.

* You can use all routines in the user libraries.

* You do not need knowledge of operating system internals.

User-Level Disadvantages

User-level drivers can cause a device to interrupt, but have no mechanism for
handling the interrupt (this can cause system hangs or kernel panics). Con-
versely, the system can interrupt user-level driver execution.

The ioctl Routine

Thevme2driver incorporates several VME-access commands that are
known adoctl (/O Control) commands. These commands are all issued as
parameters in a call to thactl(2) routine.

Theioctl routine has the following signature:

ioctl (fd, command, io_struct)
int fd; [* file descriptor */
int command;/* 10 control command */
struct  structType  *io_struct; /* per command */
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Table 5-1 ioctl Commands with Structs
Command Struct
VMEZ2_ENABLE_IRQ vme2_int_control
VMEZ2_IO_TESTR& VME2_IO_TESTW vme2_io_testx
VMEZ2_LOCMON_GRAB & VME2_FIFO_GRAB vme2_Im_fifo_setup

VME2_LOCMON_POLL & VMEZ2_FIFO_POLL
VMEZ2_FIFO_READ
VMEZ2_LOCMON_RELEASE& VME2_FIFO RELEASE

VME2_MAP_ADDR & VME2_UNMAP_ADDR vme2_map_addr
VME2_REG READ & VME2_REG WRITE vme2_io_regx
VME2_USER COPY vme2_copy_addr
VME2_CPU_NUMBER none

See Appendix A for definitions of these structures.

Probe Commands

The memory prob@&ctl commands are as follows:

* VMEZ2_IO_TESTR

* VMEZ2_IO_TESTW
They have the following signature:

ioctl (fd, command, io_struct)
int fd; [* file descriptor */
int command;/* 10 control command */
struct  structType  *io_struct; /* per command */

They probe VME space to ascertain that a VME slave is present. They are
defined infusr/conf/wsio/vme2.h They use the VME adapter hardware to
trap VME bus errors and return the success or failure of the probe in the
access_resulfield of thevme2_io_teststructure (see page A-24).
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The actual data written or read is internal towtm@2 driver. In the case of a
write, the value is OxFF for a byte access, OxFFFF for a word access, and
OxFFFFFFFF for a long access.

These commands do not require that you previously map in the requested
address. Internal to thene2driver, the necessary commands are made to
map a single page (4 Kbytegjne_testr() orvme_testw() unmap the sin-

gle page, and return the result to the user.

Typically, you would probe at the start address and end address of your
VME interface card, and then map the actual space for use. This allows you
to handle VME bus errors if the card is not present, or if you are unsure of
the actual card configuration (for example, if it has optional amounts of
RAM).

An example of using theve2_1o0_tesTrioctl command follows.

The example code is presented in several sections, each of which is
appropriate to the particulactl command being discussed—therefore
you'll find #include statements at the beginning, and structure declarations
at the beginning afain() that pertain to structures used in later sections.

#include <errno.h>

#include <sys/types.h>

#include <sys/stat.h>

#include <sys/sysmacros.h>
#include <sys/ioctl.h>

#include “/usr/conf/wsio/vme2.h”
#include <sys/io.h>

#include <stdio.h>

#include <fcntl.h>

#define MYCARDADDR 0x100000
#define EXPECTED_READ_VALUE 0x10
#define MYCARDSIZE 0x4000

#define MYCARD_LEVEL 3

main()

{
int fd;
struct vme2_io_testx tx;
struct vme2_io_regx rx;
struct vme2_map_addr ma;
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struct vme2_copy_addr ca;
caddr_t card_memory;
unsigned char *buffer;
if ((fd = open(*/dev/ivme2”, O_RDWR)) < 0) {
perror (‘ERROR: VME Bus Adapter Open FAILED”);
if (errno == ENODEV)
printf (“ENODEV. Is driver in kernel? \
(Is vmez2 in /stand/system?)\n");
exit(errno);

/* probe hardware with vme2_io_testr */
tx.card_type = VME_A24;
tx.vme_addr = MYCARDADDR;
tx.width = BYTE_WIDE;
if (ioctl (fd, VME2_IO_TESTR, &tx)) {
perror(*VME2_IO_TESTR failed”);
exit(errno);
}
if (tx.error) {
fprintf (stderr, “VME2_IO_TESTR failed: \
internal error %d\n”, tx.error);
exit(1);
}
if (tx.access_result <= 0) {
fprintf (stderr, “VME2_1O_TESTR failed to find\
card\n™);
exit(2);
}
printf("VME2_IO_TESTR succeeded\n”);
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Register Access Commands

The register accegsctl commands are similar to the probe commands with
the added feature that the user can specify the VME address modifier to be
used to access VME space. The user can also specify the data written and
receive the data read. The register access commands are:

* VMEZ2_REG READ
e VMEZ2 _REG WRITE
They have the following signature:

ioctl (fd, command, io_struct)
int fd; [* file descriptor */
int command;/* 10 control command */
struct  structType  *io_struct; /* per command */

They are defined ifusr/conf/wsio/vme2.hand use theme2_io_regstruct
(see page A-22).

An example of using theve2_rec Reap command follows (the code is a
continuation of the previous code):
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[* Alternatively, probe hardware with vme2_reg_read */
rx.vme_addr_mod = STD_NP_DATA_ACCESS;
rx.card_type = VME_A24;
rx.vme_addr = MYCARDADDR;
rx.width = BYTE_WIDE;
if (ioctl (fd, VME2_REG_READ, &rx)) {
error("VME2_REG_READ failed”);
exit(errno);
}
if (rx.error) {
fprintf (stderr, “WVME2_REG_READ failed \
internal error %d\n”, tx.error);
exit(1);
}
if (rx.access_result <= 0) {
fprintf (stderr, “WVME2_REG_READ failed\n”);
exit(2);
}
if (rx.value '= EXPECTED_READ_VALUE) {
fprintf (stderr, “WVME2_REG_READ failed, incorrect\
value returned.”);
fprintf (stderr, “Expected %x, read %x\n”,\
EXPECTED_READ_VALUE, rx.value);
exit(3);
}
printf("VME2_REG_READ succeeded\n”);
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Map and Unmap Commands

The map and unmdpctl commands map VME space into a user process.
They are defined ifusr/conf/wsio/vme2.h

* VME2_MAP_ADDR

e VME2_UNMAP_ADDR
They have the following signature:

ioctl (fd, command, io_struct)
int fd; [* file descriptor */
int command;/* 10 control command */
struct  structType  *io_struct; /* per command */

You need to make probe commands prior to using these commands to avoid
a possiblesicBuserror due to VME bus errors.

These commands return a user pointer to the requested VME address space.
They fail if a contiguous space equal to the size requested is not available
(unused) in the VME hardware mapper, or if the request is for a non-page-
aligned address.

Always pair map and unmap commands so that the maximum mapper space
is available for user processes. Yaustuse the structure obtained in the

map command when making the unmap command. You may want to trap
signals so that you can clean up (unmap) on exit.

These commands use thme2_map_addstruct (see page A-23)and effec-
tively map 1/0O space into a user process. Be aware that tiosdsmapping
to local memory space. Do not rely on comrtiba function commands that
access memory space to work properly with I/O space.

An example of using these commands follows (the code is a continuation of
the previous code):

ma.card_type = VME_A24;

ma.size = MYCARDSIZE;

ma.vme_addr = MYCARDADDR,;

if (ioctl (fd, VME2_MAP_ADDR, &ma)) {
perror(*VME2_MAP_ADDR failed”);
exit(errno);
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}

if (ma.error) {
printf("VME2_MAP_ADDR failed.\n");
exit(ENOMEM);

}

card_memory = ma.user_addr;

See the following section, for the code to read the contents of VME memory
into the buffer, as represented by the ellipses below:

ce /* read contents of VME RAM into buffer */

free(buffer);

finish_up:

/* unmap card memory */

if (ioctl (fd, VME2_UNMAP_ADDR, &ma))
perror(“VME2_UNMAP_ADDR failed”);

close(fd);

exit(exit_value);

}
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The User Copy Command

The user copy command copies data between a user buffer and VME space.
The methods of transfer include DMA and depend on the options field and
what underlying hardware is available. This command provides user access
to thevme_copykernel routine:

* VMEZ2_USER COPY
They have the following signature:

ioctl (fd, command, io_struct)
int fd; [* file descriptor */
int command;/* 10 control command */
struct  structType  *io_struct; /* per command */

It is defined in'usr/conf/wsio/vme2.hand uses theme2_copy_addstruc-
ture (see page A-21).

An example of usingme2_user copy follows (the code was referenced as
ellipses in the code shown above):

/* read contents of VME RAM into buffer */

exit_value = 0;
if (! (buffer=(unsigned char*)malloc(MYCARDSIZE))) {
error(“malloc failed”);
exit_value = errno;
goto finish_up;
}
ca.to_va = buffer;
ca.from_va = card_memory;
ca.count = MYCARDSIZE;
ca.options = VME_D32|VME_OPTIMAL|STD_NP_DATA_ACCESS;

if (ioctl (fd, VME2_USER_COPY, &ca)) {
perror(“data copy failed”);
exit_value = errno;
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SincevME2_USER COPY usesvme_copy see “Synchronous DMA the Easy
Way with vme_copy” on page 4-5 for a description of the flags such as
VME_OPTIMAL.

The Enable IRQ Command

The enable IRQoctl command enables a VME interrupt level. Itis
intended for systems that userae_panic_isr_hookroutine to enable inter-
rupts again, after a problem that caused an unidentified status ID is solved:

* VMEZ2_ENABLE_IRQ
It has the following signature:

ioctl (fd, command, io_struct)
int fd; [* file descriptor */
int command;/* 10 control command */
struct  structType  *io_struct; /* per command */

It is defined infusr/conf/wsio/vme2.hand use theme2_int_controgitruct
(see page A-22).

It returns 0 on success, or -1 if the requested interrupt level could not be
enabled.

Note thatvme_panic_isr_hookis by defaultvuLL. Some kernel driver must
provide a function to set this pointer to allow VME Services to continue
after an unidentified status ID is received in an interrupt.

Location Monitor and FIFO Commands

The Location Monitor provides an interrupt mechanism that can alert a user
process when a particular range of addresses has been read from or written
into. It passes the user process a pointer to a function that can be executed to
react to this information.
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They have the following signature:

ioctl (fd, command, io_struct)
int fd; [* file descriptor */
int command;/* 10 control command */
struct  structType  *io_struct; /* per command */

The FIFO is a hardware register on 743/748 systems. Whenever a FIFO is
written into, an interrupt occurs on the HP PA-RISC CPU. If the FIFO is
filled, no additional data is permitted, and an overflow flag is set.

The primary differences between the FIFO and the Location Monitor are:

» The Location Monitor reports both reads and writes.

* The FIFO’s address/register area contains information in the first two bytes.

Both the Location Monitor and FIFO use three2_Im_fifo_setugtruct (see
Appendix A).

Location Monitor Commands

See Appendix B for more information on the functions that are related to the
Location Monitor. Essentially, the user-level commands are as follows:

* VMEZ2_LOCMON_GRAB—Locks the Location Monitor for exclusive use, thereby
avoiding interference from other processes. Yone2_Im_fifo_setustruct
specifies the address, address modifier, the size, and a routine to be called when
an interrupt is generated because the monitored area has been written into or read
from.

* VMEZ2_LOCMON_PoLL—Polls the Location Monitor to find out if any interrupts
have occurred, and if so, how many.

*  VMEZ2_LOCMON_RELEASE—Unlocks the exclusive grab that this process has on
the Location Monitor.

FIFO Functions

See Appendix B for more information on the functions that are related to the
FIFO. Essentially, the FIF@ctl commands parallel the Location Monitor
functions and are as follows:

* VMEZ2_FIFO_GRAB—Locks the FIFO for exclusive use, thereby avoiding interfer-
ence from other processes. Youre2_Im_fifo_setugtruct specifies the address,
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address madifier, the size, and a routine to be called when an interrupt is gener-
ated because the FIFO has been written into.

* VMEZ2_FIFO_PoLL—Polls the FIFO to find out if any interrupts have occurred, and
if so, how many.

* VMEZ2_FIFO_READ—Reads the contents of the FIFO register.

» VMEZ_FIFO_RELEASE—Unlocks the exclusive grab that this process has on the
FIFO.

The CPU Number Command

Thevme2_cpu NumBeR ioctl returns the CPU number (0 to 31) that has been
previously set for the local host ligne_config(see “Processor Records” on
page 8-7), or from the firmware menu while booting. If the CPU number is
not set, 31 is returned.
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This chapter gives specific details about writing those routines that are sys-
tem driver entry points (through one of the device switch tables). These rou-
tines includedriver_attach, driver_install, driver_open, driver_read,
driver_write, driver_ioctl, driver_strategy, anddriver_select

This chapter describes how to write all routines in a device driver except for
DMA and interrupt service routines. See Chapter 4 (“Direct Memory
Access”) for help on writing additional functions such as

driver_dma_setup driver_ dma_start, anddriver _isr that work with direct
memory access and interrupts

Write the routines according to your type of driver—character device or
block device:

» Character device drive—Read the sections for writing open, close, read, write,
ioctl, and select routines, and the strategy routine section.

» Block device drive—Read the sections for writing open, close, and strategy
routines.

Attach Routines

During initialization, each VME driver installed in the kernel specifies an
install function namedriver_install. This install function is the only call

by the kernel to your driver that is guaranteed to be made. It is responsible
for calling:

e vme_set_attach_function—To register the driver attach function

e wsio_install_driver—To register the WSIO (Workstation 1/0) data structures
that specify the functions and configuration data associated with the driver

For example:

int driver _install()

{

vme_set_attach_function( driver _STRING, driver _attach);
return (wsio_install_driver (& wsio_drv_info));

}

(See “wsio_drv_info Structure” on page 6-4 for more information on the
wsio_drv_infostruct.)
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The attach function itself is then called later during initialization. For
example:

driver _attach (id, isc)

intid;

struct isc_table_type *isc;

{
if (id = (int) driver STRING)) /* is it ours? */

return; /* nope! */

VME_INIT_IF_INFO (isc, D08_IRQ_TYPE, VME_COMPT);
driver_Card ->isc = isc; /* save the isc */

/* link in the DMA interrupt service routine */
if (  driver_Card ->vector_number =
vme_isrlink (isc, driver _isr, 0, 0, 0)) <0)
return;

/* map in the card registers */
driver = (struct driver _regs *)
map_mem_to_host (isc, board_addrs, board.size);
if ( driver ==NULL)
return;
isc->card_ptr = (int) driver

/* test if card is there */
if(vme_testr(isc,(caddr_t) driver ,BYTE_WIDE,0)<=0){
unmap_mem_from_host(isc, driver , driver _REG_SIZE);
isc_claim (isc, NULL); /* ours, but no card */
return;

/* do card-specific initialization */

isc->dma_parms = (struct dma_parms *)
io_malloc(sizeof(struct dma_parms), IOM_NOWAIT);

if (isc->dma_parms == NULL) {
unmap_mem_from_host(isc, driver , driver _REG_SIZE);
return;

}

isc_claim (isc, & driver _wsio_info);

driver _Not_Attached = FALSE;
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wsio_drv_infoStructure

You need avsio_drv_infostructure that references the structs that need to be
defined to specify the information as follows:

» drv_info—Device type and class names; major device number
» drv_ops—Contains all driver entry points

» drv_data—Miscellaneous fields such as expected type of hardware

An example of defining such a struct is shown below. See Appendix A for
the declaration ofvsio_drv_info

static wsio_drv_info_t wsio_drv_info = {
&driver _info,
&driver _ops,
&driver _data
2
This structure is referenced in tise_claim() function, as shown at the end
of the examplealriver_attach() function on the previous page.

drv_opsStruct

Thedrv_opsstructure contains all driver entry points, as suggested in the
following abstract from its definition in a sample program (see Appendix A
for its declaration).

static drv_ops_t driver _ops ={
driver _open, [* your driver's open funct */
driver _close, [* driver's close funct name */
[* strategy, dump, psize */
driver _read, /* its read function */
driver _write, [* its write function */
driver _ioctl, [* its ioctl function */
/* misc./reserved functions */
C_ALLCLOSES [* its flags */
}

The currently-defined values for flags are listed in Appendix A.

drv_info Struct

The following examplelrv_infostructure shows driver-specific fields for all
10.0-compliant drivers.

6-4



Writing Driver Entry Points
Attach Routines

static struct drv_info_t drv_info = {

“ driver”, [* its device type name */

“vme ”, [* its device class name */

DRV_CHAR| DRV_SAVE CONF, [* flags */

-1, /* major dev num if block type */

50, /* minor dev num if char type */
}drv_info_t;

The currently defined values for flags in the precedimginfostructure are
listed in Appendix A.

drv_dataStruct

The following example@rv_datastructure shows driver-specific fields for all
10.0-compliant drivers.

static wsio_drv_data_t driver_data = {
"driver”, /* for matching probes with drivers */
T_INTERFACE, /* expected type of hardware */
DRV_CONVERGED, /* convergent (or not) */
NULL, /* minor number formatter */
NULL /* major number formatter

2
The flag for the expected type of hardware is either:
* T_INTERFACE—the driver controls an interface card

* T_DEVICE—the driver controls a hardware device
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Open Routines

When a user uses thpen(2) system call on a device file (e.g/dev), open
calls the correspondirdyiver_openroutine via one of the two device switch
tables bdevswor cdevsw. Thedriver_openroutine performs any actions
necessary to prepare a device for I/O.

Your device driver implements the type of open required by the device:
» exclusive open
» shared open

* multiple open

Exclusive opendrivers allow only one process at a time to access the device.
To enforce this, your driver can maintain a flag to indicate whether the
device is currently open. If it is inappropriate for your device to be opened
by more than one process simultaneously, the driver-open routine can return
an error on angpen performed when the device is already open.

Shared openor multiple open devices allow multiple processes to access

the device simultaneously. All processes in a shared open implementation
share a common set of global data structures. If one process modifies a value
in a data structure, the value is modified for all processes that have opened
the device. In a multiple open implementation, each process that has opened
your device has its own copy of the data structures associated with the
device. This allows each process to modify the values independently.

Magnetic tapes and printers are exclusive open devices so that the request of
one process does not get interwoven with the request of another process.
Terminals are typically shared open devices so users can communicate with
each other (e.g., by using thweite (1) command).

Decide which type of open routine you need and add code to your routine as
indicated in the skeleton shown on page 6-8.
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Opening Devices

Thedriver_openentry point is for ampenon a character or block device
file. In general, it:

« Implements the type of open needed for the device.

» Returns an error if the device is an exclusive open device and this is not the first
open.

« If multiple open, allocates a set of data structures for the open.

* Finds the device.

» Sets a flag indicating the device is open.

« Initializes any necessary data structures.

 Initializes hardware (puts the device in a known state).

» Clears the open flag and returns an error if an error occurs during initialization.

e Returns zero upon successful initialization.

Although the user specifies the pathname, flags, and mode parameters in the
opensystem call, thdriver_openroutine does not receive this exact infor-
mation. Instead, the kernel invokes it with the following parameters:

int driver _open(dev, flag)
dev_t dev;
int flag;

The following items describe tlFiver_openparameters:

» dev—The device number of the file to be opened. diieer_openroutine can
extract the major and minor number via a cathior ().

» flag—A value corresponding to tledlag field in theopensystem call. The kernel
implements the functions oflag according to the description given in man pag-
es forfcntl (5) andopenbefore your driver is called. Therefore, your driver can
usually ignore these flags. The kernel translates the O_xxxx values into corre-
sponding Fxxxx values that pass into thizer_openroutine. The flags of po-
tential interest in writing your driver includeREAD, FWRITE, FNDELAY, and
FEXCL, which are used, for example, as follows:

* A magnetic tapdriver_openroutine might check the value BVRITE. If the
tape is being opened for writing, and the tape is write protected, the tape open
routine could return an error to tbpensystem call.

« Aterminal device file might be opened where&NDELAY is set, the terminal
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open routine does not wait for a hardware connection before returning. See
fentl (5), open(2), andtermio(7).

Thedriver_openroutine should return either a zero oreamo(2) value to
theopensystem call, respectively indicating the success or failure of the
open.

If the driver_openroutine is successful, the kernel returns a file descriptor to
the user. If unsuccessful, the kernel returns -1 to the user, amiraet$o

the value returned by thigiver_openroutine. The user can check the return
value ancerrno to determine if an error occurred.

Thedriver_openroutine might return an error if the device:
* Isoff-line

* Does not exist

» Was never configured into the system

» Failed initialization

Thedriver_openroutine might also return an error if the device is an exclu-
sive open device and the device is already open.

int skel_card_opened;

int skel_card_isc;

struct buf skel_buf;

skel_open(dev, flag)

dev_t dev;

int flag;

{
register struct isc_table_type *isc;
register char *card;
register int selcode;
skel_card_isc = isc->my_isc;
card = (char *)(isc->card_ptr);
[* card->registerX = .... */
/* If needed, enforce exclusive open of card */
if (skel_card_opened)

return EBUSY;

else skel _card_opened = 1;
return(0);
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Character Device Read and Write Routines

When a user issuege@ad(2) orwrite (2) system call to a character device,
the kernel fills outiio andiovecstructures and calls the corresponding
driver_read or driver_write routine in thecdevswtable, passing thao
structure as one of the parameters.

Thedriver_read anddriver_write routines can process requests using
physio() anduiomove(). The following sections discuss ttiever_read and
driver_write routines, as well as how to uslkysio anduiomove

Performing Input from a Device

Thedriver_read routine performs input from a device. It is called when a
read orreadv(2) is performed on a character device file. The kernel fills in
theuio structure and then passes the structure and the device number to the
driver_read routine.

You can implement thériver_read routine by either:

» Callingphysiowith the appropriate parameters, allowing a character-driver strat-
egy routine to complete the request.

» Usinguiomoveto buffer the data and then complete the request. If youiase
move, thedriver_read routine performs the following functions: (1) Initializes
any data structures; (2) Sets a flag indicating that I/O is in progress; (3) Makes
the 1/0 request; (4) Waits for I/O to complete; (5) Caltsmoveto transfer the
data from kernel buffer to user buffer; and (6) Sets the return value.

See “Using physio” on page 6-11 and “Using uiomove” on page 6-14 for
additional information about using these two alternatives for implementing
thedriver_read routine.

While the user specifies a file descriptor, buffer, and number of bytes to be
read in theead system call, the kernel invokes ti@ver_read routine with
the following parameters:

driver _read (dev, uio)
dev_t dev;
struct uio *uio;

« dev—The device number of the associated device file.dfver_read routine
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can extract the major and minor numbers from the device number. You should
verify that this parameter is valid in yadriver_openroutine if you intend to ac-
cess kernel data structures such as@pointer.

* Uio—A pointer to auio structure that contains information about the data being
read, which the driver needs to input from the device.

If you choose to code this routine without usirigmove or physio, your
code needs to do the following:

* Return 0 on success.
» Return an error code (frofasr/conf/h/error.h) on failure.

» Setuio-> uio_residto the number of bytes remaining to transfer.

Performing Output to a Device

Thedriver_write routine performs output to a device. It is called when a
write (2) is performed on a character device file.

You can implement thdriver_write routine by using one of either:
» physioand adriver_strategy routine
* uiomove

While the user specifies a file descriptor, buffer, and number of bytes to write
in thewrite system call, the kernel invokes tilever_write routine with the
following parameters:

driver _write (dev, uio)
dev_t dev;
struct uio *uio;

As with thedriver_read routine,devis the device number of the associated
device file, andiio is a pointer to aio structure. If you choose to code this

routine without usingiiomove or physio, the code will need to do one of the
following:

e Return 0 on success.
e Return an error code failure.

e Setuio->uio_residto the number of bytes remaining to transfer.
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Using physio

The read and write routines for a character device driver perform many of
the same functions as tphysio kernel routine. If you transfer data directly
between a device and the user’s buffer, you caplugsio to perform many
related functions.

With this type of transfer, the flow of control is sometimes difficult to grasp:

1
2
3

7
8

The user program calls your drivedsver_write() function.
Thedriver_write callsphysio().

Physiohandles mapping issues, putting the caller to sleep and calling your char-
acter driver strategy-like routine.

The character driver strategy-like routine sets up data structures, etc., and initiates
transfer on the VME card.

The VME card master transfers a block of data and then generates a VME inter-
rupt.

Yourdriver_isr routine sets up and initiates the next transfer on the VME card (if
there is any left to do), or it cleans up the transfer on the PA-RISC CPU'’s end,
including cache issues, and then notifibgsio that the transfer is done.

Physiohandles mapping, and returns (via weakeup function) to the caller.

Thedriver_write function returns.

The kernel passes the device numberwadtructure as parameters to the
driver_read anddriver_write routines, which pass them onglysio, along
with the parameters shown in the following signature:

physio (strategy, bp, dev, rw, min_count, uio)

int (*strategy)();
register struct buf *bp;
dev_t dev;

int rw;

unsigned (*mincnt)();
struct uio *uio;

strategy—A character-driver strategy routine that sets up an /O request.

bp—A pointer to auf structure that can be declared or allocated by your driver
(if NuLL, physio allocates duf structure from the file system buffer cache).
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dev—The device number passed into thiver_read or driver_write routine
from the kernel.

rw—A read/write flag set te_READ for a read request 8r WRITE for a write
request.

mincnt—The routine that sets the maximum request size allowed in a single re-
quest to a driver. For most drivers, this is the kernel rontinghys. If the
mincntroutine adjusts the request siphysio makes multiple requests to the
driver_strategy routine until all the data specified lmw_lenin theuio structure

have been transferred.

uio—The structure that is passed into thiver_read or driver_write routine
from the kernel.

Thephysio routine handles details of the I/O transfer fordhiger read
anddriver_write routines. It performs the following tasks:

1

Checks for user permission to access the data area (pointed touiy streic-
ture).

Allocates auf structure for the transfer if thg parameter passed inphysiois
NULL.

Waits for the buffer associated with thef structure to become available for use
if it is busy.

Beforephysio can use thbuf structure passed to it, it ensures that the structure
is not in current use. If the BUSY flag is set in thép->b_bflagsfield, physio

must wait until théouf structure becomes available by settinggh&ANTED

flag in thebp->b_bflagsfield and sleeping on thisuf structure physio is awak-
ened when the process that currently habtiistructure releases it and calls
wakeup to wake up all processes waiting for the buffer.

Marks the buffer busy (sebs BUSY and clears_WANTED), establishing exclu-
sive access to the buffer.

Copies information from theio structure into the buffer header and initializes
the buffer header, i.e., thp struct.

Calls themincntroutine—usuallyminphys—to adjust the request size so that it
is less than or equal to the maximum allowable transfer size.

Locks the user’s data into memory and maps it into kernel space.

Calls the character driver strategy routine with the argubgntherebpis the
buf structure previously described.
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9 Sleeps on the buffer header (after the strategy routine returns) passed to the strat-
egy routinePhysiois awakened when tig DONE flag is set. The driver needs
to wakephysio by callingiodonep) when the 1/0 completes. This means that
physio provides synchronous reads and writes.

10 Unlocks the user data area (once awakened), saves the residual count(from
bp->b_resid) into theuio structure, and interprets any errors returned in
bp->b_error.

11 Repeats steps 1-10 if another call to the strategy routine is needed to process the
iovecstructure due to limitations imposed fmncnt

12 Releases the buffer and returns the error status.

The strategy routine called Iphysio is not necessarilyhe same routine

called from the kernel wheead or write is performed on a block device

file. It performs similar functions, but thie strategyfield in thedrv_ops
structure (see “drv_ops” on page A-9) has no meaning whatsoever for char-
acter drivers. (Often, though, the block and character strategy routines for a
block and character device are really similar, and they are usually combined,
including a little code to differentiate between the two sources of data.)

The following example of a read routine cadlsysioto do a read:

struct buf driver _buf;

driver _read (dev, uio)

dev_t dev;

struct uio *uio;

{

return (physio (& char_driver  _strategy, & driver _buf,
dev,B_READ, minphys, uio));

}

6-13



Writing Driver Entry Points
Character Device Read and Write Routines

Using uiomove

Theuiomoveroutine moves data from one address space to another. In a
driver, it can copy data from user space to kernel space and vice versa, free-
ing the device driver from having to map the user data area into kernel space.
We recommend that you us@moveto transfer data to or from 1/0O space.

In general, you useiomove when a driver needs to perform small data
transfers.If you usaiomove, yourdriver_write routine performs the fol-
lowing functions, as explained below:

1
2
3
4

Initializes any data structures
Callsuiomoveto copy the data into kernel space
Makes the 1/O request

Waits for I/0O to complete

uiomove has the following signature:

uiomove (cp, n, rw, uio);

caddr_t cp; /* ptr to kernel space data */
int n; /* byte count to transfer */
enum uio_rw rw; /* UIO_READ or UIO_WRITE */
struct uio *uio; [* ptr to transfer structure */

When you write a routine usingomove

If rw isulO_READ, n bytes at addresp are copied intaio. If rw isuIO_WRITE,
n bytes fromuio are copied intap.

If a driver wants to buffer data between the device and the user’s buffer, it can
usegeteblk() anduiomoveto do the buffering. Usgeteblk to get an empty file
system buffer and an associated buffer header from the kernel buffer cache.

The buffer returned bgeteblkis allocated from the file system buffer cache, so
the file system temporarily loses access to this bufferbuifstructure and as-
sociated buffer belong exclusively to the routine that called it.

When the driver completes the request, it should releasmifstructure and as-
sociated buffer obtained frogeteblk by using the kernel routirterelse().

When a device driver gets a buffer usgedeblk, the device driver is borrowing

a buffer that would otherwise be used by the file system to cache data. This means
that a device driver should not indiscriminately allocate buffers ggtablk, or

file system performance could be affected.
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The following code segment illustratesiamoveimplementation of a
driver’s write routine:

struct driver_card *driver_card_ptr;

struct buf *tmp_bp;

driver _write (dev, uio)

dev_t dev;

struct uio *uio;

{ .
int count;
caddr_t addr;
count = uio->uio_iov->iov_len;
tmp_bp = geteblk (count);
addr = tmp_bp->b_un.b_addr;
uiomove (addr, count, UIO_WRITE, uio);
while (count)

{
driver_card_ptr->control = ENABLE_INTERRUPT;
driver_card_ptr->data_out_reg = *addr++;
sleep (tmp_bp, PRIBIO);
count--;
}
brelse (tmp_bp);
return(0);

}

driver _isr (isc, arg)

struct isc_table_type *isc;

int arg;

{
driver_card_ptr->control = DISABLE_INTERRUPT;
wakeup(tmp_bp);
return(0);
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Data Transfer with vme_mod_copy

You can use theme2routinevme_mod_copy()o transfer data to and from
VME space with the address modifier that your card requires. You should
first check that the card responds withe_testrcalls (or establish a bus

error handler—see “VME Bus Errors and Panics” on page 3-10). This can be
done in youdriver_attach or at first open in youttriver_openroutine. You

may also check immediately prior to using #mee_mod_copyroutine in
yourread, write, strategy, orioctl routine.

Thevme_mod_copyroutine is defined as follows (see Appendix B for argu-
ment and parameter definitions):

vme_mod_copy (isc, direction, virtual_addr, addr_mod,
space, buffer, width, size)
struct isc_table_type *isc;
int direction;
caddr_t virtual_addr;
int addr_mod;
space_t space;
caddr_t buffer;
int width;
int size;

Directionis the direction of transferost To vME or vME_TO_HOST. The
virtual_addris the kernel I/O space virtual address returned from a call to
map_mem_to_hostandaddr_modis the VME address modifier code
required by your interface card.

You should make sure thgpaceis set to 0. You can use tRERNELSPACE
constant defined ifusr/conf/machine/vmparm.hfor this parameter. If this
parameter is nonzero, the call will fail with an error of -1.

Thewidth can be one of the following values definedusr/conf/h/io.h:

OPTIMAL, BYTE_WIDE, SHORT WIDE, OrLONG_WIDE. An error will be returned if
either the initial address or the size is not an even multiple of the cycle type
(width). If opTIMAL is used fomwidth, the largest cycle possible will be used

to reduce the number of transfers. This means that byte transfers will be
made until a long word boundary is reached, followed by as many long
transfers as can be made, and finally using byte accesses to comdizie the
number of bytes.Sizeis the total transfer count in bytes.)
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There are some restrictions on usimgiMAL. In particular, transfers that are

not source- and destination-aligned must use byte transfers. For example, if
the starting virtual address is at byte 1 of a word and the starting buffer
address given is also at byteokrimAL or BYTE_WIDE may be used. In this
example, if the starting buffer address is not also at byte 1perdywiDE

may be used.

NOTE: vme_mod_copy runs internally at spl6() priority, meaning that interrupts
are turned off and other VME-Classi processes are prevented from running
during small transfers. If the size parameter is greater than 512, the transfer
will be split into 512 byte “chunks” with an spl6 and splx() call around each
“chunk” until vme_mod_copy completes.

In the following example, a driver needs to write a 32-bit-wide register at
VME address 0x1000 with a user-defined address modifier. The card
decodes all 32 bits of address.

#include "/usr/conf/h/io.h"

#include "/usr/conf/machine/vmparm.h"
#include "/usr/conf/machine/vme2.h"
#define MY_AM  Ox1F

#define MYREGADDR 0x1000

#define REGSIZE 0x4

static struct isc_table_type isc;
data = /* some value */
isc = my_isc;
vme_set_address_space (isc, VME_A32);
my_reg = map_mem_to_host(isc, MYREGADDR,REGSIZE);
vme_mod_copy(isc,HOST_TO_VME,my_reg,MY_AM,
KERNELSPACE,&data,LONG_WIDE,REGSIZE);
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Character Deviceioctl Routines

HP-UX provides the system call namiedtl(2) to allow character device
drivers to perform control functions on the associated device. Since different
drivers require different control functions, the system call provided by HP-
UX is flexible, which means you can implement control functions according
to the device.

Usingioctl

Used exclusively on character device files,itdo#l (I/O control) call is
driver-dependent. You usectl for the following purposes:

» Modifying driver parameters.
» Modifying the configuration of a device.

* Implementing any special processing not provided by other 1/O system calls. If
you do not need this capability in your driver, nsedevornulldev in thecdevsw
table.

The signature foioctl is as follows:

ioctl (fildes, request, arg)
int fildes;
int request;
void *arg;

» fildes—A file descriptor obtained from a previoapenor dup(2).

* request—A 32-bit integer having various fields encoded within it to specify: the
size ofarg; whetherarg is passed to the driver, returned by the driver, or both;
and the particular command to perform. Thguesfield is thecommand word
(see “Defining the Command Parameter” on page 6-19), which can be split into
two categories:

e Those requests processed by more than one driver
e Those requests processed by one particular driver

e arg—An argument associated with the request. The type and vadung isfdriv-
er dependent and can vary from ametl to another.
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More than one driver often implements standard requests having the form
Fxxxx, which indicates generality. On choosing to implement any of these
requests, your driver should process the request in a standard way. Typical
requests implemented lgctl calls include rewind (for tape drives) and
change column width (for printers). (Refer to the man pagedt(5) for a

list of such requests and the processing that your driver should perform.)

Defining the Command Parameter

Command wordsdescribe values used for the request argumeattio

You should use the format specified by the kernel and define them in your
driver's header file, for exampldtiver_nameio.h Any user programs issu-
ing ioctl calls to your driver must include this file.

Particular bits within the command word tell the kernel:

* The associated driver for the command
e The arguments to the driver

» How to copy the driver's data (the kernel does not copy out on failure)
Use the following format to define all commands:

#define CMD task (* t’, n, structure )

« CMD—Theioctl command corresponding to trexjuesiparameter that the user-
level application uses in the callituctl

» task—How the kernel should copy the data structure between the user and the
driver:

e _lo—There is no argument: the structure parameter is omitted
e _I0OrR—User reads information from the drivertgrg_ptr
* _low—User writes information for the driver intarg_ptr
e _|OWR—Both I0rR and 10w
» t—An arbitrary character of your choice associated with a specific driver

* n—A number (0 to 127) differentiating the various commands for a particular
driver

* structure—A pointer to a data structure to accompanyitied request. Data
structures have a size limit of 16 Kbytes
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The following example shows the definitionio€tl commands for a hypo-
thetical device defined imydevice.h

#include <sys/ioctl.h>
struct mydevice_ioctl_arg{
char reg_value;
int location;
h
#define CLEAR 0
#define SET 1
#define CARD_RESET _IO ('X',0)
#define CARD_STATUS _IOR ('X',1,structmydevice_ioctl_arg)
#define CARD_CONTROL _IOW ('X',2,struct mydevice_ioctl_arg)
#define CARD_BUFADR _IOWR ('X',3,struct mydevice_ioctl_arg)

The#definesin the code above specify four commands:

e CARD_RESETF— Anioctl that allows the user to reset the device to its default state.
Thisioctl has no parameters.

* CARD_STATUS—Used to return the contents of the device’s status register to the
user. The status register contents are returned meghealuefield of the
mydevice_ioctl_argtructure.

* CARD_CONTROL—Used to set or clear the bits in the device’s control register.
Thereg_valuefield of themydevice_ioctl_argtructure passes theiver_ioctl
routine the bit(s) to be cleared or set, anddbation field containsSETor CLEAR
to tell the driver whether to set or clear the bit(9eimp_value

e CARD_BUFFER—ASSIigns a memory location to the buffer on the device.ldhe
cation field of themydevice_ioctl_argtructure tells the driver where the buffer
should be located in memory.léfcation is 0, the driver uses a default location.
The location of the buffer is returned to the user irighation field.

The following segment from a user program sets a control bit on the device:

#include <sys/errno.h>
#include "mydevice.h"
#define SET_TIMEOUT 0x04

struct mydevice_ioctl_arg *ioctl_arg;

ioctl_arg->reg_value = SET_TIMEOUT,;

ioctl_arg->location = SET,;

if (ioctl(fd, CARD_CONTROL, ioctl_arg) < 0)
printf("ioctl call failed, errno = %d\n", errno);
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driver_ioctl

While the user specifies a file descriptor, a command, and an argument to
ioctl, the kernel invokes thdriver_ioctl routine with the following signa-
ture:

driver _ioctl(dev, cmd, arg_ptr, flag)
dev_t dev;
int cmd,;
caddr_t arg_ptr;
int flag;

devis the device number of the associated dewviecelthe command word
described in the previous secti@mng_ptr points to any arguments accompa-
nying the command; arfthg is the file access flags. (Most drivers ignore
this parameter, but you can use the minor number.)

Thedriver_ioctl routine implements thiectl commands defined in the pre-
vious section. The code follows:

#include <sys/errno.h>
#include <sys/types.h>
#include "mydevice.h"
struct mydevice_registers *dev_rp;
driver _ioctl(dev, cmd, arg, flag)
dev_t dev;
int cmd;
struct mydevice_ioctl_arg *arg;
int flag;
{
switch (cmd){
case CARD_RESET:
dev_rp->reset = 0;
return(0);
case CARD_STATUS:
arg->reg_value = dev_rp->status;
return(0);
case CARD_CONTROL:
switch (arg->location){
case SET:
dev_rp->control |= arg->reg_value;
return(0);
case CLEAR:
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dev_rp->control &= ~arg->reg_value;
return(0);
default:
return(EINVAL);
}
case CARD_BUFADR:
arg->location = set_buf_addr (arg->location);
return(0);

Character Device Select Routines

Theselec{2) system call calls @driver_selectroutine to determine if I/O has
completed, is ready, or an exceptional condition exists. Yosalsetonly
for character devices.

Performingselecton device files can have different interpretations depend-
ing on the device:

Use theselectroutine to poll a device for read/write/event status.

A character device driver should return true if its device is always ready for 1/O.
A character device driver not havingrver_selectroutine should always return
true (non-zero). You can specHgltruein thedriver_selecffield for your driver

in the Etc/masterfile. If you do so, the kernel returns true without calling your
driver whenselectis performed on your device file. (See “Editing System Files
for the Driver” on page 7-6.)

Thedriver_selectroutine has no access to tleadfds writefds andexceptfds
values that the user passed toshlectsystem call. (See the man pagesilect)
Thedriver_selectroutine is passed only the device numberftagl Theflag

field indicates the type of readiness to check according to one of the following
values:

* FREAD—for read
*  FWRITE—for write
e 0—zero for exception conditions

If the driver_selectroutine returns true, indicating it is ready for the action re-
quested, the kernel sets the corresponding bit in the appropriate mask field and
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returns this to the user.

» If thedriver_selectroutine does not return true (when the condition doesn’t ex-
ist), theselectsystem call puts the calling process to sleep, waiting for the condi-
tion to become true. The driver needs to inform the system when this condition
becomes true.

» The driver must check for collisions where two or more processes have tried to
select on the same file for the same condition. You accomplish this by having the
driver save the pointer to tipeoc entry for the calling process and using that
pointer as a parameter to the kernel salvakeug) to revive the sleeping pro-
cess when the condition becomes true.

The following example shows a brief, skelatdler_selectroutine:

#include <sys/types.h>

#include <sys/param.h> /* for user.h */
#include <sys/user.h> [* for u def. */
#include <sys/proc.h> [* for proc struct

*/

#include <sys/kthread_iface.h>

#include <sys/file.h> [*forFREAD, FWRITE
*/

#include <sys/systm.h> /* for selwait def.

*/

struct my_sel_struct {
struct kthread *read_waiter;
struct kthread *write_waiter;
int state;
}
struct my_sel_struct *my_sel_struct
driver _select (dev, rw)
dev_t dev;
int rw;
{
int s = spl5();
switch (rw) {
case FREAD:
/* Determine if the device can be read from (there is
data). If so, return true. */
if (there is available data){
spix(s);
return(1);
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The following code is executed when the device is not ready to read. See if
some other process is already set to be notified upon this condition and is
still blocked on theselectcall. If so, there is a collision. Tlselectsystem

call handles this if we pass a true value ingélevakeupcall's second
parameter. Save a flag to indicate the collision. The system will wake up all
the processes blocked oselectand restart theelectcall to allow colli-

sions to compete for the data.

if (kt_wchan(my_sel_struct->read_waiter) ==
(caddr_t)&selwait)
my_sel_struct->state |= READ_COLLISION;
else
my_sel_struct->read_waiter = u.u_kthreadp;
break;
case FWRITE:
/* If this if statement is true, then there is a device
that can be written to. Return true. */
if (device is ready for more data){
spIx(s);
return(1);

}

The following code is executed if the device is not ready to write. If some
other process is already set to be notified upon this same condition, and is
blocked on theselectcall, there is a collision.

if ( kt_wchan(my_sel_struct->write_waiter) ==
(caddr_t)&selwait)
my_sel_struct->state |= WRITE_COLLISION;
else
my_sel_struct->write_waiter = u.u_kthreadp;
break;

When we return Gselectsleeps orselwait, waiting for the driver to find the
condition true and wake the process up.

splx(s);
return (0);
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When the driver knows there is more input, or it knows output can be started,
it wakes up any processes that might be sleeping for this condition by calling
selwakeup Thedriver_output_readyroutine is called when the driver finds
that the device is ready to output more characters. The skeleton for
driver_output_ready looks like this:

driver _output_ready (mystruct)
register struct my_sel_struct *mystruct;

{

[* if a process is sleeping on a select for this
condition, wake it up. */
if (mystruct->write_waiter) {
selwakeup(mystruct->write_waiter,
mystruct->state & WRITE_COLLISION);
mystruct->write_waiter = 0;
mystruct->state &= ~WRITE_COLLISION;

}

Thedriver_input_ready routine is called by the driver when the device/
driver has input available. The skeletondover_input_ready to wake up
any processes sleeping on the read condition looks like:

driver _input_ready (mystruct)
register struct my_sel_struct *mystruct;

{

/* if a process is sleeping on a select for this
condition wake it up. */
if (mystruct->read_waiter) {
selwakeup(mystruct->read_waiter,
mystruct->state & READ_COLLISION);
mystruct->state &= ~READ_COLLISION;
mystruct->read_waiter = 0O;

The mask returned to the user applies only to the particular moment in time
when thedriver_selectroutine was invoked. Kelectreturns true for a par-
ticular file descriptor, it does not necessarily guarantee that the device will
still be ready when a read or write is later issued to this file descriptor.
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For each file descriptor specified usswject the corresponding
driver_selectroutine is invoked. If more than one file descriptor has the
same major numbeselectinvokes thedriver_selectroutine multiple times.

If an error is detected by tligiver_selectroutine, the routine should return
false (zero) and an errorunu_error if selecting for read or write, otherwise
true and an error in.u_error if selecting for an exception condition.

Block Device Strategy Routines

This section provides an overview of block I/O and describes the strategy
routine used by block device drivers and some character device drivers.

Overview of Block I/0

When a user issuegead(2) orwrite (2) to a block device, the driver strat-
egy routine in thévdevswtable is called. For block device files, the kernel
caches the data between a user process and the block device.

Block device drivers perform many of the same functionssfad andwrite
requests. The major difference is the direction of data transfer. The
driver_strategy routine does processing for both read and write requests,
usually starting the I/O transaction and returning to the routine that invoked
it.

For awrite, the kernel copies the data from the user’s buffer to the allocated
file system buffer. The kernel then calls thiver_strategy routine, passing

as a parameter a pointer touf structure (also referred to as a buffer
header). Théuf structure contains a pointer to the associated buffer in the
file system buffer cache. Thieiver_strategy routine uses the information in
thebuf structure to process the I/O request. For a write request, the
driver_strategy routine should schedule the transfer of data from the buffer
to the device.

For write requests, whairiver_strategy returns, if the write is asynchro-
nous, the kernel does not wait for the I/O to complete, but immediately
returns to the user process. If the write is synchronous, the kernel waits for
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the 1/0O to complete by issuing a callitavait. Therefore, the lower half of
the driver must issue a callimdonewhen the I/O request is complete.
When the I/O completes, the kernel returns to the user process.

When aread is performed on a block device file, the kernel first checks the
buffer cache for the requested data. If the kernel finds the buffer associated
with the particular device and block number, the requested data can be
returned to the user process without invokingdtieer _strategy routine. If

the kernel does not find the buffer associated with the particular device and
block number, then the kernel allocates a buffer for this device and block
number, and calls ttariver_strategy routine to schedule the transfer of data
into this buffer.

For read requests, whdniver_strategy returns, if the 1/O has not com-
pleted, theead system call waits for the 1/0 to complete by issuing a call to
iowait. Therefore, the lower half of the driver must issue a catidone

when the I/O request is complete. Whiead is awakened by the call to
iodone read copies the data from the file system buffer to the user’s buffer.

Once a block is in the buffer cache, the kernel determines how long the block
stays in the buffer cache. The kernel determines which buffers have not been
accessed in a long time and either callsdttieer_strategy routine to write

the buffer to the device if they have been maodified, or reuses the buffers if
they have not been modified.

The driver_strategyRoutine
Thedriver_strategy routine can be called:

e As aresult of a read or a write on an ordinary file, a directory, or a block device

« By thedriver_readordriver_write routine as a result of a read or write on a char-
acter device file

Use adriver_strategy routine to perform 1/O to or from the device. The
functions performed by this routine include:

 Initializing any data structures
* Adding the I/O request to a queue, if necessary
» Setting a flag indicating that I/O is in progress

* Returning to the calling process
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After scheduling an I/O request, ttigver_strategy routine returns to the
routine that invoked it. Thdriver_strategy routine must not issue a call to
sleeff). The process that invokdsiver_strategy is responsible for deter-
mining whether or not to wait for the 1/O to complete.

On completing the I/O request, the lower half of the driver should:

1 Sets_ERRORINb_flags,and seb_error in thebuf structure to aerrno value,
if an error occurred, for example:

buf->b_flags = buf->b_flags && B_ERROR,;
buf->b_error = errno;

2 Setb _residto indicate the amount of data not transferred.

3 Wake up the top half by callirigdone,assuming the top half calléolwait.
Thedriver_strategy routine has the following signature:

driver _strategy (bp)
struct buf *bp;

bpis a pointer to &uf structure that contains all the information about the
request that the driver needs in order to perform the I/O. The
driver_strategy routine uses the information in the buffer header to process
the 1/O request.

driver_strategyfor write()

As a result of avrite system call to a block device file, the kernel allocates a
kernelbuf structure and a kernel buffer for the 1/0 request. The kernel asso-
ciates the buffer with the particular device and block number the buffer rep-
resents.

The kernel fills in the buffer header with other information describing the
I/O request. For example, the kernel setsthveriTE flag inb_flagsto indi-
cate to thalriver_strategy routine that the request is a write request.

The kernel maps the data in the user’s data area into the kernel buffer. The
kernel then sets the unb_addr field to point to this kernel buffer. Then the
kernel calls thelriver_strategy routine, passing a pointer to tihif structure

as a parameter. Thigiver_strategy routine now has exclusive access to this
kernel buffer.
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Thedriver_strategy routine performs the 1/0 to the device. For write

requests, it schedules the data in the kernel buffer to be copied to the device.
It should then return to the routine that invoked it. If the write is asynchro-
nous, thewrite system call does not wait for the 1/0 to complete but returns

to the user, so the value returned to the user process simply indicates that the
data has been successfully copied to the buffer cache and scheduled for 1/0.
If the write is synchronous, tiverite system call invokemwait and waits

for the 1/0 to complete.

When the I/O completes, the lower half of the driver betssid to the
amount of data not transferred. It setsrrorin bp->b_flagsand sets
bp->b_error to anerrno value if an error occurred, and catislone. Any
process sleeping on the buffer is awakenewbtgne This buffer anduf
header can now be used by another process.

driver_strategyfor read()

Forread system calls performed on block device files, the kernel first checks
the buffer cache for the requested data. If the data is in the buffer cache, the
kernel copies it to the user's data area and returns without calling the
driver_strategy routine. If the data is not in the buffer cache, the kernel allo-
cates a kernddufstructure and a kernel buffer for the I/O request. The kernel
associates the buffer with the particular device and block number the buffer
represents. The kernel fills in the buffer header with other information that
describes the I/0 request. For example, the kernel setsrbep flag to

indicate to thelriver_strategy routine that the request is a read request.

For read requests, tlagiver_strategy routine schedules the data to be cop-
ied from the device to the kernel buffer. It should then return to the routine
which invoked it. For read requests on block device files, the kernel always
waits for the I/O to complete before returning to the userrdhe system

call invokesiowait, and waits for the 1/0 to complete.

When the I/O completes, the lower half of the driver shouldseb_resid

to the number of bytes not transferred;essekror setbp->b_error to an

errno if an error occurred; and catidone Theread system call copies the
data in the kernel buffer into the user’s data area so that it is available to the
user process. The kernel releasedtifestructure by clearing the Busy

flag, and callsvakeup to wake up any processes sleeping on the buffer.

The code below shows the driver routine namhecer_strategy:.
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#include <sys/types.h>

#include <sys/errno.h>

#include "/usr/conf/wsio/vme2.h"

#include <sys/buf.h>

struct skelregs *skel; /* board registers  */
struct buf *skelbuf;  /* io buffer *

char r_int_enable_reg; /* software reg copy */

driver _strategy(bp)
struct buf *bp;
{ . .
int pri;
register caddr_t addr;
register short cnt;
struct isc_table_type *isc;
dev_t dev = bp->b_dev; /* set in physio routine */
isc = dev->isc;
pri= spl4();
addr = bp->b_un.b_addr;
cnt = bp->b_bcount;
[* set up device; if_reg_ptr is set up earlier */
skel = (struct skelregs *)isc->if_reg_ptr;
skel->registerX = .........
if (bp->b_flags & B_READ){
[* This device doesn't read */
bp->b_flags |= B_DONE;
spix(pri);
return(ENXIO);

}
else{
/* Complete Write Transfer */
if (~cnt) {
bp->b_flags |= B_DONE;
spix(pri);
return(0);
}
else driver _start (bp);
}
splx(pri);

}
driver _start (bp)

struct buf *bp;
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addr = bp->b_un.b_addr;

cnt = bp->b_bcount;

/* special last byte setup, if needed */

if (cnt==1) /*last byte, do it now */
skel->control = AUX_SEOI;

skel->int_enable_reg = DOIE;

skel->data_out_reg = *addr++;

bp->b_bcount--;

driver _isr (isc, arg)
struct isc_table *isc;
int arg;

{

skel->chl.status_reg = D_CLEAR;
skel->int_enable_reg = ~DOIE;
r_int_enable_reg |= skel->int_enable_reg;
r_int_enable_reg &= ~DO;
cnt = skelbuf->b_bcount;
if (cnt ==0)

iodone(skelbuf);
else driver _start(skelbuf);

Writing Synchronous Host DMA Strategy Routines

If you write adriver_strategy routine to set up and initiate DMA, your
driver_strategy routine should:

1

3

Call vme_dma_setugo set up the chain of DMA requegteeSee “Syn-
chronous Local Host DMA” on page 4-8). You may wish to do this from
within adma_setu() routine that you also write.

Call vme_dma_startto set up the chain of transfers. You may wish to do
this from within adma_starg) routine that you also write.

Return.

The following code showsdriver_strategy routine:
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driver _strategy(bp)

struct buf *bp;

{

struct isc_table_type *isc;

struct dma_parms *dma_parms;

dev_t dev = bp->b_dev; /* set in kernel physio routine */

int ret, pri;
isc = dev->isc;
isc->owner = bp;
isc->dma_parms = (int)

io_malloc(sizeof(struct dma_parms),IOM_WAITOK);

dma_parms = (struct dma_parms *)isc->dma_parms;
bzero(dma_parms, sizeof(struct dma_parms));
dma_parms->addr = bp->b_un.b_addr;
dma_parms->count = bp->bp->b_count;
dma_parms->drv_routine = driver _wakeup;

/* set flags according to transfer desired */

if (DRIVER_TRANSFER TYPE == A32)
dma_parms->dma_options |= VME_A32_DMA,;

else
dma_parms->dma_options |= VME_A24_DMA,;

if (DRIVER_MAP_TYPE == SLAVEMAP)
dma_parms->dma_options |= VME_USE_IOMAP;

/* begin critical section */
pri = spl 6();
while (ret = vme_dma_setup(isc, dma_parms)) {
if (ret == RESOURCE_UNAVAILABLE)
sleep(dma_parms, PZERO+2);
else if (ret<0) {
bp->b_error = EINVAL;
bp->b_flags |= B_ERROR,;
iodone(bp);
spix(pri);
io_free((caddr_t)dma_parms,
sizeof(struct dma_parms));
return (0);

}

splx(pri); /* end critical section */
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[* reset card */
if (bp->b_flags & B_READ)

[* Perform read-specific card set up */
else

[* Perform write-specific card set up */

driver _dma_setup(isc);
driver _dma_start(isc);

Strategy Routines for a Remote Master's DMA

Remote DMA controllersrun as masters on the VME bus and provide their
own hardware to DMA the memory on your VME-Class host. Your
driver_strategy and its associated DMA setup and ISR routine for a simple,
remote DMA controller may be modeled on the examples shown below.

The following code showsdriver_strategy routine that:

1 Sets up alma_parmstruct.

2 Callsvme_dma_setupn REMOTE_DMA mode to set up Series 700 mapping
hardware on local board..

3 Callsremote dma_setupwhich sets up the registers for a single chain and then
starts the card’s DMA controller (see “Remote DMA Setup Routine” on page 4-
18).

When the card’s DMA controller is done, it interrupts, andréneote isr
routine runs:

remote_strategy (bp)

struct buf *bp;

{
struct dma_parms *parms;
int pri, ret;

parms = (struct dma_parms *)

io_malloc(sizeof(struct dma_parms), IOM_WAITOK);

bzero(parms, sizeof(struct dma_parms));

if (isc->owner != NULL) /* someone else using bp? */
sleep(isc, PRIBIO);
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isc->owner = bp;
isc->dma_parms = parms;

parms->dma_options |= VME USE_IOMAP;
parms->dma_options |= VME A24 DMA;
parms->addr = bp->b_un.b addr;
parms->count = bp->b_bcount;
parms->drv_routine = remote_wakeup;
parms->drv_arg = parms;
parms->dma_options |= DMA WRITE;

pri = spl6();
while (ret = vme_dma_setup (isc, parms)}{
if (ret == RESOURCE UNAVAILABLE)
sleep(isc->dma_parms, PZERO + 2);
else if (ret < 0) {
io_free (parms, sizeof(struct dma_parms));
bp->b_error = EINVAL;
bp->b_flags |= B ERROR,;
isc->owner = NULL;
wakeup (isc);
spix(pri);
iodone(bp);
return;
} else break;
}
splx(pri);
bp->b_resid = 0;
remote_dma_setup(isc);
return;
}
remote_wakeup (parms) /* Remote Card WAKEUP */
struct dma_parms *parms;
{
wakeup(parms);
return(0);

}

As seen in the above example, if a driver wsee_dma_setupits strategy
routine callsyme_dma_setupto set up the chain of DMA requests. It then
calls thedriver_dma_setupoutine to set up the chain of transfers, and then
perhaps ariver_dma_stat to start the first DMA transfer. The remaining
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transfers on the chain are started fromdhieer_isr routine, when the card
has completed and interrupted the system. This arrangement ensures that
only one transfer is being initiated at a time. When yiver_strategy

returns tagphysio, physio callsiowait, waiting for the 1/0O to complete. 1/0
completion is indicated by a call imdone.

Writing Asynchronous Host DMA Strategy Routines

Asynchronous DMA allows your process to continue while the DMA takes
place. When the DMA finishes, a routine that you specify is called.

Asynchronous DMA strategy routines typically have three parts:

» A strategy routine that initiates DMA activities among other activities
* Alauncher to initiate the DMA

* A cleanup function after the DMA terminates

The following example illustrates these latter two parts with its functions for
skel_dma_queueandskel_dma_complete

static int skel_dma_queue (bp)
register struct buf *bp;
{

caddr_t *vme_address;
int modifier, priority, wrt, arg;
[* printf ("skel_dma_queue: buf = 0x%x\n", bp); */

bp->b_resid = bp->b_bcount; /* not
transferred */
[* validate transfer amount */
if (bp->b_bcount){
/* get the source/destination address */
vme_address =. .. [*yourVME addr
*/
/* set up transfer mode */
modifier=vme_get_status_id_type(bp->b_dev->isc);
priority = DMA_NORMAL,; /* set up dma priority */
/* arg to pass to completion routine */
arg = bp;

6-35



Writing Driver Entry Points
Writing Asynchronous Host DMA Strategy Routines

/* read or write command */
wrt = (bp->b_flags & B_READ):
DMA_READ ?
DMA_WRITE;

/* queue the dma request to be processed */

if ((ret = vme_dma_queue(u.u_procp,
bp->b_un.b_addr, bp->b_bcount,
vme_address, modifier, wrt,
priority, skel_dma_complete,

arg)) < 0){
goto STRATEGY_ERROR;

}
}
return (0);
STRATEGY_ERROR:
if (!(bp->b_flags & B_DONE)){
if (bp->b_bcount){
bp->b_error = EIO;
bp->b_flags |= B_ERROR,;
}
}

return EIO;/* outer strategy routine calls iodone */

skel_dma_complete (who, buffer, result, count, arg)
int who;
caddr_t *buffer;
int result, count, arg;
{
struct buf *bp = (struct buf *) arg;
/¥ printf ("skel_dma_complete\n™); */
/* error during dma transfer */
if (result < 0){
bp->b_error = EIO;
bp->b_flags |= B_ERROR,;
}
/* amount not transferred */
bp->b_resid = bp->b_bcount - count;
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/* notify your strategy routine so that it can call
iodone() when ready */

Transfer Routines

Thedriver_transfer routine is an optional interface driver routine called by
the device driver (generally via tkeiver_strategy routine through thdsw
pointer) to perform the interface-dependent part of I/O setup and initiation.
If the interface driver supports multiple types of transfers (DMA, handshake,
interrupt, etc.), theriver_transfer routine determines which type of trans-
fer to implement for each 1/0 request and then initiates the transfer.

The functions performed bydxiver_transfer routine include:
» Determining type of transfer to perform (if appropriate)
» Setting up interface for transfer

» Initiating transfer

The parameters ofdriver_transfer can be defined based on the type of
information that is needed in the device driver(s) strategy routine.

#define INTXFER 1
#define DMAXFER 2
driver _transfer(bp,type)
struct buf *bp;
int type;
{
if (type == INTXFER)
/* routine to transfer using interrupt */
skel_int_xfer(bp);
else if (type == DMAXFER)
/* routine to transfer using dma */
skel_dma_xfer(bp);
else
??7? [* probably panic unknown xfer type */
iodone(bp);
return;
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Close Routines

When a user uses thsg?2) system call on a device file, the overall pro-
cess works as follows:

1 Theclosecalls the corresponding driver routine via tlevswtable.

2 Thedriver_closeroutine is called only on the last close of the device file (unless
thec_ALLcLoOsEsflag is specified in the device switch table entry for the device).

3 Callingdriver_closddeV) only on the last close of the device prevents a process
from closing a device if another process is accessing it. If the device has more
than one unique device numbeéey, thedriver_closeroutine is called on the last
close of each unique device number.

4 |If the file being closed is a block device file that is still mounted, then the block
device file cannot be closed. In this case dbsesystem call returns without
calling thedriver_closeroutine.

It is possible for a device to be referenced by two different inodes (device
files). The device must remain open until all active inodes for the device are
closed. If more than one active inode (e.g., there are two device files with the
same major and minor number accessing the same device) exists for the
same device, thariver_closeroutine may be called prematurely.

A driver can compensate for this by setting¢he LcLosesflag and main-
taining its own open count. However, setting¢he LcLosesflag does not
guarantee that thdriver_closeroutine will be called on every close of the
device. It will be called whenever the link count in the inode is 0 or 1. This
suggests that it will not be called, for instance, when an open file descriptor
is inherited by a forked child process and the child closes the device file.

driver_close

Thedriver_closeroutine is the device driver entry point foclaseper-
formed on a block or character device file. Overall ditieer _closeroutine
does the following:

1 Completes any in-progress 1/O.
2 Releases any data structures.

3 Clears the open flag, indicating the device is closed (for exclusive open devices).
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For example, actions typically performed bglisk closeroutine for a
floppy disk might include unlocking the door. Functions performed by a
tape_closeroutine might include rewinding the tape.

Although the user specifies a file descriptor indlosesystem call, the
driver_closeroutine is invoked by the kernel with:

driver _close (dev, flag)
dev_t dev;
int flag;

and the following parameters:

» dev—The device number of the file to be closed. @iheer_closeroutine can ex-
tract the major and minor number from the device number by cafiajgr ().

» flag—A value corresponding to thuglag field in theopensystem call. (Refer to
“Open Routines” on page 6-6 for values that can appear flathparameter,
which mostdriver_closeroutines actually ignore.)

Your driver_closeroutine need not return a value. The kernel always returns
success (zero) to the user process on a close, ignoring the return value from
the driver.

int skel_card_opened;
int skel_card_isc;
driver _close (dev, flag)
dev_t dev;
int flag;
{
register struct isc_table_type *isc;
char *card;
isc = dev->isc;
if (isc == NULL) /* no device at selcode */
return;
card = (char *)(isc->card_ptr);
/* Nobody's using the card, so disable it */
card->registerX = ....
[* Enforce exclusive open, if implemented. */
skel_card_opened = 0;

}
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Overview of Installing VME Devices

This chapter describes the installation of a VME device into HP-UX. It dis-
cusses the following steps:

Installing the VME Services product onto each HP-UX system in the cage.
Installing the VME card in the backplane.

Developing a device driver for the card so that HP-UX can access it.
Editing system files so that the device driver can be built into the kernel.
Compiling the driver.

Building the driver into the kernel.

Editing the configuration file that specifies the configuration information.

0 N o o B~ W N B

Usingvme_configto determine the number designated for this board, and update
the configuration file with the appropriate CPU number.

9 Runningvme_configto read the configuration file and save its data in an EE-
PROM that HP-UX can read at boot time.

10 Rebooting the HP-UX system.
Note that Steps 7 through 9 are explained in Chapter 8.

Installing the VME Product

Before configuring VME resources, you may need to install the VME Ser-
vices product, which contains tkime2driver and theeme_configsoftware.

1 Log in as superuser.

2 Check to see if the fileset is already installed, by entering the command:

Jusr/sbin/swlist VME-Services

If the product is already installed, you will see a listing; otherwise a message
indicates that the product was not found.

3 If the product is not installed, run teeinstall utility to add thevme2driver to
the kernel and reboot:

/usr/sbin/swinstall VME-Services
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Accept the default parameters tkatinstall provides, unless you want to
change the depot from the defawtir/spool/sw to another depot—such as
dev/rmt/Om (DAT tape) o/mnt/cd (CD-ROM mount point)—supported by SD,
the HP-UX Software Distributor. For more information, segnstall(1M).

Verifying the vme2Driver

To use VME Services, you need three2driver. When you installed the
VME-SERY fileset above, this driver should have been added to the HP-UX
kernel. To check this:

1

8
9

Start the HP-UX system administration manager, SAM:
/usr/sbin/sam

(For more information on using SAM, see thE-UX System Administration
Tasksmanual.)

Select Kernel Configuration and press the Open button.
Select Drivers and press Open. A list of drivers appears.

Scroll through the list until you seene2 If vme2is in the kernel, its current state
is marked “in,” and you can exit SAM.

If the current state ofme2is “out,” selectvme2driver.

Choose Actions->Add Driver to Kernel. The entry for the driver in the column
Pending State changes to “in.”

Reconfigure the kernel to implement the change by choosing Actions->Create a
New Kernel.

Press Yes to confirm that you want to reconfigure the kernel now.

Choose Create a New Kernel Now. (This requires a reboot of your system.)

10 Follow the prompts to regenerate and reinstall the new kernel.

11 Choose the option to move the kernel into place and reboot the system now.
12 Press OK.
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Choosing a Kernel Configuration File

You can tell SAM to enable or disable the overwriting of the kernel configu-
ration file, stand/system If you choose:

» Disable—fstand/systemwill notrepresent your current kernégtand/vmunix)
when you reboot your system. Instegstiand/system.SAMrepresents your cur-
rent kernel configuration after you reboot your system.

e Enable—SAM movesstand/system.SAMto /stand/system overwriting any
comments you have added.

If you do not want SAM to overwritéstand/system because of comments
you want to retain:

1 Choose the SAM option to disable overwriting the kernel configuration file.
2 Move the kernel into place (optionally rebooting the system).

3 Copy your comments frorstand/systemto /stand/system.SAM
4

Be careful to add only your comments to the file. At this stage, you/stantd/
system.SAMto reflect your current kernel configuration.

(6]

Copy or savéstand/system.SAMto /stand/system

The kernel configuration filéstand/systemnow represents the currgatand/
vmunix kernel.

NOTE: HP highly recommends that you cho@seable so that'stand/systemis
the kernel configuration file and is up to date with the executing kernel,
/stand/vmunix, because some system software depends on this.

Installing a Card in the VME Backplane

The VME standard allows two card sizes:

» Half-height or 3U cards. These cards connect to the VME backplane using only
one of the two backplane connectors. 3U cards often have either 3U or 6U cover
plates, allowing them to be placed in either a half-height or full-height chassis.

» Full-height or 6U cards. These cards connect to the VME backplane using both
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of the backplane connectors.

For information on the power available in each VME slot, see the service
manual for your HP 9000 VME-Class.

Take the following steps to install a VME card:

1

Ensure that your VME card configuration matches the configuration specified in
thevme.CFGfile (see “vme.CFG, the VME Configuration File” on page 8-2).

The file/varfadm/vme/system.logcontains a description of your current config-
uration. The documentation for your card should explain how to configure the
card. You may need to set card switches and jumpers, or configure the card from
an application program.

If the card provides a system controller capability, disable it with a switch or
jumper. The card’s documentation should explain how to do this.

Also see your VME card’s installation manual, then set any configurations that
may be required for your application.

Before physically installing the VME cards, shut down the system. See the ap-
propriate hardware owner’s guide for installation instructions.

See your HP-UX and VMEbus manuals for information on the VMEbus acces-
sory card’s application, loading the software, and running it.

Making Device Files for Your Drivers

The device file supplies information about the major device type (the device
driver number) and device location. For cards and processors, the card’s sup-
plier should provide specific information to create the device files.

For more information, seaknod(1M).

To create a device special file for your device driver indbe directory:

1

Use thdsdevcommand to identify the major numbers assigned to device drivers
in your current kernel.

Use thesu command to become the superuser.

Use themknod() command to create the necessary device file(s) for the card’s
driver and any peripherals that will be attached to the card:
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mknod /devimy_driver device_type major_numberinor_numbefr

In the syntax aboveny_driveris the name of your drivedevice_typés eitherb

for block orc for character devicesajor_numbeis your choice of a number

that has not already been assigned to a device drivemiaod_numbeis a

number that can be represented in 24 bits, either specified as a decimal or hex.

For example, the command
mknod /dev/my_driver ¢ 59 0

creates a node for a character driver with a major number of 59 and a minor
number of 0. The major number provides an index into the character (or block)
device switch table. The major and minor number together are represented in 32
bits and are used as the first argumdat)(to all driver entry points.

Editing System Files for the Driver

Multiple master files irlusr/conf/master.dreplace the pre-10/@tc/master

file in providing entry points for the device switch tatideevswand

cdevsw as well as configuration information about drivers. From these files,
theconfig command generates a comprehensive master file.

After you create anasterfile to describe your driver, you also need to mod-
ify a build file namedystem

Creating a Master File for Your Driver

Copy another master file from thesr/conf/master.ddirectory to use as a
template. Name your master file uniquely so that it identifies your driver, so
that customers, other programmers, or other administrators will recognize
the connection. Make the file name no longer than 14 characters, not con-
taining the wordsoreor rmtbranch nor the characters for a period (.), tilde
(=), or pound sign (#).

Don’t add your driver’s information to one of the existing master files
supplied by Hewlett-Packard insr/conf/master.d These files may likely
be overwritten by a future HP-UX release.
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Four sections of a master file need to be edited: the install, dependencies,
and two library sections.
The Install Section

The install section of the table is identified by tbei$ER_INSTALL variable

and needs to contain a line that specifies the name of your device driver, so
that the name can later be supplied on the output line for the driver when you
issue theoscancommand. (It's also used elsewhere.)

The Driver Dependency Section

If your driver has dependencies on other drivers, sugmag, you need to
list them in this part of the master file.

The Driver Library Section

Use this section to specify libraries that contain functions used by your
driver. You only need to specify them if they aren’t specified in other master
files such asore-hpux

Editing the Build File

The kernel looks for the name of your driverstand/system which
replaces the pre-10/6tc/conf/dfileas a means of describing a particular
system’s components. Seenfig{1M) for more information about its for-
mat.

To make an entry for your driver in the filtand/system

1 Change directory to the build environmefstgnd/build).
cd /stand/build

2 Execute the system-preparation script to extract the system file from the current
kernel, as follows:

/usr/Ibin/sysadm/system_prep -s system

Thesystem_prepscript writes a system file in your current directory—in this
case, it createstand/build/system

3 Edit the first section afstand/build/systemto add your driver’'s name, which
should match the name you gave infili/conf/master.dimasterfile.

7-7



Installing VME Devices
Compiling the Driver

Compiling the Driver

Before you can build your driver into the HP-UX kernel, you must compile
your driver to generate a hew object file.

Declaring Variables and Functions

You may provide tunable parameters for on-site system administration. In
this section we give you an example of how VME services variables and
functions are declared.

The driver developer defines tunable values:

* By declaring variables inmydriverh file in the/usr/conf/space.h.directory.

unsigned int vmebpn_sockets = VMEBPN_SOCKETS;
unsigned int vmebpn_tcp_ip = VMEBPN_TCP_IP;
unsigned int vmebpn_total_jobs =VMEBPN_TOTAL_JOBS;

* By supplying default values in your master filsr/conf/master.dimydriver.

You can put tunable parameters and their default values into the section labeled

$TUNABLE, as is done for VME BPN'’s tunable parameters:

vmebpn_sockets VMEBPN_SOCKETS 1
vmebpn_tcp_ip VMEBPN_TCP_IP 1
vmebpn_total jobs  VMEBPN_TOTAL_JOBS 16

vmebpn_public_pages VMEBPN_PUBLIC_PAGES 1

The default values can be changed by the user:

» By editing values or by adding new lines to tstand/systentfile. For example,
the following part of dstand/systentfile setsymebpn_socketgo 0 (see “Tuning
VME BPN Pipes” on page 9-6 for what this might mean):

* Generic system file for new computers
* Drivers/Subsystems
graph3

vme2
vmebpn_sockets 0

» By using SAM to produce editable valuedstand/build/conf.SAM.c.
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Compiling the driver
To compile a driver, e.gmydriver.c:

1 Change to the directory that contains your source files:
cd source_directory

2 Use the compiler options shown below:

/usr/ccs/bin/cc -¢ -g -DKERNEL -D_KERNEL\

-DKERNEL_BUILD -D_UNSUPPORTED -D__hp9000s700
-Dhp9000s700 -D__hp9000s800 -Dhp9000s800 -D_WSIO
-l/usr/conf/io +XixduV +Hx0 +R25 +DA1.0 +DS1.0mydriverc

(You can also use the compiler options that you findtand/build/config.mk.)
Note that you must use HP’s ANSI C compiler for #helebug flag to work.
A successful compilation producesngdrivero file in your current directory.

4 Optionally, after you have debugged your driver, you can deletg thpgtion in
the compile command.

Building the Driver into the Kernel

After you have created or edited the master/tdige/conf/master.d/
mydriver, edited the fildstand/system and compiled the driver, if neces-
sary, see thelP-UX System Administration Tasks Manwaad then build a
kernel that includes it by taking the following steps:

1 Choose one of the following two approaches to arrange for your driver’s object
file to be found by theonfig.mk file:

« Assign the object file’s name to theILES macro definition irdstand/build/
config.mk, for example:

OFILES = mydriver .0

Seeconfig(1M) for additional help. You can generate the fi@and/build/
config.mk by using the command:

lusr/sbin/config -s system
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e Add your driver tdusr/conf/libusrdrv.a by issuing the command:

ar -r /usr/conf/libusrdrv.a mydrivero

This approach useonfig.mk's LIBUSRDRY macro to link the kernel and
your driver.

2 Build the kernel by moving younasterandspacefiles into standard areas and
executing the command to make tonfig.mk file:

mv mydriver lusr/conf/master.dimydriver
mv myspace lusr/conf/space.h.dhyspace
make -f config.mk

You may have to wait a moment whidenfig.mk links your driver in with the
rest of HP-UX and builds a file namenhunix_testin your current directory.

If you have tunable parameters imgspacdile, and the compiler fails to link
vmunix because they are undefined, suppiyaster.dfile ( see “Compiling the
Driver” on page 7-8) and repeat Step 2.

3 Move the new system file and kernel into place, after first moving the old system
file and kernel to a safe place (thus, if anything goes wrong, you still have a boot-
able kernel):

mv /stand/system /standfystem.previous.rev_num
mv /stand/vmunix /standimunix.previous.rev_num
mv system [/stand/system
mv vmunix_test  /stand/vmunix

4 If you haven't already configured the device in the appropviae CFG config-
uration file, see Chapter 8.

5 If you haven't updated the workstation’s EEPROM from the configuration file,
see “Updating the Series 700's EEPROM" on page 8-13.

6 Reboot your system with the new kernel:

exec reboot
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To configure a VME device into HP-UX, take the following steps:
1 Editthevme.CFGconfiguration file that specifies the configuration information.
2 Usevme_configto set the appropriate CPU number for this board.

3 Runvme_configto read save the configuration information in an EEPROM.

vme.CFG the VME Configuration File

vme_configlM) reads a file that describes the VME devices in a backplane
card cage, in order to store the information into an EEPROM that HP-UX
reads when the system boots. Thee.CFGfile specifies the address range
for each card that provides memory space, a location monitor, or FIFO; the
interrupt levels for each processor card; and so on.

Edit the configuration file according to the general steps listed here and
described more fully in the next few subsections:

1 Make sure thereis a link frofetc/vme/vme.CFGo/sbin/lib/vme/vme.CFGso
that when you create your own filbin/lib/vme/vme.CFGit will be found by
vme_config(since/etc/vme/vme.CFGs the configuration file thatme_config
reads by default).

2 Change to the directory containing the sample configuration files:

cd /sbin/lib/vme

(The file ar/adm/vme/system.logcontains the current system configuration.)

3 Choose one of the example files as a template and copwitrte.CFG, which
is the default configuration file farmme_config

cp /etc/vmeselected_examplane.CFG

The example files describe the following single card-cage configurations:
» example.CFG—An HP-UX processor and a single card
* example2.CFG—Two HP processors and shared memory
« example3.CFG—Multiple processors and cards, and shared memory
« example4.CFG—VME Backplane Networking

4 Edit thevme.CFGfile
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General Format for Configuration Records

The configuratiomecords have the following types of formatting:

» Two slashes (//) at the beginning of a line introduce a comment, which may be a
reminder of the fields to be specified for a given type of record, for example:

/I Processor Records
/I Name CPU/Card ID Options

R

» Curly braces { and } enclose multi-line, complex record definitions.
* A back slash (V) at the end of a line is used to continue records.
» Numbers are decimal, unless preceded by 0x for hex or 0 for octals.

* M andK suffixes indicate megabytes and kilobytes, respectively.

Common Fields for Configuration Records

Many of the record types specify fields that have a common definition or
meaning, as listed here (not all of which apply to any given record):

» Keyword—an alphanumeric string at the beginning of a record, specifying its
type (roc, card, memory, dma_params interrupt , orslot_1_functions

» Name—a symbolic reference to a processor, card, memory entity, or DMA-capa-
ble HP CPU, expressed as a string of one or more alphabetic characters or an un-
derscore () followed by the same possibilities or the digits 0-9.

» CPU/Card Number—a CPU number, unique from 0 to 31, or a card humber in
the same range, so that there can be at most 32 VME cards and/or CPUs, with a
maximum of 32 boards described in the file. (This number does not need to cor-
respond in any way to the actual location of the card in the VME cage.)

NOTE: The provided configuration files contain required records for HP
processors. Do not delete these records. Instead, modify them to suit your
needs and add any records required for additional cards or processors.
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Card Records

A card record is required for each card (for example, for data acquisition or
instrument control) other than an HP Series 700 processor in the VME bus.
Cards can be VME bus masters or slaves, and they may also supply local
memory.

For third-party cards, if the supplier provides complete card records, you can
append them to the endwhe.CFG, or include them with &include path-
nameC pre-processor declaration, for example:

#include  Card Record Filename

The fields in this record, for example,

//Keyword Name CPU/Card Options
card my742i 5

\f

define a card namedy742i, and assign it a CPU number of 5.
In the example above,the following fields apply:

card - Required - keyword indicating the start of a card record
Name - Required -

CPU/card number

opt_
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Memory Records

Memory records are required in the VME configuration file for all entities
such as processors and cards that need VME address space. Memory records
reserve a range of addresses for each processor or card, and specify the card

or processor supplying the physical RAM or registers that the memory entity
uses.

You may still need to set jumpers and switches on the card to correspond to
the reserved memory address, but some cards are hard-coded for particular
addresses, and others are programmable.

Before you specify the memory record, first specify a card record, as
explained in “Card Records” on page 8-4.

The fields in the following record specify a memory address space, starting
address, address range, name, and the VME board containing the memory:

memory A24 {
/IAddress Name Card/Proc  Options
1 Name

0x800000:0x10 mem1 io_board
0x800010:0x10 mem2 io_board

}

Theaddress modifier(shown above a&24) indicates which VME address
space the object is to occupy. A16, A24, and A32 indicate all subspaces in
their respective address space. They provide a convenient approximation for
cards that occupy several but not necessarily all subspaces of a space. This
field can be one or more of various names—see Table 8-1.
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Table 8-1 Names for Memory Address Modifier Declarations
Name Name Name Explanation
Al62 A24 A32 Standard address madifiers, including all
subspaces

A16L2  A24LP A32LP Lock cycles, for multi-card synchronization

A24NB64 A32NB64 Non-privileged, 64-bit block transfer

A16N? A24ND A32ND Non-privileged data space

A24NB A32NB Non-privileged, 24- and 32-bit block transfer
A24SB64 A32SB64  Supervisory, 64-bit block transfer

Al16S* A24SD A32SD Supervisory data space

A24SB A32SB Supervisory, 24- and 32-bit block transfer

a. Not valid for HP Models 742/747 and 743/744.
b. Not valid for HP Models 742 and 747.

Theaddress(alignment) field (shown above as 0x800000:0x10) can be
specified in the following formats:

starting-endingaddresses for cards that only operate at a certain address range.
For example, 0x001000000-0x0001FFF means that the card occupies the address
space between these two values. (Note that a hyphen separates the addresses.)

starting_addressizefor cards that can operate at a certain address range. For ex-
ample, 0x00100000:8K means that the card occupies the 8 Kbytes of address
space from 0x00100000 through 0x00101FFF. (Note that a hyphen separates the
addresses.)

align numsize(alignment and size) for processors that can be configured to their
specific address boundaries. For examglign 8K:8K means that the card oc-
cupies 8 Kbytes of address spacarat8-Kbyte address boundary.

Align lets you specify an address boundary requirement and range size instead
of exact addresses. Any memory entities to be accessed through the slave map-
per (see below) should have alignments that are integral multiples of 4 Kbytes.

For HP-UX 74x processors, idlign is used for the direct or slave mapper,
vme_configwill assign a location and will place this location into the board’s
EEPROM so that VME Services will configure itself correctly. It is important
that memory statements about all of the cards are put intoa@B@ file so that
vme_configdoes not accidentally assign memory that another card occupies.
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Thenamefield (shown above asem) specifies a name for this segment of
memory.

Thecard/proc name(shown above a®_boargd is the name of the previ-
ously declared card or processor that provides the physical memory, whether
shared RAM, card registers, hardware FIFOs, etc.

An optionalaccesstypefor HP-processor memory entities can specify
slaveanddirect_map_to addresswhere

» slave(default) says that the processor’s slave map is used to access the memory

» direct_map_toaddressndicates that the processor’'s A24 and/or A32 direct map
window(s) are to be used to access this memory’s entity, mapping it to the pro-
cessor's RAM, starting at physical addradsiress

» fifo—To reserve space for the FIFO.

» loc_mon—To reserve space for the location monitor.

Configuring Processor-Related Records

The processor-related records include:
» Processor records
e Interrupt records

» Slot 1 function records (optional)

Before you specify the processor-related records, first specify a card record,
as explained in “Card Records” on page 8-4.

Processor Records

A processor record is required in the VME configuration file for each CPU
in the VME bus. This record contains the required fields foptbe key-

word, the name of the processor, the CPU number (set to an asterisk “*” for
third-party processors), and the revision code ID, as seen in the example
below:
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//Keyword Name CPU/ ID Options
Card

proc hp747i 0O ID_hp747

reqg_Iv=BR3\

The revision code ID uniquely identifies HP hardware for internal consis-
tency checking. (For third-party processors, use specify that internal
checking doesn't apply.) You can use tipp C pre-processor tédefinelDs

at the top of the file, for example:

#define ID_hp743 Oxd1
#define ID_hp748 Oxd1
#define ID_hp742 0x51
#define ID_hp747 0x51

Several options are pertinent to processor cards:
» keep_bus—An optional decision to keep the bus or not.

» pb_resetvalue—Where a value dfue (default) enables the push-button reset
switch. (On HP Models 742 and 747, this option may not be $aisto)

» req_Iv—An optional bus request level for VME transfeBf0, BR1, BR2, or

BR3 (the default). This option defines the level at which a VME master or an in-
terrupt handler requests the bus. Arbitration between these levels is specified by

setting an arbitration mode—see “Slot 1 Function Records” on page 8-9. This
value may be different in th@oc record (which is for non-DMA transfers) than
in thedma_paramsrecord.

* req_mode—An optional requesRWD, ROR (the default), oFAIR, specify-
ing when a VME master releases the bus: when it's d®WX), when it's done
and another master requests the lROR), or at the end of the current cycle
(FAIR). (See “Releasing the VME Bus” on page 8-10 and “DMA Parameter

Records” on page 8-11 for a slight difference in meaning for these values when

configuring a DMA-capable board.)

* vme_sysresetwvalue—Causes a VMEBYSRESETsignal to reset the processor
(valuedefaults tarue)
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Interrupt Records

Interrupt records assign interrupt request lines to processors. There can be
only one CPU per interrupt line. For example, if processor 1 handles inter-
rupt line 3, no other processor can handle line 3.

The interrupt record specifies a number or interrupt range or list, and the
name of a processor or card. The fields in this record, for example,

interrupt {
1-3,5 hp747i // interrupt range and list
4,7 hp742rt // interrupt list
6 hp743rt // interrupt handler
s

specify that the first processor handles interrupt lines 1, 2, 3, and 5; the sec-
ond handles lines 4 and 7, and the third processor handles interrupt line 6.

Slot 1 Function Records

If Slot 1 records aren't preset, defaults are used. These records do not apply
to third-party slot 1 controllers. They set up configuration parameters for the
entire system, since Slot 1 is the arbiter board. The fields in this record, for
example,

slot_1 functions timeout = 160, arb_mode =PRI

-

specify the:

» time-out—A value in microseconds (one of: 10, 20, 40, 80, 160, 320, 640, or
1000), defaulting to 160, for how long the bus will wait for a data transfer ac-
knowledge before generating a bus error. Set this value as small as possible, but
allow sufficient time for the slowest card in the system.

» arb_mode—The arbitration modeéPRI (the default) for priority arbitration,
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RRS for round-robin. FOPRI, request leveBR3 has the highest priority and is
serviced first, followed bBR2, BR1, andBRO, which has the lowest priority.
(See “req_Iv” on page 8-8.) RRS, the request rotates through all the levels, as
described below in “Requesting the VME Bus,” below.

* powerup_resetvalue—Option (not shown above), defaultingttoe to specify
that the Slot 1 controller will assert the VMESRESETWhen it initializes its
VME subsystem. This causes a reset on all the other VME cards. However, if
some of them are active when the controller powers up, this will disable them.

Requesting the VME Bus

You can request the level at which a VME master or an interrupt handler will
request the bus, by setting the optiamea Iv=value parameter of a proces-
sor record to @alueof BRO, BR1, BR2, or BR3. However, this is only a
request, and how it is honored depends orathiration mode.

The VME bus requires an arbiter to mediate bus requests, since more than
one device or interrupt handler might request the bus at the same level. Each
card in the bus may have an arbiter, but only the arbiter on the system con-
troller card in Slot 1 is used.

The arbitration mode defines how the system determines which request level
to handle first. This can be set in the Slot 1 function record of the VME con-
figuration file by usingrb_mode=value,wherevalueis one of the follow-

ing choices:

» PRI—Priority arbitrary (the default) gives tiBR3 request the highest priority,
and other levels are serviced in the of8B2, BR1, andBRO when and if they
are present.

*»  RRS—Round robin select gives each of the four request levels an equal priority,
but it rotates through them in ascending numeric order, BB®to BR1. If
more than one card uses the same request level, the card in the slot closes to Slot
1 has priority because of hardware daisy chaining.

Releasing the VME Bus

You can specify an optionedq_mode=valuein the processor record on the
Series 700, wherealuecan be one of the following:

» RWD—Release When Done, the default, specifies that a VME bus master gets
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the bus and finishes its task before releasing it so that another master can use it.

* ROR—Release On Request specifies that a VME bus master can finish its task
and keep the bus until it's requested by another master. This mode may be useful
if a particular master in the system is doing most of the work and frequently re-
quests the bus.

* FAIR—Fair Request is used when there are multiple bus masters on a single re-
quest level, to specify that a VME bus master should release the bus at the end of
the current cycle and wait to re-request it until no other masters (at the FAIR re-
quester’s level) need the bus. Thus, all masters on a single level have an equal
chance to obtain the bus. If any requester on a level implements FAIR, all re-
questers on that level should implement FAIR.

Combining Levels and Modes

Set the bus arbitration modeR&| so that the most critical work gets done
first. For instance, if you have two VME bus masters, and Master 1 is doing
the more important task:

1 Assign Master 1 to thBR3 request level
2 Set the bus arbitration mode to Priority
3 Set Master 1's request mode to Release on Request.

This ensures that Master 1 gets the highest priority request level (which the
bus arbiter services first), and that it does not have to release the bus until
another master requests it.

If you must put more than one bus master on the same request level, ensure
that neither master is doing critical work, and use the FAIR request mode.

DMA Parameter Records

The optional DMA parameter records specify non-default values for HP pro-
cessors with VME DMA capability.
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DMA parameter records are only needed for unusual situations, such as a
system with more than five DMA-capable processors, each producing fre-
guent, large DMA bursts. In such cases, bus-own time could be decreased, or
wait time could be increased, to prevent starving other processes.

Before you specify the DMA record, first specify a card record and
processor record, as explained in “Card Records” on page 8-4 and
“Configuring Processor-Related Records” on page 8-7. There can be only
one DMA record per processor.

The fields in the following record specifiyna_parmsin the requiregroc
keyword field, the name of the processor (hp743i), how long to own the bus
(40 microseconds), how long to wait before requesting it again (2 microsec-
onds), and request level and mode options as described above.

// Proc Bus Own Wait Options

/l Name Time Time
Il (usec) (usec)
dma_params  hp743i 40 2 req_Ilv=BR2\

req_mode=ROR\
keep_bus=FALSE

Because long DMA transfers might hold the bus longer than other requesters
can wait, DMA records includBus Own Time andWait Time values,

which break the transfers into short bursts and give other cards an opportu-
nity to request the bus. These and the optional fields can be specified as fol-
lows:

*  Bus Own Time—From 0 to 51 microseconds, defaulting to 51: the maximum
time that the DMA controller will hold the VME bus per DMA burst.

* Wait Time—From 0 to 51 microseconds, defaulting to 0: how long the DMA
controller waits between bursts after having released the bus and before request-
ing it again.

» keep_bus—An optional decision to keep the bus or not. False by default, it can
be set tdrue to keep the bus, slightly improving VME block transfer perfor-
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mance (at the expense of all other subsystems

* req_Iv—An optional bus request level for VME transfeBf0, BR1, BR2, or
BR3 (the default). This value may be different in grec record (which is for
non-DMA transfers) than in thdma_paramsrecord. This option defines the
level at which a VME master or an interrupt handler requests the bus. If arbitra-
tion mode is set or defaultedR®| (see “Slot 1 Function Records” on page 8-9),
BR3 has the highest priority level and is serviced first. If round robin mode is set
in the Slot 1 function recordRRS), the request rotates though all the levels, from
the highest to the lowest.

* req_mode—An optional requesRWD, ROR, or FAIR, specifying:

* RWD (Release When Done}-That the DMA controller will request the bus,
then transfer data until the specifidds Own Timehas elapsed, then release
the bus, wait folVait Time, and re-request the bus.

* ROR (Release on Requeyst-That the DMA controller will again request the
bus and transfer data until the bus ownership time has elapsed, but at that
point, if there are no other requests for the VME bus, will continue to transfer
data for anotheBus Own Time Otherwise, it will release the bus, wait for
Wait Time, and re-request the buR@R is set by default.)

¢ FAIR—That the DMA controller will request the bus, transfer data Bl
Own Time has elapsed, and release the bus. Afteit Time has elapsed, it
will continue to wait until there are no other requesters on the same bus re-
guest level, and then it will re-request the bus.

Updating the Series 700's EEPROM

After you have edited theme.CFGfile, configure VME resources.

1 Login as root.

2 Check thevme.CFGfile for syntax errors without affecting the system configu-
ration, by using the command:

/sbin/vme_config -c
3 Use the following key sequence:

lerror_number
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to search for specific error messages by number imntige configman page.
(Useman vme_configto bring up the man page, then search.)

4 After fixing any errors in theme.CFGfile, type the following command:
/sbin/vme_config

By default, this reads configuration information frégtc/vme/vme.CFG

(which is normally a link tdsbin/lib/vme/vme.CFG and writes to the non-vol-
atile memory of the processor on which it is executed. If you have multiple HP
processors, you must rmme_configon each of them.

The file/var/adm/vme/system.logcontains a description of your
current configuratiofthe new configuration will not take effect until you
have rebooted the system.
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vme_config Options

Options to therme_configcommand let you check the configuration file
syntax for correctness, specify an alternate file, and view memory assign-
ments—again, seane_configM). These options are as follows:

» -f filename—For specifying an alternate configuration file. For example:
/sbin/vme_config -f example.CFG

» -c—For checking theme.CFGfile for correct syntax without affecting the cur-
rent configuration. For example, to chditk.CFG:

/sbin/vme_config -cf file.CFG

» -m address_modifieFor viewing the location of all memory entities in the
specified memory spacaddress_modifiecan be any entry from Table 8-1 on
page 8-6. For example:

/sbin/vme_config -m Al16

* -h address_modifieFor displaying the empty locations in the specified mem-
ory space. For example:

/sbin/vme_config -h A16

» -eentity_name-For viewing the attributes of the specified entiiptity name
is the name of a processor, card, or memory entity declared in the configuration
file. For example:

/sbin/vme_config -e i7fifo

* -N—For displaying the CPU/card number of an HP processor.

* -N numbes—For changing the CPU/card number of an HP processor, e.g,
/sbin/vme_config -N 2

» -D define—For defining a label to be used i#iédef statement in the configura-
tion file for cpp preprocessor commands.

* -U define—For un-defining previously defined labels.
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Backplane Networking at HP-UX 10.20 and later releases

At HP-UX 10.20, BPN (backplane networking) provides two communica-
tions interfaces for the Models 743 and 744 (it is not available for Models
742[747):

» TCP/IP, providing typical ARPA services suchipsandtelnet, as well as inter-
process communication via Berkeley socket programming and the AF_INET ad-
dress family. TCP/IP provides services between one or more hosts on the
backplane and hosts on Ethernet networks external to the backplane.

 VME BPN pipes between BPN hosts on a single VME backplane, via Berkeley
socket programming using AF_VME_LINK, BPN's new socket domain and ad-
dress family that is several times faster than AF_INET.

To Install BPN:

1 Follow the instructions in the next section to install the fileset for each processor
(see “Installing the HP-UX BPN Fileset” on page 9-3).

2 Add bpn to thesystemfile and rebuild the kernel (see“Editing System Files for
the Driver” on page 7-6 and “Building the Driver into the Kernel” on page 7-9).

3 Edit the VME configuration file on each processor (see “Configuring the Shared
Memory Area” on page 9-4) to configure:

* A single shared memory area if using TCP/IP
e Slave-mapped I/O memory records on each processor using VME BPN pipes
4 Runvme_configon each processor using the identical configuration file.

Runbp_config on each processor that will use TCP/IP (see “Running the
bp_config Configuration Utility” on page 9-10).

6 Reboot each processor—for TCP/IP use, reboot after specifying each host's TCP/
IP address in itsetc/hostsfile (see “Specifying TCP/IP Addresses” on page 9-8).
To Use TCP/IP:

1 Useifconfig to bring up the backplane network (see “Bringing up the Backplane
Network for TCP/IP” on page 9-11).

2 Use standard ARPA utilities—or socket programming with AF_INET as the ad-
dress family (see “Using Berkeley Socket Communications” on page 9-12).
To Use VME BPN Pipes:

1 Use HP-UX socket programming and BPN’s new AF_VME_LINK socket do-
main to send and receive data between hosts on the backplane (see “Using Ber-
keley Socket Communications” on page 9-12).

9-2



Backplane Networking at HP-UX 10.20 and later releases
Installing the HP-UX BPN Fileset

Installing the HP-UX BPN Fileset

Before configuring the BPN resources, you need to install the fileset that
provides the communication layers between remote processes.

1
2

Log in as root on your Model 743/744.

Check that VME Services software is installed, by following the install and ver-
ification steps described in “Installing the VME Product” on page 7-2.

Check to see if the fileset for backplane networking is already installed, by enter-
ing the command:

/usr/sbin/swlist VME-Services.VME-BPN

If the product is already installed, you will see an appropriate listing as confir-
mation; otherwise a message indicates that the product was not found.

If the product is not installed, run teevinstall utility to add the fileset and re-
boot:

lusr/sbin/swinstall VME-Services.VME-BPN

Accept the default parameters tbatinstall provides, unless you want to

change the depot from the defawtir/spool/sw to another depot—such as
/dev/rmt/Om (DAT tape) orfmnt/cd (CD-ROM mount point)—supported by
SD, the HP-UX Software Distributor. For more information, semstall(1M).

Configuring VME Memory for BPN Communication

Whether you choose to use communications via VME BPN pipes or TCP/IP,
you need to:

Configure a shared memory area for each VME BPN pipes host
Configure a single memory area shared by all VME hosts for TCP/IP

Update each host's EEPROM by runninge_config(andbp_config for
TCP/IP

Reboot for the configuration to take effect
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Configuring the Shared Memory Area

You should have the same configuration file for each processor in the back-
plane. To edit this file for a proper configuration, follow these steps:

1 Editavme.CFGile as explained in “vme.CFG, the VME Configuration File” on
page 8-2, and the sections following that, so that all the processors and cards in
the backplane are described appropriately for your HP-UX VME configuration.

2 Setpowerup_resetFALSEin the Slot 1 Function record, so that powering up the
system controller does not reset other cards in the VME backplane and thereby
disable them—see “Slot 1 Function Records” on page 8-9.

3 Setvme_sysresetFALSE in the Processor Declaration record for Model 743 and
744 systems, so that the VMEYSRESETsignal doesn’t reset them.

4 If your configuration file does not include a section titled “Backplane Network-
ing Shared Memory Declarations,” you may want to copy and edit that portion
from
letc/vme/example4.CFG

5 Edit the “Backplane Networking Shared Memory Declarations” record to specify
the memory’s starting address, size, associated address modifier(s), and so on, as
displayed in the following extract and described in the subsections below.

Specifying Address Modifiers and Memory Locations

Theaddress modifier(shown below as the defadi24SD . .).indicates
which VME address space the object is to occupy—see the table “Names for
Memory Address Modifier Declarations” on page 8-6.

NOTE For VME BPN pipes using the AF_VME_LINK socket domain, all three
address modifier types¢xshD, AxxSB, andAxxSB64, where xx is24 or
32) must be specified for best performance.

Theaddress entryis expressed agarting_address:sizto specify the loca-
tion and size of the shared memory areas.

Configuring Shared Memory for TCP/IP Communications

For TCP/IP communications, the shared memory must reside on a memory
card or on CPU 0, and be no larger than 1 MB. The default address is
0x200000 ina24_sup DATA_ACCESS (For A24 space, the starting address

is truncated by removing the upper byte.)
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#define SHM_ADDR 0x200000 /* edit as appropriate */

#define SHM_SIZE 0x50000 [* edit as appropriate */
#define BP_SIZE 0x21000 /* do not change BP defines */
#aéfine BP_Megl 0x1DFO000 /* do not change */

#define BP_Meg2 0x2DF000 /* do not change */

#aéfine BP_MegF 0xFDF000 /* do not change */

memory A24SD A24SB A24SB64 {

/I address Name Card or Proc  Options

1l Name

SHM_ADDR:SHM_SIZE bpSharedMem hp748i3 opt_bpn_rmw=
BP_Meg6:BP_SIZE bphp743il hp743i1

BP_Meg7:BP_SIZE bphp743i2 hp743i2

BP_Meg2:BP_SIZE bphp748i3  hp748i3
}

To calculate the shared memory sizelfpSharedMem, use the formula:
Size = 2144 + (168 rum_CPU} + (2208 xSlots_in_Free_Ring
where2 < NumCPUs 32 andL6< SlotsIinFreeRing 256 (in powers of 2).
» Namemust bebpSharedMem (the compiler is case-sensitive).

» Card or Proc Namemust be the same as specifieddamein the Card Record,
and it must be for CPU 0, unless a memory card provides the memory. (See “Card
Records” on page 8-4.)

* RMW Options must be specified by settimgpt_bpn_rmw to:

¢ TRUE_RMW if the memory is on a Model 743 or 744 computer, or on a VME
memory card that can accept VME RMW cycles

e PSEUDO RMW if the memory is on a memory card that can not accept VME
RMW cycles
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Configuring Shared Memory for VME BPN Pipes

Each processor that supports VME BPN pipes using the AF_VME_LINK
socket domain must declare slave memory at the top of its own 1-MB space
chosen from the first 16 MB of address space.

» The same 1-MB range must not be chosen by two processors.

» ThebpSharedMemarea may occupy one of the 1-MB ranges—provided that it
doesn'’t overlap with the AF_VME_LINK memory at the top of the range.

» Address modifier&.24sD, A24sB, andA24sB64 must all three be specified for
best performance (or their A32 varianf82sD, A32SB, andA325B64 if A32
space is preferred).

» The memory declarations in the example file assume that the tunable value for
vmebpn_public_pagesds set to its maximum value of 32 (see below). It is best
to use the declarations as they appear irxaenpled.CFGfile, even if fewer
pages are actually declared.

Tuning VME BPN Pipes

You can specify several “tunable” parameters for your backplane network.
See the fildusr/comfy/master.d/vmebpnfor a listing of the defaults for

these four parameters (which are described below). To change the defaults,
you can choose one of the following methods:

« Edit a build version of theystemfile, as in/stand/build/system(see “Editing
the Build File” on page 7-7) and then rebuild the kernel (see “Building the Driver
into the Kernel” on page 7-9).

» Use SAM to specify the parameters and create a new kernel (see“Choosing a Ker-
nel Configuration File” on page 7-4).

The tunable parameters are as follows:

» vmebpn_sockets—Specifies by its default value of 1 that you will use VME
BPN pipes for communications between HP processors on the same backplane.
Set it to O if you do not wish to use VME BPN pipes.

* vmebpn_total_jobs—Specifies how many pipes you may open concurrently.
This defaults to 16, but may be set up to a maximum of 8092.

* vmebpn_public_pages—Specifies how many 4-KB pages will be reserved by
the slave mapper on each HP processor for VME BPN pipes. This defaults to 1
and may be assigned a maximum of 32. Tune larger if you have many pipes send-
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ing small chunks of data.

* vmebpn_tcp_ip—Specifies by its default value of 1 that you will use TCP/IP
communications between HP processors on the VME backplane and other host
machines on a connected Ethernet LAN. Set it to O if you do not wish TCP/IP.

The values for the total number of pipgmébpn_total_jobg and the num-
ber of public pages/tnebpn_public_pageinteract to affect the overall
performance of communications. In general, the more concurrently open
pipes that you expect, the higher you should set your number of public
pages, unless all pipes are callgand) or recv() with a buffer length of

one page or larger in size.

Establishing TCP/IP Communications

TCP/IP communications are baseddenfactostandard Ethernet protocols
incorporated into 4.2BSD Unix. Although TCP and IP specify two protocols
at specific layers, TCP/IP is often used to refer to the entire protocol suite
based upon these, includitgnet, ftp, UDP, and RDP.

TCP/IP on the HP-UX BPN enables multi-vendor processors to communi-
cate with one another using the usual TCP/IP networking method of commu-
nication. The backplane networking drivepQ) provides and acts like the
ethernet driverl@n0) running on top of the physical LAN.

For TCP/IP communications across the BPN and for communications
between HP-UX hosts in the BPN and TCP/IP hosts elsewhere on a con-
nected LAN, you need to:

» Configure a system-wide, shared-memory area ndop8taredMem (as ex-
plained above—see “Configuring the Shared Memory Area” on page 9-4)

» Configure IP addresses and host names intteto#ostsfile (see below)

* Run thebp_configconfiguration utility (as explained in “Running the bp_config
Configuration Utility” on page 9-10)

* Bring up the backplane network for TCP/IP (as explained in “Bringing up the
Backplane Network for TCP/IP” on page 9-11)
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Specifying TCP/IP Addresses

The VME backplane forms a unigue subnet, with the backplane itself
assigned a unique Internet network number, and each processor a unique
Internet Protocol (IP) address, much as if the backplane were a LAN with
multiple processors.

In the example shown in Figure 9-1, the Ethernet LAN has a Class B net-
work number of 130.1; and the VME backplane has a Class C network num-
ber of 192.1.1. CPU Number 0 was arbitrarily assigned an IP address of
192.1.1.1. Then, CPU Numbers 1 and 2 were assigned incremental IP
addresses of 192.1.1.2 and 192.1.1.3.

Ethernet
LAN 130.1
Network

130.1.52.37

CPU #0* CPU #1 CPU #2

192.1.1.1 192.1.1.2 192.1.1.3
VME
Backplane R e e e R0 | ke oA W
Network

* CPU #0 is the master processor and gateway to the LAN.

Example VME Backplane Network

The Ethernet LAN has a Class B network number of 130.1; and the VME
backplane has a Class C network number of 192.1.1. CPU Number 0 was
arbitrarily assigned an IP address of 192.1.1.1. Then, CPU Numbers 1 and 2
were assigned incremental IP addresses of 192.1.1.2 and 192.1.1.3.

Frequently, the backplane master processor (CPU Number 0) has two IP
addresses—one on the Ethernet LAN (e.g., 130.1.52.37) and one on the
backplane network (e.g., 192.1.1.1). The master processor thus can act as a
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gateway between the VME backplane network and the LAN. The other
CPUs have only VME backplane networking IP addresses, but they can use
CPU 0 as a gateway to communicate with any system on the LAN.

To specify TCP/IP addresses, see the man pad®$&g4), and follow
these steps:

1 Asroot, edit théetc/hostsfile on each processor in the BPN (Backplane Net-
work), and each in the LAN, so that each copy contains information regarding all
the known hosts on the network, as suggested by the following example.

#

# Internet Address Hosthame Alias # Comments

#

127.0.0.1 localhost  loopback # Required
130.1.52.37 LAN-Gateway # CPU O’s IP addr on the LAN
192.1.1.1 BPN-Gateway # CPU 0’s IP addr on the BPN
192.1.1.2 Clientl # CPU 1's IP addr on the BPN
192.1.1.3 Client2 # CPU 2's IP addr on the BPN

memory A24SD {

\/

2 For each host on the BPN, specify a single line with the following information:

« Internet address—A network IP address that uniquely identifies the node
and is not in use or accessible on the LAN. Don’t end the address in 0 or 255
(e.g., 130.1.1.255).

« Official host name—The unique name of the node.
« Aliases—Optionally, one or more unique common names for the node.

3 For the single BPN master processor (the slot controller, a.k.a. CPU Number 0),
specify:
e An IP address to identify the processor to the LAN.
« A hostname unique to both the LAN and the BPN.

4 The information inetc/hostsdoesn’t take effect until you reboot each host.

9-9



Backplane Networking at HP-UX 10.20 and later releases
Establishing TCP/IP Communications

If your HP-UX system uses the Internet Domain naming environment, the
default is to use the hostname in the Domain name server. If the system does
not find the hostname there, it searches for the hostname/etdhmsts

file. For more information, see thest44) andnamed1M) man pages.

Running the bp_configConfiguration Utility

You need to run theme_configutility regardless of the type of backplane
communications. However, to support TCP/IP communications, you also
need to rurbp_configto add tovme_configs EEPROM information for
each processor in the backplane network. If you don’bpurtonfig, shared
memory variables default to a starting address of 0x200000, a size of 36
pages (0x24000), and an address modifierdof SUP DATA_ACCESS

On each processor, re-update the EEPROM by rurbgngonfig(1M),
which reads the information that you have previously specified (see “Config-
uring the Shared Memory Area” on page 9-4),

/sbin/bp_config

By default, bus interrupts are assumed (when available), unless you have
previously rurbp_config -poll To restore bus interrupts in case you have
previously specified thgooll option, use the command

/sbin/bp_config -bus

Both bp_configandvme_configoutput the same messages, except that
bp_configadds a line of information about the shared memaory’s location,
size, and type, and a confirmation of the current CPU number, for example:

Generating configuration for processor: hostname
CPU/Card number: 0

Anchor = 0x200000, Size = 0x50000, AM Code = 0x3d, CPUs =3
Overwrite system eeprom data (Y/N):Y

Configuration successfully generated.
Configuration saved in /etc/vme/system.log

For help resolving configuration error messageshpeeonfig(LM) and use
the man page viewer’s search facility— a slashféllowed by the error
number.
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Bringing up the Backplane Network for TCP/IP

Follow the steps below to bring up the backplane network and set up system
files so that it will be brought up automatically when the system is later
rebooted.

1 Activate backplane networking by entering:

/usr/sbin/ifconfig bpOIP_addressup

where:
* bpO—Names the network interface, the backplane networking driver.

« |P_address—Fhe Internet address, expressed in Internet standard “dot nota-
tion.”

« up—Marks the backplane networking driver as active.
For example:

{usr/sbin/ifconfig bp0 192.1.1.1 up

2 To see the result of Step 1, execute the following command:

lusr/sbin/ifconfig bp0

The output will look similar to:

bp0: flags=63<UP,BROADCAST,NOTRAILERS,RUNNING>
inet 192.1.1.1 netmaskKff fO0 broadcast 192.1.1.255

Look for the worddJPandRUNNINGN the output. Check that the IP address is
correct. In this example, the IP address is 192.1.1.1.

To bring up the network automatically when the system is booted, edit the
/ etc/rc.config.d/netconffile as described below.

1 Locate the Internet configuration parameters for the LAN. They look like this ex-
ample entry:

INTERFACE_NAME[0]=lan0
IP_ADDRESS[0]="130.1.52.37"
SUBNET_MASK[0]="255.255.255.0"
BROADCAST_ADDRESS[0]=""
LANCONFIG_ARGS[0]="ether”

2 Copy thefirst four linesof the LAN entry and insert them below the LAN entry.
Do notcopy the last line of the LAN entry.
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3 Make the changes shown in this example:

INTERFACE_NAME[1]=bp0
IP_ADDRESS[1]="192.1.1.1"
SUBNET_MASK[1]="255.255.255.0"
BROADCAST _ADDRESS[1]=""

wherebp0 is the backplane networking interface name, and the [1] indicates that
bp0 is the second networking interface.

(Change the example IP address to the actual IP address you are using for back-
plane networking.)

Theifconfig utility or thenetconf startup file needs to be run for each
HP-UX system that needs to bring up BPN. Be sure that you use a unique
backplane networking IP address for each HP-UX system.

Using Berkeley Socket Communications

VME BPN supports both the AF_INIT TCP/IP socket domain and a new,
high-performance, Unix-like socket domain that includes a new address
family and communications protocol. This new domain, AF_VME_LINK,
appears to socket programmers as a cross between the:

* UNIX domain, which supports pipes between applications running on a single
processor, and the

* INET domain, which supports connections (TCP, UDP, etc.) between applica-
tions typically running on different processors.

The AF_VME_LINK domain establishes pipe-like connections for applica-
tions typically on different 743/744 systems connected by a VME back-
plane. It takes maximum advantage of the 743/744 DMA engines,
performing more like single-processor UNIX domain communications than
TCP/IP.

This new protocol provides process-to-process communication via simple,
standard socket programming using callsdoke{(2), bind(2), accep(2),
connec(2), listen(2), recv(2), andsend?2). It appears to programmers very
much like the AF_UNIX protocol, except that it can connect listeners on up
to 16 different processors on the VME backplane.
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Client/Server Connection-Oriented Protocol

The AF_INIT and AF_VME_LINK domains support a connection-oriented
transfer in which a server and client(s) communicate using the Berkeley
socket calls (see Figure 9-2).

Theserver.

» Starts up and issues a sequence of socket sattkdt bind, listen)

» Forks a child process that blocks, listening for a cliesdtznectrequest before
issuing araccept and themead andwrite requests before closing

Server Client

N

Child L _bind()

listen ﬂ)ﬂass
accept

(Blocked until Client Connects)

¢< >
Data Request

[_reovg | <——— [ sendq ]

(Process Request) l

Data Reply
—

Client/Server, Connection-Oriented Protocol

9-13



Backplane Networking at HP-UX 10.20 and later releases
Using Berkeley Socket Communications

Theclient in the transfer:

e Starts up and issuesacketcall

» Can optionally issue laind(), specifying Port 0

» Issues a&onnectcall to the socket address that identifies the server’s service
» Issuegeads andwrite s to communicate to transfer the data

» Usescloseto end the connection

Socket-Related Structures

AF_VME_LINK identifies the address family and protocol for socket com-
munication across a VME backplane. This form of communication, called
VME BPN pipes, requires the installation of the VME Services product,
vme2, and the specification during the installation of both VME-KRN and
VME-BPN filesets for the VME and BPN drivers.

e This address family uses the SOCK_STREAM socket type.
e« AF_VME_LINK is also the socket protocol for this address family.

Many of the supported socket calls require a pointer to a socket address
structure, which is defined in the filsys/socket.h>

struct sockaddr {
u_short sa_family; /* address family: AF_VME_LINK */
char sa_data[14]; /* protocol-specific address */

}

For the AF_INET and AF_VME_LINK address families, the contents of the
sa_dataarea are specified by two structures definedhigtiget/in.h>:

struct in_addr {
u_long s_addr;

}

and

struct sockaddr_in {

short sin_family; /* AF_INET or AF_VME_LINK */
u_short sin_port; [* Port number */
struct in_addr sin_addr; /* IP address or CPU number */
char sin_data[8]; /* Unused */

}
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The socket() Call

Thesocke(2) system call creates an endpoint for communication and
returns a descriptor that is used in all subsequent socket-related system calls.
Thesocketcall has the following form:

#include <sys/socket.h>

int socket (af, type, protocol)
int af; /* addr family: AF_VME_LINK or AF_INIT */
inttype;  /*only SOCK_STREAM for AF_VME_LINK */
int protocol; [*setto O *

where:

» af— Specifies an address family to be used to interpret addresses in later opera-
tions that specify the socket. The only currently supported address families for
VME BPN are:

* AF_INET—DARPA Internet addresses for TCP/IP communication
* AF_VME_LINK—backplane communications on VME bus

» type—Specifies the semantics of communication for the socket; either
SOCK_STREAM, which provides sequenced, reliable, two-way-connection-
based byte streams, or SOCK_DGRAM sockets (for AF_INET only).

» protocol—Specifies a particular protocol to be used with the socket. For VME
BPN, set this to zero.

If the socketcall fails, it returns -1 and setsrno to one of the values that
you can find irman socket As you can see from the figure “Client/Server,
Connection-Oriented Protocol” on page 9-13, both the client and server
make a call tsocke().

The bind() Call

Thebind() call binds an address to an unbound socket. (It must be called by
servers, but clients of AF_VME_LINK can omit this call or bind with a port
number of 0, as described below. When a socket is createdaghht), it

exists in an address space (address family) but has no address assigned.

#include <sys/socket.h>
#include <netinet/in.h> /* AF_INET & AF_VME_LINK only */
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int bind (sock_desc, *addr, addrlen)

int sock_desc; /* socket descriptor */
const void *addr; /* socketaddr_in struct */
int addrlen; /* size of the struct */

bind() causes the socket whose descriptapisk_desto become bound to
the address specified in the socket address structure pointedddrby

addrlenmust specify the size of the address structure, which, because it var-
ies with each family, should s#zeof(structsockaddr_ir) for AF_INET
and AF_VME_LINK.

When binding an AF_INET or AF_VME_LINK socket, thm_port field in
thesockaddr_irstruct can be a port number or it can be zersinlfport is
zero, the system assigns an unused port number automatically.

For AF_VME_LINK servers, port numbers in the range 0-4095 are "well-
known" ports that may be associated with services, as requested by the
bind() call.

Thesin_addr field in thesockaddr_irstruct must be an IP address for
AF_INET or a CPU number for AF_VME_LINK. In the latter case, the
CPU number may be 0-31, with -1 also availablecomec() calls as
explained below.

bind() returns 0 on success, and -1 on failure, withno set to the values
shown inman bind.

The listen() Call

Thelisten() call listens for connections on a socket. It is only used by serv-
ers, and it has the form:

#include <sys/socket.h>
int listen (sock_desc, backlog)
int sock_desc; /* socket descriptor */
int backlog; /* no. pending connects */

backlogdefines the desirable queue length for pending connections. If a con-
nection request arrives when the queue is full, the client will receive an
ETIMEDOUT error. Seanan listenfor more information on the values that

can be assigned tmcklog
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Sockets must be bound to an address by usimdf) before connection
establishment can continue, otherwis&anDREQUIREDerror is returned.

The accept() Call

After the server issues tlisten() socket call, it forks a process that issues
anaccep() call and blocks until it receivescannec() request from a client
(see “Client/Server, Connection-Oriented Protocol” on page 9-13).

This call takes the following form:

#include <sys/socket.h>

int accept (sock_desc, addr, addrlen)
int sock_desc;
void *addr;
int *addrlen;

The argumentsock_desds a socket descriptor created watitke(), bound

to a local address lyind(), and listening for connections aftelisten().
accepl) extracts the first connection on the queue of pending connections,
creates a new socket with the same propertisscs descand returns a

new file descriptomew_sock_desdor the socket.

The argumenaddr should point to a socket address structure.atloep()
call fills in this structure with the address of the connecting entity, as known
to the underlying protocol.

addrlenis a pointer to amt that should initially contain the size of the
structure pointed to bgddr. On return, it contains the actual length (in
bytes) of the address returned.

The connect() Call

When aconnec() is issued by a client to connect to a server’'s services, the
port number and CPU number are both specified bgaheect(). For
AF_VME_LINK, a wildcard CPU number of -1 results in a connection to
the first responding CPU that supports the requested port number.

This call has the form:

#include <sys/socket.h>
#include <netinet/in.h>
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int connect (sock_desc, addr, addrlen)
int sock_desc;
const void *addr;
int addrlen;

» sock_desc-A-socket descriptor

» addr—A pointer to a socket address structure containing the address of a remote
socket to which a connection is to be established

» addrlen—The size of this address structure, typicalizeof(structsockaddr_in

If the socket does not already have a local address bounddorigctbinds
the socket to a local address chosen by the system. (For AF_VME_LINK,
this local address is in the range 4096-819Mind () was called previously,
then thesockaddr_ir>sin_port value must have been O.

The recv() and recvmsg() Calls
These calls receive messages from the socket and have the following forms:

#include <sys/socket.h>
int recv (sock_desc, buf, len, flags)
int sock_desc;
void *buf;
int len;
int flags;
int recvmsg (sock_desc, msg, flags)
int sock_desc;
struct msghdr msg([];
int flags;

» sock_dese-The socket descriptor from which messages are received.
» buf—A pointer to the buffer into which the messages are placed.
* len—The maximum number of bytes that can fit in the buffer.

» flags—If no data is available to be receiveecv() andrecvmsg) wait for a mes-
sage to arrive unless nonblocking mode is enabled by theX|agSNBLOCK or
O_NDELEY (seeman recy). The flags parameter can also be seé1$G¢_PEEK
or zero. If it is set tMSG_PEEK, any data returned to the user still is treated as if
it had not been read. The negtv() rereads the same data.

» msg—recvmsg)) performs the same action@ev(), but scatters the read data
into the buffers specified in thresghdrstructure (seman recv).
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recv() andrecvmsg) can only be used after the connection has been estab-
lished.

The send() and sendmsg() Calls
These calls send a message to a socket. They have the form:

#include <sys/socket.h>
int send (sock_desc, msg, len, flags);
int sock_desc;
const void *msg;
int len;
int flags;
int sendmsg (sock_desc, msg[], flags);
int sock_desc;
const struct msghdr msg(J;
int flags;

Thesend) andsendmsg) calls transmit a message to another socket. These
calls can only be used after the connection has been estabdishdohs()
allows the send data to be gathered from several buffers specified in the
msghdrstructure. Seman recv for the parameter descriptions, andn
sendfor theflagsparameter.

Forsend), the length of the message is givendayin bytes, and the func-

tion returns the number actually sent. For AF_INET, if the message is too
long to pass atomically through the underlying protocol, the message is not
transmitted, and -1 is returned, wéhno is set teEMSGSIZE For
AF_VME_LINK, there is no size limitation.

Whensend) returns a positive value, it only indicates this number of bytes
have been sent to the local transport provider. It does not mean they have
been delivered to the peer socket application. Eventual end-to-end delivery
is guaranteed, but if the underlying transport provider later detects an irre-
coverable error, it will return a value of -1 at another socket function call.

The shutdown() Call
This call shuts down a socket. It has the form:

#include <sys/socket.h>
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int shutdown (sock_desc, how);
int sock_desc;
int how;

howcan be one of the following:
* SHUT_RD (disallow further receives)
* SHUT_WR (no further sends)

* SHUT RDWR (no further sends or receives).

Once the socket has been shut down for receives, all fuethd) calls

return an end-of-file condition. A socket that has been shut down for sending
causes furthesend) calls to return agriPEerror and send th&GPIPESIQ-

nal. After a socket has been fully shut down, operations otherdgbaf)
andsend) return appropriate errors, and the only other thing that can be
done to the socket iscdosH).

Multiple shutdowns on a connected socket and shutdowns on a socket that is
not connected may not return errors.

For ahow of SHUT_WR or SHUT_RDWR, the connection begins to be closed
gracefully in addition to the normal actions, Bhtitdown() call does not

wait for the completion of the graceful disconnection. The disconnection is
complete when both sides of the connection have dshatdown() with a

how of SHUT_WR or SHUT_RDWR Once the connection has been completely
terminated, the socket becomes fully shut down.

Theso_LINGER option—seesocke{2)—does not have any meaning for the
shutdown() call, but does for thelos€) call. For more information on how
theclosd) call interacts with sockets, seecke(?2).

If the socket has lsten() pending on it, it becomes fully shut down when
howis SHUT WR.
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This appendix presents a quick-reference overview of the structs used in
writing a VME device driver. The structs provided here are from the latest
HP-UX release. Check the structs in your operating system as there are dif-
ferences depending on the release.

Note that most of the structs whose hame begins witte"” are declared

in /usr/conf/wsio/vme2.h which needs to be included in your prolog:

#include /usr/conf/wsio/vme2.h

bdevsw

Each block device driver needbdevswentry in thebdevswtable, which is
declared inusr/conf/h/conf.hand looks like this:

struct bdevsw

{
d_open_t d_open;
d_close t d_close;
d_strategy _t d_strategy;
d_dump_t d_dump;
d_psize_t d_psize;
int d_flags;
int (*reserved) __ (0);
void *d_drv_info;
pfilter_t *d_pfilter_s;
aio_ops_t *d_aio_ops;
¥

The first five fields are pointers to routines within a device driver. The
d_flagsfield is defined in the same way as in ¢tdevswtable (see below).

Implement all functions in thiedevswstructure appropriate for the device
being controlled. Functions not implemented by your driver must contain
nulldev or nodevin the appropriate device switch table entry; dnflags
must contairc_ALLcLosEs and/orc_NODELAY, or 0.
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buf

Thebuf data structure describes a system buffer and the operations per-
formed on it.

A pointer to abuf structure is passed as a parameter to the driver_strategy
routine, which should schedule the transfer of data into or out of the buffer
pointed to by thduf structure.

Letting your driver modify some fields in a file system buffer header could
corrupt the buffer cache, and possibly the file system. In the descriptions that
follow, note which ones are free to be used by drivers and which ones the
system expects to be modified by drivers.

Thebuf structure is defined itusr/conf/h/buf.h:

struct buf

{
long b_flags;
struct buf *b_forw, *b_back;/* 2-way hash chain */
struct buf *av_forw, *av_back;/* free list pos. */

long b_bcount; /* transfer count */

long b_bufsize; /* size of allocated buffer */
short b_error; /* returned after I/O */

dev_tb _dev; [* major+minor device name */
union {

caddr_t b_addr; /* low order core address */
/* (remainder of address is in b_spaddr) */
}b_un;
struct isc_table_type *b_sc;/* select code ptr */
int (*b_action)(); /* only WSIO: next activity */

struct iobuf *b_queue; /* which 10 queue it's on */

long b_s2; [* scratch area */
char b_s0; /* scratch area */
char b_s1; /* scratch area */
char b_s3; /* scratch area */
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}

char b_ba; /* bus address */
unsigned int b_resid; /* bytes not transferred */

daddr_t b_blkno; /* block # on device */

int (*b_iodone)(); /* called by iodone */

There are many fields in this struct, but these are the most important ones:

av_forw, av_back—Two available or freelist pointers. The freelist is a list of
available buffers that can be reused.

b_action—Used by the Finite State Machine mechanism. It contains the address
of the routine containing the FSM. The select code management and the DIO
DMA routines use this field. This field is free for other use if none of these fea-
tures is used.

b_ba—Can be the bus address of the device associated withuflssucture.
This value can be used by the driver as it sees fit.

b_bcount—Indicates the number of bytes to be transferred. The driver strategy
routine should get its buffer count from this field (see the code in the section “Per-
forming Input from a Device” on page 6-9 and “Performing Output to a Device”
on page 6-10).

b_blkno—Specifies the location of the buffer in terms of the number of
DEV_BSIZE units, starting from the beginning of the device. (The tgudr_t is
declared as a long disk addressyipes.h)

b_bufsize—Specifies the size of the buffer. The buffer size can range from zero
to four pages.

b_dev— Indicates the device associated with this particular buffer. This field is
set by the kerngdhysioroutine. When the buffer has no particular associated de-
vice, the field is set t8ODEV. (The typedev_tis declared inlypes.has a long.)

b_error— Contains a zero if there are no errors. IflthBagsB_ERRORDbiIt is

set, therb_error contains the error number. This field can be set by a driver to
indicate when an error has occurrBtlysioreturns this value to the caller if it
was set by the driver's strategy routine.

b_flags—Contains information about the state of the buffer. The flags contained
in b_flagsinclude:

e B_ASYNC—Do not wait for I/O completion.

e B_BUSY—Indicates the buffer is being used. If this flag is set, no process ex-
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cept the process owning the buffer should access the buffer.

e B_CALL—Indicates the function containedbniodoneshould be called by
iodong).

e B_DELWRI—Indicates a delayed write.

* B_DONE—Indicates the I/O transaction on this buffer has completediofhe
dong(2) routine sets this flag.

e B_ERROR— Indicates an error occurred when the driver attempted to satisfy
this request. When this flag is set, data in this buffer is not valid. Set this flag
in the driver's strategy routine before returninghgsio if an error occurred
during 1/0O.

e B_PHYS—Indicates physical I/O is in progress. This bit is always set if a driv-
er usephysioto get the buffer.

« B_READ—Indicates the buffer is being used for a read request.
* B_WANTED—Issues a wakeup on clearing thesusy flag.

e B_WRITE—A non-read, pseudo flag indicating current non-use of the buffer
for a read request. Since the valuagofvRITE is 0, donot use a test such as
if (bp->b_flags & B_WRITE); instead, use if (!(bp->b_flags & B_READ)).

b_forw, b_back—Two buffer list pointers. The buffer list is a hashed list used
by the kernel to quickly locate a block in the buffer cache. All buffers are linked
onto a hashed buffer list.

b_iodone—Contains a pointer to a function to be calledddoneif the
B_CALL flag is set irb_flags If this feature is not used by a driver, this field is
free for driver use.

b_queue—A pointer to thaobufstructure associated with thiaf structure. It is
set byenqueud).

b_resid—Is the number of non-transferred bytes of the request. If appropriate,
thedriver_strategyroutine should set this field to the amount of non-transferred
data before returning fghysio.

b_q0-8—b_sQb_s1 b _s2 uptob_s8are scratch fields that can be used by the
driver for any purpose.

b_sc—A pointer to the select code structure of the device associated with this buf
structure. This value can be set by the driver. The select code management rou-
tines expect this value to be set.

b_un—A structure of whictb_unb_addr is the low order core address
(b_spaddr contains the remainder of the core address) of the kernel buffer asso-
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ciated with this buffer header. All other fields of theunstructure are used by
the file system and should not be used by drivers.

The kernel uses the buffer list and the available list pointers to connect a
buffer header into two doubly linked lists. The kernel uses these pointers to
manage the placement and usage of buffers in the buffer cache. If your driver
gueues buffers, you can use #we forw andav_backpointers to maintain a
gueue. The select code management routines use these fields as the forward
and backward pointers in the select code queue. You must not modify the
b_forw andb_back pointers if you are using a file system buffer. The kernel
uses them to locate buffers in the buffer cache.

Drivers have historically used the remainimg structure fields to store
information. These fields are not guaranteed to be available for your driver in
later releases of HP-UX.

cdevsw

Each character device driver needslavswentry in thecdevswtable,

which is an array ofdevswstructures constructed from information in files
in the/usr/conf/master.d/directory. Thecdevswstructure is declared in
{usr/conf/h/conf.has follows:

struct cdevsw {
d_open_td_open;
d_close_td close;
d_read_td read;
d_write_td_write;
d_ioctl_td_ioctl;
d_select_td_select;
d_optionl_td_optionl;
int d_flags; /* C_MGR_IS_MP is valid */
void *d_drv_info;
pfilter_t*d_pfilter_s;
aio_ops_t*d_aio_ops;

2
The various fields have the following characteristics:

» Allfields exceptd_flagspoint to device driver routines. For instance, performing

A-6



Structures
dma_parms

theopen() system call on a device file calls the driver routine pointed to by
*d_openin the appropriatedevswentry.

» Thed_flagsfield is not a pointer, nor is it passed to the driver. It contains flags
indicating special operation features of the device. Currently defined flags are:

e C_ALLcLOosEsforces a call to the driver's close routine on every closing of the
device. (By defaultglosd) only calls the driver's close routine on the last
close of the device.)

e C_NODELAY cues the kernel not to wait for a write request to complete on this
device. The default action is to wait for a write request to complete before re-
turning to the calling process.

e C_EVERYCLOSEIS the same a5 ALLCLOSES.

Drivers need not provide a corresponding routine for every I/O system call;
instead cdevswtable entries can point to one of two special routines as fol-
lows:

« Thenulldev() routine returns a zero. Usealldev when it is okay for the routine
in this field to be called, but the field for the device has no functionality.

« Thenode\) routine returns aBNOVDEV error (no such device). Usedevwhen
it is not okay for the routine in this field to be called. For example, for a read-only
device, you could usgodevin the entry fod_write so an error is returned when
a user process performsvate () on the corresponding device file.

Your driver should implement all functions in tb@evswstructure appropri-
ate for the controlled device. Functions not implemented in a driver must
containnulldev or nodevin the appropriate device switch table entry.

dma_parms

The DMA parameters struct contains information about the requested DMA
transaction. It is defined isr/include/sys/io.h

struct dma_parms {
int channel;
int dma_options;
int flags;
int key;
int num_entries;
buflet_info_type *buflet_key;
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struct iovec *chain_ptr; /*pointer to first DMA element*/
int chain_count; number of DMA elements in a chain*/
int chain_index;

int (*drv_routine)() __ ((caddr_t drv_arg));

int drv_arg;

int transfer_size;

caddr_t addr; /* host offset address */
space_t spaddr; /* host space address */

int count; [* total number of bytes */

}

» chain_countandchain_index—Determine if there are more chains to transfer.
Thechain_countfield should not be modified by the driver.

* dma_options—One or more of the following/ME_A32_DMA, VME_A24_DMA,
DMA_READ, DMA_WRITE, VME_HOST_DMA, VME_USE_IOMAP, Of
VME_SKIP_IOMAP.

VME_A32_DMA andvME_A24 DMA are mutually exclusive bits used to
specify the address capability of the card requesting a DMA if the address
modifier provided by théscis set tovME_COMPT. VME_USE_IOMAP

specifies the use of the VME slave map hardwareu#f USE IOMAP is not

set, the VME direct map hardware is used.

e drv_routine—Used as follows:

» If the system resources (map hardware) needed for the DMA are unavailable,
vme_dma_setup(yeturnSRESOURCE UNAVAILABLE .

» If the driver callingvme_dma_setugs a context-switch-driven driver, it
sleeps upon receiving this error retwiny_routine issues wakeup to wake
up the driver. This routine is called widinv_argas its argument when the
system frees DMA resources.

« If the driver is an interrupt-driven driver, it advances its state and exits;
drv_routine re-invokes the driver to try again.

» If a driver does not wish to be notified when resources become available (if
they were unavailable at DMA setup time), it s#itg routine to NULL.
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drv_info

The following example shows driver-specific fields for a Version 10.0-com-
pliant driver:

typedef struct drv_info {

char *name; [* device type name */

char *class; /* device class name */

ubit32 flags; [* driver type info */

int b_major; /* block driver major dev num */

int c_major; /* char driver major dev num */
} drv_info_t;

* name—The name of the driver, e.g., “skel”
» class—The name of the device class, e.g., “VME Driver”
» flags—The type of driver, as follows (may be OR’d):
e DRV_CHAR—character device driver
e DRV_BLOCK—BIock device driver
e DRV_PSEUDG—Pseudo device driver
* DRV_SCAN—Supports scanning
* DRV_SAVE_CONF—Save configuration information ioconfig

* b_major, c_major—The major device number (use -1 lormajor orc_major
to “de-specify” the opposite type of block or character device, respectively)

drv_ops

Thedrv_opsstruct contains all the driver entry points. It is definetlian/
conf/h/conf.h

typedef struct drv_ops {
d_open_t d_open;
d_close_t d_close;
d_strategy t d_strategy;
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d_dump_t d_dump;
d_psize_t d_psize;
int (*reserved0) _ (0);
d_read_t d_read;
d_write_t d_write;
d_ioctl_t d_ioctl;
d_select t d_select;
d_optionl_t d_option1;
pfilter_t *pfilter;
int (*reservedl) _ (0);
int (*reserved2) _ (0);
aio_ops_t *d_aio_ops;/* reserved3 replaced */
int d_flags;
}drv_ops_t;

The defined flag values are:

e C_ALLCLOSES—Call device close on all closes

* C_NODELAY—If no write delay on block devices

* C_EVERYCLOSE—Call device close on all closes

* C_CLONESMAJOR—Driver clones major and minor num
e C_DYN_MAJOR—Reserved for dynamic allocation

» C_AssIGN—Needs to remap a buffer to kernel space

e C_MAP_BUFFER TO_KERNEL—Needs to remap a buffer to kernel spagghiysio

iobuf

Each device has an associatgulf structure containing private-state infor-
mation for each device driver. This structure is optional and can contain any
information the driver needs to store. The structure is definedtiih /
include/sys/iobuf.h

struct iobuf

{
uint32_t b_flags;/* see buf.h */
struct buf *b_forw;/* first buffer */
struct buf *b_back;/* last buffer */
struct buf *b_actf;/* head of I/O queue */
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struct buf *b_actl;/* tail of I/O queue */
int b_queuelen;/* KI current queue length to device */

[*** struct iostat*io_stp;/* unit I/O statistics */

struct timeout timeo;/* for timeouts */

struct sw_intloc intloc;/* for softtrigger on timeouts */

int (**markstack)();/* for timeout escapes */

char timeflag; /* timeout has occurred */

char b_active; /* busy flag */

char b_errcnt; /* error count (for recovery) */

char b_state; /* state for FSMs */

char io_s0; /* space for drivers to leave things */
char in_fsm; /* indicates flow in FSM for timeout */
caddr_tb_xaddr; /* transfer address */

long b_xcount; /* transfer count */

long b_headpos;/* head position for scheduling */
struct eblock*io_erec;/* error record */

int io_nreg; /* number of registers to log on errors*/
physadrio_addr; /* csr address */
long io_s1;/* space for drivers to leave things */

long i0_s2;/* space for drivers to leave things */
long io_s3;/* space for drivers to leave things */

b_actf, b_actt—Used by the select code management routines as the head and
tail pointers of the select code queue. If your driver is not using these routines, it
can use these fields as scratch space.

b_active—Indicates the busy status of the device; set to hon-zero during /0.
b_devw—Typically contains the major and minor number for the device.

b_errcnt—Typically contains the current error count; typically used for recovery
or retry purposes.

b_flag— Can contain information corresponding to khdlagsfield in thebuf
structure.

b_state—Used by the Finite State Machine mechanism to indicate the current
state of the FSM (value initialized eypqueud)). If your driver is not using this
mechanism, it can use this field as scratch space.

b_xaddr—Typically contains the address of data to be transferred to/from the
device.

b_xcount—Typically contains the number of bytes to be transferred to/from
b_xaddr.

in_fsm—Used by the Finite State Machine mechanism as a flag to indicate being
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currently in a FSM. If your driver is not using this mechanism, it can use this field
as scratch space.

* intloc—Can be used for setting up software triggers.

» timeflag—Used by the Finite State Machine mechanism. If your driver is not us-
ing this mechanism, it can use this field as scratch space.

» timeo—Used by the Finite State Machine mechanssmrT_POLL macro. If
your driver is not using this mechanism, it can use this field as scratch space.

Use of the remaining fields of tiabuf structure is driver-defined.

l0_parms

Theio_parmsstructure defines some variables usechbp _mem_to_bu§)
andvme_map_mem_to_bus@ to specify an address and the number of
bytes to map. It is defined #sys/io.h> as follows:

struct io_parms {

int flags;

int key;

int num_entries;

int (*drv_routine) __ ((caddr_t drv_arg));

caddr_t drv_arg;
caddr_t host_addr;
space_t spaddr;
u_int  size;

3

* host_addr—The host virtual address or polybuf to be mapped to the I/O bus
space

» size—The size of the space to be mapped in bytes.
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iovec

Theiovecstructure contains a pointer to the user’s data area and the length
of the data to be transferred. It is defined as followssn/'conf/wsio/
vme2.h

struct iovec {
caddr_tiov_base; [* user address */
intiov_len; /* num bytes to transfer */

ISC

iscis the common way of referring to a struct that is actually an
isc_table_typestruct. The Interface Select Code table contains entries for
each card in the system, andisais a particular entry. This struct is defined
in /usr/include/sys/io.has follows:

struct isc_table_type {
struct buf *b_actf;
struct buf *b_actl;

char card_type;
unsigned char my_isc;
char my_address;
char active;

char int_Ivl;

struct buf *owner;

int resid;

int count;

struct sw_intloc intloc; /* for software triggers */
struct sw_intloc intlocl;/* for software triggers */

struct sw_intloc intloc2;/* for software triggers */

char bus_type;
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}

struct bus_info_type *bus_info;
intif_id;

struct gfsw gfsw;
caddr_t ifsw;

caddr_tif _drv_data;
struct dma_parms *dma_parms;

Information in an ISC table is maintained for interface drivers corresponding
to each card (Core 1/O select code, EISA slot, or VME card) in use in the
system. Each driver can reference its own entry by using the select code/slot
field of itsdev number as an index. Since each select code has an entry, an
interface driver can get information on each of its cards by using the select
code from the minor number. If appropriate, other drivers can use the struct
for their own private information.

This struct has the following fields of interest:

active—Used by the select code management routines to indicate current use of
the select code.

b_actf, b_act—Used by the select code management routines (free if mecha-
nism not used).

buffer—Typically contains the address of the data buffer to be transferred to/
from this card.

bus_info—A pointer to a structure describing features of the 1/O bus this card re-
sides on. Used by the system 1I/O services, this must not be modified by drivers.

bus_type—Contains the type of I/O bus the interface card resides on. Current bus
types are defined ifusr/conf/h/io.h.

card_ptr—A pointer to the interface card's registers.

card_type—Typically contains the part number identified with this interface
card.

count—Contains the amount of data to be transferred to/from the buffer.
dma_parms—Pointer used by drivers for VME DMA.
gfsw—Contains a pointer to the driver’s initialization routine.

if_drv_data—This is a card-specific pointer reserved for a driver's use.
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« if_id—Contains the hardware ID associated with this interface card.
» if_reg_ptr—A pointer to the interface card's registers.

» ifsw—Contains a pointer to the general I/O switch structure corresponding to this
entry, if any.

* intloc*—You can optionally usitloc, intlocl, andintloc2 for setting up soft-
ware triggers, or you can declare your own.

» int_Ivl—Typically contains the interrupt level of the interface card.

* iosw—Maintains a pointer to the 1/0 switch structure corresponding to this entry,
if any.

 my_address—If needed, usually contains the interface bus address (free for use
by the driver).

* my_isc—Offset of thisisc structure in the ISC table.

» owner—Used by the select code management routines to point to the buffer
header belonging to the current owner of the select code.

* resid—Set to hold the residual count from a data transfer.

The drivershould notuse other fields of thisc structure for any purpose.

NOTE
Theif_info field used by HP-UX 9 drivers is no longer available.

proc

A proc structure is allocated for each process on the system. It is always in
memoary, since it contains information that must be available to the kernel at
all times, for example: process priority, status, ID. Drivers generally never
access any of these fields, but they do need to know thatathstructure

exists, because several kernel services require a pointer to one.

#include <sys/proc.h>
struct proc *p;
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sw_intloc

The kernel implements software triggers by checking a linked list of struc-
tures during each processor bus interrupt so see which process to call.

struct sw_intloc {

struct sw_intloc *link; /* must be first */

int (*proc)(); /*to call ontrigger */
caddr_t arg; [* argument */
char priority; /* level of interrupt */
char sub_priority; [* interrupt sub-level*/

2
The fields of this struct are initialized by a calkt®_trigger().

uio

For allread(2) andwrite (2) system calls on character device files, the kernel
allocates and fills out thé&o structure, defined insr/include/sys/io.h For

read andwrite system calls performed on a character device file, the kernel
passes thigio structure to thériver_read anddriver_write routines of the

driver. Theuio structure contains a pointer to the user's data area. The
driver_read anddriver_write routines can either:

» Transfer the data between the user's buffer and the devicephsisig().
» Buffer the data usingiomove().

Character device drivers seldom access individual members wibthguc-
ture becausaiomove or physio take care of many details for you.

struct uio {
struct iovec *uio_iov; /* pointer to iovec */
int uio_iovent; /* number of iovecs */
int uio_offset; [* pointer offset in file */
int uio_sedflg; [* space or quadrant ID */
int uio_resid; [* bytes left to transfer */
3
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* uio_iov—A pointer to ariovec(l/O vector) structure, often known as the argu-
ment hamestatus_id which contains a pointer to the user's data area and the
length of data to be transferred.

* uio_iovcnt—Specifies the number @fvecstructures pointing to valid data areas
to be transferredRead andwrite requests use only om&vecstructure and can
specify a maximum afiaxiov (currently 16)jovecstructures.

» uio_offset—Points to the current location in the file where 1/O is taking place.
The meaning ofiio_offsetdepends on the particular device, but it usually has
meaning only to devices capable of seeking. The valugdopffsetis obtained
from the file pointer (offset) entry in the system file table.

The file pointer in the system file table entry is set to zem@penby the kernel,
and its value is incremented with eguitysio or uiomove call. If your device
does not seek, reset thie_offsetfield in thedriver_read anddriver_write rou-
tines so the kernel does not increment it past its maximum value.

» uio_segflg—A flag telling the virtual memory system how to transfer data. De-
vice drivers should ignore this field.

» uio_resid—Contains the number of bytes of data remaining to be transferred. At
the start, this equals the sum of all itre_len lengths.

user

Theuserstructure provides kernel information about a process that needs to
be available only when it is running and can otherwise be swapped out:
pointer to theproc struct; arguments to system calls; user credentials, etc.

#include <sys/proc.h>
#include <sys/user.h>

extern struct user u;
struct proc *p;

p=u.u_procp;

Drivers generally never access any of these fields except the pointer to the
proc structure. When a driver entry point is called, the global variabts-
tains theuserstructure for the current process.
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vme_hardware_map_type

Thevme_hardware_map_infd2) routine fills in the
vme_hardware_map_tysructure with the parameters for the direct and
slave 1/0 maps, according to the following structure (definédsiriconf/
wsio/vme2.h:

struct vme_hardware_map_type {

unsigned int a32_dirwin_addr; /*dflt:= 0x10000000 */
unsigned int a24_dirwin_addr; /*dflt:= 0x00c00000 */
unsigned int a32_dirwin_host_base; /* dflt:= 0x0 */
unsigned int a24_dirwin_host_base; /* dflt:= 0x0 */
int a32_dirwin_size; /* dflt: 32 Meg */

int a24_dirwin_size; /* dflt: 0 */

/* next four fields may be 0bOxxxxxxx - dflt: Ox3f* /

unsigned char a32_dirwin_addr_mods;

unsigned char a24_dirwin_addr_mods;

unsigned char a32_iomap_addr_mods;

unsigned char a24_iomap_addr_mods;

unsigned int a32_iomap_addr; /* dflt:= 0x100000 */
unsigned int a24_iomap_addr; /* dflt:= 0x100000 */

int iomap_size; /* default: 1 Meg */

a32_dirwin_addr—The VME A32 base address of the A32 direct mapper. Its
default value is 0x10000000.

a24_dirwin_addr—The VME A24 base address of the A24 direct mapper. Its
default value is 0x00c00000.

a32_dirwin_host_base-Local physical memory base address of the A32 direct
mapper. On the 742/747, this is 0. On the 743/744, this is settable to any multiple
of the size, with a default of 0x10000000 (256MB).

a24_dirwin_host_base-Local physical memory base address of the A24 direct
mapper. On the 742/747, this is 0. On the 743/744, this is settable to any multiple
of the size, with a default of 0x100c0000 (12MB).

a32_dirwin_size—The size of the A32 direct mapbper. On the 742/747, this is
256MB. On the 743/744, this is settable to 0, 64 KB,128 KB, . . ., 512 MB, with
a default size of 32 MB..

a24_dirwin_size—The size of the A24 direct mapper. On the 742/747, this is
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1 MB. On the 743/744, this is settable to 0, 64 KB, 128 KB, . . ., 16 MB, with a
default size of 0.

a32_dirwin_addr_mods a24_dirwin_addr_mods a32_iomap_addr_mods
a24_iomap_addr_mods-These four bit-fields specify which area modifiers are
supported by the direct or slave mapper in A24 or A32 space respectively. Valid
values (or'd together) ameP_D64 ACCESS AM, NP_DATA_ACCESS AM,
NP_BLK_ACCESS AM, SUP_ D64 _ACCESS AM, SUP_DATA_ACCESS AM,

SUP BLK_ACCESS AM, and for 743/744,0CK_CYCLE_AM.

a32_iomap_addr—The VME bus A32 base address of the slave mapper. This is
ton a 1-MB address boundary: OxXXXXX000.h.

a24_iomap_addr—The VME bus A24 base address of the slave mapper. This is
the A32 base address of the slave mapper with the high byte masked off:
0x00XXX000.

iomap_size—The size of the slave mapper, currently 1 MB made up of 256
4-KB entries. This mapper is accessible from A24 or A32 VME bus masters and
its location is set with theme_configprogram.

vme_hardware_type

Thevme_hardware_info@) routine fills in thevme_hardware_type
structure with the parameters for the system on which the driver is
currently running, according to the following structure (defineian/
conf/wsio/vme2.h)

struct vme_hardware_type {

}

intiomap_size; /* size of the 10 map (1 MB) */
int vme_expander;  /* indicates VME board system */
int cpu_number; [* CPU/card number */

unsigned int a32_dirwin_addr; /* VME starting addr

of direct-mapped window */
int avail_interrupts;/* which ones are available */
int features; /*is CPU a slot 1 controller */

iomap_size—The size of the slave mapper, currently 1 Mbytes made up of 256
4-Kbyte entries. This mapper is accessible from A24 or A32 VME bus masters
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and its location is set with thene_configprogram.

vme_expande—Returns the type afxpander (just another name for the 700’s
VME bus adapter/controllerisPAVMEL (the Series 742/747), & PAVMEZ2 (Se-
ries 743/744).

cpu_number—For multiprocessor configurations. Thpu_numberis set with
either the VME-ClassPDC (boot ROM) Boot Administration mode command
BPN_CONFIG, or with the#me_configroutine.

a32_dirwin_addr—The VME base address of the direct mapped window capa-
bility on a 742/747, or 743/744. Its default value is 0x10000000 (256 MB) on a
742747, and 32 MB on a 734/744. Its location and size are set with the
vme_configprogram.

avail_interrupts—Indicates which interrupts are being handled by the current
CPU. The field is essentially a bit mask with a 1 in a bit position indicating it is
available. Bit O is ignored and bits 1 through 7 represent possible interrupt levels.

features—Indicates whether the current CPU is a VME slot 1 controller and
whether it contains a location monitecoT_1 orLoc_MON (or both) may be set.

vme_polybuf

This struct refers to arrays of pointers and sizes of (usually) multiple buffers
for use invme_map_polybuf to_busandvme_dma_queue_polybuf

struct vme_polybuf {

h

int num_entries; [* count of arrays used */
int num_allocated; /* arrays allocated */
char**buffers; [* ptr to start of addr array */
int *sizes; [* ptr to array of sizes */

num_allocated—Indicates the size of tHruffersandsizesarrays..

num_entriess—Indicates how many of the entries of thdfersandsizesarrays
contain valid data.
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vme2_copy_addr

The data structureme2_copyaddr contains information used by the
VME2_USER coryioctl command. It is defined ilusr/conf/wsio/lvme2.h

struct vme2_copy_addr {

caddr_t from_va,; [* transfer source */
caddr_tto_va; /* transfer destination */

int count; /* transfer size in bytes */

int options; [* method of transfer */

int residual; /* num bytes not transferred */

}

Eitherfrom_va orto_vashould be an address returned from a previous call
to thevme2_mAP_ADDR ioctl, and the other should be an address of a buffer
in user space.

Theoptions field indicates the method of transfer:

» Bit 0-5 must specify a VME address modifier.

* One, and only one, transfer bitMe_D08, vME_D16,VME_D32, orvME_D64)
must be set. (Transfer bit values that can be "OR'd" together.)

» ThevME_OPTIMAL bit may be set.

For more information, see “Synchronous DMA the Easy Way with
vme_copy” on page 4-5.

A residual value of 0 indicates the copy completed; a value > 0 indicates the
number of bytes not transferred due to a VME bus error or error on the call.
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vme2_int_control

ThevME2_ENABLE_INT andvME2_ENABLE_IRQ ioctl commands use the fol-
lowing struct to enable interrupts:

struct vme2_int_control {

intint_level, /* level to enable */
int available_interrupts; /* no. of levels */
int error; /* num from vme2 */

}

» Available_interrupts returns the number of available interrupt levels.

vme2_io_regx

The register accessctl callsvmME2_REG READ andvME2_REG WRITE let you
specify a VME address modifier, as well as the data that was read or is to be
written. This struct is defined fasr/conf/wsio/vme2.has follows:

struct vme2_io_regx {

int card_type; [* card’s address space */
caddr_t vme_addr; /* VME address to probe */
unsigned int value; /* value read or written

int width; /* width of the address */
int access_result; [* returns 1 for success */

int vme_addr_mod; [* addr modifier for reg */
int error; [* error no. from vme2 */

}

Card_type, vme_addr, width, access_resultanderror are the same as in
thevme2_io_teststruct.

A-22



Structures
vme2_map_addr

vme2_map_addr

The third data structuneme2_map_adds used for VME “map” and
“unmap” calls and is as follows:

struct vme2_map_addr {

int card_type;
caddr_t vme_addr;
unsigned int size;

caddr_t user_addr;
int error;

}

Thecard_type, vme_addr, width, anderror fields are the same as in the
vme2_io_teststruct.

Thesizeis the size ib bytes to map into the user process.

Theuser_addrfield contains the kernel virtual address that can be used in
the user process.
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vme?2_io_testx

The probeoctl commandsme_tesTrandvme_TesTw use the VME adapter
hardware to trap VME bus errors and return the success or failure of the
probe in theaccess_resulfield of thevme?2_io_teststructure.

The actual data written or read is internal towme2 driver.

struct vme2_io_testx {

int card_type; [* card’s address space */
caddr_t vme_addr; /* VME bus addr to probe */
unsigned int width; /* width of the address */

int access_result; * returns 1 for success */

int error; [* error num from vme2 */

}

Card_type is one of the followingvme_a16, vME_A24, or vME_A32, Or any
of the specific area modifiers in the table “Symbolic Names for Memory
Address Modifiers” on page 2-10.

Width is BYTE_wIDE, SHORT WIDE, Or LONG_WIDE (defined in/usr/conf/h/
i0.h).

A value of 0 inaccess_resulindicates a VME bus error, and a -1 indicates
incorrect usage.
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vme?2_Im_fifo_setup

vme2_Im_fifo_setuig used by the Location Monitor and Flk@atl com-
mands (see “Location Monitor and FIFO Commands” on page 5-11).

struct vme2_Im_fifo_setup {

caddr_t address; [* start address */
unsigned short modifiers; [* address modifiers */
short size; /* range from start */
int signal; /* signal to return */

address—The starting address to be monitored by the Location Monitor or to
contain the FIFO information.

modifiers—Address modifier bit values that may be OR'd together:
A32 _LOCK_BIT, A24 LOCK_BIT, A32_SUP DATA_BIT, A32 NP_DATA_BIT,
A24 SUP DATA BIT, A24 NP_DATA_BIT, A16 SUP DATA_BIT,

Al6 NP DATA BIT, A32 BIT, A24 BIT, andA16 BIT.

wsio_drv_data

Thewsio_drv_datastructure specifies driver-specific fields for all 10.0-com-
pliant drivers. It is defined ifusr/conf/wsio/wsio.h

typedef struct wsio_drv_data {

char *drv_path; /* to match probe & driver */
shit8 drv_type; [* type of hardware */
ubit32 drv_flags; [* convergent driver? */

int (*drv_minor_build)();  /* minor num formatter*/
int (*drv_minor_decode)(); /* minor num decoder */

} wsio_drv_data_t;

drv_path—A character string that you can define to confirm that this driver is
the one responding to probes.

drv_type—The type of hardware:

e T_INTERFACE—The driver controls an interface card
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e T_DEVICE—The driver controls a hardware device

« drv_flags—Whether this is a convergent driveRv_CONVERGEDOr
NOT_CONVERGED

* drv_minor_build (), drv_minor_decodg)—LeaveNuULL.

wsio_drv_info

Thewsio_drv_infostruct simply references the structudesg info, drv_ops
andwsio_drv_datalt is defined infusr/conf/wsio/wsio.h

typedef struct wsio_drv_info{
drv_info_t *drv_info;
drv_ops_t *drv_ops;
wsio_drv_data_t *drv_data;
} wsio_drv_info_t;

Thewsio_drv_infostructure is referenced in thesio_install_driver func-
tion and in thesc_claimfunction, as shown in the following example:

wsio_install_driver (& driver _wsio_info);
isc_claim (isc, & driver _wsio_info);
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Kernel and Driver Routine Summaries
acquire_buf(), release_buf()

The purpose of this appendix is to present quick-reference information on
VME Services routines as well as other HP-UX kernel routines most useful
to a writer of a VME device driver.

See the Preface of this manual for pointers to other appropriate documenta-
tion for these and additional calls.

As a general rule:

» The functions have a typet.

» The functional declarations are shown in K&R format.

» All calls tovme2services need to include tlime2.hheader file:

#include “/usr/conf/wsio/vme2.h

e Many of the VME functions are discussed in more detail in the text of previous
chapters.

acquire_buf(), release_buf()

Marks (or releases) the buffer pointed tobdpyas busy for the exclusive use
of the calling process.

#include <sys/buf.h>

int acquire_buf (bp)
struct buf *bp;

int release_bus (bp)

If the buffer is already busy, the calling process blocks until it's available.
When it's acquiredg_usy is set ilbp->bflags andbp->b_error is cleared.
When it’s released_susy ands_waNTeD are cleared ibbp->bflags
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bcopy()

bcopy()

Copiescount bytes from one buffer to another in the same virtual space.

#include <sys/types.h>

bcopy (from, to, count)

caddr_t from; [* addr of buff copied from */
caddr_t to; [* addr of buff copied to */
unsigned count; /* num bytes to copy */

To copy data between user and kernel space;amsgn, copyout, or uio-
move.

brelse()

Releases a buffer cache buffer.

#include <sys/types.h>
#include <sys/buf.h>

brelse (bp)
struct buf *bp; /* ptr to buff to release */

bzero()

Zeroessizebytes starting at the location specifiedtby
#include <sys/types.h>

bzero (to, size)
caddr_t to; /* address of buffer to zero */
unsigned size; I* size of buffer to zero */
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copyin()

copyin()
Copiesnbytes from the addresasser_fromto addresso.

copyin (user_from, to, nbytes)
char *to, *user_from;
int nbytes;

ReturnserauLT by setting an error io.u_error if a bus error occurs during
the copy operation.

copyout()

Copiesnbytesto the addressser_toin the user data area from the kernel
addresgrom.

copyout (from, user_to, nbytes)
char *user_to, *from;
int nbytes;

ReturnserauLT by setting an error in.u_error if a bus error occurs during
the copy operation.

dma_sync()

dma_syncis defined as follows:

dma_sync (address_type, virtual addr, size, hints);
int address_type
caddr_t virtual addr;
int size;
int hints;

To flush cache, catima_syncas follows:

dma_sync (KERNELSPACE, virtual_addr, size,
IO_WRITE|IO_CONDISTIONAL|IO_MODIFIED);
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free_isc()

Ensure cache coherency by writing (flushing) the current contents of cache
to memory, or by purging the cache to cause its reload.

Typically, dma_syncis called this way during the setup for a VME bus mas-
ter to do a read from VME-Class RAM. This call updates the RAM with the
latest contents prior to the VME bus’s access.

To flush cache, catima_syncas follows:

dma_sync (KERNELSPACE, virtual_addr, size,
IO_READI|IO_CONDISTIONAL|IO_ACCESSED);

This call todma_syng on the other hand, ensures that the next CPU access
will cause the cache to be loaded from memory. (The previous cache con-
tents are discarded.) Typicaltgna_syncis called during the clean-up for a
VME bus master after doing a write to the VME-Class RAM. The call inval-
idates the cache lines so that the next PA-RISC processor access loads the
correct RAM contents to cache.

These routines are not needed for DMAriie_dma_setupand
vme_dma_cleanupare used.

free_isc()

Frees aiisc structure and returns it to the system.

int free_isc (isc)
struct isc_table_type *isc;

Useful if errors are encountered during driver initialization that would cause
the driver not to be usable.

geteblk()

Allocates a buffer cache buffer.

#include <sys/types.h>
#include "/usr/conf/h/buf.h"
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geterror()

(struct buf *) geteblk (size)
int size;  /* size of the requested block */

geterror()

Checks for and returns 1/O errors.

geterror (bp)
register struct buf *bp;

loctl()

Allows access to VME services from a user-level process.

#include <sysl/ioctl.h>
#include "/usr/conf/machine/vme2.h"

ioctl (fd, ioctl_command , struct_ptr)
int fd;
int Jjoctl_ command
struct  struct_type *struct_ptr;

ioctl() allows access to VME services from a user-level process, given a file
descriptorfd, for a previously-opened file; amctl_commandrom the set
VME2_XXwherexx can be&ENABLE_IRQ, FIFO_GRAB, FIFO_POLL, FIFO_READ,
FIFO_RELEASE, IO_TESTR, I0O_TESTW, LOCMON_GRAB, LOCMON_POLL,

LOCMON_RELEASE, MAP_ADDR, REG_READ, REG_WRITE, UNMAP_ADDR, and

USER_cOPY; and a pointer to a structure specifically used byatte com-
mand—see “ioctl Commands with Structs” on page 5-3.

lodone()

Marks a buffer as done and wakes any processes waiting for the buffer.
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io_malloc(), io_free()

#include <sys/types.h>
#include "/usr/conf/h/buf.h"

iodone (bp)
struct buf *bp; /* pntr to buf marked done */

io_malloc(), io_free()

Allocates kernel I/O memory faizebytes, suitably aligned.
#include "/usr/conf/h/buf.h"

caddr_tio_malloc (size, flags)
int size;
int flags;
intio_free (ptr, size)
caddr_t ptr;
int size;

» flags—Bit values as follow:
* IOM_WAITOK—io_malloc sleeps until memory is available.

* IOoM_NOwAIT—io_mallocfails if no memory is available; for this flag, it can
be called on the interrupt stack.

io_mallocreturns zero on failure and >0 on succésdyee always returns
success.

lowait()

Waits until I/O is done and returns any errors.

#include <sys/types.h>
#include "/usr/conf/h/buf.h"

iowait (bp)
struct buf *bp; /* pntr to buf to sleep on */
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isc_claim()

isc_claim()

Accepts or rejects thsc received by youdriver_attach function.

isc_claim (isc, driver _wsio_info);
struct isc_table_type *isc;
struct wsio_drv_info * driver_  wsio_info;

» isc—The card pointer received as an argument bytiver_attachfunction that
callsisc_claim

» driver_wsio_infe—EitherNuLL to reject thésc, or a pointer to a struct containing
three individual structs of driver-specific fields for all 10.0-compliant drivers.

isrlink()

Installs an interrupt service routinsr.

int isrlink (isr,level,regaddr,mask,value,parml,parm?2)
int (*isr)();
int level;
char *regaddr;
char mask, value, parm1;
int parm2;

» isr—The routine to call if the interrupt is for our driver.
» level—The interrupt level of the card.

* regaddr—The card's register to examine when polling to determine if the card in-
terrupted.

» mask—Applied to the register’'s contents which, after masking, will eqalale
if it is the interrupting device.

» parml, parm2-Fhe parameters handed to the interrupt service routine. These
can be anything that you want passed to it.
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issig()

issig()

Returns true if the current process has a signal pending. The signal to pro-
cess is put in thp_cursig field of theproc structure.

issig ()

See alsaignal(2).

kvtophys()
Takes a VME-Class kernel virtual address and returns the corresponding
physical address in the same 700 Series machine’'s RAM.

caddr_t kvtophys (virtual_addr)
caddr_t virtual_addr;

major(), minor()

Macros that return the major number from the device number.

#include <sys/types.h>
#include <sys/sysmacros.h>

major (dev)

dev_t dev; /* device number */
minor (dev)

dev_t dev; [* device number */
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map_mem_to_bus()

map_mem_to_bus()

Maps a host physical address to I/O bus space.

#include <sys/io.h>

caddr_t map_mem_to_bus (isc, io_parms)
struct isc_table_type *isc;
struct io_parms_type *io_parms;

» isc—The pointer for the interface card wishing to access this memory.

* io_parms—Pointer to the struct that specifies the host virtual address to be
mapped to the 1/O bus space, and the size of the space to be mapped, in bytes.

Returns an I/O bus physical address on success; returns a negative number
indicating the error condition on failure. If the mapping can’t be obtained,
theio_parms->drv_routine field is called when the mapping becomes
available. Seenmap_mem_from_bug), vme_map_largest_to_bug,
vme_map_pages_to_ by andvme_map_polybuf to_bus).

map_mem_to_host()

Maps physical system bus space to host virtual address.
#include "/usr/conf/h/io.h"

caddr_t map_mem_to_host (isc, phys_addr, size)
struct isc_table_type *isc;
caddr_t phys_addr;
int size;

e phys_add—The I/O bus physical address for an area of memory on an I/O bus
e size—The size of the memory space in bytes
e isc—The pointer that corresponds to an interface card associated with memory

Returns the host virtual address for accessing the space specified. See
unmap_mem_from_bug), vme_set_mem_error_handlef), and
vme_remap_mem_to_hog).

B-10



Kernel and Driver Routine Summaries
minphys()

minphys()

Checks and adjusts the transfer count.

#include <sys/types.h>
#include "/usr/conf/h/buf.h"

minphys (bp)
struct buf *bp; /* Pointer to buf structure */

This routine limits a single transfer #@xpHys bytes by assigningaxpHys
to bp->b_countif b_countis largerMinphys is typically passed as a
parameter t@hysio, which calls it and then tracks any partial transfers.

msg_printf()

Puts diagnostic error information into the kernel message buffer rather than
printing it to the console.

msg_printf (/* see printf(3) for list of parameters */)

Seeprintf in this appendix, below.

panic()

Soft crash routine. Printgr to the console and halts the system, giving con-
trol to the kernel debugger if one is present.

int panic (str)
char *str;

panic halts the system and may cause file system damage; it should be used
only to flag catastrophic and irrecoverable failures. It dumps to the system
console the processor status register, program counter register, and trap type
on processor exceptions, and part of the kernel stack in all other cases.
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physio()

physio()
Sets up raw I/O and calls the driver’s strategy routine.

#include <sys/types.h>
#include "/usr/conf/h/buf.h"
#include <sys/uio.h>

physio (strat, bp, dev, flag, mincnt, uio)

int (*strat)(); [* Strategy 1/O routine */

struct buf *bp; [* Ptr to buf structure */

dev_t dev; /* Dev major/minor number */
int rw_flag; /* B_READ or B_WRITE */
unsigned (*mincnt)(); [* Size limit routine */

struct uio *uio; [* Ptr to uio structure */

Thephysio() routine accepts raw I/O requests in the form wiestructure,
performs some of the more “intricate” aspects of I/O, and builds the request
into abuf structure that it passes to the driver strategy routine specified by
strat The “intricate” aspects of I/O are discussed below and include waiting
for thebuf structure to become available (if necessary), checking memory
access permissions, locking and unlocking memory, mapping the user buffer
into kernel space, and blocking the process until the I/O complete.

If bp does not have an allocated buffanysio allocates one by setting the
buf>b_flagse_waNTED bit in the selectetufand sleeping on the buffer. It
then checks that the user has access permission for the buffer specified by
iovec>iov_baseandiovec>iov_len. If B_ReADIs set inrw_flag the mem-

ory page(s) where the buffer resides are checked for sideafcess, other-
wise for read access. If they have the wrong access permissiong, is
returned to the caller.

If B_BUSY is set inbuf->b_flags physio waits for the buffer by setting the
B_WANTED bit and putting the calling process to sleep, waiting to be awak-
ened by the process that currently hadtlife The process that called
physiois typically awakened when a driver catisone on thatouf.
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physio()

For eachiovecstructure that is associated with the passedtructure,
physio performs the following steps:

1

It places the request information in tef structurebuf>b_devis set to the de-
vice major/minor numbedtev; buf>b_error is set to zero; the_BuUsY, B_PHYS
andB_READ or B_WRITE (selected by thew_flagsargument) are set in
buf>b_flags b_unb_addr is set taovec>iov_base buf->b_bcountis set to
iovec>iov_len; andbuf>b_blkno is set to th@ev_Bsize block number in
which uio_offsetresides. The_pHysbit in buf>b_flagsis set to indicate that
the 1/0 request is raw as opposed to block.

It calls the request size-adjusting routine specified imtimentparameter, to ad-

just (if necessary) the request size. Tiiacntroutine in most cases should be
minphys, which sets the maximum request size allowed in a single request to a
driver in an attempt to limit the amount of memory that a process can have locked
for I/O purposes. If thenincntroutine adjusts the request sighysio will make
multiple requests to the driver until all the data specifietbbgc>iov_lenhas

been transferred (or an error occurs).

It locks the page(s) of user space that the buffer resides in and maps the user
buffer into kernel space.

It calls the strategy routirgrat, passing théufpointerbp as a parameter.

After stratreturns, if the 1/0 request is not completehysio puts the process to
sleep, waiting for the completion of the I/0 request. The driver musbdate

or biodonewhen the 1/0 completes to signal I/O completion and to awaken the
process.

After the 1/0 request has completed, the page(s) of memory that were locked for
the request are unlocked.

If another call to thetratroutine is needed to process tbeecstructure due to
the request size limitations imposedrincnt Steps 1 through 6 are repeated.

After all theiovecstructures for the passai structure are processed, the
buf>b_flagsare cleared, and those processes that are asleep waiting for the
buffer to become available are awakened,@nyio returns any errors to its
caller.
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printf()

printf()

Prints diagnostic information to the console.
printf (/* see printf(3) for list of parameters */)

printf andmsg_print are scaled-down versions of the C librarintf rou-
tine, the former printing information to the console, the latter to a kernel
message buffer. Both of these functions accept only the following formats:

%I, %X, %d, %u, %0, %c, %b, %s, %%

The VME-Class kerngdrintf routine is buffered, so console error messages
may not accurately reflect the current kernel state when debugging.

release_buf()

Marks the buffer pointed to dypas no longer busy and wakes any processes
waiting for it.

#include "/usr/conf/h/buf.h"

int release_buf (bp)
struct buf *bp;

When it's release®_Busy ands_wANTED are cleared ibbp->bflags

selwakeup()

Wakes a process that is sleeping while waiting feelactcondition.

selwakeup (p, coll)
register struct proc *p;
int coll;
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sleep(), wakeup()

This routine should be called to wake up a process that was put to sleep wait-
ing on a condition, in order to wake it up and any other processes waiting on
the conditionColl indicates whether there was a collision ongbkect2)

call, i.e., if more than one process is waitingol{ is expected to have been

set previously by the driver&gelectroutine.)

sleep(), wakeup()

Sleeps on an address umtikeup() on that address occurs.

#include <sys/param.h>

sleep (address, priority)
caddr_t address;/* address to sleep on */
int priority; /* priority of sleeping process */

wakeup (address)
caddr_t address;

» address—Typically an address associated with the reason for sleeping; must not
be zero.

» priority—If less than or equal tezERQ a signal cannot disturb the sleep; only a
corresponding call tawakeup can. If greater thapzeRQ signals are processed—
if PCATCHIs OR'd intopriority, sleepreturns 1 when a signal occurs, otherwise
the system call in progress is abortecdATCHis not set and control returns to
the user program because a signal occurs, your driver has no opportunity to clean
up any data structures or complete the request.

Theparam.h file lists valid priorities foipriority. Most drivers userisio
and do not setcATCH.

Returns zero on success. A wakeup occuadoinessvhen another process
callswakeup with the same address. The sleeping process then enters the
scheduling queue at tipeiority specified. If your driver callsleep it should
also callwakeup. Do not callsleepfrom an interrupt context or from a

driver strategy routine.
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snooze()

snooze()

Delays for a specified number of microseconds, useful to busy wait with no
interrupts. (The routine has an accuracy of 4 microseconds.)

int snooze (usecs)
int usecs;

spl*()
Sets and restores the processor interrupt level.
splo () . ..spl7 ()

spix (x)
int x; /* new interrupt level */

spl0throughspl7 set the processor interrupt level to 0 through 7, respec-
tively, and return the current interrupt level before the function was called. If
you save the return value, you can later restore interrupts to it by using a call
to splx. When the interrupt level is set to levehll interrupts at that level or
lower are turned off.

Thespl* routines are designed to protect critical sections of code to guaran-
tee that an interrupt does not occur unexpectedly. Before doing any manipu-
lation of a data structures in a critical section of code, set the proper
processor priority level via a call to one of 8@* routines. Immediately

after the critical section, usplx to restore the previous level.

suser()

Checks whether the current user is the superuser (i.e., root).
int suser ()

Returns non-zero if user is superuser.
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sw_trigger()

sw_trigger()

This routine arranges the calling of an interrupt service routine in the inter-
rupt context at a given priority level. The list of waiting triggers is checked
whenever an interrupt is processed, and if their priority is greater than the
current interrupt level, they are processed.

sw_trigger (intloc, proc, arg, level, sublevel)
struct sw_intloc *intloc; /* struct to add */

int (*proc)(); [* call proc on trigger */

caddr_t arg; [* argument to routine */

int level; [* priority of interrupt */

int sublevel, [* interrupt sub-priority */
where:

» intloc— A pointer to thesw_intlocstructure to be added to the software trigger
queue. lIts fields are initialized Isyv_trigger. If you want to have multiple trig-
gers pending, you must use sepasaeintlocstructs.

e proc—The address of the routine to call when the software trigger is processed.
e arg—The argument to be passed to proc.
» level—The priority level of the software trigger.

e sublevel—The sub-priority of the software trigger. This field is not used by the
VME-Classi HP-UX kernel.

timeout()

Schedules a routine to be called at a later time if a request has been made to

a device that hasn’'t answered within the specific number of clock ticks.

#include <sys/types.h>
#include <sys/timeout.h>

timeout (func, arg, t, timeout)
int (*func)(); [* routine to call */
caddr_t arg; [* arg to pass it */
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uiomove()
intt; [* cycles to wait */
struct timeout *timeout; /* NULL */

Typically called to set a timeout on a request for I/O to a device stutitat
gets called after the time specified

The cycle count or number of clock ticks to waishould be expressed in
terms of fractions or multiples of HZ for compatibility on different
machines.

uiomove()

Moves data from kernel space to user space or from user space to kernel
space.

#include <sys/uio.h>
#include <sys/types.h>

uiomove (cp, n, rw, uio)

caddr_t cp; [* ptr to buffer in kernel */
int n; /* num bytes to transfer */
enum uio_rw rw; [* direction of transfer */
struct uio *uio; /* ptr to the uio structure */

uiomove moves data from user to kernel space or vice versa, transparently
collapsing thauio struct into a single vector, and maintaining its own point-
ers for keeping track of the amount of data transfetiediove maintains

and updates fields in theo struct as needed, so you don’t have to worry
about manipulating them.

» rw—specifies the direction of the copy.uio_READ, the contents afp are cop-
ied intouio; if UIO_WRITE, the contents dfiio are copied intap.

« cp—Pointer to buffer in kernel to be copied.

If the transfer is from user space to kernel space or vice weq®gn or
copyoutis called to complete the transfer. If the transfer is contained in ker-
nel spacebcopy_protis used. To transfer a large amount of data, a driver
can make many calls taiomove
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unmap_mem_from_bus()

unmap_mem_from_bus()

Unmaps the portion of address space that was mapped using
map_mem_to_bus

#include <sys/io.h>

unmap_mem_from_bus (isc, io_parms)
struct isc_table_type *isc;
struct io_parms_type *io_parms;

iscis the pointer for the interface card wishing to access this memory.
Refer to Appendix A for a description of tlee parmsstruct.

Returns zero on success. $e@p_mem_to_bu§).

unmap_mem_from_host()

Unmaps previously mapped virtual space.
#include <sys/io.h>

unmap_mem_from_host (isc, virt_addr, size)
struct isc_table_type *isc;
int virt_addr, size;

» isc—Pointer that corresponds to an interface card associated with memory.

e virt_addr—The virtual address previously obtained withhap_mem_to_host
call.

» size—The size of the memory space in bytes.

This routine panics the kernel if an invaliglt_addris passed in. See
map_mem_to_hosp).
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untimeout()

untimeout()

Cancels dimeout request.

#include <sys/types.h>
#include <sys/timeout.h>

untimeout (func, arg)
int (*func)(); /* previous timeout routine addr */
caddr_t arg; /* previous timeout call arg */

vme_change _adm()

Allows a driver to change the current address modifier in use for a mapping
of a VME address onto a host virtual address.

vme_change_adm (isc, virt_addr, adm, size)
struct isc_table_type *isc;
caddr_t virt_addr;
int adm, size;

Virt_addris the address returned from a previmegp_mem_to_hostall.
Admis the new address modifier to use in the map@imgis the size of the
memory space in bytes.

Returns zero on success. This routine is for use by drivers that need to inter-
act with a slave mapper on a card that uses a non-standard address modifier.
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vme_clr()

vme_clr()

Clears the most significant bit set\aye_test_and_sebrvme_rmw, to
ensure that local caching issues are handled for semaphores in local memory.

void vme_clr (isc, address)
struct isc_table_type *isc;
caddr_t address;

Theiscis a pointer that corresponds to an interface dsildresss the byte
address whose most significant bit is to be cleared; it can be either a VME
address mapped in viimap_mem_to_hosor a VME-Class memory
addressAddressmust not be a local automatic variablevioe create isc

vme_copy()

Thevme_copyroutine moves data between VME and kernel addresses, and
between kernel addresses. Host DMA hardware will be used for the transfer
if available and appropriate, otherwiame _mod_copywill be used.
vme_copywill fail if either or both addresses are in user space.

vme_copy (to_va, from_va, count, options)
caddr_tto_va;
caddr_t from_va,;
unsigned int count;
int options;

From_vaandto_vaare virtual addresses representing the transfer source and
destination, respectively. At least one must be a kernel RAM address and the
other must be a kernel address or a VME add@stionscontains flags

used to select the data width of the transfer, whether to try to use a DMA
engine, and whether or not to do a block transfeg: p08, vMe_D16,

vME_D32 (at least one of which must be specifietg_IGNORE ADM, BLOCK,
VME_OPTIMAL, VME_CPU_COPY, andvME_FASTEST. VME_OPTIMAL specifies that

there are no alignment restrictions on the source and destination addresses.

Returns zero on success, <0 for an error, or >0 indicating the residual count
of bytes not transferred in the case of an error (such as a VME bus error).
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vme_create_isc()

vme_create_isc()

VME drivers may calme_create_isdo create and use additional ISC
entries, buvyme_set_attach_functiorreturns ansc that is sufficient for
most purposes.

#include <sysfio.h>
vme_create_isc ()

Returns a newsc pointer on success, or a null pointer on failure.

vme_dma_cleanup()

Performs the system cleanup required by a previous, synchronous DMA
transfer.

#include <sysfio.h>
vme_dma_cleanup (isc, dma_parms)
struct isc_table_type *isc;

struct dma_parms *dma_parms;

Returns zero. Seene_dma_setuy).

vme_dmacopy()

Copies data synchronously between kernel space and VME space by using
DMA hardware.

vme_dmacopy (dma_parms, vme_addr, vme_adm, options)
struct dma_parms *dma_parms;
caddr_t vme_addr;
int vme_adm, options;

» dma_parms—The PA address information returnedvoye_dma_setupas well
as a pointer to the routine to call if the DMA hardware is currently busy. The
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vme_dma_nevermind()

dma_parms>dma_optionsfield is checked for the flagave_HOST DMA,
DMA_READ, andDMA_WRITE.

* vme_addr—Fhe VME bus physical address beginning a contiguous block of
memory to be used in the transfer.

* vme_adm —Fhe address modifier to use in the transfer. It must be supported by
the DMA hardware. These include thex LOCK_BIT, AXX_SUP_DATA_BIT,
AXX_NP_DATA_BIT, andAaxx BIT modifiers (wherexx can be 16, 24 or 32).

» options—Flags used to select the data width of the transferck, vMe_DO8,
VME_D16,VvME_D32, andvME_D64, only one of which must be set.

Returns zero on success, <0 for an error, or >0 indicating the residual num-
ber of bytes not transferred in the case of an error (such as a VME bus error).
(See See “Synchronous VME to Kernel RAM DMA with vme_dmacopy” on
page 4-9..)

vme_dma_nevermind()
Removes any buffers from the asynchronous DMA queue if they haven’t
already been transferred:

void vme_dma_nevermind (who)
caddr_t who;

» who—A pointer to theproc structure (or to any kernel driver address) that iden-
tifies the process on whose behalf the asynchronous DMA was queued

Can be called when a process is going awayvB8ee dma_queué and
vme_dma_queue_polybup.

vme_dma_queue(), vme_dma_queue_polybuf()

Queues a buffer (or, fsme_dma_queue_polybufa polybuf) for asyn-
chronous DMA transfer using the local host's DMA engine.

void vme_dma_queue (who, buffer, size, vme_address,
modifier, read_write, priority, callback, arg)
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vme_dma_queue(), vme_dma_queue_polybuf()

void vme_dma_queue_polybuf (who, polybuf, size,
vme_address, modifier, read_write, priority,
callback, arg)

caddr_t who;

addr_t buffer;/* polybuf in vme_dma_queue_polybuf */
int size;

caddr_t vme_address;

int modifier, read_write, priority;

ROUTINE callback;

caddr_t arg;

This function builds needed internal structures to transfer the data. It doesn't
check for cache alignment, which you must ensure at both ends of the buffer
that you specify.

The parameters have the following significance:

» who—A pointer to theproc structure (or to any kernel driver address) that iden-
tifies this process

» buffe—The buffer or polybuf to be queued

» size—The size of the buffer (limited t@AXPHYS). For
vme_dma_queue_polybuf), asizeof 0 has the effect of asking to DMA as much
of the polybuf as possible.

» vme_addressFhe starting VME bus address associated with the buffer

» modifie—Address modifier valueve_A16,VvME_A24,VME_A32)

» read_write—The direction of the transfebMA_READ or DMA_WRITE

» priority—Specifies queue prioritypMA_PRIORITY_QUEUE Or DMA_NORMAL

» callback—Who to call back when the transfer is done

e arg—An argument to pass to your callback function when the DMA completes
It returns:

* NO _DMA_HARDWARE if the local host is not a 743/744

e ILLEGAL_CALL_VALUE if sizeis zero, or greater thamxpPHYs.

* INT_ALLOC_FAILED if there was an internahalloc problem

B-24



Kernel and Driver Routine Summaries
vme_dma_setup()

vme_dma_setup()

Takes a description of a DMA transfer to be performed and generates a chain
of address/count pairs for use by a VME master.

#include "/usr/conf/h/io.h"

vme_dma_setup (isc, dma_parms)
struct isc_table_type *isc;
struct dma_parms *dma_parms;

If the system resources (map hardware) needed for the DMA are unavail-
able,vme_dma_setupreturnsRESOURCE UNAVAILABLE . Other error indica-
tions include:

e UNSUPPORTEDFLAG—AN invalid flag is specified in the flags field of the
dma_parmstructure

* RESOURCEUNAVAILABLE —The request for I/O map entries fails.

* MEMORY_ALLOC_FAILED—Could not allocate the memory required to set up the
DMA chain structures.

* TRANSFER SIzE—Requested transfer size larger than 4 Mbytes is not acceptable
because a larger area can'’t be referenced by the I/O map table in hardware.

* INVALID _OPTIONS FLAG—An illegal combination of thema_optiondits was
passed in (for example, a direct-map DMA requested in A16 space).

* BUFLET_ALLOC_FAILED—Unable to allocate space to handle a (possible) shared
cache line at the beginning or end of the transfer.

vme_dma_status()
Returns information on whether a requested, asynchronous DMA transfer is
running, queued, or finished:

void vme_dma_status (who, buffer)
caddr_t who;
caddr_tbuffer;

* who—A pointer to identify the process whose transfer status is to be checked
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vme_dma_wait_done()

» buffe—The buffer or polybuf whose status is to be checked
vme_dma_statugeturns the following values:

* DMA_STATUS QUEUED—The requested/hoandbufferare still in the queue.
* DMA_STATUS RUNNING—The transfer for the requestbdfferis in process.

* DMA_STATUS UNKNOWN—The buffer and process could not be identified, usu-
ally indicating that the DMA has completed.

If vme_dma_queusds called with the callbackrg set tonuLL, you can use
vme_dma_statugo poll for completion. Seeme_dma_queué) and
vme_dma_queue_polybu.

vme_dma_wait_done()

Finds the asynchronous DMA gueue for the specified process. If the queue
isn't empty, the routine sleeps until it is.

void vme_dma_wait_done (who)
caddr_t who;

» who—A pointer to theproc structure (or to any kernel driver address) that iden-
tifies the process whose queue is to be checked

Callingvme_dma_wait_doneafter one or more calls tone_dma_queue
essentially turns the asynchronous call into a synchronous one. See
vme_dma_queu€ andvme_dma_queue_polybu().

vme_fifo_copy()

Transfers data to or from a FIFO.

vme_fifo_copy (isc, direction, virtual_addr,
addr_mod, space, buffer, width, size)
struct isc_table_type *isc;
int direction; /* HOST_TO_VME or VME_TO_HOST */
caddr_t virtual_addr;
int addr_mod;
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vme_fifo_grab()

space_t space; /* should always be zero */
caddr_t buffer; [* buffer read or written */

int width;

int size; /* num bytes transferred */

This is a clone ofme_mod_copyexcept that the VME side of the transfer
is expected to be a FIFO. In other words, only the PA-RISC CPU's side of
the transfer's addresses will be auto-incremented.

vme_fifo_grab()

Locks the FIFO for exclusive use, thereby avoiding interference from other
processes.

vme_fifo_grab (who,address,modifiers,size,routine,arg)
struct proc *who;
caddr_t address;
int modifiers, size;
void (*routine)();
int arg;

* who—A pointer to theroc struct that identifies this process. It need merely be a
value unique to the process or drive, as it only serves to help identify which in-
terrupt is being announced.

» address—Fhe VME address at which to place the FIFO.

» modifiers—Address modifier bit values.

» size—The size in bytes of the FIFO address space.

* routine—A pointer to a function to be called when the interrupt occurs.

» arg—An argument to be passedrtutine.

Returns non-zero on success, or zero when the FIFO is locked by someone
else.
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vme_fifo_poll()

Polls the FIFO to find out if any interrupts have occurred, and if so, how
many.

vme_fifo_poll (who, answer)
struct proc *who;
int *answer;

Whois a pointer to the same proc struct or the same string used to grab the
FIFO and identify this proces&nsweris a pointer to the returned FIFO sta-
tus, which can beiFo_EMPTY, FIFO_FULL, Or FIFO_OVERFLOW. If answeris on

input non-zero and the FIFO is empty when the call is made, the calling pro-
cess will sleep until the FIFO contains something.

Returns non-zero on success, or zero if the FIFO is locked by someone else.

vme_fifo_read()

Reads the contents of the FIFO register.

vme_fifo_read (who, data)
struct proc *who;
int *data;

Whois a pointer to the same proc struct or the same string used to grab the
FIFO and identify this procesBata is a pointer to the contents of the FIFO
buffer.

Returns non-zero on success, or zero if the FIFO is locked by someone else.
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vme_fifo_release()

Unlocks the exclusive grab that this process has on the FIFO.

vme_fifo_release(who)
struct proc *who;

Whois a pointer to the same proc struct or the same string used to grab the
FIFO and identify this process.

Returns non-zero on success, or zero if the FIFO is locked by someone else.

vme_generate_interrupt()

Generates an interrupt on the VME bus. This interrupt is to be handled by a
VME interrupt handler other than the VME-Class processor on which the
call is made.

int vme_generate_interrupt(isc, level, width, status_id)
struct isc_table_type *isc;
int level;
int width;
unsigned int status_id;

This routine generates a VME interrupt on interrupt lavel of the VME
bus. The VME interrupt acknowledge (IACK) cycle will bevalth-wide
cycle with the specifiedtatus_id

Widthcan be one of the followin@08_IRQ_TYPE, D016 _IRQ_TYPE, OF
D032 IRQ_TYPE.

Returns zero on success, or non-zero on failure.
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vme_get_address_space()

Gets available VME space.

int vme_get_address_space (isc)
struct isc_table_type *isc;

iscis a pointer for the interface card and will later be used as a parameter to
map_mem_to_host

Returns an address space type (ingbgon success; otherwise returns zero.

vme_get_cpu_number()

Returns the CPU number (0 to 31) that has been previously set for the local
host byvme_config(see “Processor Records” on page 8-7), or from the
firmware menu while booting.

int vme_get_cpu_number()

vme_get_dirwin_host_address()

Returns the host address mapped by the direct mapper to the specified
vme_addresaccording to whether the addrassdifieris in A24 or A32
space and is enabled.

int vme_get_dirwin_host_address (vme_address, modifier)
caddr_t vme_address;
unsigned int modifier;

Returns 0 if the address is not mapped.
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vme_get_iomap_host_address()

Returns the host address mapped by the slave mapper to the specified
vme_addressaccording to whether the addressdifieris in A24 or A32
space.

int vme_get_iomap_host_address (vme_address, modifier)
caddr_t vme_address;
unsigned int modifier;

Returns O if the area is not mapped, or if the system is not a 743/744.

vme_get_status_id_type()

Gets VME interrupt handling types.

int vme_get_status_id_type (isc)
struct isc_table_type *isc;

iscis the pointer to the interface card.

Returns an address space type (ingbeon success; otherwise returns zero.

vme_hardware_info()

Fills in thevme_hardware_typstructure with the parameters for the system
on which the driver is currently running.

int vme_hardware_info (hw_type)]
struct vme_hardware_type *hw_type;

hw_typeis a pointer to the data structure to hold the returned parameters.

Returns non-zero.
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vme_hardware_map_info()

vme_hardware_map_infd) obtains information, such as address range,
base, and address modifiers, that is pertinent to the direct and slave 1/O maps
on the current system.

int vme_hardware_map_info (hw_map_type)
struct vme_hardware_map_type *hw_map_type;

See “vme_hardware_map_type” on page A-18 for a description of the struc-
ture.

vme_isrlink()

Links the interrupt service routine and VME-generated status ID.

int vme_isrlink (isc, isr_addr, status_id,
arg, sw_trig_Ivl)
struct isc_table_type *isc;

caddr_tisr_addr; [* addr of driver ISR */
int status_id; /* VME status ID */

int arg; /* passed to the ISR /*
int sw_trig_Ivl; [* currently ignored */

Returns zero if the requested status ID could not be obtairetdtus_idis
zero, the next available status ID for this type interrupter will be returned, if
available.

If argis zero, the status ID from the interrupt is passed to the driver ISR, oth-
erwise the value ddrg is passed.
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vme_isrunlink()

Disassociates the interrupt service routine and the VME-generated status ID.

int vme_isrunlink (isc, status_id)
struct isc_table_type *isc;
int status_id;

Before this call is made, interrupts should be disabled on the card generating
this status ID, or a system panic will occur.

vme_locmon_grab()

Locks the Location Monitor for exclusive use for this process.

vme_locmon_grab (who, address, modifiers,
size, routine, arg)
struct proc *who;
caddr_t address;
int modifiers, size;
int (*routine)();
int arg;

» who—A pointer to theproc struct that identifies this process. It need merely be a
value unique to the process or drive, as it only serves to help identify which in-
terrupt is being announced.

* address—Fhe VME address of the start of the area to be monitored.

« modifiers—Address modifier bit values that may be OR’d together:
AXX_LOCK_BIT, AXX_SUP DATA_BIT, AXX NP_DATA_BIT, andAxx BIT (wherexx
can be 16, 24 or 32).

e size—The size in bytes of the VME address space to monitor.

e routine—A pointer to a function to be called when the interrupt occurs to an-
nounce that the range has been written into or read from.

e arg—An argument to be passedrtatine.

Returns non-zero on success; returns zero on failure.
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vme_locmon_poll()

Polls the Location Monitor to find out if any interrupts have occurred, and if
so, how many.

vme_locmon_poll (who, answer)
struct proc *who;
int *answer;

Whois a pointer to the sanmeoc struct or other ID used to grab the Loca-
tion Monitor and identify this proces&nsweris the count representing the
number of times that the Location Monitor has noticed a read or write to the
address or address range.

Returns non-zero on success; returns zero on failure.

vme_locmon_release()

Unlocks the exclusive grab that this process has on the Location Monitor.

vme_locmon_release(who)
struct proc *who;

Whois a pointer to the sammoc struct or the same string used to grab the
Location Monitor and identify this process.

Returns non-zero on success; returns zero on failure.

vme_map_largest_to bus ()

Maps the largest possible number of pages beginning at the host address that
you specify.
caddr_t vme_map_largest to_bus(isc, io_parms)

struct isc_table_type *isc;
struct io_parms *io_parms;
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This function interrogates the slave mapper for the number of pages required
for the size buffer that you specify, then calise_map_pages_to_bus

Before callingvme_map_largest_to_busfirst sefio_parms->host_addr
andio_parms-sizeto specify the host address and the size of the buffer to
be mapped. If the size can't be mappedparms->sizeis adjusted down to
the largest buffer that can be mapped.

vme_map_mem_to_bus2()

Maps a host virtual address to specific a VME bus space address.

caddr_t vme_map_mem_to_bus2 (isc, io_parms, vme_addr)
struct isc_table_type *isc;
struct io_parms *io_parms;
caddr_t vme_addr;

» isc—The pointer for the interface card needing to access this memory.

» i0_parms-A struct defining certain variables usedrhgp _mem_to_bus2es-
peciallyio_parms>host_addr(the host virtual address to be mapped to I/O
space) anib_parms>size(the size of the space to be mapped in bytes).

» vme_addr—The VME bus physical starting address desired.

Returns null on failure or a pointer in VME space corresponding to the PA-
RISC CPU’s host memory location.

vme_map_pages_to_bus()

Maps a specified number of pages and returns a pointer to the base of the
slave area that is mapped.

caddr_t vme_map_pages_to_bus (isc, io_parms, pages,
num_pages_p, all_or_nothing)
struct isc_table_type *isc;
struct io_parms *io_parms;
char **pages;
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unsigned int *num_pages_p; /*how many to map */
BOOLEAN all_or_nothing; /* map all pages or none */

This is similar tamap_mem_to_busexcept that it maps not necessarily con-
tiguous pages instead of a contiguous bufferjangarms>host_addrdoes
not need to be set.

vme_map_polybuf to_bus()

Maps an array of pointers to multiple buffers, to the beginning of the host
address that you specify.

caddr_t vme_map_polybuf _to_bus (isc, io_parms,
max_pages)

struct isc_table_type *isc;

struct io_parms *io_parms;

uint max_pages;/* 0 implies a max of 256, 4-KB pages */

Before calling this routine, s&_parms->host_addr to thepolybufstruct
containing pointers to the regions that you want to map;
setio_parms>drv_routine to a callback function when the mapping is
complete, andb_parms>arg to a value to be sent to the callback.

vme_mod_copy()

Transfers data to or from VME with VME address modifier.

vme_mod_copy (isc, direction, virtual_addr,
addr_mod, space, buffer, width, size)
struct isc_table_type *isc;

int direction; [*HOST_TO_VME or VME_TO_HOST */
caddr_t virtual_addr;

int addr_mod;

space_t space; /* should always be zero */
caddr_t buffer; [* buffer read or written */

int width;

int size; /* num bytes transferred */
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Theiscis a pointer to the structure returned fronmze_init_isq) call.
Directionis the direction of transferosT To_vME Or vME_TO_HOST. The
virtual_addris the kernel virtual address returned from a call to
map_mem_to_hostandaddr_modis the VME address modifier code
required by your interface candlidthcan beorTIMAL, BYTE_WIDE,

SHORT WIDE, OI' LONG_WIDE.

Returns zero on success. Returns an error indication of -1 if the initial
address and the size are not an even multiple of the cyclenigib)( This
routine runs internally apl6() priority.

vme_reg_read()

Does a protected, single-transfer read or write.

vme_reg_read (isc, to_va, from_va, width, addr_mod)
struct isc_table_type *isc;
caddr_tto_va, from_va,;
int width, addr_maod;

Iscis the pointer that corresponds to an interface card associated with the
VME addressTo_vais the destination address (user or kernel space).
From_vais the source address (previously mapped VME addi&&dih
specifies the width of the transf&ddr_modis the address modifier to use
for the transfer.

Returns the number of bytes transferred.

vme_reg_write()

Does a protected single transfer write.

vme_reg_write (isc, to_va, from_va, width, addr_mod)
struct isc_table_type *isc;
caddr_tto_va, from_va,;
int width, addr_mod,;
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To_vais the destination address (previously mapped VME address).
From_vais the source address (user or kernel space address).

Refer tovme_reg_readfor the remaining field definitions.

Returns the number of bytes transferred.

vme_remap_mem_to_host()

Updates the master mapper’s list of entries and their address modifiers.

int vme_remap_mem_to_host (isc, pa_address, size,
vme_address)
struct isc_table_type *isc;
caddr_t pa_address;
unsigned int size, vme_address;

Thepa_addresss the local address for which a mapper entry has already
been assigned. Thszemust be the same size used in an earlier call to
vme_map_mem_to_hostThevme_addresis the new beginning of the
VME region.

Be aware thatnap_mem_to_hostssigned the 1/O addresses in 4-MB

chunks, which can only be moved or remapped in 4-MB increments. If your
address range was smaller than 4 MB, only part of the 4-MB entity is
mapped by the I/O map. Moving the VME address range by a multiple of 4-
MB does not change the portion of the I/O map range that has been mapped.

vme_rmw()

Allows implementation of VME semaphores using RMW (read-modified-
write) cycles.

int vme_rmw (isc, address)
struct isc_table_type *isc;
caddr_t address;
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Returns zero if the most significant bit of the byte pointed tadolyesss
clear; returns >0 if it is set.

vme_set _address_space()

Sets available VME space.

int vme_set_address_space (isc, value_addr)
struct isc_table_type *isc;
int value_addr;

Value_addris an address spacewsfe_compPT, VME_A16, VME_A24, VME_A32,
or vme_up. Or an interrupter type @fNKNOWN_IRQ_TYPE, DO8_IRQ_TYPE,
D16 IRQ TYPE, Or D32_IRQ_TYPE.

Returns non-zero on success, or zero on failure.

vme_set_attach_function()

Registers a function to call at system initialization.

void vme_set_attach_function (your_attach_string,
your_attach_function)
char *your_attach_string;
int (*your_attach_function)();

int your_attach_function (id, isc)

int id;

struct isc_table_type *isc;
Your_attach_stringpoints to a string that the kernel associates with the par-
ticular attach function being registered. It is returned when the attach func-
tion is called.Your_attach_functiopoints to the attach function that is
called later by VME Services during initializatidd.is a pointer to a string
that VME Services associates with the attach function being registered. This
is the sam@gour_attach_stringhat was specified in the call to
vme_set_attach_functiof). Iscis the pointer for the interface card.
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vme_set_mem_error_handler()

Associates an error handler for a master-mapped address range.

void vme_set_mem_error_handler (isc, pa_address, size,
handler, arg)
struct isc_table_type *isc;
unsigned int pa_address;
int size;
ROUTINE handler;
caddr_t arg;

This routine assigns an error handler to each 4-MB entry of the master map-
per for the specified A24 or A32 address space.

Thepa_addressandsizeof the buffer to associate with the error handler
were obtained by a prior call toap_mem_to_hostThehandleris a

pointer to the error handler for the master mapper entry (or entriegrgand
is an argument to be passed to the error handler when a VME bus error
occurs.

This routine is an alternative tone_testrandvme_testw

vme_set_status_id_type()

Sets VME interrupt handling types.

int vme_set_status_id_type (isc, value_type)
struct isc_table_type *isc;
int value_type;

» isc—A pointer for the interface card needing to access this memory, previously
initialized by a call tanap_mem_to_hogf).

» value_type—An interrupter typeUNKNOWN_IRQ_TYPE, DO8_IRQ TYPE,
D16 _IRQ TYPE, orD32_IRQ TYPE.

Returns non-zero on success, or zero on failure.
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vme_test and_set()

Tests for zero in MSB and sets MSB if it is not set.

int vme_test_and_set (isc, address)
struct isc_table_type *isc;
caddr_t address;

Returns >0 if the most significant bit of the byte pointed tadigresss set.
Returns zero and sets the most significant bit of the byte pointed to by
addressijf the bit is clear.

vme_testr()

Tests for the presence of a device acknowledgingltn-wide read access
to virtual_addr.

int vme_testr (isc, virtual_addr, width, options)
struct isc_table_type *isc;

caddr_t virtual_addr; /* address to check */
int width; /* BYTE_WIDE, SHORT_WIDE, LONG_WIDE */
int options;

Optionsare defined ivme2.hand provide for various mixes of privileged

and non-privileged data and program access in short, standard, and extended
MOJEeSSHORT NP_ACCESS SHORT SUP ACCESS STD_NP_DATA_ACCESS

STD_NP_PRGRM ACCESS STD_SUP DATA_ACCESS STD_SUP PRGRM ACCESS
EXT_NP_DATA_ACCESS EXT_NP_PRGRM ACCESS EXT_SUP DATA_ACCESS and
EXT_SUP_PRGRM ACCESS

Returns >0 if the access was acknowledged by the VME device, or -1 for
usage errors. Returns zero if a VME bus error is generated.
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vme_testw()

Tests for the presence of a device acknowledgingith-wide write access
to virtual_addr.

int vme_testw (isc, virtual_addr, width, options)
struct isc_table_type *isc;

caddr_t virtual_addr; /* address to check */
int width; /* BYTE_WIDE, SHORT_WIDE, LONG_WIDE */
int options;

Optionsare the same as fame_testr Returns >0 if the access is acknowl-
edged by the VME device; returns -1 for usage errors; and returns zero if a
VME bus error is generated.

wakeup()

Wakes all processes sleepingamiress

#include <sys/param.h>

wakeup (address)
caddr_t address; /* Wakes process on this address */

Thewakeup routine awakens all processes sleepingaairessand puts

them on the scheduling queue with gerity they specified in their calls to
sleep If two or more have the same priority, which one executes first is inde-
terminate.
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Porting HP-UX 9.x Drivers

This appendix provides basic pointers to help you port your VME driver to
the release of HP-UX and VME Services described in this manual.

Porting HP-UX 9.x Drivers

This section contains notes on updating pre-10.0 VME drivers.

As of 10.0, there are six major differences: a new
vme_set_attach_functioii); new access functions to select addresses and
interrupter types; a newne_create_is€) function to replace

vme_init_isd); newvme__calls to replace several_calls; a new
vme_hardware_infq() function; and new steps in building and installing
your driver.

(For the new functions at 10.1, see “New 10.1 Functions” on page C-3.)

New Attach Function and Process

vme_set_attach_functio2) specifies an attach function to be registered
with VME Services when the HP-UX kernel is initialized during system
start-up. This attach function and the initialization process involving it are
the primary features that distinguish a 10.0-compliant driver and its initial-
ization by VME Services.

During initialization, each VME driver installed in the kernel specifies an
install function namedriver_install(). This install function is responsible
for callingvme_set_attach_functiorto register the driver attach function
and therwsio_install_driver to register thevsiodata structures that specify
the functions and configuration data associated with the driver.

When VME Services calls youiriver_attach() function, you can perform
whatever initialization is appropriate for your driver, and then use
isc_claim() to accept or reject thiec that your function receives.
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Other New Functions

New Access Functions

There are new access functions to select an address and interrupter type:
» vme_get_address_spagiec) andvme_set_address_spadesc, valug

* vme_get status_id_typ@sc) andvme_set_status_id_typgsc, valug

Prior to 10.0, you could use tise->if_info field to get this information, but
now it points to avsiostructure and the old VME info struct has been
obsoleted.

New Create ISC Function

Prior to 10.0, you would callme_init_isq0) to create arsc, but this has
been replaced byme_create is), which takes no arguments. This new
function assigns you &sc.

New 10.0 vme__ Calls that Replace io_ Calls

Sixio_calls (o_dma_setupio_dma_cleanupio_testr, io_testw,
io_isrlink , andio_isrunlink) have been replaced by calls witine_in their
namesy¥me_dma_setupvme_dma_cleanupvme_testr, vme_testw
vme_isrlink, andvme_isrunlink).

New vme_hardware_info() Function

Replacingget_ vme_hardward), vme_hardware_infq() is used to fill in
thevme_hardware_typstructure with the parameters for the system that the
driver is currently running on.

New 10.1 Functions

For 10.1, VME Services has been updated to provide additional function
calls for

» Asynchronous DMA purposes relating to queues, status, and interrupts:
vme_dma_cleanuy), vme_dma_nevermind), vme_dma_queué),
vme_dma_statu$), andvme_dma_wait_doné)

* Mapping pages and buffers to the VME busie_map_largest_to_bu§ and
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vme_map_pages_to_ by
* Remapping memorywme_remap_mem_to_hog)

» Obtaining information on the current direct and slave 1/O maps:
vme_hardware_map_infd)

* Obtaining the CPU number of the current processe_get_cpu_numbef)

New Include File Pathnames

See “Madifying Header File Inclusion” on page C-5.

Building and Installing Your Driver

There are new procedures to build and install your driver. See “Editing Sys-
tem Files for the Driver” on page 7-6, and the two sections that follow it.

Porting Third-Party Drivers

Depending on the origin of the driver that you port, you might need to
change it so that it conforms to HP-UX semantics. You will also need to add
theisc (Interface Select Code) table entries required to use the services pro-
vided by the kernelme2driver, for instance inme_dma_setuy).

Modifying Entry Point Routine Names

If your driver contains device driver routines, make the routine names con-
form to the HP-UX convention:

» Driver routine names for open, close, read, write, strategy, ioctl, and select have
names conforming to the conventigiver_routinewheredriveris a name given
to the driver, andoutineis the routine name (for example, give your open and
close routines the namdsver_openanddriver_closd.

» Choose your driver nameiver, so that it does not collide with an existing driver
name in the second field in the linedusr/conf/master.dmaster It is good
practice to prepend all global variables in your driver with your driver name be-
cause this reduces the risk of colliding with a kernel global variable.
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Modifying Header File Inclusion

You probably need to add or rearrange s#indude statements to
include all the header files needed for an HP-UX driver.

Virtually all drivers need to include the files shown below:

#include <sys/types.h>

#include <sys/errno.h>

#include “/usr/conf/wsio/vme2.h”
#include <sys/uio.h>

In general, see the manual pages and sections of the manual for each kernel
call/structure your driver uses to find out which header files they require.

The minimal list (in order) will usually include:

#include <sys/types.h>
#include <sys/errno.h>
#include <sys/param.h>
#include <sys/buf.h>
#include <sys/signal.h>
#include <sys/timeout.h>
#include <sys/io.h>
#include <sys/uio.h>
#include “/usr/conf/h/conf.h”
#include “/usr/conf/wsio/vme2.h
#include “mydriver.h”

Checking Driver Entry-Point Routines

Checking Return Values

Make sure that your driver entry-point routines return a value of 0 if no error

occurs. HP-UX generates spurious and meaningless error messages if the
return value of these routines is not set to 0 (for no error) or the error number
indicating the error that occurred.

Checking Entry Point Routine Parameters

The parameters to some of the driver entry point routines of your device
driver might need to be modified to reflect the routine declarations for
driver_open driver_close driver_read, driver_write, driver_ioctl, and
driver_select

C-5



Porting Device Drivers
Porting Third-Party Drivers

The declaration of thepen, close andselectroutines should look like:

driver_{open,close,select}(dev,flag)
dev_t dev;
int flag;

The declaration of theead andwrite routines should look like:

driver_{read, write}(dev,uio)
dev_t dev;
struct uio *uio;

The declaration of thioctl routine should look like:

driver_ioctl (dev, cmd, arg_ptr, flag)
dev_t dev;
int cmd;
caddr_t arg_ptr;
int flag;

Checking Kernel Routine Parameters

For all kernel support routines called by your driver, check the parameters
passed to the routine. For examleysio() should have the following
parameters:

physio (strat, bp, dev, rw, mincnt, uio)
int (*strat)();
register struct buf *bp;
dev_t dev;
int rw;
unsigned (*mincnt)();
struct uio *uio;

Checking theioctl Command Format

If your driver has amoctl routine, modify the declarations of yaoctl(2)
commands (usually defined in your driver's header file), if necessary, so they
conform to the HP-UX format. See “Defining the Command Parameter” on
page 6-19.

Checking Timeout Parameters

HP-UX has a fourth parameter in the call, as seen in the signature below:
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timeout (func, arg, t, timeout)
int (*func)();  /* routine to call on timeout */
caddr_t arg; [* argument passed to it */
intt; [* cycle count to wait */
struct timeout *timeout; /* NULL */

This parameter is a pointer tdimeoutstruct. Usually this is called with a
NuLL parameter and the kernel then allocates the struct to be used by the call.

Checking Interrupt Service Routine Parameters

The HP-UX VME services always call VME interrupt service routines with
two parameters. These parameters aiscgointer and a second parameter
which, depending upon the call madestoe_isrlink(), may be a predeter-
mined argument or the status vector provided in the IACK cycle by your
VME interface card.

Miscellaneous Suggestions

Kernel Mapping Routines

The only supported mapping calls are those contained in Appendix B. Spe-
cifically, map_mem_to_hodf), map_mem_to_bug),

vme_map_largest to_bu§, vme_map_mem_to_bus@, and
vme_map_pages_to bk You will have to change other systems map-
ping calls accordingly.

Kernel Address Conversion and Buffer Alignment

If you are not using theme_dma_setupandvme_dma_cleanuproutines
when doing DMA, it is up to your driver to ensure, for example, processor
cache consistency by using ibeflushcacheandio_purgecacheroutines
described in Appendix B, in “Flushing Cache” on page 4-21, and in “Purg-
ing Cache” on page 4-22. Hewlett-Packard recommends that you use the
providedvme_dma_setupandvme_dma_cleanuproutines for all DMA
transactions.

If a driver needs to do a kernel logical-to-physical address conversion, the
kvtophys() kernel utility routine is provided. You pass it a logical memory
address and it returns the corresponding physical address.

C-7



Porting Device Drivers
Porting Third-Party Drivers

If your driver is performing word or long-word DMA (16 or 32 bit), your

driver may need to check the alignment and size of the data buffer to ensure
that your hardware can handle the transfer. If a buffer is not aligned properly
for DMA for your device, it is usually possible to line it up by handshaking
one or more bytes at the beginning or the end of the buffer.

Unique Routines

Finally, the various mapping and copy routines are in general unique to HP-
UX VME.
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D-1



Skel Device Drivers
Non-DMA Skeleton Driver

This appendix shows the skeletons for two VME device drivers. They're
calledskeletonbecause they’re just basic instructional sketches or models
rather than actual drivers that can be compiled and executed.

The first is an example of a non-DMA driver.

Non-DMA Skeleton Driver

The handle chosen s$kel.

#include <sys/errno.h>

#include <sys/param.h>
#include <sys/buf.h>

#include <sys/dir.h>

#include <sys/signal.h>
#include “/usr/conf/wsio/timeout.h”
#include <sys/io.h>

#include "/usr/conf/wsio/lvme2.h"
#include <sys/ioctl.h>

#include <sys/user.h>

#include "skel.h"

#define TRUE 1
#define FALSE 0

/* global data structure declarations */

static struct skelregs *Skel_Regs; /* board address */
static struct buf Skel_Buf; /* io buffer ~ */
static int Skel_Opened = FALSE; /* driver has been opened */

#define SKELIRQ 0x2 /* interrupt level */
#define SKEL_CARD_ADDR 0x10000 /* VME bus address */
#define SKEL_REG_SIZE 0x200

#define SKEL_STRING  "Acme Skeleton Device"
#define SKEL_IOCTL1 _lO('s", 1)

#define SKEL_IOCTL2 _10('s', 2)
#define SKEL_IOCTL3 _10('s', 3)
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skel_isr()

int skel_isr(isc, arg)
struct isc_table_type *isc;
int arg;

{

/* determine if board caused interrupt */
/* reset card here */
/* clear interrupt on card */
if (/* card indicates transfer is complete */)
iodone(&Skel_Buf);
else
wakeup(&Skel_Buf);

skel _open() and skel close()
Perform initialization on first open. Allow only one open at a time.

skel_open(dev, flag)
dev_t dev;
int flag;

{

/* The following implements exclusive open */
if (Skel_Opened)
return(EACCESS);

Skel_Opened = TRUE;
return(0);

skel_close(dev)
dev_t dev;
{
Skel_Opened = FALSE;
return(0);

}
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skel_strategy()

The strategy routine is responsible for setting the hardware up for a transfer
and starting the transfer.

skel_strategy(bp)
struct buf *bp;

{ . .
int pri;
register caddr_t dmaddr;
short count;

pri = spl4();
dmaddr = bp->b_un.b_addr;
count = bp->b_bcount;
if (op->b_flags & B_READ) {
[* prepare card for read transfer */
}
else {
I* prepare card for write transfer */

}

/* start transfer of data */
splx(pri);

skel_read()
Read up ta@ountbytes of data from the device irbaf

skel_read(dev, uio)
dev_t dev;
struct uio *uio;

{

[* The read is implemented through the strategy routine */
return(physio(skel_strategy, &&Skel_Buf, dev, B_READ,
minphys, uio));
}
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skel_write
Write countbytes of data frorbufto the device.

skel_write(dev, uio)
dev_t dev;
struct uio *uio;

{

[* The write is implemented through the strategy routine */
return(physio(skel_strategy, &&Skel_Buf, dev, B_ WRITE,
minphys, uio));

skel_ioctl()

Theioctl routine is used to implement the remaining functions. Since they
require at most one argument, the third address is taken to be an argument
passed by value.

skel_ioctl(dev, command, arg)
dev_t dev;

int command;

caddr_t arg;

{

switch(command) {
case SKEL_IOCTL1:
/* Call routine or insert code to do first ioctl */
break;
case SKEL_IOCTL2:
/* Call routine or insert code to do second ioctl */
break;
case SKEL_IOCTLS3:
/* Call routine or insert code to do third ioctl */

break;
default:
return(EINVAL);
}
return(0);

}
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Structs

static drv_ops_t skel_ops =
{
skel_open,
skel_close,
skel_strategy,
NULL,
NULL,
NULL,
skel_read,
skel_write,
skel_ioctl,
NULL,
NULL,
NULL,
NULL,
NULL,
NULL,
C_ALLCLOSES

static drv_info_t skel_info =
{
"skel",
"skel class",
DRV_CHAR | DRV_SAVE_CONF,
-1,
SKEL_CHAR_MAJOR,
NULL,
NULL,
NULL

static wsio_drv_data_t skel data =
{
"skel",
T_INTERFACE,
DRV_CONVERGED,
NULL,
NULL

static wsio_drv_info_t skel_wsio_info =

{

&skel_info,
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&skel_ops,
&skel_data
I3
I* */

skel_attach()

skel_attach(id, isc)
int id;
struct isc_table_type *isc;

{
VME_INIT_IF_INFO(isc, D08_IRQ_TYPE, VME_COMPT);

Skel_Card->isc = isc; /* squirrel away the isc */

/* link in the DMA interrupt service routine */
if ((Skel_Card->vector_number =

vme_isrlink(isc, skel_isr, 0, 0, 0)) < 0)
return;
/* map in the card registers */
skel = (struct skel_regs *)
map_mem_to_host(isc, board _addrs , board.size

if (skel == NULL)

return;

isc->card_ptr = (int) skel;

[* test if card is there */

if (vme_testr(isc, (caddr_t) skel, BYTE_WIDE, 0) <= 0) {
unmap_mem_from_host(isc, skel, SKEL_REG_SIZE);
isc_claim(isc, NULL); /* ours but no hardware there */

}

/* do card specific initialization

*/

isc_claim(isc, &skel_wsio_info);
Skel_Not_Attached = FALSE;

);
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skel_install()
skel_install()

{
vme_set_attach_function(SKEL_STRING, skel_attach);

return(wsio_install_driver(&skel_wsio_info));

}

VME DMA Driver Skeleton

This section shows the skeleton for a VME driver with DMA. The parts of
the skeleton appear under subsections that name the routines.

#include <sys/errno.h>

#include <sys/param.h>
#include <sys/buf.h>

#include <sysl/io.h>

#include <syslioctl.h>

#include <sys/param.h>
#include <sys/user.h>

#include “/usr/conf/wsio/vme2.h”

#define TRUE 1
#define FALSE 0

/* global data structure declarations */

static struct skelregs *Skel_Regs;  /* board address */
static struct buf Skel_Buf; [*io buffer  */

static struct skel_card_info *Skel_Card;

static int Skel_Not_Attached = TRUE;  /* code to make sure
attached */

#define SKEL_IOCTL1 _10('s', 1)
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skel_isr()

skel_isr(isc, arg)
struct isc_table_type *isc;
int arg;

{

struct buf *bp = isc->owner;
struct dma_parms *dp = (struct dma_parms *) isc->dma_parms;
int index;

[* determine if board caused interrupt
reset card here
clear interrupt on card
*/
/* was there a bus error */

if (card_ptr->status & BERR) {
card_ptr->control &= ~BERR;
bp->b_error |= EIO;
} else if (card_ptr->tfr_count) { /* did DMA complete? */
[* not complete calculate resid */
bp->b_resid += card_ptr->tfr_count;
for (index = dp->chain_index + 1;
index < dp->chain_count; index++)
bp->b_resid += dp->chain_ptr[index].count;
} else if (dp->chain_index != dp->chain_count) {
/* more elements to do */
skel_dma_setup(isc);
skel_dma_start(isc);
return;

}

iodone(bp);
io_dma_cleanup(isc,dp);
isc->owner = NULL;
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skel_open() and skel_close()

skel_open(dev, flag)
dev_t dev;
int flag;

{
if (Skel_Not_Attached)

return(ENXIO);

[* enforce exclusive open, if exclusive open device */
[* do any open time driver/hardware initialization */

return(0);

skel_close(dev)

dev_t dev;

{
[* clear exclusive open flag, if exclusive open device */
/* do any close time driver/hardware cleanup */
return(0);

}

skel_strategy()

skel_strategy(bp)
struct buf *bp;

{
struct isc_table_type *isc = bp->sc;
struct dma_parms *dma_parms;
int ret, pri;

isc->owner = bp;

dma_parms = isc->dma_parms;
bzero(dma_parms, sizeof(struct dma_parms));
dma_parms->addr = bp->b_un.b_addr;
dma_parms->count = bp->b_un.b_count;
dma_parms->flags = 0;
dma_parms->drv_routine = skel_wakeup;

/* set flags according to transfer desired */
if (SKEL_TRANSFER TYPE == A32)
dma_parms->dma_options |= VME_A32_DMA,;
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else
dma_parms->dma_options |= VME_A24_DMA,;

if (/* want to use the slave mapper */)
dma_parms->dma_options |= VME_USE_IOMAP;

pri = spl6();
while (ret = io_dma_setup(isc, dma_parms))
if (ret = RESOURCE_UNAVAILABLE)
sleep(dma_parms, PZERO+2);
else if (ret < 0) {
bp->b_error = EINVAL;
iodone(bp);
splx(pri);
return(0);
}
splx(pri);

/[* reset card */
if (op->b_flags & B_READ)

/* Perform general read specific card set up */
else

[* Perform general write specific card set up */

skel_dma_setup(isc);
skel_dma_start(isc);

skel_read() and skel_write()

skel_read(dev, uio)
dev_t dev;
struct uio *uio;

return(physio(skel_strategy, &&Skel_Buf, dev, B_READ,

minphys, uio));

skel_write(dev, uio)
dev_t dev;
struct uio *uio;

return(physio(skel_strategy, &&Skel_Buf, dev,
B_WRITE, minphys, uio));
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skel_dma_setup() and skel_dma_start()

skel_dma_setup(isc)
struct isc_table_type *isc;

{

/* local variable declarations */
struct dma_parms *dmaparms =
(struct dmaparms *)isc->dma_parms;
struct buf * bp = (struct buf *)isc->owner;
int index = dmaparms->chain_index;

/* Reset card */

if (op->b_flags & B_READ) {

[* Perform read specific card set up */
}else {

[* Perform write specific card set up */

}

/* set up dma address and transfer count */

card_ptr->dma_addr = (unsigned long)
dma_parms->chain_ptr[index].phys_addr;

card_ptr->dma_count = (short)
dma_parms->chain_ptr[index].count;

/* Advance to next transfer on dma chain (for next transfer) */
dma_parms->chain_index++;

}

skel_dma_start(isc)

struct isc_table_type *isc;

{

struct buf *bp = (struct buf *) isc->owner;

if (bp->b_flags & B_READ)

/* Do any read specific start-up here */
else

[* Do any write specific start-up here */

[* Enable interrupts, if not already enabled */
/* Start card doing dma transfer */
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skel_ioctl()

skel_ioctl(dev, command, arg)
dev_t dev;

int command,;

caddr_t arg;

{

switch(command) {
case SKEL_IOCTL1:
/* Call routine or insert code to do first ioctl */
break;

default:
return(EINVAL);
}

return(0);

}

Structures
static drv_ops_t skel_ops =

{
skel_open,
skel_close,
skel_strategy,
NULL,
NULL,
NULL,
skel_read,
skel_write,
skel_ioctl,
NULL,
NULL,
NULL,
NULL,
NULL,
NULL,
C_ALLCLOSES

I

static drv_info_t skel_info =

{

"skel”,
"skel class",
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DRV_CHAR | DRV_SAVE_CONF
-1,

SKEL_CHAR_MAJOR,

NULL,

NULL,

NULL

static wsio_drv_data_t skel_data =
{
"skel",
T_INTERFACE,
DRV_CONVERGED,
NULL,
NULL

Iy

static wsio_drv_info_t skel_wsio_info =
{
&skel_info,
&skel_ops,
&skel_data
b
% */

skel_attach()
skel_attach(id, isc)

intid;

struct isc_table_type *isc;
{

if (strcmp(id, SKEL_STRING)) /*is this for us? */
return; [* nope! */

VME_INIT_IF_INFO(isc, D08_IRQ_TYPE, VME_COMPT);

Skel_Card->isc = isc; /* squirrel away the isc */

/* link in the DMA interrupt service routine */
if ((Skel_Card->vector_number =
vme_isrlink(isc, skel_isr, 0, 0, 0)) < 0)
return;

/* map in the card registers */
skel = (struct skel_regs *)
map_mem_to_host(isc, board_addrs

board.size

);
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if (skel == NULL)
return;

isc->card_ptr = (int) skel;

[* test if card is there */

if (vme_testr(isc, (caddr_t) skel, BYTE_WIDE, 0) <= 0) {
unmap_mem_from_host(isc, skel, SKEL_REG_SIZE);
isc_claim(isc, NULL); /* ours but no hardware there */

}

[* do card specific initialization

*/

isc->dma_parms =
(struct dma_parms *)
io_malloc(sizeof(struct dma_parms), IOM_NOWAIT);
if (isc->dma_parms == NULL) {
unmap_mem_from_host(isc, skel, SKEL_REG_SIZE);
return;

}

isc_claim(isc, &skel_wsio_info);
Skel_Not_Attached = FALSE;

}

skel_install()

skel_install()

{
vme_set_attach_function(SKEL_STRING, skel_attach);
return(wsio_install_driver(&skel_wsio_info));

}

D-15






Glossary

Al16 The mnemonic symbol for 16-bit control of the data-transfer bus to a re-
addressing mode (VME address space)juester. In the HP VME configuration
Bus masters with A16 capability can file, the method or modafb_mode) for
generate bus cycles with 16-bit addressdefining how the system will determine
es. Bus slaves or location monitors withwhich request level (BRO, BR1, BR2, or
A16 capability can accept bus cycles BR3) to handle first. The two arbitration
with 16-bit addresses. The total availablenodes are round robin select (RRS) and
address space is 64KB. priority (PR). When the arbitration mode
is RRS, the request rotates through the
A24 The mnemonic symbol for 24-bit four request levels. When the arbitration
addressing mode (VME address space)node is PR, BR3 is serviced first.
Bus masters with A24 capability can
generate bus cycles with 24-bit addressARPA Advanced Research Projects
es. Bus slaves or location monitors withAgency, a U.S. government research
A24 capability can accept bus cycles agency instrumental in developing and
with 24-bit addresses. The 24-bit ad- using the original ARPA services on the
dresses are sometimes caktgndard ~ ARPANET.
addressesThe total available address
space is 16MB. ARPA/Berkeley servicesThe net-
working services originating from the
A32 The mnemonic symbol for 32-bit Advanced Research Projects Agency
addressing mode (VME address space)ARPA) and from the University of Cal-
Bus masters with A32 capability can ifornia at Berkeley (UCB). ARPA ser-
generate bus cycles with 32-bit addressvices are used to communicate in
es. Bus slaves or location monitors withHP-UX, UNIX, and non-UNIX environ-
A32 capability can accept bus cycles ments. UCB services are used for
with 32-bit addresses. The 32-bit ad- HP-UX or UNIX operations only. ARPA
dresses are sometimes cakedended  services include File Transfer Protocol
addressesThe total available address (ftp), Telnet, and Simple Mail Transfer
space is 4GB. Protocol (SMTP). Berkeley services in-
clude Remote copydp), Remote login
anchor A common point of reference  (rlogin), Remote whor{vho), Remote
for all processors connected to a com- €xecution (exec), Remote shellrém-
mon VME backplane. Sdmckplane  sh), and Remote uptimeuptime).
anchor.

ASIC An application-specific integrat-
arbiter A VME board that accepts bus ed circuit such as the VME bus adapter.
requests and grants control of the data-
transfer bus to one requester at a time. backplane anchor A common point of
The slot 1 controller functions as the ar+eference for all processors connected to
biter. a common VME backplane. All proces-

sors using VME backplane networking
arbitration The process of assigning must know the VME address of the back-
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plane anchor. By convention, the anchorquests and grants control of the data
occupies the beginning of the backplanetransfer bus to one bus requester (master)
networking swsm. All processors on the at a time. It is often called traystem
backplane access this swsm by first ac- controller. Each processor on the VME
cessing the backplane anchor, which  backplane can have an arbiter, but only
points to the backplane header. the arbiter in slot 1 is used for HP 9000
VME-Class workstations. Arbiters are
backp|ane header A part of the back- classifie_d by the type of VME arbitration
plane networking SWSM. It contains the Scheduling mode they use. (See the glos-
hardware address of the backplane net-sary entry “arbitration mode.")
work and other pointers.
bus device A card or built-in 1/0 func-
backplane master processorThe pro-  tion connected to the local bus.
cessor that initializes the backplane net-

working swsm and increments the character device interface An inter-
heartbeat. This processor is assigned face that accommodates character-ori-
CPU number zero. ented I/O, that is, one character at a time,
such as a serial communications port.
block device interface An interface I/0 operations are not channeled through

that accommodates only block-oriented @ buffer cache. Instead, they take place
I/0 and is generally used for mass stor- between the device and your applica-

age devices such as disk drives. This tion’s virtual address space. For a block-
type of interface uses a buffer cache, oriented device, a character device inter-

which minimizes the number of 1/O re- face becomes an unstructured (raw de-
quests that actually require an 1/0 operavice) interface.
tion to the device.

character device driver A device driv-

block device driver A device driver er that accesses a device a character at a
that accesses a structured device such gine. Character devices do not use the
a disk or magnetic tape. HP-UX buffer cache.

board computer A board that contains configuration The arrangement of

the CPU, memory subsystem, and /0 VME boards according to their nature,

subsystem. Board computers, such as theumber, and chief characteristics.

HP 9000 VME-Class plug into a VME

backplane. device number A 32-bit number that
includes both thenajor andminor _

bus The hardware communication path humbersthat uniquely identify a partic-

between different system elements with-ular device driver and instance of a hard-
in a given system. ware device. Also calledr@ode device

number.

bus arbiter A functional module on ]
VMEDbus systems that monitors bus re- DMA  Abbr. for Direct Memory Ac-
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cess an I/O method that permits data tohost bus The physical bus via which
be transferred directly from memory to main memory is accessed.
an interface card (or vice versa) without

CPU intervention. IACK An interrupt acknowledgment.

An interrupt acknowledge cycle is initi-
driver The software interface between ated by an interrupt handler in response
the HP-UX kernel and a hardware de- to an interrupt request. The VME IACK
vice. A device driver, which resides in handshake identifies which 1/0O device
the kernel, is either lalock device driv- on a particular interrupt level has sig-
er or acharacter device driver. Gener- naled an interrupt. If the interrupt level is
ally, block device drivers are for mass set tonormal mode, the hardware per-
storage devices such as disks; and chaferms the IACK handshake before the
acter device drivers are for any other CPU receives the interrupt. If the inter-
type of I/O peripheral, such as serial  rupt level is set téast mode the CPU is
communications ports. All mass storagdnterrupted in parallel with the IACK
devices must have both a block and a handshake. Fast mode is used when only
character (raw) device driver. one /O device is associated with a par-

ticular interrupt level.

EEPROM System memory that retains

its contents even after workstation poweinode An entry in a table maintained by

is turned off. the kernel for each existing file, identify-
ing such aspects as owner, group, mode,

Ethernet address Ethernet is a local ~ last access time, etc.

area network (LAN) system developed

by Xerox Corporation. It is implemented Initial System Loader Implements the

at the data link and physical layers of operating system independent portion of

networking software. It is used to the bootstrap process. Itis loaded and ex-

uniquely identify nodes on the LAN. In a ecuted after self-test and initialization

VME environment, each backplane net-have completed successfully. Seeithe

work is assigned a unique 48-bit Ether-(1M) man page for more information.

net address. Each processor on the

VMEbus modifies the last byte of this |nternet All ARPA networks that are

address to contain its own CPU numbetegistered with the Network Information

Center.
expander Another name for the VME
bus adapter. Internet address The network address

of a computer node. It has two parts: a
FIFO A first-in, first-out queue written network number and a node address. The
to by other VME bus masters and read by ME backplane is assigned a unique In-
the HP’s VME bus adapter chip. You ternet network number. Each processor
must reserve address space for the FIFOn the backplane is assigned a unique In-
buffer so that it does not conflict with  ternet Protocol (IP) address.
other objects.
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interrupt handler A routine that deter- ters for access by the driver.

mines which slave has interrupted and

handles the interrupt in a device-specificLAN Abbreviation for Local Area Net-
manner. Interrupt handlers can detect reyork.

guests on any of the seven interrupt lines

of the priority interrupt bus. link-level address SeeEthernet ad-
dress

interrupt level One of seven prioritized

hardware lines on which a interrupter or |1 pus The physical bus to which a

bus master can generate an interrupt. p\sinterface device is attached, either as
(For more information, refer to the glos- 5 gystem hoard core 1/0 device or as an
sary entry “VMEbus interrupt.”) expansion device via a card in an expan-
] ) sion slot.
interrupter A VME entity that gener-
ates an interrupt request on the priority |cation monitor Monitors a 1KB or 2-
interrupt bus and then provides status byte window of VME memory space for
and ID information when the interrupt  oc4ivity and generates a system interrupt
handler requests it. Interrupters can use,,nenaver it is written into. Used as a
any of the seven interrupt lines. general monitor of activity on the bus, or
o as amailbox interrupt that generates an
IP- Abbreviation for Internet Protocol.  interrupt to a board without disrupting
VME bus traffic.
ISL Abbreviation for Initial System
Loader. master A VME entity that can initiate
data transfer bus cycles between itself
ISR The interrupt service routine (ISR) and a slave. Examples include CPU
that handles interrupts from a device. modules and peripherals with DMA con-
The kernel calls the ISR when it receivestrollers.
an interrupt from a device.
network address The network portion
kernel threads A category of threads  of an IP address. For Class A, B, and C
that execute only in kernel code, includ- networks, respectively, the network ad-
ing I/O drivers, through the use of sys- dress is the first, first two, and first three
tem calls. bytes of the IP address. In each case, the
remainder is the host address. In the In-
kernel virtual address The address ac- ternet, assigned network addresses are
tually generated by a CPU in kernel ~ globally unique.
mode, which is the context in which a
driver runs. It is the address which driv- Network File System A networking
ers use when referencing memory ob- service that allows many systems to
jects, as well as the address returned share the same files. It is not limited to
from translation services such as when specific hardware or software. It sup-
mapping a bus interface device’s regis- ports Remote File Access.
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NFS Abbreviation for Network File terrupt handler and requests use of the

System. data transfer bus whenever its master or
interrupt handler needs it.

PA-RISC Abbr. for Precision Architec-

ture—Reduced Instruction Set Comput+equest level The request line or level

er (or Computing). (req_lev) on which an interrupt handler
will make a request for the VMEbus. The

panic What the kernel does when a critfour request levels are BRO, BR1, BR2,

ical internal consistency check fails in and BR3.

such a way that Unix cannot continue.

With VME, this typically happens when request mode The manner or mode

an attempt is made to access a locationreq_mode in which a VME master will

for which VME memory has not been release the VMEbus. The three modes

mapped. are release when done (RWD), release
on request (ROR), and fair request

polling A method for handling input ~ (FAIR).

and output (1/0). When using this meth-

od, a device does not interrupt. /0 is adRMW Abbr. for Read-Modify-Write.

complished by periodically checking the

device to see if it is ready to send or re-shared memory A communication

ceive data. If a processor on the VME  pyffer accessible to multiple processors,

backplane uses polling, it periodically and used to pass data among them. This

polls the swsm data structure for input memory may be located on one of the

packets. processors or on a separate VME memo-
ry card.

processor A VME bus master that han-

dles interrupts and may supply local  slave A VME board that detects bus cy-

memory. cles generated by masters. When those
cycles specify its participation, it trans-

pseudo Read-Modify-Write fers data between itself and the master.

(pseudo_rmw) A simulated VME Examples include memory and I/O mod-

RMW cycle in which the processor locksules.

the VMEDbus, executes a separate read

and write, and then unlocks the VME-  s|ot one controller Seesystem con-
bus. Only Model 742 742t, and 747 troller.

computers implement this method.

. _smart DMA device DMA for which
remote host A computer that is accessi-the bus interface device, generally using
ble through the network or via a gate- asynchronous DMA, is capable of ac-
way. cessing specific control structures in

memory to direct its operation to include
requester A functional module that re- the generation of multiple ranges of local
sides on the same board as a master or bnis addresses.
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socket A special type of file: the Berke- VME backplane that serves as the bus ar-
ley Unix mechanism for creating a virtu- biter. Its function is to mediate bus re-

al connection between processes. guests by preventing more than one
Sockets form the interface between Unixmaster from using the data transfer bus at
standard 1/O and network communica- any one time. This module must reside in
tion facilities. They can be of two types, slot 1 of the VME backplane. It is some-
stream (bi-directional) or datagram times referred to as ttsot one control-
(fixed length destination-addressed mesler.

sages). The socket library functisock-

et(2) creates a communications end-  system wide shared memory

point or socket and returns a file descrip{SWsM) A contiguous block of memo-
tor with which to access that socket. Thery that resides on a processor or memory
socket has associated with it a socket athoard connected to a VME backplane. A
dress, consisting of a port number and S\WSM may exist anywhere in the VME
the local host's network address. address space, and all Supported proces-
sors on a common backplane have access
STATUS_ID A word that contains the re- to this memory. This memory is assumed
turn value for each interrupter on a par- to have a fixed allocation in some physi-
ticular interrupt level. When there are  cal address space for the life of the sys-
different service routines on the same intem. At least one SWSM is reserved for
terrupt level, thesTATUS ID is used by  backplane networking. HP-UX sets up
the interrupt handler during the IACK  access to this area when the system is
routine to determine which driver initiat- booted.
ed the interrupt.
TAS Abbreviation for test-and-set.
SWSM Abbreviation forsystem-wide
shared memory TCP/IP Abbreviation for Transmission
Control Protocol/Internet Protocol.
synchronous DMA DMA occurring in
lock-step with the driver state. The driv- test-and-set The mechanism used to
er sets up the DMA engine and then di- protect the shared memory resources on
rects it to execute the I/O, the completiong VME backplane. The test-and-set
of which is signaled asynchronously via methods used for backplane networking

an interrupt or by the driver’s polllng of aretrue rmw andpseudo rmw
the bus interface device status. The driv- - -

er state, or ﬁt least éhe-tsrtﬂtﬁ Orf] thg /O, réreads Collections of multiple streams
mains synchronized with the hardware ¢ ayecution within normal processes. A

state. thread includes a complete machine
. state; that is, a set of registers, a program
system call A kernel process invoked  counter (next instruction counter), and a
by a user program. private stack. All of these are used by the
CPU for instruction execution. A thread,
system controller The module on the by itself, does not “own” code or data,
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but it does share code and data areas withME master A functional module that
other threads running within the same can initiate data transfer cycles to and

process. See als@rnel threads. from a VME slave: for example, CPU
modules and peripherals with Direct
Transmission Control Protocol A Memory Access (DMA) controllers. Be-

protocol that provides the underlying fore a VME master can transfer data, it

communication support for stream sockmust acquire the bus from thes arbi-

ets. TCP is used to implement reliable, ter. Some processors can be configured
sequenced, flow-controlled, two-way aS both a VME master and a VME slave.

communication based on byte streams

similar to pipes. VME slave A functional module that
can detect bus cycles generated by a bus
true Read-Modify-Write A VME master. If selected, it can participate in

Read-Modify-Write cycle used for pro- the cycles by transferring data between
tecting the shared memory resources ofiself and the master. Some processors
a VME backplane. A processor that carcan be configured as both a VME slave
accept this type of hardware RMW cycleand a VME master.

performs a read and write of the sema-

phore protecting the shared memory allVMEbus The Versa Module Eurocard

in one cycle. Models 743743t, and industry standard device interfacing bus.
744 VMEbus computers implement this The VMEbus is an asynchronous bus
type of routine. that allows communication between pro-

cessor boards and memory cards from a

vector number Every VME bus inter-  variety of vendors when they are
rupt requestor must supply an interrupt Plugged into a common VME backplane
vector number, which in the VME Ser- and observe VMEDbus protocol specifica-
vices software is identified with the ~ tions. This is accomplished without dis-
status_|Dargument in the various calls turbing the internal activities of other
that service interrupts_ devicesinthe system. The VMEbus does
not distinguish between I/O and memory
VME Abbreviation for Versa Module SPace, and it supports multiple address
Eurocard. spaces. The VMEbus uses a master-slave
architecture. Functional modules called
VME masters transfer data to and from

VME backplane A backplane board  ¢,nctional modules calledME slaves

for a VME enclosure (usually called a
cardcage crate, orchassis. It uses a

mechanical standard known as Eheo- YMEDUS interrupt A method for han-

card format. The Eurocard format de- 9ling interrupts in a VME backplane sys-

scribes the rack and connector standard€M- . The VMEbus specification allows
The modules that plug into the VME prioritized interrupts on seven hardware
backplane come in two sizes: single levels (level 1 through 7). Level one has

; - the lowest priority; level seven has the
height (3U) and double height (6V). highest priority. Modules that generate
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interrupts have aimterrupter ; modules
that service interrupts have imterrupt
handler. An interrupter can interrupt on
any of the seven interrupt levels. An in-
terrupt handler can monitor one or more
interrupt levels; for example, a particular
interrupt handler could be assigned to
handle levels 1, 2, 3, 4, and 7. Each inter-
rupt level can only be monitored by one
interrupt handler.

wsio Workstation 1/O level.
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Symbols
#include pre-processor declaration, 8-4
$DRIVER_INSTALL, 7-7
Jetc/rc.config.d/netconf, 9-11
/etc/vmelvme.CFG, 8-14
/sbin/lib/vme/vme.CFG, 8-14
/sbin/vme_config, 8-14
lusr/shin/ifconfig, 9-11
/varladm/vme/system.log, 8-14
_attach_string, B-39
_10, 6-19
_ioctl_arg, 6-20
_IOR, 6-19

10w, 6-19

_IOWR, 6-19

A
A24 address space

defined, GI-1
a24_dirwin_addr, A-18
a24_dirwin_addr_mods, A-19
a24_dirwin_host_base, A-18
a24_dirwin_size, A-18
a24_iomap_addr, A-19
a24_iomap_addr_mods, A-19
A32 address space, Gl-1

defined, GI-1
a32_dirwin_addr, A-18, A-20
a32_dirwin_addr_mods, A-19
a32_dirwin_host_base, A-18
a32_dirwin_size, A-18
a32_iomap_addr_mods, A-19
access-result, A-22
acquire_buf, B-2
active, A-14
addr_mod, B-37

definition, 6-16
address, A-25, B-27, B-33, B-41

Al6 space, 1-7, 2-2

A24 space, 1-7, 2-2

A32 space, 1-7, 2-2

boundary, 8-6

lines, 2-2

modifiers, 1-7

physical page, 1-4

range, 8-2

range size, 8-6

space, 1-7, 8-5, 9-4

space allocation, 1-7
space, types of, 1-7
virtual, 1-4
virtual page, 1-4
address field formats
align, 8-6
starting_address
size, 8-6, 9-4
starting-ending, 8-6
address modifier, 2-3
address modifiers, 8-5, 9-4
address space
user level access, 1-11
addressing
compatibility mode, 2-9
enhanced mode, 2-9
adm, B-20
align, 8-6
answer, B-34

Application-Specific Integrated Circuit

(ASIC), 1-3

arb_mode, 8-10
arb_mode value

PRI, 8-10, 8-11

RRS, 8-10
arbiter, GI-1
arbiter,, see also bus arbiter
arbitration, GI-1
arbitration mode, 8-10
arbitration modes, 1-8, 8-10

arbitration modes and request levels

combining, 8-11
arg, B-17, B-27, B-33
ARPA/Berkeley services
defined, GI-1
attach routine
writing a, 6-2
av_back, A-4, A-6
av_forw, A-4, A-6
avail_interrupts, A-20
available_interrupts, A-22

B

b_act, A-11
b_actf, A-11, A-14
b_action, A-4
b_active, A-11
b_actl, A-14

B_ASYNC, A-4

b_ba, A-4

b_back, A-5, A-6

b_bcount, A-4

b_blkno, A-4

b_bufsize, A-4

B_BUSY, 6-12, A-4, B-13

B_CALL, A-5

B_DELWRI, A-5

b_dev, A-4, A-11

B_DONE, A-5

b_errcnt, A-11

B_ERROR, 6-28, A-4, A-5

b_error, 6-13, 6-29, A-4

b_flag, A-11

b_flags, 6-12, A-4

b_forw, A-5, A-6

b_iodone, A-5

b_major, A-9

B_PHYS, A-5, B-13

b_queue, A-5

B_READ, 6-12, A-5, B-12

b_resid, 6-13, 6-29, A-5

b_s, A5

b_sc, A-5

b_spaddr, A-5

b_state, A-11

b_un, A-5

b_un.b_addr, A-5

B_WANTED, 6-12, A-5, B-12

B_WRITE, 6-12, A-5

b_xaddr, A-11

b_xcount, A-11

backplane anchor
defined, GI-1

backplane header
defined, GI-2

backplane master processor
defined, GI-2

bcopy, B-3

bcopy_prot, B-18

bdevsw table, 6-26, 7-6, A-2

biodone, B-13

BLOCK, 4-6

block device driver, GI-1, GI-3

block drivers, 1-12

board computer
defined, GI-2
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BPN_CONFIG, A-20
brelse, 6-14, B-3
buf, 6-11, 6-12, 6-28, A-3, B-12
buffer, A-14
BUFLET_ALLOC_FAILED, 4-7, B-25
build file, 7-6

editing, 7-7
bus

defined, GI-2
bus arbiter

defined, GI-2
bus arbitration

arbitration mode, 8-13

round robin mode, 8-13
bus errors and panics, 3-10
bus request, 1-8, 8-10
bus request levels

BRO, 8-8, 8-10

BR1, 8-8, 8-10

BR2, 8-8, 8-10

BR3, 8-8, 8-10
bus_info, A-14
bus_type, A-14
BYTE_WIDE, 6-17, A-24
bzero, B-3

C
C_ALLCLOSES, 6-38, A-7
C_EVERYCLOSE, A-7
c_major, A-9
C_NODELAY, A-7
cache

flushing, 4-21

purging, 4-22

shared line problems, 4-21
cache alignment, 4-22
cache coherency, 4-21
cache memory

and DMA, 1-6
card cage, 1-2
card records, 8-4
card/proc name, 8-7
card_ptr, A-14
CARD_RESET, 6-20
CARD_STATUS, 6-20
card_type, A-14, A-22, A-23, A-24
cards, 8-4

hard-coded, 8-5

programmable, 8-5
third-party, 8-4
cdevsw, 1-16, A-6, A-7
cdevsw table, 6-9, 6-18, 7-6, A-6
chain_count, A-8
chain_index, A-8
character device
writing read/write routines, 6-9
character drivers, 1-12
class, A-9
close, 1-13, 6-38, A-7
CMD, 6-19
cmd, 6-21
code
protecting critical sections, 3-5, B-16
coll, B-15
commands
BPN_CONFIG, A-20
cd, 7-9
CMD, 6-19
config, 7-6
ioctl, 2-9
ioscan, 7-7
Isdev, 7-5
mknod, 1-15, 7-5
sync, 1-17
user-level ioctl, 2-2
vme_config, 8-15
write, 6-6
config, 7-6
config file
editing, 8-2
config.mk file, 7-9
configuration, GI-2
configuration records
fields, 8-3
format, 8-3
configuring
VME and EEPROM, 1-5
copyin, B-4, B-18
copyout, B-4, B-18
count, A-14
cp, B-18
cpu_number, A-20

D
d_flags, A-2, A-6
d_open, A-7

d_write, A-7
D08 _IRQ_TYPE, 3-9, B-39
D16_IRQ_TYPE, 3-9, B-39
D32_IRQ_TYPE, 3-9, B-39
ddb, 1-17
debugging tools
xdb, 5-2
dev, 6-7, 6-9, 6-12, 6-21, 6-38, 6-39, A-14
DEV_BSIZE, B-13
device
relative priority of, 3-17
device and driver integration, 1-15
device driver
definition, 1-11
writing a, 1-11
device files, 7-5
device_type, 7-6
direct mapper, 2-6
direct mapping, 2-6
Direct Memory Access (DMA), 4-2
direct_map_to, 8-7
direction, B-37
disk_close, 6-39
DMA
parameter records, 8-11
strategy routine, 6-31
transfers, 6-34
DMA capabilities
series 743i/748i, 4-3
dma_options, A-8
dma_params record, 8-8, 8-13
dma_parms, 6-33, 8-12, A-7, A-14, B-22
dma_sync, B-4
documentation conventions, xx
driver
compiling, 7-8
driver entry points
driver_attach, 6-2
driver_install, 6-2
driver_ioctl, 6-2
driver_open, 6-2
driver_read, 6-2
driver_select, 6-2
driver_write, 6-2
driver functions
user written, 1-13
driver read parameters
uio, 6-10
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driver structures, 6-4
driver_attach, 6-2, 6-16, C-2
driver_close, 6-38, C-4
driver_close routines parameters

dev, 6-39
driver_dma_setup, 6-34
driver_dma_start, 6-34
driver_entry points

driver_strategy, 6-2
driver_input_ready, 6-25
driver_install, 6-2, C-2
driver_ioctl, 6-2, 6-21
driver_ioctl parameters

arg_ptr, 6-21

cmd, 6-21

dev, 6-21

flag, 6-21
driver_isr, 6-35
driver_open, 6-2, 6-6, 6-7, 6-8, 6-16, C-4
driver_open parameters

dev, 6-7

flag, 6-7
driver_output_ready, 6-25
driver_read, 6-2, 6-11, 6-12

parameters

dev, 6-9

driver_select, 6-2, 6-22, 6-25

DRV_SAVE_CONF, A-9
DRV_SCAN, A-9
drv_type, A-25

dup, 6-18

E

EEPROM, 1-5, 1-15, 7-2, 7-10, 8-2

ENABLE_IRQ, B-6

enqueue, A-11

entry point routine names
modifying, C-4

entry points, 1-12

errno, 6-8, 6-28, 6-29

error, A-22, A-23

error values
B_ERROR, 6-28, 6-29
BUFLET_ALLOC_FAILED, 4-7
ILLEGAL_CALL_VALUE, 4-7
ILLEGAL_CONTEXT, 4-6
ILLEGAL_DMA_ADM, 4-7
INT_ALLOC_FAILED, 4-6
INVALID_OPTIONS_FLAG, B-25
MEMORY_ALLOC_FAILED, B-25
NO_D08 BLOCK, 4-7

RESOURCE_UNAVAILABLE, A-8,

B-25
UNSUPPORTED_FLAG, B-25

driver_strategy, 6-2, 6-10, 6-12, 6-26, 6-Ethernet address

27, 6-28, 6-31, 6-33, 6-35, 6-37
calling, 6-27
driver_strategy, example, 6-31
driver_transfer, 6-37
functions of, 6-37
driver_write, 6-2, 6-9, 6-10, 6-11, 6-12
drivers
block, 1-12
character, 1-12
DRV_BLOCK, A-9
DRV_CHAR, A-9
drv_data, 6-4
drv_flags, A-26
drv_info, 6-4, A-9, A-26
drv_minor_build, A-26
drv_minor_decode, A-26
drv_ops, 6-4, A-9, A-26
drv_path, A-25
DRV_PSEUDO, A-9
drv_routine, A-8

defined, GI-3
example files
example.CFG, 8-2
example2.CFG, 8-2
example3.CFG, 8-2
example4.CFG, 8-2
exceptfds, 6-22
exclusive open, 6-6
External Interrupt Register(EIR), 3-3

F

FAIR, 8-13

fentl, 6-7

features, A-20

FEXC, 6-7

fields
a24_dirwin_addr, A-18
a24_dirwin_host_base, A-18
a24_dirwin_size, A-18
a24_iomap_addr, A-19

a24_iomap_addr_mods, A-19
a32_dirwin_addr, A-18, A-20
a32_dirwin_addr_mods, A-19
a32_dirwin_host_base, A-18
a32_dirwin_size, A-18
a32_iomap_addr_mods, A-19
access_result, 5-3
access-result, A-22, A-23
active, A-14

address, A-25

address alignment, 8-6
av_back, A-4

av_forw, A-4
avail_interrupts, 3-6, A-20
available_interrupts, A-22
b_actf, A-11, A-14

b_action, A-4

b_active, A-11

b_actl, A-11, A-14

b_ba, A-4

b_back, A-5

b_bcount, A-4

b_blkno, A-4

b_bufsize, A-4

b_dev, A-11

b_errcnt, A-11

b_error, 6-13, A-4

b_flag, A-11

b_flags, 6-12, 6-28, A-4
b_forw, A-5

b_iodone, A-5

b_major, A-9

b_queue, A-5

b_resid, 6-13, 6-29, A-5

b_s, A-5

b_sc, A-5

b_state, A-11

b_un.b_addr, 6-28

b_xaddr, A-11

b_xcount, A-11

buf_info, A-14

buffer, A-14

bus_type, A-14

c_major, A-9

card_ptr, A-14

card_type, A-14, A-22, A-23, A-24
chain_count, A-8
chain_index, A-8
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class, A-9

count, A-14

CPU/card number, 8-3
cpu_number, A-20
d_flags, A-2, A-6

dev, 6-39, A-14
dma_options, A-8
dma_parms, A-14
driver_data, 6-4
driver_ops, 6-4
drv_flags, A-26
drv_minor_build, A-26

drv_minor_decode, A-26

drv_path, A-25
drv_routine, A-8
drv_type, A-25
error, A-22, A-23
features, A-20
flag, 6-22, 6-39
flags, A-9

ofsw, A-14
if_drv_data, A-14
if_id, A-15

if_info, C-3
if_reg_ptr, A-15
ifsw, A-15
in_fsm, A-11
int_Ivl, A-15
intloc, A-12, A-15
iomap_size, A-19
iosw, A-15
keep_bus, 8-8, 8-12
keyword, 8-3
location, 6-20
modifiers, A-25
my_address, A-15
my_isc, A-15
name, 8-3, 8-7, A-9
options, A-21
owner, A-15
parml, B-8

proc, 8-12
reg_value, 6-20
reg_lv, 8-8, 8-13
resid, A-15
timeflag, A-12
uio, 6-10

uio_iov, A-17

uio_iovent, A-17
uio_offset, A-17
uio_resid, A-17
uio_sedgflg, A-17
vme_addr, A-22, A-23
vme_expander, A-20
width, A-22, A-23, A-24
FIFO, 1-9, 3-19, GI-3
fifo, 8-7
FIFO functions, 5-12
FIFO_GRAB, B-6
FIFO_POLL, B-6
FIFO_READ, B-6
FIFO_RELEASE, B-6
fimeflag, A-12
flag, 6-7, 6-21, 6-39
flags, A-9
B_ASYNC, A-4
B_BUSY, 6-12, A-4, B-13
B_CALL, A-5
B_DELWRI, A-5
b_dev, A-4
B_DONE, A-5
B_ERROR, A-5
b_error, 6-29
B_PHYS, A-5, B-13
B_READ, 6-12, A-5, B-12
B_WANTED, 6-12, A-5, B-12
B_WRITE, 6-12, A-5
BLOCK, 4-6
BYTE_WIDE, A-24
C_ALLCLOSES, 6-38, A-7
C_EVERYCLOSE, A-7
C_NODELAY, A-7
DEV_BSIZE, B-13
DRV_BLOCK, A-9
DRV_CHAR, A-9
DRV_PSEUDO, A-9
DRV_SAVE_CONF, A-9
DRV_SCAN, A-9
FEXC, 6-7
FNDELAY, 6-7
FREAD, 6-7
FWRITE, 6-7
IOM_NOWAIT, B-7
IOM_WAITOK, B-7
LONG_WIDE, A-24
SHORT_WIDE, A-24

T_DEVICE, A-26
T_INTERFACE, A-25
timeo, A-12
VME_CPU_COPY, 4-6
VME_FASTEST, 4-6

VME_IGNORE_ADM, 4-5, 4-6
VME_OPTIMAL, 4-5, 4-7, A-21

FNDELAY, 6-7
FREAD, 6-7, 6-22

from_va, 4-5, A-21, B-21, B-37, B-38

functions, 7-8
FWRITE, 6-7, 6-22

G
geteblk, 6-14, B-5
ofsw, A-14

H
hardware

mappers, 5-8

series 700i VME DMA, 4-3
host_addr, B-35
HOST_TO_VME, B-37
HPUX command, 9-11
HPUX file, 9-11
HP-UX kernel routines, B-2
hw_type, B-31
, 6-9

|
1/0 control, 1-2
1/0 space, 1-5
1/0 system calls
close, 1-13
ioctl(2), 1-13
open, 1-13
read, 1-13
select, 1-13
write, 1-13
id, B-39
if drv_data, A-14
if_id, A-15
if_info, C-3
if_reg_ptr, A-15
ifconfig(1M), 9-11
ifsw, 6-37, A-15
ILLEGAL_CALL_VALUE, 4-7
ILLEGAL_CONTEXT, 4-6
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ILLEGAL_DMA_ADM, 4-7
ILLEGAL_OPTION, 4-6
in_fsm, A-11
Initial System Loader (ISL)
defined, GI-3
Initial System Loader (ISL),, see also ISL
INT_ALLOC_FAILED, 4-6
int_Ivl, A-15
integrating device and driver, 1-15
Interface Acknowledge (IACK) register,
3-3
interface card, 3-4
interface driver, 3-4
Internet
defined, GI-3
Internet address
defined, GI-3
Internet address,, see also IP address
Internet Domain server, 9-10
interrupt
handling an, 3-2
level, 3-7
range, 8-9
records, 8-9
request line, 8-9
steps in processing, 3-2
interrupt handler, 1-8, GI-4
interrupt handling, 1-8, 3-2
interrupt-driven 1/O, 3-3
interrupt handling, VME, 1-6
interrupt level
defined, GI-4
fast mode, GI-3
normal mode, GI-3
software, 3-5
interrupt levels, 8-2
range, 3-5
interrupt service routine (isr)
writing an, 3-9
interrupt service routine(isr), 3-3
interrupt vector
setting up the VME card, 3-7
interrupter, Gl-4
interrupts
finding available, 3-6
PA-RISC, 3-13
intloc, A-12, A-15, B-17
INVALID_OPTIONS_FLAG, B-25

io_dma_cleanup, C-3
io_dma_setup, C-3
io_flushcache, 4-21
io_free, B-7
io_isrlink, C-3
io_isrunlink, C-3
io_parms, 2-12, B-35
io_purgecache, 4-21, 4-22
IO_TESTR, B-6
io_testr, C-3
IO_TESTW, B-6
io_testw, C-3
I0_WAITOK, B-7
iobuf, A-10
ioctl, 1-2, 6-16, B-6
calls, 1-11
commands, 1-11
parameters
arg, 6-18
fildes, 6-18
request, 6-18
ioctl calls, 5-2
VME_TESTR, A-24
VME_TESTW, A-24
VME2_ENABLE_INT, A-22
VME2_ENABLE_IRQ, A-22
VME2_REG_READ, A-22
VME2_REG_WRITE, A-22
ioctl calls()
IRQ, 5-11
ioctl() calls
map, 5-6, 5-8, 5-11
probe, 5-3
register access, 5-6
unmap, 5-8
user copy, 5-10
VME2_FIFO_GRAB, 5-12
VME2_FIFO_POLL, 5-13
VME2_FIFO_READ, 5-13
VME2_FIFO_RELEASE, 5-13
VME2_LOCMON_GRAB, 5-12
VME2_LOCMON_POLL, 5-12

VME2_LOCMON_RELEASE, 5-12

VME2_MAP_ADDR, 5-8

VME2_UNMAP_ADDR, 5-3, 5-8

VME2_USER_COPY, 5-10
ioctl() commands

ENABLE_IRQ, B-6
FIFO_GRAB, B-6
FIFO_POLL, B-6
FIFO_READ, B-6
FIFO_RELEASE, B-6
IO_TESTR, B-6
IO_TESTW, B-6
LOCMON_GRAB, B-6
LOCMON_POLL, B-6
MAP_ADDR, B-6
REG_READ, B-6
REG_WRITE, B-6
UNMAP_ADDR, B-6
USER_COPY, B-6
VME2_ENABLE_IRQ, 5-3
VME2_|O_TESTR, 5-3
VME2_I0_TESTW, 5-3
VME2_MAP_ADDR, 1-11, 2-9, 5-3
VME2_REG_READ, 1-11, 5-3
VME2_REG_WRITE, 1-11, 5-3
VME2_UNMAP_ADDR, 1-11, 2-9
VME2_USER_COPY, 1-11, 5-3
ioctl(2), 1-13
ioctl(2) commands
CARD_CONTROL, 6-20
CARD_RESET, 6-20
ioctls
VME2_MAP_ADDR, A-21
VME2_USER_COPY, 4-2, 4-4
iodone, 3-10, 6-27, 6-28, 6-29, 6-35, A-5,
B-6, B-12
IOM_NOWAIT, B-7
iomap_size, A-19
ioscan, 7-7
iosw, A-15
iov_len, 6-12, A-17
iovec, 6-13, A-13
iowait, 6-27, 6-28, 6-29, 6-35, B-7
IP,, see also Internet Protocol
IRQ ioctl() call
VME2_ENABLE_IRQ, 5-11
is_pavme2, A-20
isc, 2-9, 2-12, A-13, B-10, B-19, B-21, B-
30, B-31, B-35, B-37, B-39, B-40, C-
2

isc_claim, 6-4, A-26, C-2
isc_table_type, A-13
ISL,, see also Initial System Loader
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ispavmel, A-20
isr, 3-3, 3-4, 3-6, 3-7, 3-8, 3-9, B-8
isrlink, B-8
isrlink arguments
isr, B-8
level, B-8
mask, B-8
parml, B-8
parm2, B-8
regaddr, B-8
issig, B-9

K

kernel
building, 7-9

kernel code, 1-15

kernel configuration file
choosing a, 7-4

kernel vme2 services, 5-2

kvtophys, B-9

L
level, B-8, B-17
libc, 5-8
LIBUSRDRYV macro, 7-10
linklevel address, Gl-4
loc_mon, 8-7
local bus

cache, 1-3

memory, 1-3

system, 1-3
local bus memory, 1-3
location, 6-20
location monitor, 1-9, 3-19, 5-11, GI-4
LOCMON_GRAB, B-6
LOCMON_POLL, B-6
LOCMON_RELEASE, B-6
LONG_WIDE, A-24
Isdev, 7-5

M
macros
major, B-9
minor, B-9
START_POLL, A-12
major, B-9
major number, 5-2, 7-6
major_number, 7-6

map, 5-8
MAP_ADDR, B-6

minor, B-9
minor number, 5-2, 7-6

map_mem_to_bus, 2-9, 2-11, 2-13, B-10minor_number, 7-6

B-36
map_mem_to_bus arguments
isc, B-10
map_mem_to_bus routine
using, 2-13

minphys, 6-12, B-11, B-13
mknod, 7-5

modifiers, A-25, B-27, B-33
multiple open, 6-6
my_address, A-15

map_mem_to_host, 2-9, 2-10, 2-11, 6-16my _isc, A-15

B-10, B-20, B-21, B-30, B-37, B-40

using, 2-10
map_mem_to_host arguments
phys_addr, B-10
size, B-10
mapper space
allocation by kernel, 2-3
mapping
local address space, 1-4
mask, B-8
master, Gl-4
master file, 7-6
creating, 7-6
driver dependency section, 7-7
install section, 7-7
library section, 7-7
naming, 7-6
master mapper
setting up, 2-10
master mappers, 2-3
master mapping, 1-5, 2-3
unmapping, 2-11
me_map_mem_to_bus2, 2-12
mechanisms
timeout, 3-17
memory
cache, 1-6
virtual, 1-6
memory management
basic concepts, 2-2
memory mapping
non-local, 2-3
routines, 2-9
to a specific address, 2-13
unmapping slave memory, 2-15
memory records, 8-5
fields, 8-5, 8-12
MEMORY_ALLOC_FAILED, B-25
mincnt, 6-12, B-13

N

name, A-9

network controller, GI-5

Network File System services (NFS),, see

also NFS

new
access functions, C-3
attach function and process, C-2
create ISC function, C-3
include file pathnames, C-4
vme_ calls, C-3
vme_hardware_info, C-3

NFS
defined, GI-4

NO_D08_BLOCK, 4-7

node, GI-5

nodev, 6-18, A-2, A-7

non-DMA transfers, 8-8, 8-13

nonvolatile memory, GI-5

nulldev, 6-18, A-2, A-7

(0]
object file, 7-8
oflag, 6-7
open, 1-13, 1-15, 6-6, 6-7, 6-18, 6-39, A-7
OPTIMAL, 6-16
restrictions using, 6-17
options, A-21, B-21, B-23
owner, A-15

P
panic, B-11
parameters

tunable, 7-8
PA-RISC, 1-3, 2-2, 3-3
parml, B-8
parm2, B-8
pb_reset, 8-8
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phys_addr, B-10

DMA parameter, 8-11

physio, 3-4, 6-10, 6-12, 6-13, 6-35, A-4, memory, 8-5

A-5, A-10, A-16, A-17, B-12
using, 6-11
polling
defined, GI-5
porting
HP-UX 9.x driver, C-2
third-party drivers, C-4
printf, B-14, B-15, B-16, B-17, B-18, B-
19, B-20, B-21, B-22, B-25, B-26, B-
27, B-28, B-29, B-30, B-31, B-32, B-
33, B-34, B-35, B-36, B-37, B-38, B-
39, B-40, B-41, B-42
probe
end address, 5-4
start address, 5-4
probe ioctl() calls
VME2_10_TESTR, 5-3
VME2_IO_TESTW, 5-3

slot 1 function, 8-9
REG_READ, B-6
REG_WRITE, B-6
regaddr, B-8
register access ioctl() calls

VME2_REG_WRITE, 5-6
release documents, xvii
release_buf, B-2, B-14
remote DMA controllers, 4-16, 6-33
remote host

defined, GI-5
remote_dma_setup, 6-33
remote_isr, 6-33
reqg_lv, 8-10
req_mode, 8-8, 8-13
req_mode values

FAIR, 8-13

ROR, 8-13

problems, questions, and suggestions, xx RWD, 8-10, 8-13

proc, 6-23, B-17
proc record, 8-8, 8-13
process
forked child, 6-38
processor, GI-5
processor card options, 8-8
processor records, 8-7
CPU number, 8-7
proc keyword, 8-7
processor name, 8-7
revision code ID, 8-7
pseudo ReadModifyWrite, GI-5
PSEUDO_RMW, GI-5

request level, 1-8
defined, GI-5

request levels and arbitration modes
combining, 8-11

request mode
defined, GI-5
FAIR, 8-8, 8-11
fair (FAIR), 8-11
Release on Request, 8-11
release on request (ROR), 8-11
release when done (RWD), 8-10
ROR, 8-8
RWD, 8-8

request mode values
FAIR, 8-11

R
read, 1-12, 1-13, 1-15, 3-4, 6-9, 6-16, 6-26, ROR, 8-11

6-27, 6-29, A-16
readfds, 6-22
record type
card, 8-3
dma_params, 8-3
interrupt, 8-3
memory, 8-3
proc, 8-3
slot_1_functions, 8-3
records
card, 8-4

request modes, 1-8

requester, GI-5

resid, A-15

residual value, A-21

RESOURCE_UNAVAILABLE, A-8, B-
25

revision history, xix

ROR, 8-13

round robin select, 8-10

routine, B-27, B-33

routines

acquire_buf, B-2
bcopy, B-3
bcopy_protect, B-18
biodone, B-13
brelse, 6-14, B-3
bzero, B-3
close, 6-38
copyin, B-4, B-18
copyout, B-18
disk_close, 6-39
driver_attach, 6-2, 6-16, C-2
driver_close, 6-38
driver_dma_setup, 6-2, 6-34
driver_dma_start, 6-2, 6-34
driver_input_ready, 6-25
driver_install, C-2
driver_ioctl, 6-2, 6-20, 6-21
driver_isr, 6-2, 6-35
driver_link, 6-2
driver_open, 6-2, 6-6, 6-7, 6-8, 6-16
driver_output_ready, 6-25
driver_read, 6-2, 6-9, 6-11, 6-12
driver_select, 6-2, 6-22, 6-25, 6-26
driver_strategy, 6-2, 6-10, 6-12, 6-26, 6-
27, 6-28, 6-31, 6-33, 6-35, 6-37

calling, 6-27

read, 6-29
driver_strategy, example, 6-31
driver_transfer, 6-37
driver_write, 6-2, 6-9, 6-10, 6-11, 6-12
drv_routine, A-8
dup, 6-18
enqueue, A-11
get_vme_hardware, C-3
geteblk, 6-14, B-5
geterror, B-6
io_dma_cleanup, C-3
io_dma_setup, C-3
io_flushcache, 4-21
io_free, B-7
io_isrlink, C-3
io_isrunlink, C-3
io_malloc, B-7
io_purgecache, 4-21, 4-22
io_testr, C-3
io_testw, C-3
ioctl, 6-16, B-6
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writing, 6-18
ioctl(2), 6-19
character device, 6-18
iodone, 3-10, 6-13, 6-27, 6-28, 6-29, 6-
35, B-6, B-12
iowait, 6-27, 6-28, 6-29, 6-35, B-7
isc_claim, 6-4, A-26, C-2
isr, 3-3, 3-4, 3-6, 3-8, 3-9
isr_link, 3-3
isrlink, B-8
issig, B-9
kvtophys, B-9
libc, 5-8
map_mem_to_bus, 2-9, 2-11, 2-13, B-
10, B-36
map_mem_to_host, 2-9, 2-11, 6-16, B-
10, B-20, B-21, B-30, B-37, B-40
mincnt, 6-12, B-13
minphys, 6-12, B-11, B-13
msg_printf, B-11
nodev, A-7
nulldev, A-7
open, 1-15, 6-6, 6-18
panic, B-11
physio, 3-4, 6-9, 6-10, 6-12, 6-13, 6-35,
A-4, A-5, A-10, A-16, A-17, B-12
using, 6-11
printf, B-14
read, 1-12, 1-15, 3-4, 6-9, 6-13, 6-16, 6-
26, 6-27, 6-29
readv, 6-9
release_buf, B-14
release_bus, B-2
remote_dma_setup, 6-33
select, 6-22, 6-25, 6-26
writing a, 6-22
selwakeup, 6-23, 6-25, B-14
skel_isr, 3-9
sleep, 4-3, 6-28, B-15
snooze, B-16
spl, 3-5, 3-6
spl*, B-16
strategy, 6-16
suser, B-16
sw_trigger, 3-13, 3-15, B-17
system driver entry points, 6-2
tape_close, 6-39

timeout, 3-17, B-17
transfer
writing a, 6-37
uiomove, 6-9, 6-10, 6-14, A-16, A-17,
B-18

unmap_mem_from_bus, 2-9, 2-15, B-19

unmap_mem_from_host, 2-9, 2-11, B-
19
untimeout, 3-17, B-20
user written
driver_attach, 1-13
driver_close, 1-14
driver_install, 1-13
driver_ioctl, 1-14
driver_open, 1-13
driver_read, 1-14
driver_select, 1-14
driver_size, 1-14
driver_strategy, 1-14
driver_write, 1-14
vme_change_adm, B-20
vme_clr, B-21
vme_config, 8-2, A-20
vme_copy, 4-2, 4-4, 4-5, 4-6, 5-10, B-21
vme_create_isc, B-21, B-22, C-2, C-3
vme_dma_cleanup, 4-2, 4-22, 4-23, B-5
B-22, C-3
vme_dma_setup, 4-2, 4-22, 6-33, 6-34
A-8, B-5, B-25, C-3
vme_dma_start, 6-31
vme_dmacopy, 4-2, 4-4, B-22
vme_fifo_copy, 3-20, B-26
vme_fifo_grab, 3-20, B-27
vme_fifo_poll, 3-20, B-28
vme_fifo_read, 3-20, B-28
vme_fifo_release, 3-20, B-29
vme_generate_interrupt, B-29
vme_get_address_space, B-30, C-3

vme_locmon_poll, 3-19, B-34

vme_locmon_release, 3-19, B-34

vme_map_largest_to_bus, 2-14, B-34

vme_map_mem_to_bus2, 2-9, 2-11, 2-
13, B-35

vme_map_pages_to_bus, 2-13, B-35

vme_map_polybuf_to_bus, 2-14

vme_mod_copy, 4-5, 4-6, 6-16, 6-17, B-
21, B-36

vme_panic_isr_hook, 5-11

vme_reg_read, B-37

vme_reg_write, B-37

vme_rmw, B-21, B-38

vme_set_address_space, 2-9, B-39, C-3

vme_set_attach_function, 6-2, B-22, B-
39, C-2

vme_set_status_id_type, 3-9, B-40, C-3

vme_test_and_set, B-21, B-41

vme_testr, 5-4, 6-16, B-41, C-3

vme_testw, 5-4, B-42, C-3

wakeup, 3-10, 6-12, 6-29, B-42

write, 1-12, 6-9, 6-13, 6-16, 6-26, 6-29

wsio_install_driver, 6-2, A-26, C-2

rw, B-18
RWD, 8-13

S

safe page, 2-5

SAM, 7-3, 7-4

SCsl, Gl-6

select, 1-13, 6-22, 6-24

seltrue, 6-22

selwait, 6-24

selwakeup, 6-23, 6-25, B-14

selwakeup arguments
coll, B-15

semaphores, B-38

shared memory, GI-5

shared open, 6-6

vme_get_status_id_type, 3-9, B-31, C-3SHORT_WIDE, A-24

vme_hardware_info, 3-6, A-19, B-31,
C-2

vme_hardware_map_info, 2-12, B-32

vme_init_isc, B-37, C-2, C-3

vme_isrlink, 3-3, 3-7, 3-8, B-32, C-3

vme_isrunlink, B-33, C-3

vme_locmon_grab, 3-19, B-33

size, B-10, B-19, B-20, B-27, B-33, B-35
slave, 8-7, GI-5
slave mapper, 2-4, 8-6
slave mapping, 1-5, 2-4
sleep, 4-3, 6-28, B-15
slot 1 function records, 8-9
arb_mode, 8-9
powerup_reset, 8-10
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time-out, 8-9 subspaces, 8-5
slot one controller,, see also system consuser, B-16

TRANSFER_SIZE, B-25
transfer_size bits

troller sw_intloc, A-16 VME_D64, 4-6
snooze, B-16 sw_trigger, 3-13, 3-15, B-17 true ReadModifyWrite
software trigger sw_trigger arguments defined, GI-7

dma_parms, 6-33, 8-12, A-7
drv_info, 6-4, A-9, A-26
drv_ops, 6-4, A-9, A-26
if_info, C-3

io_parms, 2-12

iobuf, A-10

iovec, 6-9, 6-13, A-13

isc, 2-9, 2-12, A-13
isc_table_type, A-13

write, 6-9, 6-13, 6-28, A-16
system controller
defined, GI-6
system file, 7-7
system wide shared memory (swsm)
defined, GI-6
system.log, 8-2
system_script, 7-7
system-preparation script, 7-7

uio, 6-9, 6-10, 6-12, 6-13, A-16, B-12, T

B-18
vme_hardware_type, 3-6, A-19, B-31
vme2_copy_addr, 5-3, 5-10, A-21
vme2_int_control, 5-3, A-22
vme2_io_regx, 5-3, 5-6, 5-11, A-22
vme2_io_testx, 5-3, A-22, A-23
vme2_Im_fifo_setup, A-25
vme2_map_addr, 5-3, 5-8
wsio_drv_data, 6-5, A-25, A-26
wsio_drv_info, A-26
wsio_drv_info_t, 6-2, 6-4
sublevel, B-17
sub-space modifiers, 2-2

T_DEVICE, A-26
T_INTERFACE, A-25
tape_close, 6-39
TAS,, see also test-and-set
task, 6-19
TCP/IP

defined, GI-7
termio, 6-8
testandset (TAS), Gl-6
timeo, A-12
timeout, 3-17, B-17
timeout mechanism, 3-17
to_va, 4-5, A-21, B-21, B-37, B-38

selecting the level, 3-16 arg, 3-14, B-17 defined,, see also TRUE_RMW
spl, 3-5, 3-6, 3-17 intloc, 3-13, 3-14, B-17
spl*, B-16 level, 3-14, B-17 U
START_POLL, A-12 proc, 3-14, B-17 u.u_error, 6-26
status ID, 3-7 sublevel, 3-14, B-17 uio, 6-10, 6-12, 6-13, A-16, B-12, B-18
STATUS_ID switch table, 1-16 uio_iov, A-17
defined, GI-6 swsm,, see also system wide shared menuio_iovent, A-17
status_id, 1-8, 3-3, 3-6, 3-7, 3-8, A-17 ory uio_offset, A-17
strategy, 6-16 SYSRESET, 8-8, 8-10 UIO_READ, B-18
structures system administration manager (SAM), 7-uio_resid, 6-10, A-17
_lioctl_arg, 6-20 3 uio_sedflg, A-17
b_un, A-5 system call, GI-6 UIO_WRITE, B-18
bdevsw, A-2 system calls uiomove, 6-9, 6-10, 6-14, A-16, A-17, B-
buf, 6-11, 6-12, 6-14, 6-26, 6-28, A-3, B- close, 6-38, 6-39 18
12 1/0, 1-12 buffering using, 6-14
b_error, 6-28 ioctl(2), 6-18 uiomove arguments
b_flags, 6-28 open, 6-6, 6-39, A-7 cp, B-18
b_resid, 6-28 read, 6-9, 6-13, 6-29, A-16 rw, B-18
cdevsw, A6 select, 6-22 UNKNOWN_IRQ_TYPE, 3-9

UNKOWN_IRQ_TYPE, B-39
unmap, 5-8
UNMAP_ADDR, B-6
unmap_mem_from_bus, 2-9, 2-15, B-19
unmap_mem_from_bus arguments
isc, B-19
unmap_mem_from_host, 2-9, 2-11
using, 2-11
unmap_mem_from_host arguments
isc, B-19
size, B-19
virt_addr, B-19
UNSUPPORTED_FLAG, B-25
untimeout, 3-17, B-20
USER_COPY, B-6
user-level driver
disadvantages, 5-2
utility
vme_config, 7-2, 8-2

\%

value_addr, B-39

variables, 7-8

Versa Module Eurocard (VME), 1-2
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virt_addr, B-19, B-20
virtual memory
PA-RISC, 1-5
virtual_addr, B-37
definition, 6-16
VME
backplane, 1-2
bus, 1-2
bus slaves, 2-4
VME address space
A24, GI-1
A32, GI-1
VME backplane
defined, GI-7
installing cards, 7-4
VME bus, 1-6
releasing after interrupt, 1-8
VME card
installing, 7-5
VME chip, 2-2, 3-3
VME devices
installation overview, 7-2
VME DMA engine, 1-6
VME DMA strategy routine
writing a, 6-31
VME driver concepts
introduction, 1-1
VME fileset
installing, 7-2
VME interrupts
VMEbus, GI-7
VME master
defined, GI-7
VME services routines, B-2
VME slave
defined, GI-7
VME system administration, 1-5
VME user programming, 1-11
vme.CFG, 7-5, 7-10, 8-4, 8-13
VME_A16, B-39
VME_A24, B-39
VME_A32, B-39
vme_addr, A-22, A-23, B-23, B-35
vme_adm, B-23
vme_change_adm, B-20
vme_change_adm arguments
adm, B-20
size, B-20

virt_addr, B-20
vme_clr, B-21
vme_clr arguments

address, B-21

isc, B-21

vme_config, 1-5, 1-7, 1-15, 2-7, 3-6, 7-2,

8-2, 8-6, 8-15, A-20
VME_COPT, B-39

vme_copy, 4-2, 4-4, 4-5, 4-6, 5-10, B-21

using, B-21
vme_copy arguments

from_va, B-21

options, B-21

to_va, B-21
VME_CPU_COPY, 4-6
vme_create_isc, B-21, B-22, C-2, C-3

vme_generate_interrupt arguments
width, B-29
vme_get_address_space, B-30, C-3
vme_get_status_id_type, 3-9, B-31, C-3
vme_get_status_id_type arguments
isc, B-31
vme_hardware_info, 3-6, A-19, C-2, C-3
vme_hardware_map_info, 2-12, B-32
vme_hardware_type, 3-6, A-19, B-31
vme_hardware_type arguments
hw_type, B-31
VME_IGNORE_ADM, 4-5, 4-6
vme_init_isc, B-37, C-2, C-3
vme_isrlink, 3-3, 3-7, 3-8, 3-9, B-32, C-3
vme_isrunlink, B-33, C-3
vme_locmon_grab, 3-19, B-33

vme_dma_cleanup, 4-2, 4-22, 4-23, B-5yme_locmon_grab arguments

B-22, C-3

address, B-33

vme_dma_setup, 4-2, 4-22, 6-33, 6-34, A- arg, B-33

8, B-5, B-25, C-3
vme_dma_start, 6-31
vme_dmacopy, 4-2, 4-4, B-22
vme_dmacopy arguments

dma_parms, B-22

options, B-23

vme_addr, B-23

vme_adm, B-23
vme_expander, A-20
VME_FASTEST, 4-6
vme_fifo_copy, 3-20, B-26
vme_fifo_grab, 3-20, B-27
vme_fifo_grab arguments

address, B-27

arg, B-27

modifiers, B-27

routine, B-27

size, B-27

who, B-27
vme_fifo_poll, 3-20, B-28
vme_fifo_poll arguments

who, B-28
vme_fifo_read, 3-20
vme_fifo_read arguments

who, B-28
vme_fifo_release, 3-20
vme_fifo_release arguments

who, B-29
vme_generate_interrupt, B-29

modifiers, B-33

routine, B-33

size, B-33

who, B-33
vme_locmon_poll, 3-19, B-34
vme_locmon_poll arguments

answer, B-34

who, B-34
vme_locmon_release, 3-19, B-34
vme_locmon_release arguments

who, B-34
vme_map_largest_to_bus, 2-14, B-34

vme_map_mem_to_bus2, 2-11, 2-13, B-

35
vme_map_mem_to_bus2 arguments
host_addr, B-35
io_parms, B-35
isc, B-35
size, B-35
vme_addr, B-35

vme_map_pages_to_bus, 2-11, 2-12, 2-13,

B-36
vme_map_polybuf to_bus, 2-11, 2-14

vme_mod_copy, 4-5, 4-6, 6-16, 6-17, B-

21, B-36
using, 6-16
vme_mod_copy arguments
addr_mod, B-37
direction, B-37
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isc, B-37

virtual_addr, B-37
VME_OPTIMAL, 4-5, 4-7, A-21
vme_panic_isr_hook, 5-11
vme_polybuf, A-20
vme_reg_read, B-37
vme_reg_read arguments

addr_mod, B-37

from_va, B-37

isc, B-37

to_va, B-37

width, B-37
vme_reg_write, B-37
vme_reg_write arguments

from_va, B-38

to_va, B-38
vme_remap_mem_to_host, B-38
vme_rmw, B-21, B-38
vme_set_address_space, 2-9, B-39, C-3
vme_set_address_space arguments

value_addr, B-39

vme2.h, B-2
vme2_copy_addr, 5-3, 5-10, A-21
VME2_ENABLE_IRQ, 5-3
VME2_FIFO_GRAB, 5-12
VME2_FIFO_POLL, 5-13
VME2_FIFO_READ, 5-13
VME2_FIFO_RELEASE, 5-13
vme2_int_control, 5-3, A-22
vme2_io_regx, 5-3, 5-6, 5-11, A-22, A-23
VME2_IO_TESTR, 5-3
VME2_IO_TESTW, 5-3
vme2_io_testx, 5-3, A-22, A-23
vme2_lm_fifo_setup, A-25
VME2_LOCMON_GRAB, 5-12
VME2_LOCMON_POLL, 5-12
VME2_LOCMON_RELEASE, 5-12
VME2_MAP_ADDR, 1-11, 2-9, 5-3, 5-8,
A-21
vme2_map_addr, 5-3, 5-8
VME2_REG_READ, 1-11, 5-3, A-22
VME2_REG_WRITE, 1-11, 5-3, A-22

vme_set_attach_function, 6-2, B-22, B-39,VME2_UNMAP_ADDR, 1-11, 2-9, 5-3,

C-2
vme_set_attach_function arguments
your_attach_function, B-39
your_attach_string, B-39

5-8
VME2_USER_COPY, 1-11, 4-2, 4-4, 5-3
VMEbus
defined, GI-7

vme_set_mem_error_handler, 3-10, B-40 VMEDbus interrupt

vme_set_status_id_type, 3-9, B-40, C-3

vme_set_status_id_type arguments
isc, B-40

vme_sysreset, 8-8

vme_test_and_set, B-21, B-41

vme_test_and_set arguments
address, B-41

VME_TESTR, A-24

vme_testr, 5-4, B-41, C-3

VME_TESTW, A-24

vme_testw, 5-4, B-42, C-3

VME_TO_HOST, B-37

VME_UD, B-39

vmez2 driver
verifying, 7-3

vme2 macros
VME_HIGHEST_PRI_AVAIL_IRQ,

3-7
VME_LOWEST_PRI_AVAIL_IRQ, 3-
7
vme2 services, B-2

defined, GI-7
VME-SERYV fileset, 7-2, 7-3, 9-3
vmunix file, 7-10

"%

wakeup, 3-10, 6-12, B-15, B-42

who, B-27, B-28, B-29, B-33, B-34

width, A-22, A-23, A-24, B-29, B-37

write, 1-12, 1-13, 6-6, 6-10, 6-16, 6-26, 6-
28, 6-29, A-7, A-16

writefds, 6-22

wsio_drv_data, 6-5, A-25, A-26

wsio_drv_info, 6-2, 6-4, A-26

wsio_install_driver, 6-2, A-26, C-2

Y
your_attach_function, B-39
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