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Intended Audience

Preface

This manual is intended for system programmers who want to write an OpenVMS
AXP device driver. A future edition of this book will describe how to write an
OpenVMS AXP device driver in a high-level language.

Associated Documents

The OpenVMS AXP Device Support: Reference contains more detailed information
about the routines and macros mentioned in this book.

Conventions

In this manual, every use of OpenVMS AXP means the OpenVMS AXP operating

system.

The following conventions are also used in this manual:

Ctrl/x

PF1 x

0

A sequence such as Ctrl/x indicates that you must hold down
the key labeled Ctrl while you press another key or a pointing
device button.

A sequence such as PF1 x indicates that you must first press
and release the key labeled PF1 and then press and release
another key or a pointing device button.

In examples, a key name enclosed in a box indicates that
you press a key on the keyboard. (In text, a key name is not
enclosed in a box.)

Horizontal ellipsis points in examples indicate one of the
following possibilities:

= Additional optional arguments in a statement have been
omitted.

= The preceding item or items can be repeated one or more
times.

= Additional parameters, values, or other information can be
entered.

Vertical ellipsis points indicate the omission of items from
a code example or command format; the items are omitted
because they are not important to the topic being discussed.

In command format descriptions, parentheses indicate that, if
you choose more than one option, you must enclose the choices
in parentheses.
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[]

{}

boldface text

italic text

UPPERCASE TEXT

struct

numbers

In command format descriptions, brackets indicate optional
elements. You can choose one, none, or all of the options.
(Brackets are not optional, however, in the syntax of a directory
name in an OpenVMS file specification or in the syntax of a
substring specification in an assignment statement.)

In command format descriptions, braces surround a required
choice of options; you must choose one of the options listed.

Boldface text represents the introduction of a new term or the
name of an argument, an attribute, or a reason (user action
that triggers a callback).

Boldface text is also used to show user input in Bookreader
versions of the manual.

Italic text emphasizes important information and indicates
complete titles of manuals and variables. Variables include
information that varies in system messages (Internal error
number), in command lines (/PRODUCER=name), and in
command parameters in text (where device-name contains up
to five alphanumeric characters).

Uppercase text indicates a command, the name of a routine,
the name of a file, or the abbreviation for a system privilege.

Monospace type in text identifies the following C programming
language elements: keywords, the names of independently
compiled external functions and files, syntax summaries, and
references to variables or identifiers introduced in an example.

A hyphen in code examples indicates that additional
arguments to the request are provided on the line that follows.

All numbers in text are assumed to be decimal unless
otherwise noted. Nondecimal radixes—binary, octal, or
hexadecimal—are explicitly indicated.
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Introduction

An OpenVMS device driver is a set of routines and tables that the operating
system uses to process an 1/O request for a particular device such as disks, tapes,
and network controllers.

The operating system’s approach to 1/O is that the system should perform as
much of the processing of an 1/O request as possible and that drivers should limit
themselves to the device-specific aspects of 1/0O processing. To accomplish this,
the operating system provides drivers with the following services:

= A Queue I/O request ($QIO) system service that preprocesses an /0 request
by performing those functions and checks that are common to all devices; for
example, validating those arguments of the 1/O request that are not device
specific

= Many operating system routines that drivers can call to perform 1/0
preprocessing, allocate and deallocate resources, and synchronize driver
execution

= A system I/O postprocessing routine that performs device-independent 1/0
postprocessing for all 1/0 requests

Thus, drivers can leave the device-independent 1/O processing to the operating
system and can concentrate on servicing those aspects of an 1/0O operation that
vary from device type to device type. In addition, drivers can call system routines
to perform many functions that are common to several, but not all, devices.

A device driver does not run sequentially from beginning to end. Rather, the
operating system uses driver tables and other information maintained by itself
and the driver to determine which driver routines to activate and when they
should be activated. Because little sequential processing of driver code occurs,
the operating system must assume the responsibility for synchronizing the
execution of the various driver routines, as well as the execution of all drivers in
the system.

This chapter defines the general functions and purposes of a device driver. It
then introduces concepts crucial to an understanding of how device drivers work
within the operating system and integral to the process of successfully writing
one. It concludes with a brief description of the flow of driver activity in servicing
an 1/0 request.

1.1 Driver Functions

A system utility loads a device driver into system virtual address space and
creates its associated data structures. Once loaded, a device driver controls 1/0
operations on a peripheral device by performing the following functions:

= Defining the peripheral device for the rest of the operating system

1-1
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< Preparing a device unit and its controller (or both) for operation at system
startup and during recovery from a power failure

= Performing device-dependent 1/O preprocessing

= Translating programmed requests for 1/O operations into device-specific
commands

« Activating a device unit

< Responding to hardware interrupts generated by a device unit
= Responding to device timeout conditions

< Responding to requests to cancel 1/O on a device unit

= Reporting device errors to an error-logging program

= Returning status from a device unit to the process that requested the 1/0
operation

1.2 Driver Components

A device driver module can consist of the routines and tables discussed in this
section. The order of the routines and tables within the driver module is not
important.

1.2.1 Driver Tables

1-2

The following tables appear in every driver.

The driver prologue table (DPT) defines the identity and attributes or
characteristics of the driver to the system utility that loads the driver into
virtual memory and creates the associated data structures. With the information
provided in the DPT, the driver-loading procedure can both load and reload
drivers and perform the 1/O database initialization that is appropriate to either
situation.

Section 4.1 describes the procedure for creating a DPT and further discusses its
functions. The DPT contents are shown and described in the OpenVMS AXP
Device Support: Reference.

The driver dispatch table (DDT) lists the addresses of the entry points of
standard routines within the driver, and records the size of the diagnostic

and error message buffers for drivers that perform error logging. You can find
additional information and instructions on how to specify a DDT in Section 4.2.
The structure and contents of the DDT are shown and described in the OpenVMS
AXP Device Support: Reference.

The function decision table (FDT) lists all valid function codes for the device,
and associates valid codes with the addresses of 1/O preprocessing routines, called
FDT routines. The driver contains device-dependent FDT routines, and the
operating system itself provides routines (described in Section 5.2.1) that perform
request preprocessing common to many /O functions.

When a user process calls the $QIO system service, the system service uses the
I/0 function code specified in the request to select the appropriate upperlevel
FDT routine. To prepare for the actual 1/O operation, FDT routines perform
such tasks as allocating buffers in system space, locking pages in memory, and
validating the device-dependent arguments (pl to p6) of the $QIO request.
Section 4.3 provides further discussion of the FDT, and Chapter 5 details
strategies and rules for writing, specifying, and exiting from an FDT routine.
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1.2.2 Driver Routines

In addition to any FDT routines it might contain, a device driver generally
contains both a start-1/0 routine and an interrupt service routine (ISR).

The start-1/0 routine performs such additional device-dependent tasks as
translating the 1/O function code into a device-specific command, storing the
details of the user request in the device’s unit control block (UCB) in the 1/0
database and, if necessary, obtaining access to controller and adapter resources.
Whenever the start-1/0 routine must wait for these resources to become available,
the operating system suspends the routine, reactivating it when the resources
become free.

The start-1/0 routine ultimately activates the device by suitably loading the
device's registers. At this stage, the start-1/0 routine invokes a system macro
that causes its execution to be suspended until the device completes the 1/0
operation and posts an interrupt to the processor. The start-1/O routine remains
suspended until the driver’s interrupt service routine handles the interrupt.

When a device posts an interrupt, its driver’s interrupt service routine determines
whether the interrupt is expected or unexpected, and takes appropriate action.

If the interrupt is expected, the interrupt service routine reactivates the driver’s
start-1/0 routine at the point of suspension. The general course of action of driver
mainline code at this time is to perform device-dependent 1/O postprocessing

and to transfer control to the operating system for device-independent 1/0O
postprocessing.

Details on writing a start-1/0 routine appear in Chapter 6. A description of a
driver interrupt service routine appears in Chapter 7.

You can also include any of the following routines in a device driver:

The unit initialization routine and controller initialization routine prepare
a device or controller for operation when the driver-loading procedure loads

the driver into memory and when the system recovers from a power failure. The
amount and type of initialization needed by devices and controllers vary according
to the device type and the 1/0 bus to which the device or controller is attached.
additional information about device driver initialization routines.

A timeout handling routine retries 1/O operations and performs other error
handling when a device fails to complete a request in a reasonable period of time.
Once every second, the system timer checks all devices in the system for device
timeout. When it locates a device that has timed out, because it is off line or
some error has occurred, the system timer calls the driver’s timeout handling
routine.

Depending upon the reason for the timeout, the timeout handling routine may
call a system error-logging routine to allocate and fill an error message buffer
with information about the error. In turn, the error-logging routine can call a
register-dumping routine in the driver that also loads into the buffer the
contents of device registers at the time of the error.

The operating system calls a driver's cancel-1/0O routine when a user process
issues a Cancel 1/0 on Channel ($CANCEL) system service for the device. It may
also call the routine when the device’s reference count goes to zero, which occurs
when all users with assigned channels to the device have deassigned them.
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1.3 I/O Database

Because a driver and the operating system cooperate to process an 1/O request,
they must have a common and current source of information about the request.
This is the function of the 1/0 database. The I/O database consists of the
following three parts:

= Driver tables that allow the system to load drivers, to validate device
functions, and to call driver routines at their entry points

= Data structures that describe 1/0 bus adapters, device types, device units,
device controllers, and logical paths from processes to devices

« 1/O request packets that define individual requests for 1/O activity

Ilustrations of 1/0 database structures and detailed descriptions of their fields
appear in the data structure chapter of the OpenVMS AXP Device Support:
Reference. Figure 1-1 illustrates some of the relationships among system 1/O
routines, the 1/0 database, and a device driver.

1.3.1 Driver Tables

The three driver tables—driver prologue table, driver dispatch table, and function
decision table—are defined in every driver. Section 1.2 lists these tables and the
other components of a device driver, and Chapter 4 discusses their contents.

1.3.2 Data Structures

I/O database data structures describe peripheral hardware and are used by the
operating system to synchronize access to devices. The operating system creates
these data structures either at system startup or when a driver is loaded into the
system.

The system defines a unit control block (UCB) for each device unit attached to
the system. A UCB defines the characteristics and current state of an individual
device unit.

UCBs are the focal point of the 1/0 database. When a driver is suspended or
interrupted, the UCB keeps the context of the driver in a set of fields collectively
known as a fork block.! In addition, the UCB contains the listhead for the
gueue of pending 1/0 request packets (IRPs) for the unit.

A device data block (DDB) contains information common to all devices of the
same type that are connected to a particular controller. It records the generic
device name concatenated with the controller designator (for example, LPA,
DKB), and the name and location of the associated device driver. In addition,
the DDB contains a pointer to the first UCB for the device units attached to the
controller.

The operating system creates a channel request block (CRB) for each
controller. A CRB defines the current state of the controller and lists the
devices waiting for the controller’s data channel. It also contains a pointer to the
interrupt service routine (ISR).

1 Other structures, such as the CRB, also include a fork block. The discussion of fork

blocks and fork processes in Section 1.5 explains the role of fork blocks in driver
processing.
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Figure 1-1 /O Database
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The system also creates for each controller an interrupt dispatch block (IDB).
An IDB lists the device units associated with a controller and points to the UCB
of the device unit that the controller is currently servicing. In addition, an IDB
points to device registers and the controller’s 1/O adapter.

An adapter control block (ADP) defines the characteristics and current state
of an 1/O adapter such as the TURBOchannel interface on a DEC 3000. An
ADP contains the information necessary to allocate the adapter’s resources. The
operating system provides routines that drivers can call to interface with the
appropriate adapter.

The channel control block (CCB) describes the logical path between a process
and the UCB of a specific device unit.2 Each process owns a number of CCBs.

2 Channel request blocks (CRBs) and channel control blocks (CCBs) are two separate data

structures. To help distinguish the two, it may be helpful to think of the channel request
block as the “controller request” block because it describes the hardware controller. In
contrast, the channel control block is used by a process and a device unit to manage the
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When a process issues the Assign 1/O Channel ($ASSIGN) system service, the
system writes a description of the assigned device to the CCB.

Unlike the data structures mentioned earlier, a CCB is not located in nonpaged
system space, but in the process’s control region (P1 space).

1.3.3 /O Request Packets

The third part of the 1/O database is a set of 1/0O request packets. When a process
requests 1/O activity, the operating system constructs an 1/0O request packet
(IRP), that describes the 1/0O request in a standard form.

The IRP contains fields into which the system and driver 1/O preprocessing
routines can write information: for instance, the device-dependent arguments
specified in the call to the $QIO system service. The packet also includes buffer
addresses, a pointer to the target device's UCB, an I/O function code, and
pointers to the 1/O database. After preprocessing, the IRP can be queued to a list
originating in the device’s UCB to await processing by the driver.

When the device unit is free and the IRP is next in line to be processed on the
unit, the system sends it to the device driver’s start-1/0 routine. The start-1/0
routine uses the IRP as its source of detailed instructions about the operation to
be performed.

1.4 Synchronization of Driver Activity

Device drivers and other kernel-mode code must maintain synchronization with
other priority operating system activities. The term synchronization refers to
the means by which such code accesses shared data in a consistent, orderly, and
predictable fashion. Because there may be more than one processor active in an
OpenVMS AXP system, system-level code must synchronize its actions with other
code threads it may have preempted on the same (or local) processor, as well as
with those that are active (or to be activated) on other processors in the system.
The operating system uses hardware and software interrupt priority levels (IPLs)
to order system events on each local processor in an OpenVMS AXP system.

AXP hardware defines 32 interrupt priority levels (IPLs). The higher numbered
IPLs (16 to 31) are reserved for hardware interrupts, such as those posted by
devices. The operating system uses the lower numbered IPLs (0 to 15). Code that
executes at a higher IPL takes precedence over code that executes at a lower IPL.

A driver, in concert with the operating system, ensures that it maintains system
synchronization by performing certain activities and by accessing certain data
only at the appropriate IPL. In a multiprocessing system, the driver extends
the synchronization it achieves by executing locally at a given IPL by acquiring
ownership of the spinlock associated with the operation it is performing.

1.5 Driver Context

As indicated in Section 1.2.2, a driver may have several routines to which

the operating system may pass control in certain situations. The context in
which any one routine receives control from the operating system may differ
substantially from that in which another receives control. It is essential that a
driver routine not attempt to exceed the limitations of the context in which it
executes.

logical channel (the channel argument to the $ASSIGN and $QIO system services) in
accomplishing 1/O operations.
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In general, context is characterized by the following factors:
= Actual parameters that are passed to the routine
= The current IPL of the executing processor

e The range of IPLs that the routine can change and the required IPL on return
from the routine.

= The currently owned spinlocks of the executing processor
= The data structures available to the routine
= The ability or inability to access process space

A complete description of the context of each driver routine appears in the entry
points chapter of the OpenVMS AXP Device Support: Reference. The following
are some general observations:

« All device driver routines execute in kernel mode at an elevated IPL.

= Only driver FDT routines execute within process context and can access
process space (PO and P1).

= The majority of driver routines execute in interrupt (or system context):
that is, in the sequence of execution that follows a processor’s grant of an
interrupt request at a given IPL. Such code can refer only to system (S0)
space. Moreover, it cannot incur exceptions, including page faults, without
causing a fatal bugcheck.

Most driver processing of an 1/0O request (before and after the device acknowledges
the servicing of the request by requesting an interrupt from the processor) occurs
at a fork IPL. This portion of driver code, which includes most of the start-1/0
routine, is commonly known as the driver’s fork process.

There are several instances in the processing of an 1/0 request when a driver
fork process must suspend execution to wait for a resource or a device interrupt.
To make the matter of saving and restoring fork process context as efficient as
possible, the operating system places a restriction on the context of a driver fork
process, in addition to those that apply to any process in interrupt context. Fork
context consists of the following:

= The fork routine parameters (FR3 and FR4)
e The fork routine address (FPC)

= A fork block (usually the unit control block that can contain additional fork
process context

The operating system places the fork block of a suspended fork process in either
a processor-specific fork queue or a resource wait queue where it waits to be
resumed. When it resumes the fork process, the operating system calls the
fork routine with the FR3 value, FR4 value, and a pointer to the fork block as
parameters.

1.5.1 Example of Driver Context-Switching

Because a device driver consists of a number of routines that are activated by
the system, the operating system determines the context in which the routines
execute.
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As an example, consider the following write request that occurs without error:

1.

10.

11.

12.

A user process executing in user mode calls the $QIO system service to write
data to a device.

The $QIO system service gains control in process context but in kernel mode.
It performs device-independent preprocessing of the 1/0 request.

The system service uses the driver’s function decision table (FDT) to call the
appropriate FDT routines to perform device-dependent preprocessing. These
FDT routines execute in full process context in kernel mode.

When preprocessing is complete, a system routine creates a fork process to
execute the driver’s start-1/0 routine in kernel mode.

The start-1/0 routine activates the device unit and suspends itself. At this
point, the operating system suspends the fork process executing the start-1/0
routine and saves sufficient context to reactivate the start-1/0 routine at the
point of suspension.

When the device completes the data transfer, it requests an interrupt. The
interrupt causes the system to activate the driver’s interrupt service routine.

The interrupt service routine executes to handle the device interrupt. It then
causes the start-1/0 routine to resume in interrupt context.

The start-1/0 routine regains control in interrupt context but almost
immediately issues a request to the operating system to transform its
context to that of a fork process. This action dismisses the interrupt.

When reactivated in fork process context, the start-1/0O routine performs
device-specific 1/0 completion and passes control to the system for additional
1/0O postprocessing.

System 1/O postprocessing runs in interrupt context at a lower IPL and issues
a special kernel-mode asynchronous system trap (AST) for the user process
requesting 1/0.

When the special kernel-mode AST is delivered, the AST routine executes in
full process context in kernel mode to deliver data and status to the process.
If the original request specified a user-mode AST, the special kernel-mode
AST queues it.

When the user process gains control, the user’s AST routine executes in full
process context in user mode.

1.6 Programmed-I/O and Direct-Memory-Access Transfers

Devices are equipped with various registers that initiate, control, and monitor
the progress of data transfer, seek operation, or other requests for device activity.
When it completes a request, the device posts an interrupt to the processor. The
size of the transfer concluded by a device interrupt depends upon the capabilities
of the device.
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1.6.1 Programmed I/O

Drivers for relatively slow devices, such as printers, terminals, and some disk and
tape drives, must transfer data to a hardware interface register a byte or a word

at a time. These drivers must themselves keep a record of the location of the data
buffer in memory, as well as a running count of the amount of data that has been
transferred to or from the device. Thus, these devices perform programmed 1/O
(P10O) in that the transfer is largely conducted by the driver program.

The DE422 ISA ethernet interface is an example of a device that uses
programmed 1/O.

Drivers performing PIO transfers are generally not concerned with the operation
of 1/0 adapters. However, drivers that perform direct-memory-access (DMA)
transfers must consider 1/0 adapter functions, as discussed in Section 1.6.2.

1.6.2 Direct-Memory-Access I/O

Devices that perform direct-memory-access (DMA) transfers do not require
the central processor so frequently. Once the driver activates the device, the
device can transfer a large amount of data without requesting an interrupt after
each of the smaller amounts. The responsibilities of a driver for a DMA device
involve setting a hardware interface register with the starting address of the
buffer containing the data to be transferred, a byte offset into the buffer, and
the size of the transfer. By setting the appropriate bit or bits in the hardware
interface control and status register (CSR), the driver activates the device. The
device then automatically transfers the specified amount of data to or from the
specified address. Any driver that does DMA must map the DMA buffer. For
DMA transfers, drivers must first map the transfer from main memory to 1/0
bus memory space. The result of this mapping is a set of contiguous addresses in
the bus address space that the DMA device can access to successfully perform a
DMA transfer. If the bus interface does not have map registers, a bus address is
equivalent to a main memory address. If the bus interface has map registers, a
bus address undergoes a translation before becomming a system memory address.

1.7 Buffered and Direct I/O

A separate issue, but one related to the data transfer capabilities of a device,
results from the fact that the original buffer, as specified in the user $QIO
request, is in process space and is mapped by process page-table entries. Because
the driver cannot rely on process context existing at the time the device is ready
to service the 1/O request, it must have some means of guaranteeing that it can
access both the data involved in the transfer and the page-table entries that map
the buffer.

The operating system provides the following two techniques that are employed by
device drivers:

= Direct 1/O, the technique used most commonly by drivers of DMA devices,
locks the user buffer in memory as well as the page-table entries that map
it. The function decision table (FDT) of such a driver calls a system-supplied
FDT routine that prepares the user buffer for direct 1/0.

= Buffered 1/O is the strategy whereby the driver FDT dispatches to an FDT
routine in the driver that allocates a buffer from nonpaged pool. It is this
intermediate buffer that is involved in the transfer. The driver later refers
to the buffer using addresses in system space. Driver preprocessing routines
copy the data from the user buffer to the system buffer for a write request;
system 1/O postprocessing (by means of a special kernel-mode AST) delivers
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data from the system buffer to the user buffer for a read request. Drivers
most often use buffered 1/O for P10 devices such as line printers and card
readers.

The trade-off between buffered 1/0 and direct 1/O is the time required to move the
data into the user’s buffer as against the time required to lock the buffer pages in
memory.
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Accessing Device Interface Registers

A hardware interface register is the place where software interfaces with a
hardware component. Every hardware component on an OpenVMS AXP system,
including CPU and memory, has a set of interface registers.

The portion of a processor’s physical address space through which it accesses
hardware interface registers is known as its 1/O space.

In the VAX architecture, a hardware implementation usually defines a physical
address boundary between memory space and 1/O space. 1/O space physical
addresses are mapped into the processors’ virtual address space and are accessed
using VAX load and store instructions (for example, MOV, BIS, and others).

For AXP systems, there are no rules governing how hardware implementations
allow access to 1/0 space. Some AXP platforms allow VAX-style 1/0 space access.
Other platforms provide access to 1/0O space through hardware 1/0 mailboxes.
Some platforms implement both styles of 1/O register access.

The challenge presented by the AXP architecture is to create software
abstractions that hide the hardware mechanisms for 1/O space access from the
programmer. These software abstractions contribute to driver portability. The
AXP architecture also defines no byte or word length load and store instructions.
Because some 1/O buses and adapters require byte or word register access
granularity for correct adapter operation, AXP system hardware designers
invented the following mechanisms that provide byte and word access granularity
for 1/0O adapter register access:

= Sparse space addressing, which means the device address space is
expanded by a factor of two to allow for inclusion of a byte mask in the write
data.

e Swizzle space addressing, which means where upper order bits in the
processor physical address map to an 1/O bus address, while lower order
bits are used to implement 1/O bus byte enable signals. This causes a large
amount of processor physical address space to represent the 1/0 bus address
space.

e Hardware 1/0 mailboxes, which are 64-byte, naturally-aligned, physically-
contiguous data structures (defined by the AXP architecture) built in system
memory and accessed by special 1/0 subsystem hardware. Drivers can use
hardware 1/0 mailboxes to deliver commands and write data to the interface
registers of a device residing on an 1/O bus.

A significant part of 1/O bus support in the OpenVMS AXP operating system is
to provide standard ways to access 1/O device registers. OpenVMS AXP provides
a set of data structures and routines that can be used for register access on any
system, regardless of the underlying I/O hardware. Bus support provides two
ways. One way is the CRAM data structure. The other way is the platform
independent access routines IOC$READ_IO and IOCSWRITE_IO.
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Note

In register access discussions, the term control and status register
(CSR) is sometimes used instead of the generic term interface register.
In this manual, the terms are equivalent.

2.1 Mapping I/O Device Registers

Unlike OpenVMS VAX systems (where the operating system maps device register
space into the processors’ virtual address space) before you access device registers
on OpenVMS AXP systems, you must map the registers into the processor’s
virtual address space. OpenVMS AXP provides the IOC$MAP_IO routine, which
allows a caller to request mapping based on device characteristics without regard
to the platform hardware implementation of 1/O space access.

Note

Register mapping is not required on XMI devices on DEC 7000/10000
systems, and IOC$READ_IO and IOC$WRITE_IO are not supported. If
you are porting an OpenVMS VAX XMI device driver to an OpenVMS
AXP system, you must use CRAMs.

Once your device is mapped, you can access it using a CRAM data structure and
associated routines, or the IOC$READ 10 and IOC$WRITE_IO routines.

2.2 Platform Independent I/O Bus Mapping
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The platform independent I/O bus mapping routine is called IOCSMAP_IO. This
routine maps 1/0 bus physical address space into an address region accessible
by the processor. The caller of this routine can express the mapping request in
terms of the bus address space without regard to address swizzling, dense space,
sparse space. IOC$SMAP_IO is supported on PCI, EISA, TURBochannel, and
Futurebus+. It is not supported on XMI.

In additon to IOC$MAP_IO, the following platform independent mapping and
access routines exist:

- IOC$READ_IO
- IOC$WRITE_IO
- 10C$UNMAP_IO

The IOC$MAP_IO routine maps 1/O bus physical address space into an address
region accessible by the processor. The IOC$UNMAP_IO routine is provided to
unmap a previously mapped space. IOC$READ_IO and IOC$WRITE_IO are 1/0
access routines that provide a platform independent way to read and write 1/0
space without the overhead of CRAM allocation and initialization. These routines
require that the 1/O space that is to be accessed have been previously mapped by
a call to IOC$SMAP_IO. For more information about these routines, see OpenVMS
AXP Device Support: Reference.
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2.2.1 Using the IOC$MAP_IO Routine

Drivers that need to use the IOC$MAP_IO routine must call that routine under
specific spinlock restrictions. The driver cannot be holding any spinlocks that
prohibit IOC$MAP_IO from taking out the MMG spinlock.

Most drivers want to call IOC$MAP_IO immediately after they are loaded.
Traditionally, the correct place for a driver to call IOC$MAP_IO would be its
controller or unit initialization routine. However, because the controller and unit
initialization routines are called at IPL$_POWER, IOC$MAP_IO cannot take out
the MMG spinlock in this environment.

The new driver support feature for calling IOC$MAP_IO has two elements. First,
the driver may request preallocated space for any number of 1/0O Handles (the
output of IOC$SMAP_IO). Second, the driver may name a routine that will be
called in an environment suitable for calls to IOCSMAP_I0O.

Drivers can specify the number of 1/0 Handles they need to store using the
IOHANDLES parameter on the DPTAB macro. The default parameter value is
zero. The maximum permitted value is 65,535.

When the IOHANDLES parameter is zero or one, the driver loader does NOT
allocate any additional space for I/O Handles. For these two values, the driver is
expected to store the 1/0 Handle it needs directly in the IDB$Q_CSR field.

When the IOHANDLES parameter is greater than one, an MCJ data structure
is allocated. The base address of the MCJ is stored in the low-order longword

of IDB$Q_CSR and the IDB$V_MCJ flag is set. MCJ$Q_ENTRIES is the base
address in the MCJ of an array of quadword 1/0 Handle slots. The number of

slots in the array is exactly the number specified by the drivers dpt$iohandles
value.

Drivers specify a CSR Mapping routine using the CSR_MAPPING parameter

on the DDTAB macro. The driver loading procedure calls the CSR_MAPPING
routine holding the IOLOCKS spinlock before it calls the controller or unit
initialization routines. In this context, the driver can make all its needed calls to
IOC$MAP_IO and other bus support routines with similar calling requirements.

Note

The CSR mapping routine is not called on power fail recovery.

2.2.2 Platform Independent 1/0O Access Routines

The platform independent 1/O access routines are IOC$READ_IO and
IOC$WRITE_IO. These provide a platform independent way to read and write 1/0
space without the overhead of CRAM allocation and initialization. These routines
require that the 1/0O space that is to be accessed has been previously mapped by a
call to IOC$MAP_IO.

With the new mapping and access routines, we have the following basic model of
1/0 bus access:

< Map the device into the processor address space: Do the mapping yourself
based on knowledge of a specific platform and bus OR use the new routine
IOC$MAP_IO.

= Access the device: Do it yourself based on platform details, use CRAMS, or
using the new platform independent access routines.
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IOC$READ_IO and IOC$SWRITE_IO are supported on PCI, EISA,
TURBOchannel, and Futurebus+. These routines are not supported on XMI.

2.3 Accessing Registers Directly

Registers that are mapped into the processors’ virtual address space and accessed
with load and store instructions are said to be accessed directly. This is similar to
VAX-style 1/O register access. On an AXP system, registers that are implemented
on hardware directly connected to the processor-memory interconnect are usually
accessed in this manner. Sparse space and swizzle space register access are
examples of direct 1/O device register access.

2.4 Accessing Registers Using CRAMS

Hardware 1/0 mailboxes exist only on DEC4000 Series and DEC7000/DEC10000
Series computers. The CRAM data structure and associated routines and
IOC$READIO and IOC$SWRITE_IO hide the underlying hardwarep mechanism
(swizzle space, sparse space, or hardware 1/O mailbox) from the programmer.

In addition to the CRAM data structure, OpenVMS AXP provides a set of system
routines and corresponding macros that, on behalf of a device driver, allocate
and initialize CRAMs. Table 2-1 lists these routines and macros. For more
information about each system routine and macro, see OpenVMS AXP Device
Support: Reference. Subsequent sections of this chapter describe driver mailbox
operations in more detail.

Table 2-1 OpenVMS Macros and System Routines That Manage 1/0 Mailbox Operations

Routine Macro Description

IOC$ALLOCATE_ DPTAB idb_crams, Allocates and initializes a CRAM

CRAM ucb_crams

CRAM_ALLOC

IOC$CRAM_CMD CRAM_CMD Generates values for the command, mask, and
remote 1/O interconnect address (RBADR) fields of a
CRAM

IOC$CRAM_IO CRAM_IO Issues the 1/0 space transaction defined by the
CRAM

IOC$DEALLOCATE_ CRAM_DEALLOC Deallocates a CRAM

CRAM

2.5 Allocating CRAMs

A driver can use the following basic CRAM allocation strategies:
= Allocate a CRAM for every register the driver ever needs to access.
= Allocate a CRAM and reuse it.

= A driver can preallocate CRAMs at driver loading, or in a driver controller or
unit initialization routine, linking them to a list connected to a UCB, IDB, or
some driver-specific structure. This strategy is optimal for drivers that use
CRAMs in performance-sensitive code.

= A driver can reuse and rebuild CRAMs as needed. Although fewer CRAMs
suffice for the purposes of such a driver, this strategy is best suited for access
to registers that are not in a performance sensitive code path.
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Even though a driver can reuse CRAMs, a driver should not reuse a CRAM until
it has checked the return status from IOC$CRAM_IO.

2.5.1 Preallocating CRAMs to a Device Unit or Device Controller

An OpenVMS AXP device driver can preallocate CRAMs and store them in
a linked list associated with some data structure. It accomplishes this by
repeatedly calling IOC$ALLOCATE_CRAM and inserting the address of
the CRAM returned by this routine in the CRAM list. Or, CRAMS can be
automatically preloaded by driver loading as described here.

Drivers often preallocate CRAMs to perform 1/O operations on device unit
registers or device controller registers. To facilitate the allocation of CRAMSs for
these purposes, the OpenVMS AXP driver loading procedure examines two fields
in the DPT, DPT$W_IDB_CRAMS and DPT$W_UCB_CRAMS, for an indication
of how many CRAMs the driver plans on using. Although the default value of
both fields is zero, you can insert the number of CRAMSs a driver requires to
address device unit registers and device controller registers by specifying the
idb_crams and ucb_crams arguments in the driver's DPTAB macro invocation.
IDB CRAMSs are available for use by a controller or unit initialization routine;
UCB CRAMs are available for use by a unit initialization routine.

The driver loading procedure calls IOC$ALLOCATE_CRAM for each requested
CRAM and inserts it in either of two singly linked lists: UCB$PS_CRAM as the
header of a list of device unit CRAMSs, and IDB$PS_CRAM as the header of a list
of device controller CRAMs.

2.5.2 Calling IOC$ALLOCATE_CRAM to Obtain a CRAM

To allocate a single CRAM, a driver calls IOCSALLOCATE_CRAM, specifying
a location to receive the address of the allocated CRAM and, optionally, the
addresses of the IDB, UCB, or ADP.

IOCSALLOCATE_CRAM allocates the CRAM and initializes it as follows:

CRAMSW_SIZE Size of CRAM structure in bytes

CRAMS$B_TYPE Structure type (DYN$C_MISC)

CRAM$B_SUBTYPE Structure type (DYN$C_CRAM)

CRAM$Q_RBADR Address of remote 1/0O interconnect location (from IDB$Q _
CSR)

CRAM$B_HOSE Remote 1/0O interconnect number (from ADP$B_HOSE _
NUM)

CRAMSL_IDB IDB address

CRAMS$L_UCB UCB address

Normally, an OpenVMS AXP device driver can use the DPTAB macro to allocate
CRAMs and associate them with a UCB or IDB; drivers that need to associate
CRAMs with other structures may elect to allocate them from within a suitable
fork thread.

IOCSALLOCATE_CRAM cannot be called from above IPL$ SYNCH. Therefore,
controller and unit initialization routines (which are called by the driver-loading
procedure at IPL$_POWER) cannot allocate CRAMs. For CRAMS needed in or
managed by controller or unit initialization routines, Digital recommends the
DPTAB parameters as the means for CRAM allocation.
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2.6 Constructing a Mailbox Command Within a CRAM
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Once it has allocated CRAMs for its operations on device registers, an OpenVMS
AXP device driver initializes each CRAM, so that it can use the CRAM in a
transaction to a device interface register.

A driver initializes a CRAM by calls IOC$CRAM_CMD, specifying the cmnd_
index, byte offset, and adp_ptr, and cram_ptr iohandle arguments.
IOC$CRAM_CMD uses the input parameters supplied in the call to generate
values for the command, mask, and I/O bus address fields of the CRAM that are
specific to the bus that is the target of the mailbox operation.

Use the cmd_index argument to indicate the size and type of the register
operation the mailbox describes. Although the cramdef.h system header file
defines the command indices listed in Table 2-2, the actual commands supported
under a given processor—I/O subsystem configuration vary from configuration

to configuration. (Your specification of the adp argument allows IOC$CRAM _
CMD to find the location of the command table that corresponds to a given

I/0 interconnect.) If you specify a command index that does not correspond to

a supported command on the current system, IOC$CRAM_CMD returns the
SS$ BADPARAM status.

Table 2—-2 Mailbox Command Indices Defined by cramdef.h

Command Index Description
CRAMCMD$K_RDQUAD32 Quadword read in 32-bit space
CRAMCMD$K_RDLONG32 Longword read in 32-bit space
CRAMCMD$K_RDWORD32 Word read in 32-bit space
CRAMCMD$K_RDBYTE32 Byte read in 32-bit space
CRAMCMD$K_WTQUAD32 Quadword write in 32-bit space
CRAMCMD$K_WTLONG32 Longword write in 32-bit space
CRAMCMD$K_WTWORD32 Word write in 32-bit space
CRAMCMDS$K_WTBYTE32 Byte write in 32-bit space
CRAMCMD$K_RDQUAD6&4 Quadword read in 64 bit space
CRAMCMD$K_RDLONG64 Longword read in 64 bit space
CRAMCMD$K_RDWORD64 Word read in 64 bit space
CRAMCMD$K_RDBYTE®64 Byte read in 64 bit space
CRAMCMD$K_WTQUAD64 Quadword write in 64 bit space
CRAMCMDS$K_WTLONG64 Longword write in 64 bit space
CRAMCMD$K_WTWORDG64 Word write in 64 bit space
CRAMCMD$K_WTBYTE64 Byte write in 64 bit space

Use the byte_offset argument to specify the location of the device register that
is the object of the mailbox command. Include the cram argument to identify
the CRAM that contains the hardware 1/0O mailbox fields IOCSCRAM_CMD is to
initialize.

Before using the hardware 1/0 mailbox in a write transaction to a device interface

register, the driver must insert the data to be written to the register into
CRAMS$Q_WDATA.
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2.6.1 Register Data Byte Lane Alignment

The CRAM routines supplied by OpenVMS AXP enforce a longword oriented
view of 1/O adapter register space, which means that adapter register space is
viewed as if register bytes occupy a 32 bit data path, as follows:

Adapt er Regi ster space
31 24 23 1615 87 0 offset

byte 3 byte 2 byte 1 byte 0 0
byte 7 byte 6 byte 5 byte 4 4

etc

Write example: To write a byte to register byte 2, specify IOC$CRAM_CMD
parameters as follows:

cranmcnu$k_wt byt e32

conmmand_i ndex

byte of f set
adp_address = adp address
cram address = cram address

The data to be written must be positioned in bits 23:16 of the write data field
(CRAM$Q_WDATA).

Read example: To read a byte from register byte 2, specify IOC$CRAM_CMD
parameters as above except use CRAMCMD$K_RDBYTE32 as the command_
index.

The data from register byte 2 will be returned in bits 23:16 of the CRAM read
data field (CRAM$Q_RDATA).

The programmer must perform the proper byte lane alignment of data for register
writes. On register reads, the data is returned in its natural byte lane without
any shifting. Note that this way of looking at adapter register space maps
directly to the semantics of most 1/0 buses, but is distinctly diferent from VAX
behavior.

2.7 Initiating a Mailbox Transaction

An OpenVMS AXP device driver initiates to a device register by issuing a calls to
IOC$CRAM_IO.
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Allocating Map Registers and Other Counted
Resources

Because AXP systems do not support the UNIBUS, Q22-bus, and MASSBUS
adapters, the OpenVMS AXP operating system does not provide the following
adapter-specific routines and macros that allocate and manage adapter map
registers:

= [OC$ALOALTMAP, IOCSALOALTMAPN, and IOC$ALOALTMAPSP
IOC$ALOUBAMAP and IOC$ALOUBAMAPN

= IOC$LOADALTMAP (LOADALT macro)

< I0C$LOADMBAMAP (LOADMBA macro)

= |OC$LOADUBAMAP and IOC$LOADUBAMAPA (LOADUBA macro)
e |OC$RELALTMAP (RELALT macro)

e IOC$RELMAPREG (RELMPR macro)

e IOC$REQALTMAP (REQALT macro)

* I0C$REQMAPREG (REQMPR macro)

Instead, for AXP 1/O subsystems that provide map registers, such as the
TURBOchannel 1/0 processor for DEC 3000 AXP Model 500 systems, OpenVMS
AXP provides a set of a routines that can manage the allocation of any resource
that shares the following attributes of a set of map registers:

= The resource consists of an ordered set of items.

= The allocator can request one or more items. When requesting multiple
items, the requester expects to receive a contiguous set of items. Thus,
allocated items can be described by a starting number and a count.

« Allocation and deallocation of the resource are common operations and, thus,
must be efficient and quick.

= Assingle deallocation may allow zero or more stalled allocation requests to
proceed.

OpenVMS VAX systems record information relating to the availability and use of
map registers in a set of arrays and fields within the adapter control block (ADP).
OpenVMS AXP employs two new data structures for this purpose:

= A counted resource allocation block (CRAB), created by the OpenVMS
adapter initialization routine, that describes a specific counted resource. The
routine stores the address of the CRAB associated with a given adapter in
ADP$L_CRAB.
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Note

Code that needs to manage items of a private counted resource can use
the system routines IOC$SALLOC _CRAB and IOC$DEALLOC _CRAB,
described in OpenVMS AXP Device Support: Reference, to create a CRAB
for that resource.

The number of resource items managed by a given CRAB is included in one
of its fields. Resource items must be allocated in a numerically ordered, or
contiguous series. A CRAB contains an array of quadword descriptors that
record the location and length of a set of contiguous resource items that are
free. Another CRAB field contains a value that is applied as a rounding
factor to requests for resources to compute the actual number of items to be
granted. For a detailed description of the CRAB, see OpenVMS AXP Device
Support: Reference.

= A counted resource context block (CRCTX) that describes a specific
request for a counted resource. The driver and the counted resource allocation
routine exchange information in the CRCTX. A driver allocates a CRCTX
before calling the counted resource allocation routine to obtain a certain
number of items of the resource. For a detailed description of the CRCTX, see
OpenVMS AXP Device Support: Reference.

Despite the new structures and new routines, an OpenVMS AXP device driver
performs most of the same tasks as an OpenVMS VAX device driver when setting
up and completing a direct memory access (DMA) transfer. An OpenVMS AXP
device driver:

1. Calls IOC$ALLOC_CRCTX to obtain a CRCTX that describes a request for
map registers

2. Loads the request count into the CRCTX$L_ITEM_CNT field
Calls IOC$ALLOC_CNT_RES to request the map registers

4. Calls IOCSLOAD_MAP to load the map registers granted in the allocation
request

5. Prepares device registers for the transfer and activates the device

6. Calls IOC$DEALLOC_CNT_RES to free the registers for use by other
requesters

7. Calls IOC$DEALLOC_CRCTX to deallocate the CRCTX

The following sections describe these steps.

3.1 Allocating a Counted Resource Context Block
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A driver calls IOC$ALLOC_CRCTX to allocate and initialize a counted resource
context block (CRCTX). The CRCTX describes a specific request for a given
counted resource, such as a set of map registers. The driver subsequently uses
the CRCTX as input to IOCSALLOC_CNT_RES to allocate a set of the items
managed as a counted resource.

IOC$ALLOC_CRCTX requires as input the address of the CRAB that describes
the counted resource. For adapters that provide a counted resource, such as a set
of map registers, ADP$L_CRAB contains this address.
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The following example illustrates a call to IOC$ALLOC_CRCTX that returns the
address of the allocated CRCTX to UCB$L_CRCTX, a field in an extended UCB:

70$: PUSHAL  UCBSL_CRCTX( R5) ; Pass cell to receive CRCTX address
PUSHL  ADPSL_CRAB(R1) ; Pass CRAB as argunent
CALLS  #2,1 CC3ALLOC_CRCTX ; Initialize the CRCTX
BLBC RO, 200$ ; Branch if failure status returned

To avoid the overhead of allocating (and deallocating) a CRCTX for each DMA
transfer, drivers often obtain multiple CRCTXs in their controller or unit
initialization routines, linking them from a data structure such as the UCB so
that they will be available for later use.

See OpenVMS AXP Device Support: Reference for a detailed description of
IOCSALLOC_CRCTX.

3.2 Allocating Counted Resource Items

A driver calls IOC$ALLOC _CNT_RES to allocate a requested number of items
from a counted resource. IOCSALLOC_CNT_RES requires the addresses of
both the CRAB and the CRCTX as input parameters. The resource request is
described in the CRCTX structure; the counted resource itself is described in the
CRAB.

A driver typically initializes the following fields of the CRCTX before calling
IOCSALLOC CNT_RES.

Field Description

CRCTXS$L_ITEM_CNT Number of items to be allocated. When requesting map
registers, this value in this field should include two extra
map registers to be allocated and loaded as a guard page
to prevent runaway transfers. There may be additional
bus-specific requirements. See OpenVMS AXP Device
Support: Developer’s Guide.

CRCTX$L_CALLBACK Procedure value of the callback routine to be called when
the deallocation of resource items allows a stalled resource
request to be granted.

A value of 0 in this field indicates that, on an allocation
failure, control should return to the caller immediately
without queuing the CRCTX to the CRAM'’s wait queue.

A caller can also specify the upper and lower bounds of the search for allocatable
resource items by supplying values for CRCTX$L_LOW_BOUND and CRCTXS$L_
UP_BOUND.

IOCSALLOC _CNT_RES always returns to its caller immediately, whether the
allocation request is granted immediately, is stalled, or is unsuccessful. If the
request is granted immediately, or when a stalled request is eventually granted,
IOCSALLOC_CNT_RES returns the number of the first item granted to the
caller in CRCTX$L_ITEM_NUM and sets CRCTX$V_ITEM_VALID in CRCTXS$L _
FLAGS.

If there are waiters for the counted resource, or if there are insufficient resource
items to satisfy the request, IOC$ALLOC_CNT_RES saves up to 3 quadwords
of caller-supplied context in the CRCTX. IOC$ALLOC_CNT_RES writes a -1

to CRCTXS$L_ITEM_NUM, and inserts the CRCTX in the resource-wait queue
(headed by CRABS$L_WQFL). It then returns SS$_INSFMAPREG status to its
caller.
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Note

If a counted resource request does not specify a callback routine
(CRCTX$L_CALLBACK), IOC$ALLOC_CNT_RES does not insert
its CRCTX in the resource-wait queue. Rather, it returns SS$_
INSFMAPREG status to its caller.

A driver must not deallocate the CRCTX while the resource request it describes
is stalled by IOC$ALLOC_CNT_RES. (If the driver must cancel the allocation
request, it should call IOC$CANCEL_CNT_RES.)

When a counted resource deallocation occurs, the first CRCTX is removed from
the resource-wait queue and the allocation is attempted again. If IOC$SALLOC
CNT_RES is now able to grant the requested number of resource items, it calls
the callback routine (CRCTX$L_CALLBACK), passing it the following values:

Location Contents

RO, R21 SS$ NORMAL

R1, R16 Address of CRAB

R2, R17 Address of CRCTX

R3, R18 Contents of CONTEXT1 argument at the time of the
original allocation request (CRCTX$Q_CONTEXT1)

R4, R19 Contents of CONTEXT2 argument at the time of the
original allocation request (CRCTX$Q_CONTEXT?2)

R5, R20 Contents of CONTEXT3 at the time of the original

allocation request (CRCTX$Q_CONTEXT3)

The callback routine checks RO to determine whether it has been called with
SS$_NORMAL or SS$_CANCEL status (from IOC$CANCEL_CNT_RES). If the
former, the routine typically proceeds to loads the map registers that have been
allocated.

The following example illustrates a call to IOC$ALLOC_CNT_RES:

40$: MOVL  SCDRP$L_BOFF(R5), RO Get byte of fset

ADDL SCDRP$L_BCNT(R5), RO Add in byte count

ADDL  G*MMSBG_BWP_MASK, RO Round up to nunber of pages

ADDL G*MWMGSG._PAGE S| ZE, RO Add extra "no access" page

ASHL G*MVGBGL_VA TO VPN, RO, - ; Get number of pages involved

CRCTXSL_I TEM CNT(R2) ; Pass as nunber of contiguous

registers to allocate
SCS$SMAP_RETRY is cal | back routine

MVAB  G“SCS$MAP_RETRY, -
CRCTXS$L_CALLBACK( R2)
PUSHL R2 ; Push CRCTX as argunent
PUSHL  ADP$L_CRAB( R4) ; Push CRAB as argunent
CALLS  #2,1 OCBALLOC CNT_RES  ; Allocate the map registers
BLBC RO, 110% ; If allocation is not successful,
; branch; otherw se proceed
; to load map registers
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110$: QWL #SS$_| NSFMAPREG, RO ;| NSFMAPREG neans request queued
BNEQ  120% ; Other status neans error; branch
MOVL # C MAP_ALLOC WAIT_STATE,- ; Record wait state in

CDRPSL_WAI T_STATE( R5) ; CDRP
MOVL #SS$_| NSFMAP, RO ; Return status to caller of this
; driver routine

RSB

120%: ; Process returned errors (other than SS$_| NSFMAPREG

The OpenVMS AXP operating system allows you to indicate that a counted
resource request should take precedence over any waiting request by setting

the CRCTX$V_HIGH_PRIO bit in CRCTX$L_FLAGS. A driver employs a high-
priority counted resource request to preempt normal 1/O activity and service
some exception condition from the device. (For instance, during a multivolume
backup, a tape driver might make a high-priority request, when it encounters
the end-of-tape (EOT) marker, to get a subsequent tape loaded before normal 1/0O
activity to the tape can resume. A disk driver might issue a high-priority request
to service a disk offline condition.)

IOCSALLOC_CNT_RES never stalls a high-priority counted resource request

or places its CRCTX in a resource-wait queue. Rather, it attempts to allocate
the requested number of resource items immediately. If IOC$ALLOC_CNT_RES
cannot grant the requested number of items, it returns SS$ INSFMAPREG
status to its caller.

See OpenVMS AXP Device Support: Reference for a detailed description of
IOC$ALLOC_CNT_RES.

3.3 Loading Map Registers

A driver calls IOC$LOAD_MAP to load a set of adapter-specific map registers.
The driver must have previously allocated the map registers (including an extra
two to serve as guard pages) in calls to IOC$ALLOC CRCTX and IOC$ALLOC
CNT_RES.

IOC$LOAD_MAP requires the following as input:
« the address of the ADP of the adapter that provides the map registers
= the address of the CRCTX that describes the map register allocation

= the system virtual address of the page table entry (PTE) for the first page to
be used in the DMA transfer

= the Byte offset into the first page of the transfer

IOCSLOAD_MAP returns to a specified location a port-specific address of a DMA
buffer. The following example illustrates a call to IOC$LOAD_MAP:

100$:  PUSHAL UCBSL_ARG R4) ; Cell for returned DVA address
MOVZW.  BDSW PAGE OFFSET(R3),-(SP) ; Pass starting buffer offset
PUSHL  BD$SL_SVAPTE( R3) ; Pass SVAPTE as argunent
PUSHL R2 ; Pass CRCTX as argument
PUSHL  PDT$L_ADP(R4) ; Pass ADP as argunment
CALLS  #5, | OCSLOAD_MAP ; Load the allocated map registers

See OpenVMS AXP Device Support: Reference for a detailed description of
IOCSLOAD_MAP.
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Having loaded the map registers for a DMA transfer, a driver typically performs
some of the following steps to initiate the transfer:

= Loads the port-specific DMA address into a device DMA address register.
Some manipulation of the address value might be needed, depending upon
the hardware. (For instance, a DEC 3000 AXP Model 500 driver must clear
the two low bits before writing to the register.)

= Computes the transfer length and loads a device transfer count register.

Typically a driver derives the transfer length from a field such as UCBS$L _
BCNT.

e Sets to GO hyte in the device CSR (possibly indicating the direction of the
transfer as well) by writing a mask to the CSR.

3.4 Deallocating a Number of Counted Resources

A driver calls IOCSDEALLOC_CNT_RES to deallocate a requested number of
items of a counted resource. IOC$DEALLOC_CNT_RES requires the addresses
of both the CRAB and CRCTX as input. After deallocating the items, if there are
any stalled requests, IOC$DEALLOC_CNT_RES queues a fork thread that will
attempt to allocate the resource to the stalled requests.

The following example illustrates a call to IOC$DEALLOC CNT_RES:

PUSHL R2 ; Push CRCTX as argunent
PUSHL  ADP$L_CRAB( R4) ; Push CRAB as argunent
CALLS  #2,1 OCSDEALLOC CNT_RES ; Deallocate the map registers

See OpenVMS AXP Device Support: Reference for a detailed description of
IOC$DEALLOC_CNT_RES.

3.5 Deallocating a Counted Resource Context Block

A driver calls IOC$DEALLOC _CRCTX to deallocate a CRCTX. IOC$DEALLOC _
CRCTX requires only the address of the CRCTX as input.

A driver must not deallocate a CRCTX that describes a request that has been
stalled waiting for sufficient resource items to be made available (that is, a
CRCTX that is in a given CRAB wait queue). Prior to deallocating such a
CRCTX, a driver should call IOC$CANCEL_CNT_RES to cancel the resource
request.

The following example illustrates a call to IOC$DEALLOC_CRCTX:

PUSHL R2 ; Pass CRCTX as argument
CALLS  #1, 1 OCSDEALLOC CRCTX ; Deallocate the CRCTX

See OpenVMS AXP Device Support: Reference for a detailed description of
IOC$DEALLOC_CRCTX.
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Writing Device-Driver Tables

Every device driver declares three static tables that describe the device and
driver:

Driver prologue table (DPT)—Describes the device type, driver name,
and fields in the 1/0O database to be initialized during driver loading and
reloading.

Driver dispatch table (DDT)—Lists some of the driver’s entry points to
which the operating system transfers control. The function decision table lists
other entry points.

Function decision table (FDT)—Provides the names of action routines for
I/0O functions the driver supports and indicates which of those functions it
supports by using an intermediate system buffer.

The operating system provides macros that drivers can invoke to initialize these
tables.

4.1 Driver Prologue Table

The driver prologue table (DPT), along with parameters to the System
Management utility (SYSMAN) command that request driver loading, describes
the driver to the driver-loading procedure. The driver-loading procedure performs
the following tasks:

Further initializes the DPT
Creates data structures for the new devices in the 1/0 database

Calls the OpenVMS executive loader to compute the size of the driver and
load it into nonpaged system memory

Links the new DPT into a list of all DPTs known to the system (IOC$GL _
DPTLIST).

Device drivers can pass data-structure initialization information to the
driver-loading procedure through values stored in the DPT. In addition, the
driver-loading procedure initializes some fields within the 1/O database using
information from its own tables.

To create a DPT, a driver invokes the DPTAB macro, as described in OpenVMS
AXP Device Support: Reference. The DPTAB macro generates a driver prologue
table (DPT) in a program section called $$$105 PROLOGUE.

The DPTAB macro requires the following information:

An indication that the driver conforms to the coding practices for a OpenVMS
AXP device driver by supplying step=2 in the step argument.

An indication that the driver has been written to run in a symmetric
multiprocessing system. All OpenVMS AXP drivers must specify smp=YES.
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= Code identifying the device by its adapter type in the adapter argument.
You can supply any name that, when appended to the string "AT$_", results
in a symbol defined by the $DCDEF macro in SYS$LIBRARY:STARLET.MLB.
Of these symbols, the driver-loading procedure takes special action only
when the keyword NULL is present. The driver-loading procedure creates
no ADP for a null adapter (AT$_NULL) and clears the VEC$PS_ADP and
IDB$L_ADP fields.

e Size of the unit control block (UCB) in the ucbsize argument.

The DPTAB also allows you to specify the following information, if applicable to
the device driver:

= Whether the driver needs a permanently allocated system page

< Whether the driver needs controller register access mailboxes (CRAMS) to be
preallocated and associated with the unit control block (UCB) or interrupt
dispatch block (IDB).

= Maximum number of units supported by the driver (default is 8)

< Number of UCBs to be created when the driver is loaded by means of the
System Management (SYSMAN) utility’s autoconfiguration facility and the
address of a unit delivery routine to be called by that facility

A driver typically follows the DPTAB macro invocation with several instances

of the DPT_STORE macro and the DPT_STORE_ISR macro, which allow the
driver to communicate its initialization needs to the driver-loading procedure and
reloading procedures. A driver uses these macros in the following manner:

= A driver invokes the DPT_STORE macro once, specifying the INIT keyword,
to automatically generate a driver 1/O database initialization routine. This
routine, which executes when the driver is first loaded into the system,
initializes those fields specified by the series of DPT_STORE macros that
intervene between the DPT_STORE INIT and DPT_STORE REINIT
declarations.

Drivers use the DPT_STORE macro with the INIT table marker label to
begin a list of DPT_STORE invocations that supply initialization data for the
following fields:

UCB$B_FLCK Index of the fork lock under which the driver performs
fork processing. Fork lock indexes are defined by the
$SPLCODDEF definition macro (invoked by DPTAB) as

follows:

IPL Fork Lock Index

8 SPL$C_IOLOCKS

9 SPL$C_IOLOCKS9

10 SPL$C_IOLOCK10

11 SPL$C_IOLOCK11
UCB$B_DIPL Device interrupt priority level

Other commonly initialized fields are as follows:

UCB$L_DEVCHAR Device characteristics
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UCB$B_DEVCLASS Device class
UCB$B_DEVTYPE Device type
UCB$W_DEVBUFSIZ Default buffer size
UCB$Q_DEVDEPEND Device-dependent parameters

= A driver invokes the DPT_STORE macro once, specifying the REINIT
keyword, to automatically generate a driver 1/O database reinitialization
routine. This routine, which executes when the driver is first loaded into the
system, and whenever the driver is reloaded, initializes those fields specified
by the series of DPT_STORE and DPT_STORE_ISR macros that intervene
between the DPT_STORE REINIT and DPT_STORE END declarations.

Drivers use the DPT_STORE macro with the REINIT table marker label to
begin a list of DPT_STORE and DPT_STORE_ISR invocations that supply
initialization and reinitialization data. The following fields are declared with
the DPT_STORE_ISR macro:

CRBS$L_INTD Interrupt service routine

CRBS$L_INTD2 Interrupt service routine for second interrupt vector

= A driver invokes the DPT_STORE macro once, specifying the END keyword,
to denote the end of the reinitialization section.

For additional information on how to use the DPTAB, DPT_STORE, and DPT _
STORE_ISR macros, plus an example of their usage, see OpenVMS AXP Device
Support: Reference.

4.2 Driver Dispatch Table

The driver dispatch table (DDT) identifies those driver routines that the operating
system calls to process 1/O requests. Every driver must create a DDT.

The routines listed in the DDT can reside in the driver module or in a system
module. Device-dependent routines are normally located in the driver module.
For more information about the system device-independent routines that can be
specified, see the Systems Routines section of OpenVMS AXP Device Support:
Reference.

The driver creates a DDT by invoking the macro DDTAB. The DDTAB macro
generates a DDT named devnam$DDT, according to the value you supply in
devnam macro argument. It invokes the DRIVER_DATA macro to place the
DDT within the the driver’s data program section ($$$110_DATA).

When the driver is loaded into memory, OpenVMS writes the address of its DDT
into DDB$L_DDT.

You must specify the address of the driver’s function decision table (FDT) in the
functb argument of the DDTAB macro. Several optional arguments allow you to
specify the names of the following routines, if applicable:

 Start-1/O routine

= Controller initialization routine
= Cancel-1/O routine

e Register dumping routine

= Unit initialization routine

e Alternate start-1/0 routine
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= Mount verification routine
= Cloned UCB routine
= Start-1/0 routine for a driver employing the kernel process services

In addition, the DPTAB macro allows you to specify the length of any diagnostic
buffer or error message buffer.

See the description of the DDTAB macro in OpenVMS AXP Device Support:
Reference. for additional information.

4.3 Function Decision Table

A function decision table (FDT) is a structure within a driver that consists of two
substructures:

= A guadword bitmap known as the buffered function mask
e A 64-element array of longwords known as the FDT action routine vector

Each bit in the buffered function mask represents an 1/0O function that is
serviced by the driver by means of an intermediate system buffer.

Each 32-bit slot of the FDT action routine vector corresponds to

the symbolic value of an I/O function defined by the $IODEF macro in
SYS$LIBRARY:STARLET.MLB. Those vector slots that relate to functions
serviced by a driver contain the procedure value of an upper-level FDT action
routine that initiates driver-specific preprocessing of the function. Those slots
that represent functions the driver does not support contain the procedure value
of a system upper-level FDT action routine that processes illegal 1/0 functions
(EXESILLIOFUNC). When a $QIO0 is issued to a device driver, specifying an 1/0
function code the driver does not support, EXE$ILLIOFUNC executes, calling the
FDT completion routine EXE_STD$ABORTIO. EXE_STD$ABORTIO terminates
the 1/0 request and passes SS$_ILLIOFUNC status back to the $QIO caller.

Figure 4-1 depicts the layout of the FDT.

Figure 4-1 Layout of Function Decision Table (FDT)

— Buffered Function Mask —|

Procedure value of upper—level FDT action routine for
I/O function 0 or EXES$ILLIOFUNC
Procedure value of upper-level FDT action routine for

I/0 function 1 or EXESILLIOFUNC ~.. FDT action routine
vector

FDT action routine vector slots 2 through 62

Procedure value of upper-level FDT action routine for
I/O function 63 or EXES$ILLIOFUNC

A driver uses the following three macros in sequence to create and initialize its
FDT:

e FDT_INI—Creates, labels, and initializes an FDT

4-4
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e FDT_BUF—Creates the buffered function mask within an FDT

= FDT_ACT—Initializes one or more slots in the FDT action routine vector with
the procedure value of an upper-level FDT action routine

The FDT_INI macro creates an FDT, using the DRIVER_DATA macro to place
it within the driver’s data program section ($$$110_DATA). The macro properly
aligns the FDT in memory, assigning it the label specified by the fdt argument.

FDT_INI initializes the FDT by clearing the buffered function mask and entering
the address of the illegal 1/0 function processing routine (EXE$ILLIOFUNC) in
all FDT action routine vector slots.

If a driver does not explicitly invoke the FDT_INI macro, the FDT_BUF and
FDT_ACT macros will automatically invoke it on the driver’s behalf, resulting in
an FDT named DRIVERS$FDT.

The FDT_BUF macro builds the buffered function mask within an FDT from

the specified list of 1/0 functions. The macro takes a single argument: a list of
codes (enclosed within angle brackets and separated by commas) for 1/O functions
supported by the driver that require an intermediate system buffer. The macro
expansion prefixes each code with the string 10$_; for example, READVBLK
expands to 10$_READVBLK. (See Table 4-1 for a list of symbolic names for 1/0
functions defined by the $IODEF macro in SYS$LIBRARY:STARLET.MLB.)

If no buffered 1/0O functions are defined for the device, you can omit the FDT_BUF
invocation.

In selecting the functions that are to be buffered, consider the following:

= Direct I/O is intended only for devices whose 1/0O operations always complete
quickly. For example, although terminal 1/O appears fast, users can prevent
the 1/0 operation from completing by using Ctrl/S to halt the operation
indefinitely; therefore, terminal 1/0 operations are buffered 1/0.

= Use of direct 1/O requires that the process pages containing the buffer be
locked in memory. Locking pages in memory increases the overhead of
swapping the process that contains the pages.

= Use of buffered 1/0 requires that the data be moved from the system buffer to
the user buffer. Moving data requires additional time.

= Routines that manipulate data before delivering it to the user (for example,
an interrupt service routine for a terminal) cannot gain access to the data if
direct 1/O is used. Therefore, transfers that require data manipulation must
be buffered 1/0.

= The operating system handles the quotas differently for direct 1/O and
buffered 1/0O, as described in the OpenVMS System Manager’s Manual.

= Generally, direct-memory-access (DMA) devices use direct 1/O, while
programmed 1/O devices use buffered 1/O.

The FDT_ACT macro identifies the upper-level FDT action routine that processes
one or more specified 1/0 function codes. An upper-level FDT action routine must
either be an FDT completion routine or eventually transfer control to an FDT
completion routine. An FDT completion routine either queues an 1/O request
packet (IRP) to a driver, inserts an IRP in the postprocessing queue, or aborts the
1/0 request. See Chapter 5 for additional information on upper-level FDT action
routines, FDT support routines, and FDT completion routines.
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An OpenVMS AXP device driver specifies one or more legal 1/O functions by
supplying the address of an upper-level FDT action routine for that function to
the FDT_ACT macro. The FDT_ACT macro initializes the slot in the FDT action
routine vector corresponding to each supplied function code with the procedure
value of the specified routine.

Multiple invocations of the FDT_ACT macro, in sum, define the full set of 1/0
functions serviced by the driver. An illegal 1/0 function is one that the driver
does not list in any FDT_ACT macro invocations. Its vector slot contains the
procedure value of the illegal 1/0 function processing routine (EXE$ILLIOFUNC).

Note, however, only one upper-level FDT action routine can service any given
I/0 function. If you reuse an I/O function code in an FDT_ACT invocation, the
compiler generates an error of the form:

9WACRO- E- GENERR, Generated ERROR Miltiple actions defined for function I 0§ _xxxxxx

A consequence of this limitation is that, if the preprocessing of a given function
requires that several routines be executed, the upper-level FDT action routine
must set up the appropriate call chain. Writers of OpenVMS VAX drivers should
take special note of this difference between OpenVMS VAX and OpenVMS AXP
FDT processing. On OpenVMS VAX systems, the $QIO system service processes
entries in the order in which they appear in the FDT. When a function code is
associated with more than one FDT routine, the system service sequentially calls
every routine specified for the function code until a routine stops the scan by
aborting, completing, or queuing an 1/O request.

For a description of the FDT_INI, FDT_BUF, and FDT_ACT macros, and an
example of their use, see OpenVMS AXP Device Support: Reference.

4.3.1 OpenVMS AXP 1I/O Function Codes

Table 4-1 lists the physical, logical, and virtual 1/0O function codes defined by the
operating system. A complete list of function codes and values is contained in the
macro iodef.h in SYSSLIBRARY:SYSS$LIB_C.TLB.

Table 4-1 1/O Function Codes

Function Description Equivalent Symbols

Physical 1/0

10$_NOPT No operation -

10$_UNLOAD Unload drive (required by all 10$_LOADMCODET (load microcode), 10$_
disk drivers) START_BUST (start LAVc bus)

10$_SEEK Seek cylinder 10$_SPACEFILET (space files), 10$_

STARTMPROCT (start microprocessor),
10$_STOP_BUST (stop LAVc bus)

10$_RECALT Recalibrate drive 10$_DUPLEXT (enter duplex mode), 10$_
STOPT (stop), 10$_DEF_COMPt (define
network component)

10$_DRVCLRft Drive clear 10$_INITIALIZE (initialize), 10$_MIMICt
(enter mimic mode), 10$_DEF_COMP_
LISTT (define network component list)

tUnsupported; subject to change without notice

(continued on next page)
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Function

Description

Equivalent Symbols

Physical 1/0

10$_RELEASET?

10$_OFFSETt

I0$_RETCENTERT

10$_PACKACK
10$_SEARCH

10$_ WRITECHECK
10$_WRITEPBLK

10$_READPBLK
10$_WRITEHEADTt

10$ READHEADt
10$ WRITETRACKD'
10$ READTRACKD*
10$_AVAILABLE

10$_SETPRFPATH{
10$_DISPLAYt

10$_DSE
10$ REREADNY
10$ REREADPt

10$_WRITERETTt

10$ READPRESET?
10$ SETCHAR
10$_SENSECHAR
10$ WRITEMARK

Release port

Offset read heads

Return to center line

Pack acknowledgment (required

by all disk drivers)
Search for sector

Write check data
Write physical block
Read physical block
Write header and data

Read header and data
Write track data

Read track data

Set device available (required by

all disk drivers)
Set preferred path

Display MSCP/TMSCP volume

label

Data security erase (and rewind)

Reread next

Reread previous

Write retry

Read in preset

Set device characteristics
Sense device characteristics

Write tape mark

10$_SETCLOCKPT (set clock—physical),
10$_START_ANALYSISTt (start LAVc
failure analysis)

10$_ERASETAPET (erase tape), 10$_
STARTDATAPT (start data transfer—
physical), 10$_STOP_ANALYSIST (stop
LAVc failure analysis)

10$_QSTOPT (queue stop request), 10$_
START_MONITORT (start LAVc channel
monitor)

10$_STOP_MONITORT (stop LAVc channel
monitor)

10$_SPACERECORDT (space records), 10$_
READRCTT (read replacement and caching
table)

10$_RDSTATST (read statistics), 10$_
CRESHADT (create a shadow set)

10$_ADDSHADT (add member to shadow
set)

10$_COPYSHADT (perform shadow set copy
operations)

10$_REMSHADT (remove member from
shadow set)

10$_DISK_COPY_DATAT (disk copy data)

10$_WHMT (write history management),
10$_AS_SETCHART (Asian set character)

10$_WRITECHECKHT (write check header
and data), I0$_AS_SENSE_CHART (Asian
sense characteristics)

10$_STARTSPNDLT (start spindle)

10$_COPYMEMT (copy memory), 10$_
PSXSETCHART (POSIX set characteristics)

tUnsupported; subject to change without notice

(continued on next page)
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Table 4-1 (Cont.) /O Function Codes

Function

Description

Equivalent Symbols

Physical I/0

10$ WRTTMKR?

10$_FORMAT

Write tape mark retry

Format

10$_DIAGNOSET (diagnose), 10$_
SHADMVT (perform mount verification
on shadow set), 10$_PSXSENSECHART
(POSIX sense characteristics)

10$_CLEANT (clean tape)

Logical I/O

10$ WRITELBLK
10$ READLBLK
10$_ REWINDOFF
10$ SETMODE
10$_REWIND
10$_SKIPFILE
10$_SKIPRECORD

10$_SENSEMODE
10$_WRITEOF

10$_TTY_PORTY

10$_FLUSH*
10$_READLCHUNK
10$_WRITELCHUNK?

Write logical block
Read logical block
Rewind and set offline
Set mode

Rewind tape

Skip files

Skip records

Sense mode
Write end of file

Terminal port driver FDT
routine

Flush controller cache
Read large logical block
Write large logical block

10$_READRCTLT (read RCT sector 0)

10$_PSXSETMODET (POSIX set mode )

10$_PSXSENSEMODET (POSIX sense
mode)

10$_TTY_PORT_BUFIOT (Terminal port
driver FDT routine for buffered 1/0)

10$_FREECAPT (return free capacity)

10$_AS_SETMODET (Asian set mode)
10$_AS_SENSEMODET (Asian sense mode)

Virtual 1/0

10$ WRITEVBLK
10$ READVBLK
10$_ACCESS

10$_CREATE
10$_DEACCESS

10$ DELETE
10$_MODIFY

10$_READPROMPT

10$_ACPCONTROL
10$_ MOUNT?
10$_TTYREADALLY

Write virtual block
Read virtual block
Access file

Create file
Deaccess file

Delete file
Modify file

Read terminal with prompt

Miscellaneous ACP control
Mount volume
Terminal read passall

10$_PSXWRITEVBLKT (POSIX write
virtual block)

10$_PSXREADVBLKT (POSIX read virtual
block)

I0$_NETCONTROLT (X.25 network control
function)

10$_SETCLOCK (set clock), 10$_AUDIO
(CD—ROM audio)

10$_STARTDATA (start data)

tUnsupported; subject to change without notice
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Table 4-1 (Cont.) 1/O Function Codes

Function Description Equivalent Symbols
Virtual I/O
10$_ TTYREADPALLT Terminal read with prompt -

passall
10$_CONINTREAD Connect to interrupt read-only -
10$_CONINTWRITE Connect to interrupt with write -

tUnsupported; subject to change without notice

4.3.1.1 Defining Device-Specific Function Codes

You can also define device-specific function codes by equating the name of a
device-specific function with the name of an existing function that is irrelevant to
the device. The selected codes should, however, have a type (logical, physical, or
virtual) that is appropriate for the function they represent. Also, user programs
that issue $QIO requests specifying a device-specific code must similarly redefine
the existing function. For example, the assembly code that follows defines three
device-specific physical 1/0 function codes.

| O6_STARTCLOCK=I Ob_ERASETAPE ; Start interval clock
| O6_STOPCLOCK=I O5_OFFSET ; Stop interval clock
| O5_STARTDATA=I Ob_SPACEFI LE ; Start data acquisition

4.4 Building Driver Tables Using C

The C language does not contain the powerful macro facilities that are available
in BLISS and VAX MACRO. For this reason, OpenVMS AXP provides prototype
tables in object form and uses run time initialization routines to override

the default table values provided by the object module. This approach

allows OpenVMS AXP to allocate the tables and assign default values using
VAX MACRO or BLISS, while at the same time allowing the user-provided
portions of a driver to be written entirely in C.

= The prototype tables are contained in the object module IOC$DRIVER_
TABLES.OBJ, which resides in the object library VMS$VOLATILE_
PRIVATE_INTERFACES.OLB in SYSSLIBRARY. This object library is
included by the driver link procedure.

= To override default values in the prototype tables, the driver writer must
code an initialization routine driver$init_tables, which is called by the driver
loader with no explicit input parameters and which returns an integer status
code. Implicit input parameters are the prototype DDT, DPT, and FDT tables
whose global names are driver$ddt, driver$dpt, and driver$fdt respectively.

= Table initialization functions and macros are provided to assist the driver
writer in coding driver$init_tables. These are listed below in the sections on
each table. The initialization functions are driver$ini_<table><parameter>.
$ini_table_parameter where <table> may be DDT, DPT or FDT and
<parameter> is the parameter name as it exists in the VAX MACRO
initialization macros. The function prototypes and macros are available by
#include <vms_drivers.h>. This means that the parameter names are the
same in MACRO, BLISS and C and can be documented in common.
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< Initialization macros may be used as a labor-saving device. Each macro
invokes the corresponding function, checks the status it returns and to
returns to the driver loader if it encounters an error. The names of the
initializtion macros are ini_<table> <parameter>.

= Table initialization code will be collected in a PSECT using a TBD pragma, so
that the space it occupies can be deallocated after initialization. This will not
be implemented until DECC provides PSECT control for code.

4.4.1 Driver Prologue Table
4.4.1.1 DPT Macros

4-10

The macros listed in Table 4-2 should be used in the driver $i nit_tabl es routine
to finish the initialization of the prototype Driver Prologue Table. These macros
invoke the appropriate initialization function and check the status returned from
the function. If an error is returned, the macro will return control back to the
driver loader with the error status.

The first parameter for all the DPT initialization macros is a pointer to the
driver’s DPT structure. Typically, this first parameter will be the address of the
prototype DPT.

The values shown in the last column of the table are the initial values that are
contained in the prototype DPT structure. These initial values can be changed by
using the corresponding macro.

Table 4-2 DPT Initialization Macros for C

Macro name Data type of second parameter Prototype value
ini_dpt_adapt integer AT$_UBA
ini_dpt_bt_order integer 0
ini_dpt_decode integer 0
ini_dpt_defunits integer 1
ini_dpt_deliver function pointer 0
ini_dpt_end? - -
ini_dpt_flags integer DPT$M_SMPMOD?
ini_dpt_idb_crams integer 0
ini_dpt_iohandles integer 0
ini_dpt_maxunits integer 8

ini_dpt_name string pointer -

ini_dpt_struc_init function pointer ioc$return
ini_dpt_struc_reinit function pointer ioc$return
ini_dpt_ucb_crams integer 0
ini_dpt_ucbsize integer 0
ini_dpt_unload function pointer 0

1The i Ni _dpt en.d macro should be used immediately after all the other DPT initialization macros
inthe driver$init_tabl es routine.

2The integer value specified with the i Ni _dpt _f | agS macro is logically-ORed with the default
value and any previously specified values.

(continued on next page)
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Table 4-2 (Cont.) DPT Initialization Macros for C

Macro name Data type of second parameter Prototype value

ini_dpt_vector pointer to vector of pointers 0

The following example shows the usage of the DPT initialization macros.
extern DPT driver$dpt; /* Declare protype DPT */

i ni _dpt_nane (&driver$dpt, "XXDRI VER');

ini _dpt_uchsize (&driver$dpt, sizeof (XX _UCB));
i ni _dpt _adapt (&driver$dpt, AT$ NULL);

ini _dpt_end (&driver$dpt);

4.4.1.2 DPT Functions

Each of the following functions stores a value in a DPT field and returns SS$_
NORMAL, or returns an error status if it detects an error.

i nt driver$ini _dpt_adapt( DPT *dpt, unsigned long value );

i nt driver$ini _dpt_bt_order( DPT *dpt, |ong value );

i nt driver$ini _dpt_decode( DPT *dpt, long value );

i nt driver$ini _dpt_defunits( DPT *dpt, unsigned short value );
i nt driver$ini _dpt_deliver( DPT *dpt, int ( *func )() );

i nt driver$ini _dpt_flags( DPT *dpt, unsigned |ong value );

i nt driver$ini _dpt_idb_crams( DPT *dpt, unsigned short value );
i nt driver$ini _dpt_maxunits( DPT *dpt, unsigned short value );
i nt driver$ini _dpt_name( DPT *dpt, char *string_ptr );

i nt driver$ini _dpt_struc_init( DPT *dpt, void ( *func )() );

i nt driver$ini _dpt_struc_reinit( DPT *dpt, void ( *func )() );
i nt driver$ini _dpt _uch_cranms( DPT *dpt, unsigned short value );
i nt driver$ini _dpt_uchsize( DPT *dpt, unsigned short value );
int driver$ini _dpt_unload( DPT *dpt, int ( *func )() );

i nt driver$ini _dpt_vector( DPT *dpt, void( **func )() );

The following function signals that initialization of the DPT is complete.
int driver$ini _dpt_end( DPT *dpt );

4.4.2 Driver Dispatch Table

4.4.2.1 DDT Fields

In the following list of DDT field names, the presence of a parameter name
indicates that the driver writer may set the field with one of the functions
described below. A default value of "None" means that the current VAX MACRO
macro definition does not supply a default value for the field.
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Fiel d Nane Paranet er Nane Def aul t
Val ue

ddt $ps_start start ioc$return
ddt $i w_si ze ddt $k_l ength
ddt $i w_di aghuf di aghf 0

ddt $i w_err or buf er | gbf 0

ddt $i w_f dt si ze fdt$k_length
ddt $ps_ctrlinit ctrlinit

ioc$return

ddt $ps_unitinit unitinit

ioc$return

ddt $ps_cl oneduch cl oneduch

0

ddt $ps_fdt 2 None
ddt $ps_f dt 0
ddt $ps_cancel cancel ioc$return
ddt $ps_regdnp regdnp ioc$return
ddt $ps_al tstart altstart

ioc$return

ddt $ps_mt ver mt _ver i oc$mt ver
ddt $ps_mtv_sssc

ioc$return

ddt $ps_mt v_for mtv_for

ioc$return

ddt $ps_mt v_sqd ioc$return
ddt $ps_aux_st or age aux_st orage

ioc$return

ddt $ps_aux_routine aux_routine

ioc$return

ddt $ps_channel _assi gn channel _assign

ioc$return

ddt $ps_cancel _sel ective cancel _sel ective

ioc$return

ddt $i s_stack_bcnt stack_size

0

ddt $i s_reg_mask kp_reg_mask 0

ddt $ps_kp_startio kp_startio

ioc$return

4.4.2.2 DDT Functions

Each of the following functions stores a value in a DDT field and returns SS$_
NORMAL, or returns an error status if it detects an error.
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int driver$ini ddt altstart( DDT *ddt, void (* func)() );
int driver$ini _ddt_aux_routine( DDT *ddt, int ( *func )()
)i

I nt driver$ini _ddt_aux_storage( DDT *ddt, void *addr );
int driver$ini _ddt cancel ( DDT *ddt, void ( *func )() );
int driver$ini _ddt_cancel _selective( DDT *ddt, int ( *func
)0 )

int driver$ini _ddt _channel _assign( DDT *ddt, void ( *func
)0 )

int driver$ini _ddt _cl oneduchb( DDT *ddt, int ( *func )() );
i nt driver$ini _ddt _ctrlinit( DDT *ddt, int ( *func )() );
int driver$ini_ddt_diagbf( DDT *ddt, unsigned short val ue
)i

int driver$ini _ddt _erlgbf( DDT *ddt, unsigned short val ue
);

int driver$ini _ddt_kp_reg_mask( DDT *ddt, unsigned |ong
val ue );

int driver$ini _ddt_kp_stack_size( DDT *ddt, unsigned |ong
val ue );

int driver$ini _ddt_kp_startio( DDT *ddt, void ( *func )()
);

int driver$ini _ddt_mtv_for( DDT *ddt, int ( *func )() );
int driver$ini _ddt_mtver( DDT *ddt, void ( *func )() );
int driver$ini _ddt_regdnp( DDT *ddt, void ( *func )() );
int driver$ini _ddt_start( DDT *ddt, void ( *func )() );
int driver$ini _ddt_unitinit( DDT *ddt, int ( *func )() );

The following function signals that initialization of the DDT is complete.
int driver$ini_ddt_end( DDT *ddt );

4.4.2.3 DDT Macro Calls

The following macros invoke the corresponding function, check the status
returned and exit to the driver loader if the status is not a success code.

ini _ddt_altstart( ddt, func)
ini _ddt_aux_routine( ddt, func )
ini _ddt_aux_storage( ddt, addr )
ini_ddt_cancel ( ddt, func )
i ni _ddt_cancel _sel ective( ddt, func )
ini_ddt_channel _assign( ddt, func )
ini _ddt _cl oneduch( ddt, func )
ini_ddt_ctrlinit( ddt, func)
ini_ddt_diagbf( ddt, value)
ini_ddt_erlghf( ddt, value)
ini_ddt_kp_reg_ nask( ddt, value)
ini_ddt_kp_stack_size( ddt, value)
ini _ddt _kp_startio( ddt, func)
ini_ddt_mtv_for( ddt, func)
ini _ddt_mmtver( ddt, func )
ini _ddt_regdnp( ddt, func )
ini_ddt _start( ddt, func )
ini _ddt_unitinit( ddt, func)
ini _ddt_end( ddt )

4.4.3 Function Decision Table

There are two fields in the FDT: a quadword bit mask of functions that are to
be processed as buffered 1/0O by the driver and an array of 64 pointers which

is indexed by function code to locate the FDT action routine for the function.
The buffered 1/0 mask is initialized to zero, meaning that no function is treated
as buffered by the driver. The pointer array is initialized to EXE$ILLIOFUNC
which means that no function is considered valid.
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4.4.3.1 FDT Functions

The driver$ini_fdt_act function initializes the action routine and buffered function
mask fields in the FDT. The driver$ini_fdt_end function signals that initialization
of the FDT is complete. The bufflag parameter has the value BUFFERED if the
function is buffered, NOT_BUFFERED or DIRECT otherwise.

i nt driver$ini _fdt_act( FDT *fdt, unsigned Iong iofunc,
int ( *action )(),

unsi gned long bufflag );
int driver$ini _fdt_end( FDT *fdt );

4.4.3.2 FDT Macros

The following macros invoke the corresponding function, check the status
returned and exit to the driver loader if the status is not a success code.

ini_fdt_act( fdt, func, action, bufflag )
ini_fdt_end( fdt )
4.4.4 Device Database Initialization/Reinitialization

The initialization and reinitialization function addresses are stored in DPT$PS
INIT_PD and DPT$PS_REINIT_PD respectively. The function calls are:

func( crb,ddb,idb,orb, ucb );
with the fol | owing paraneters:

crb Channel Request Bl ock address
ddb Device Data Bl ock address
i db Interrupt Data Bl ock address
orb Omer Rights Block address
uch Unit Control Block address

4.4.4.1 DPT_STORE_ISR

The dpt_store_isr and dpt_store_isr_vec macros are used to store the procedure
descriptor and entry point addresses of an interrupt service routine in a VEC
entry in a given Channel Request Block The dpt_store _isr macro fills in the first
or only VEC entry in a CRB. The dpt_store_isr_vec macro allows the index of the
VEC entry to be supplied.

The formats of the macros are:
dpt _store_isr( crb, isr);

or
dpt _store_isr_vec( crb, vecno, isr);

with the parameters:

crb Channel Request Bl ock address

vecno Index (0, 1, 2...) of VEC entry to be
filled in

isr Interrupt service routine address

4-14



5

Writing FDT Routines

A driver performs device-specific 1/0 function preprocessing to validate arguments
specified in the original call to the $QIO system service, to complete certain
types of function processing such as set mode and sense mode operations, and to
prepare to service functions involving a device transaction. Driver 1/O function
preprocessing on OpenVMS AXP systems often requires the cooperative efforts

of upper-level FDT action routines, FDT support routines, and FDT completion
routines.

An upper-level FDT action routine is a routine listed in a driver’s function
decision table (FDT) as a result of the driver’s invocation of the FDT_ACT macro
(see Chapter 4 for more information). FDT dispatching code in the $QIO system
service calls an upper-level FDT action routine, passing to it the addresses of the
1/0 request packet (IRP), process control block (PCB), unit control block (UCB),
and channel control block (CCB). An upper-level FDT action routine must return
SS$ FDT_COMPL status to the $QIO system service.

The $QIO system service uses the FDT to determine which upper-level FDT
action routine to call to initiate driver preprocessing of a specific 1/0 request.
Often a driver can use one of the system-provided upper-level FDT routines, as
described in Section 5.2.1. This practice encourages the use of well debugged
routines and minimizes driver size. However, if the 1/O function requires
preprocessing that is unique to the device the driver controls, the driver includes
an upper-level FDT routine that services the function in a device-dependent
manner.

An upper-level FDT action routine sometimes calls an intermediate FDT routine,
known as an FDT support routine. An FDT support routine performs some
discrete action on behalf of an upper-level action routine, such as determining
whether a user buffer is accessible, locking a user buffer in memory, and
reformatting data into buffers in the system address space. Often, an FDT
support routine calls an FDT completion routine.

There is no uniform interface for calling FDT support routines. These routines
are listed and described in the OpenVMS AXP Device Support: Reference. The
$QIO0 system service never calls an FDT support routine directly to process a
given 1/O function.

To conclude the preprocessing of an 1/O function, a driver FDT routine (either
the upper-level FDT action routine or an FDT support routine) calls a system-
provided FDT completion routine. An FDT completion routine places the
status return to the $QIO system service in the FDT context (FDT_CONTEXT)
structure and returns SS$ FDT_COMPL status to its caller. Eventually, the
driver’'s upper-level FDT routine exits FDT processing by returning control to the
$QIO system service.
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Note that FDT support routines and FDT completion routines return status to
their callers. Each FDT routine that participates in the processing of an 1/0
function should examine the status value returned to it by any routine it calls
and should reflect this status to the routine that called it.

5.1 Context of Driver FDT Processing

The $QIO system service executes in the context of the process that issues the
1/0 request, but in kernel mode and at IPL$ ASTDEL. Process context allows the
$QIO system service and driver FDT routines to access process address space.
Because the $QIO system service expects FDT routines to preserve this context,
an FDT routine observes the following conventions:

< An FDT routine must not call system services or OpenVMS RMS routines.

e It must not lower IPL below IPL$ ASTDEL. If an FDT routine raises IPL,
it must obtain any appropriate spinlock, and it must lower IPL to IPL$_
ASTDEL before exiting, releasing any acquired spin lock.

< It should not access device registers because the device might be active.

= It should exercise caution when modifying the UCB. Routines usually
access the UCB while holding the associated fork lock at driver fork IPL
to synchronize modifications, and FDT routines do not execute with such
synchronization. Drivers containing FDT routines that access device registers
or carelessly modify the UCB risk unpredictable operation or a system failure.

5.2 Upper-Level FDT Action Routines
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An OpenVMS AXP device driver provides a single upper-level FDT routine for
each 1/O function code it processes. The $QIO system service uses the low-order
six bits of the 1/O function code as an index into the FDT action routine vector.
As described in Chapter 4, any vector slots corresponding to a driver-supported
function contain the procedure value of either a system or driver-provided upper-
level FDT action routine. Those which correspond to unsupported functions
contain the procedure value of the system upper-level FDT action routine
EXES$ILLIOFUNC.

The $QIO system service transfers control to an upper-level FDT action routine
using the following interface:

status = driver FDT routine(irp,pch,uch, cch)
The parameters include the addresses of:
= the I/O request packet (IRP) for the current 1/O request
= the process control block (PCB) of the current process

= the unit control block (UCB) of the device assigned to the process-1/0 channel
specified as an argument to the $QIO request

= the channel control block (CCB) that describes the process-1/0 channel

An upper-level FDT action routine must return SS$ FDT_COMPL status to its
caller, the FDT dispatching code in the $QIO system service.

An OpenVMS AXP driver obtains the contents of the function-dependent
arguments from IRP$L_QIO_Pn, where n is a parameter number from 1 through
6.
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Before exiting, the upper-level FDT action routine takes steps to complete FDT
processing. Typically, these steps include:

= Calling an FDT completion routine, which takes steps to complete the
processing of an 1/O request or to deliver the 1/O request to the driver. An
FDT completion routine typically provides the final $QIO completion status in
the FDT_CONTEXT structure and returns SS$ FDT_COMPL warning status
to its caller. SS$ FDT_COMPL status is a warning that FDT processing has
been completed and that the IRP is no longer accessible to FDT processing.
(For instance, the IRP may have been deallocated or queued to the driver’s
start-1/0 routine, which accesses the IRP at fork IPL.)

e Returning SS$_FDT_COMPL status to its caller, FDT dispatching code in the
$QIO0 system service.

Section 5.2.2 describes the FDT completion routines provided by OpenVMS.

If the preprocessing of a given 1/O function requires the execution of multiple
upper-level FDT action routines, an OpenVMS AXP driver should provide a
composite FDT function which sequentially calls each of the required FDT
routines as long as the returned status is successful.

5.2.1 System-Provided Upper-Level FDT Routines

The system-provided upper-level FDT routines perform 1/O request validation
that is common to many devices. Whenever possible, drivers should take
advantage of these routines. All of the system FDT routines listed in Table 5-1
transfer control to EXE_STD$QIODRVPKT, EXE_STDS$FINISHIO, or EXE_
STD$ABORTIO to complete the 1/0 request. These FDT completion routines,
as described in Section 5.2.2, place final $QI1O completion status in the FDT _
CONTEXT structure, and return SS$ FDT_COMPL status to the upper-level
FDT action routine. All upper-level FDT action routines return to the FDT
dispatching code in the $QIO system service.

For additional information about system-provided FDT routines, see the specific
routine descriptions in the OpenVMS AXP Device Support: Reference.

Table 5-1 System-Provided Upper-Level FDT Action Routines

FDT Routine Function Completion Routine Used
ACP_STD$ACCESS Accesses and creates ACP function Calls EXE_STD$ABORTIO,
processing EXE_STD$QIODRVPKT, or

EXE_STD$FINISHIO

ACP_STD$ACCESSNET Connects to network function processing Calls EXE_STD$ABORTIO,

EXE_STD$QIODRVPKT, or
EXE_STD$FINISHIO

ACP_STD$DEACCESS Deaccesses ACP function processing Calls EXE_STD$ABORTIO,

EXE_STD$QIODRVPKT, or
EXE_STDS$FINISHIO

ACP_STD$MODIFY Deletes and modifies ACP function Calls EXE_STD$ABORTIO,

processing EXE_STD$QIODRVPKT, or
EXE_STDS$FINISHIO

(continued on next page)
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Table 5-1 (Cont.) System-Provided Upper-Level FDT Action Routines

FDT Routine Function Completion Routine Used

ACP_STD$MOUNT

ACP_STD$READBLK

ACP_STD$WRITEBLK

EXES$ILLIOFUNC

EXE_
STD$LCLDSKVALID

EXE_STD$MODIFY

EXE_STD$ONEPARM

EXE_STD$READ

EXE_STD$SENSEMODE

EXE_STD$SETCHAR!

EXE_STD$SETMODE?

EXE_STD$WRITE

EXE_STD$ZEROPARM

Initiates ACP mount function processing

Processes a read block ACP function

Processes a write block ACP function

Processes 1/0 functions not supported by
the driver

Processes an 10$_PACKACK, 10$_
AVAILABLE, or 10$_UNLOAD function on
a local disk

Processes a logical-read/write or physical-
read/write function for a read and write
direct 1/O operation to a user-specified
buffer

Processes a nontransfer 1/O function code
that has one parameter associated with it

Processes a logical-read or physical-read
function for a direct 1/0 operation

Processes the sense-device-mode and
sense-device-characteristics functions by
reading fields of the UCB

Processes the set-device-mode and set-
device-characteristics functions

Processes the set-device-mode and set-
device-characteristics functions by creating
a driver fork process

Processes a logical-write or physical-write
function for a direct 1/O operation

Processes a nontransfer 1/O function code
that has no associated parameters

Calls EXE_STD$ABORTIO,
EXE_STD$QIODRVPKT, or
EXE_STDS$FINISHIO

Calls EXE_STD$ABORTIO,
EXE_STD$QIODRVPKT, or
EXE_STDS$FINISHIO

Calls EXE_STD$ABORTIO,
EXE_STD$QIODRVPKT, or
EXE_STD$FINISHIO

Calls EXE_STD$ABORTIO

EXE_STDS$FINISHIO or EXE_
STD$QIODRVPKT

Calls EXE_STD$ABORTIO if
an error occurs (for instance, if
the user 1/0O buffers cannot be
accessed or cannot be locked in
memory); otherwise, calls EXE_
STD$QIODRVPKT

Calls EXE_STD$QIODRVPKT

Calls EXE_STD$ABORTIO if
an error occurs (for instance,

if the user 1/O buffers cannot
be accessed or locked in
memory); otherwise, calls EXE_
STD$QIODRVPKT

Calls EXE_STD$FINISHIO

Calls EXE_STD$FINISHIO

Calls EXE_STD$ABORTIO if
an error occurs; otherwise, calls
EXE_STD$QIODRVPKT

Calls EXE_STD$ABORTIO if
an error occurs (for instance,

if the user 1/0 buffers cannot
be accessed or locked in
memory); otherwise, calls EXE_
STD$QIODRVPKT

Calls EXE_STD$QIODRVPKT

11f setting device characteristics requires no device activity or requires no synchronization with fork processing, the
driver’s FDT entry can specify EXE_STD$SETCHAR; otherwise, it must specify EXE_STD$SETMODE.

Driver FDT processing selects an 1/O completion path based on the following

factors:

< Whether it needs to call another FDT routine to perform additional function-
specific processing.
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< Whether an error is found in the 1/O request.
= Whether the operation is complete.
= Whether the 1/0O operation requires and is ready for device activity.

Any specific 1/O function can be processed by only one upper-level FDT action
routine. Although an upper-level routine can call any number of subsequent
routines, it must eventually complete 1/O processing by returning the SS$_
FDT_COMPL status (and final $QIO completion status in the FDT_CONTEXT
structure) to its caller, FDT dispatching code in the $QIO system service.

The system-provided upper-level FDT routines, as discussed in Table 5-1, all
call an FDT completion routine that queues an IRP, completes an 1/O request,

or aborts an 1/O request. These FDT completion routines insert the final $QIO
system service status in the FDT_CONTEXT structure and return SS$ FDT_
COMPL warning status to the upper-level FDT action routine. The upper-level
FDT action routine returns these status values to its caller, FDT dispatching code
in the $QIO0 system service.

5.2.2 FDT Exit Paths

An upper-level FDT action routine completes 1/O function invoking one of the
completion macros listed in Table 5-2.

Table 5-2 FDT Completion Macros and Associated Routines

Macro Operation

CALL_ABORTIO Calls EXE_STD$ABORTIO to abort an 1/0O request.

An FDT routine that discovers a device-independent error should
always use this method of exiting. Inability to gain access to a
data buffer or an error in the specification of the 1/O request are
examples of device-independent errors.

CALL_ Calls EXE_STD$ALTQUEPKT to call an alternate start-1/0 routine
ALTQUEPKT in the driver (specified in the driver dispatch table at offset
DDT$PS_ALTSTART_2) that synchronizes requests for activity
on a device unit and initiates the processing of 1/O requests.

The FDT routine uses this exit method when it has successfully
completed all driver preprocessing and the request requires device
activity. However, in contrast to EXE_STD$QIODRVPKT, EXE_
STD$ALTQUEPKT bypasses the device unit's pending-1/0 queue
and the device busy flag; thus, the driver is activated regardless of
whether the device unit is busy. A driver that can handle two or
more 1/0 requests simultaneously uses this exit method.

(continued on next page)
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Table 5-2 (Cont.) FDT Completion Macros and Associated Routines

Macro

Operation

CALL_FINISHIO

CALL_FINISHIOC

CALL_FINISHIO_
NOIOST

CALL_IORSNWAIT

CALL_
QIOACPPKT

Be aware that programming a device driver to process simultaneous
1/0 requests requires detailed knowledge of the internal design of
the operating system. A driver that uses the CALL_ALTQUEPKT
macro must not only maintain its internal queues but must also
synchronize those queues with the unit's pending-1/0 queue, which
the operating system maintains. In addition, if a driver processes
more than one IRP at the same time, it must use separate fork
blocks. Such a driver completes the processing of 1/0 requests

by using the CALL_POST macro calling COM_STD$POST. This
routine places each IRP in the systemwide I/O postprocessing queue
and returns control to the driver. The driver can then fetch another
IRP from an internal queue. For more information about COM_
STD$POST, see OpenVMS AXP Device Support: Reference.

When the alternate start-1/0 routine finishes, it returns control to
EXE_STD$ALTQUEPKT. EXE_STD$ALTQUEPKT then returns

to the FDT routine that called it. The FDT routine performs any
necessary postprocessing, returning the SS$ FDT_COMPL status to
FDT dispatching code in the $QIO system service

Moves the contents of RO and R1 to IRP$L_IOST1 and IRP$L_
10ST2, respectively and calls EXE_STD$FINISHIO to insert the
IRP in the 1/O postprocessing queue. EXE_STD$FINISHIO returns
SS$ _FDT_COMPL status to the $QIO system service and SS$_
NORMAL status (in the FDT_CONTEXT structure) to the caller of
$QIO0.

An FDT routine that discovers a device-dependent error should
always return status using CALL_FINISHIO or CALL_FINISHIOC.

Calls EXE_STD$FINISHIO to perform the same operations as
CALL_FINISHIO except CALL_FINISHIOC clears the second
longword of the final 1/0 status.

Calls EXE_STD$FINISHIO to perform the same operations as
CALL_FINISHIO except CALL_FINISHIO_NOIOST does not fill in
the 1/0 status fields of the IRP.

Calls EXE_STD$IORSNWAIT. Reserved to Digital.
Calls EXE_STD$QIOACPPKT. Reserved to Digital.

(continued on next page)
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Table 5-2 (Cont.) FDT Completion Macros and Associated Routines

Macro Operation
CALL_ Calls EXE_STD$QIODRVPKT to transfer control to a system
QIODRVPKT routine (EXE_STD$INSIOQ) that either delivers an IRP

immediately to a driver’s start-1/0 routine or places the IRP in

a pending-1/0 queue waiting for driver servicing. The FDT routine
uses this FDT completion routine if all preprocessing is complete,
if no errors are found in the specification of an 1/0 request, and

if device activity, synchronized access to the device’s UCB, or
synchronized access to device registers is required to complete
the 1/0 request. Common examples of such a request are read and
write functions.

EXE_STDS$INSIOQ transfers control to the device driver’s start-1/0
routine only if the device unit is currently idle. If the device unit
is busy, EXE_STDS$INSIOQ inserts the IRP in a priority-ordered
gueue of IRPs waiting for the unit.

Once an FDT routine transfers control to EXE_STD$QIODRVPKT,
no driver code that further processes the 1/0 request can refer to
process virtual address space. When a device driver’s start-1/0
routine gains control, the process that queued the 1/O request
might no longer be the mapped process. Therefore, the driver must
assume that all information regarding the 1/O request is in the
UCB or the IRP and that all buffer addresses in the UCB are either
system addresses or page-frame numbers that can be interpreted in
any process context.

For direct 1/0O operations, FDT routines also must have locked

all user buffer pages in physical memory because paging cannot
occur at driver fork level or higher interrupt priority levels. The
process virtual address space is not guaranteed to be mapped
again until the operating system delivers a special kernel-mode
asynchronous system trap (AST) to the requesting process as part of
1/O postprocessing.

5.3 FDT Routines for System Direct I/O

The operating system provides two standard FDT routines that are applicable
for direct 1/O operations: EXE_STD$READ and EXE_STD$WRITE. When
called by the driver, these routines completely prepare a direct 1/O read or write
request. Thus, a driver that uses these routines eliminates the need for its own
device-specific FDT routines.

EXE_STD$READ and EXE_STD$WRITE are described in OpenVMS AXP Device
Support: Reference.

5.4 FDT Routines for System Buffered 1/O

Device drivers for buffered 1/0O operations generally contain their own device-
specific FDT routines.

An FDT routine for a buffered 1/0 data transfer operation should confirm either
read or write access to the user’s buffer and allocate a buffer in system space.
Sections 5.4.1 and 5.4.2 describe these tasks.

An FDT routine for a buffered 1/0 operation that does not involve data transfer
accesses the function-dependent parameters of the $QIO request (p1 to p6) from
IRP$L_QIO_Pn, where n is a parameter number from one to six. It performs any
necessary preprocessing and uses one of the exit methods listed in Section 5.2.2.
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5.4.1 Checking Accessibility of the User’s Buffer

First the FDT routine invokes the CALL_READCHK or CALL WRITECHK
macros (which call EXE_STD$READCHK or EXE_STD$WRITECHK,
respectively) to confirm write or read access to the user’s buffer. Both of these
routines write the transfer byte count into IRP$L_BCNT. EXE_STD$READCHK
also sets IRP$V_FUNC in IRP$L_STS to indicate that it is a read function.

5.4.2 Allocating the System Buffer

Next, the FDT routine allocates a system buffer in the following manner:

1. It adds 12 bytes to the byte count passed in the p2 argument of the user’s 1/0
request (obtained from IRP$SL_QIO_P2), thus accommodating the standard
size of a system buffer header. This is the total system buffer size.

2. Itissues a JSB to EXE$DEBIT_BYTCNT_ALO to ensure that the job has
sufficient remaining byte count quota to allow its use of the requested buffer.
If the job has sufficient quota, EXE$DEBIT_BYTCNT_ALO allocates the
requested buffer from nonpaged pool, writes the buffer’s size and type into its
third longword, and subtracts the system buffer size from JIBSL_BYTCNT.

The operating system also supplies the routines EXESDEBIT BYTCNT _BYTLM_
ALO, EXE$DEBIT_BYTCNT(_NW), EXE$DEBIT_BYTCNT_BYTLM(_NW), and
EXE_STD$ALLOCBUF, which perform the same type of work as EXE$DEBIT_
BYTCNT_ALO. These routines are fully described in the OpenVMS VAX Device
Support Reference Manual.

Once the buffer is allocated, the FDT routine takes the following steps:
1. Loads the address of the system buffer into IRP$L_SVAPTE.
2. Loads the total size of the system buffer into IRP$L_BOFF.

3. Stores the starting address of the system buffer data area in the first
longword of the buffer header.

4. Stores the user’s buffer address in the second longword of the header.

5. Copies data from the user buffer to the system buffer if the 1/O request is a
write operation.

At this point, the buffers are ready for the transfer. Figure 5-1 illustrates the
format of the system buffer.

5.4.3 Buffered-1/0O Postprocessing

When the transfer finishes, the driver returns control to the operating system for
completion of the 1/O request. The driver writes the final request status in the
low-order word of RO. Use of the high-order word of RO and the longword of R1 is
driver specific. Certain drivers use these fields to report a transfer byte count, for
example.

The driver must leave the buffer header intact; 1/O postprocessing relies on the
header’s accuracy. When system 1/O postprocessing gains control, it performs
three steps:

1. Issues a JSB instruction to EXE$CREDIT_BYTCNT to add the value in
IRP$L_BOFF to JIBSL_BYTCNT, thus updating the user’s byte count quota.
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Figure 5-1 Format of System Buffer for a Buffered-1/O Read Function
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2. If IRP$L_SVAPTE is nonzero, assumes a system buffer was allocated and
checks to see whether IRP$V_FUNC is set in IRP$L_STS.

3. If IRP$V_FUNC is clear, deallocates the system buffer used for the write
operation; if IRP$V_FUNC is set, the special kernel-mode AST copies the
data to the user’s buffer and then deallocates the buffer in addition to
performing other kernel-mode AST functions.

The special kernel-mode AST performs the following steps to complete a buffered
read operation:

1. Obtains the address of the system buffer from IRP$L_SVAPTE.
2. Obtains the number of bytes to write to the user’s buffer from IRP$L_BCNT.

3. Obtains the address of the user’s buffer from the second longword of the
system buffer header.

4. Checks for write accessibility on all pages of the user’s buffer.
Copies the data from the system buffer to the process buffer.

Deallocates the system buffer. Note that the system uses the size listed in the
buffer’s header to deallocate the buffer.
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Writing a Start-1/0 Routine

A driver start-1/0 routine activates a device and then waits for a device interrupt
or timeout. This chapter describes the start-1/0 routine. Chapter 8 describes
the reactivation of the driver routine that performs device-dependent 1/0
postprocessing. With a few exceptions, the start-1/0 routine discussed in the
following sections describes a direct-memory-access (DMA) transfer using a
single-unit controller.

6.1 Transferring Control to the Start-1/O Routine

The start-1/0 routine of a device driver gains control from either of two system
routines: EXE_STD$QIODRVPKT or IOC_STD$REQCOM.

When FDT processing is complete for an 1/O request, the FDT routine transfers
control to EXE_STD$QIODRVPKT, which, in turn, calls EXE_STD$INSIOQ.

If the designated device is idle, EXE_STD$INSIOQ calls IOC_STDSINITIATE
to create a driver fork process. The driver fork process then gains control in
the start-1/0 routine of the appropriate driver. If the device is busy, EXE_
STD$INSIOQ queues the packet to the device unit’s pending-1/0 queue.

After a device completes an 1/O operation, the driver fork process exits by
transferring control to IOC_STD$REQCOM. IOC_STD$REQCOM inserts the 1/0
request packet (IRP) for the finished transfer into the postprocessing queue. It
then dequeues the next IRP from the device unit's pending-1/0 queue and calls
IOC_STDSINITIATE to initiate the processing of this I/O request in the driver’s
fork process at the entry point of the driver’s start-1/0 routine.

6.2 Context of a Driver Fork Process

A start-1/0 routine does not run in the context of a user process. Rather, it has
the following context:
System context Driver code can only refer to system virtual addresses.

Kernel mode Execution occurs in the most privileged access mode and can,
therefore, change IPL and obtain spinlocks.

High IPL The system routine that creates a driver fork process obtains
the driver’s fork lock, raising IPL to driver fork level before
activating the driver.

Kernel stack Execution occurs on the kernel stack. The driver must not
alter the state of the stack without restoring the stack to its
previous state before relinquishing control.

In addition to the context described, the system packet-queuing routines set up
R3 and R5 for a driver start-1/O routine, as follows:

e R3 contains the address of the IRP.

= R5 contains the address of the unit control block (UCB) for the device.
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The start-1/0 routine must preserve all general registers except RO, R1, R2, and
RA4.

Before the packet-queuing routines call the start-1/0 routine, they copy the
following IRP fields into their corresponding slots in the device's UCB:

- IRP$L_BCNT — UCB$_BCNT
- IRP$ BOFF — UCB$ BOFF
- IRP$L_SVAPTE — UCB$L_SVAPTE

6.3 Functions of a Start-1/0O Routine

The processing performed by a start-1/0 routine is device specific. A start-1/0
routine normally contains elements that perform the following functions to
activate:

< Analyzing the 1/O function

= Transferring the details of a request from the IRP into the UCB
= Obtaining and initializing the controller

= Modifying device registers to activate the device

A start-1/0 routine of a DMA device driver performs additional tasks to prepare
the device for a DMA transfer prior to activating the device. These tasks include
the following:

= Obtaining I/O adapter resources such as map registers
e Computing the starting address of a data transfer

The following sections describe the general activities of a start-1/0 routine for a
typical device. The details of DMA processing are specific to the particular device.
For more information, see the appropriate bus support chapter in this manual.

6.3.1 Obtaining Controller Access

If the device is one of several attached to a controller, the start-1/0 routine
invokes the system macro REQCHAN to assign the controller’s data channel to
the device unit. Controllers that control only one device do not require arbitration
for the controller's data channel. REQCHAN calls the system routine 10C_
STD$PRIMITIVE_REQCHANL that acquires ownership of the controller data
channel.

The transfer being controlled by the start-1/0 routine discussed here requires no
seek preceding the transfer. Disk 1/O is an example of a transfer that requires a
seek first. To permit seeks to be overlapped with transfers, invoke REQPCHAN
with the argument pri=HIGH. Specifying pri=HIGH inserts a request for a
channel at the head of the channel wait queue.

If the channel is not available, IOC_STD$PRIMITIVE_REQCHANL suspends
driver processing by saving the driver’s context in the UCB fork block and
inserting the fork block in the channel wait queue. I0C_STD$PRIMITIVE_
REQCHANL then returns control to the caller of the driver, that is, to EXE_
STDS$INSIOQ.

Note that, because I0C_STD$RELCHAN moves the address of the IDB into R4
before resuming a suspended driver, IOC_STD$PRIMITIVE_REQCHANL does
not save R4 in the UCB fork block.
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If the channel is available, IOC_STD$PRIMITIVE_REQCHANL locates the
interrupt dispatch block (IDB) for the channel with a pointer in the UCB:

uCB — CRB — IDB

The driver for a unit attached to a dedicated controller must contain the code
needed to load the IDB address into R4.

I0OC_STD$PRIMITIVE_REQCHANL also writes the address of the new channel-
owner’s UCB in the owner field of the IDB (IDB$L_OWNER). The driver’s
interrupt service routine later reads this IDB field to determine which device unit
owns the controller’s data channel. A driver for a single-unit controller must fill
the IDB$L_OWNER field in its controller or unit initialization routines.

6.3.2 Obtaining and Converting the 1/0O Function Code and Its Modifiers

The start-1/0 routine extracts the 1/0O function code and function modifiers from
the field IRP$_FUNC and translates them into device-specific function codes,
which it loads into the device's CSR or other control registers. The start-1/0
routine creates and modifies a bit mask that is to be loaded into the CSR when
the driver starts the device. To accomplish this, the start-1/0 routine converts the
function modifiers contained in IRP$_FUNC into device-specific bit settings in the
general register.

6.3.3 Preparing the Device Activation Bit Mask

For a typical device, the start-1/0 routine prepares the device-activation bit mask
by setting the interrupt-enable bit and the go bit in the general purpose register

that also contains the high-order bits of the bus address and the device-function

bits. At this point, the general register contains a complete command for starting
the transfer, also known as the control mask.

When the start-1/0 routine copies the contents of the register into the device’s
CSR, the device starts the transfer. Before activating the device, however, the
start-1/0 routine should perform the steps described in Sections 6.3.4 and 6.3.5.

6.3.4 Synchronizing Access to the Device Database

The start-1/0 routine invokes the system macro DEVICELOCK to synchronize
its access to device registers with the interrupt service routine. This macro
invocation is doubly important, for it establishes the context wherein the driver
can later issue the wait-for-interrupt macro (WFIKPCH or WFIRLCH). The wait-
for-interrupt macros expect the driver’s fork IPL to be on the stack, as placed
there by the DEVICELOCK macro. In addition, the wait-for-interrupt macros
issue the DEVICEUNLOCK macro to release ownership of the device lock and
restore the previous IPL.

6.3.5 Checking for a Local Processor Power Failure

After synchronizing access to device registers, the start-1/0 routine invokes the
system macro SETIPL to raise IPL to IPL$ POWER to block all interrupts on the
local processor.

The start-1/0 routine then examines the power failure bit in the UCB’s status
longword (UCB$V_POWER in UCB$L_STS) to determine whether a local power
failure has occurred since the start-1/0 routine gained control. If the bit is not
set, the transfer can proceed.
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If the bit is set, a power failure might have occurred between the time that the
start-1/0 routine wrote the first device register and the time that the start-1/0
routine is ready to activate the device. Such a power failure could modify the
already-written device registers and cause unpredictable device behavior if the
device were to be started.

If the bit UCB$V_POWER is set, the start-1/0 routine branches to an error
handler in the driver. The driver error handler must perform the following
actions:

= Clear UCB$V_POWER

e |Issue the DEVICEUNLOCK macro to release the device lock and restore IPL
to fork IPL

After performing these tasks, many drivers transfer control to the beginning of
the start-1/0 routine, which restarts the processing of the 1/0 request.

6.3.6 Activating the Device

If no power failure has occurred, the start-1/0 routine copies the contents of the
control mask into the device's CSR. When the device notices the new contents of
the device register, it begins to transfer the requested data.

6.4 Waiting for an Interrupt or Timeout

Once the start-1/0 routine activates the device, the driver fork process cannot
proceed until one of these events occurs:

= The device generates a hardware interrupt.

= The device does not generate a hardware interrupt within an expected time
limit, which is to say that a device timeout occurs.

Still executing at IPL$_POWER, the driver’s start-1/0 routine asks the operating
system to suspend the driver fork process by invoking one of the following macros:

WFIKPCH Wait for an interrupt or timeout and keep the controller data channel
WFIRLCH Wait for an interrupt or timeout and release the controller data
channel

The WFIKPCH and WFIRLCH macros require the address of a timeout handling
routine in the excpt argument. Optionally, but almost always, the driver can also
indicate the number of seconds the system must wait before signaling a timeout
in the time argument. For more information, see OpenVMS AXP Device Support:
Reference.

Both macros invoke routines that release ownership of the device lock, relinquish
synchronization, and return IPL to the previous level when exiting. These
routines expect to find the return IPL on the stack. This IPL is saved on the
stack by the DEVICELOCK macro as described in Section 6.3.4.

Drivers generally keep the controller data channel while waiting for the interrupt
or timeout. Drivers of devices with dedicated controllers always keep the channel
because only one unit ever needs it. For devices that share a controller, some
operations, such as disk seeks, do not require the controller once the operation
has begun. In such cases, the driver can release the controller’s data channel
while waiting for an interrupt or timeout so that other units on the controller can
start their operations.
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Writing an Interrupt Service Routine

When a device generates a hardware interrupt, it requests an interrupt at the
appropriate device interrupt priority level (IPL). Either the device or its adapter
requests a processor interrupt at that IPL. When the processor executes at an
IPL below that device IPL, interrupt dispatching begins.

The mechanism of interrupt dispatching has no direct bearing on the contents of
a driver’s interrupt service routine. Its implementation varies according to the
AXP system and 1/O subsystem in use.

For most device drivers, the driver prologue table (DPT) contains, in the
reinitialization section established by the DPT_STORE_ISR macro, the address
of one or more interrupt service routines. Each interrupt service routine
corresponds to an interrupt vector on the 1/O bus. You specify the interrupt
vector using the SYSMAN command I0_CONNECT.

Most device interrupt service routines perform the following functions:
= Locate the device's unit control block (UCB)
« Determine whether the interrupt was solicited
= Reject or process unsolicited interrupts
« Activate the suspended driver to process solicited interrupts
The remaining sections of this chapter describe the handling of solicited and
unsolicited interrupts in further detail.
7.1 Servicing a Solicited Interrupt

When a driver’s fork process activates a device and expects to service a device
interrupt as a result, the fork process suspends its execution and waits for an
interrupt to occur. The suspended driver is represented only by the contents of
the fork block in the device’s UCB and the stack, which contain the following
information:

= A description of the 1/0 request and the state of the device

= The contents of R3 and R4

< The implicit contents of R5 (the address of the UCB fork block)
= The address at which to return control to the driver

e The implicit address of a timeout handling routine

When the interrupt service routine returns control to the main line of driver
processing, it has only restored the contents of R3, R4, R5, and the PC.

7-1
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A driver’s interrupt service routine performs the following tasks to process the
interrupt and transfer control to the waiting driver:

1. Obtains the address of the device's UCB from the IDB, as follows:
4(AP) — CRB — IDB — IDB$L_OWNER — UCB
The interrupt service routine restores the UCB address to R5.

2. Issues the DEVICELOCK macro to obtain synchronized access to device
registers.

3. Tests the interrupt-expected bit in the UCB status longword (UCB$V_INT in
UCBS$L_STS). If the bit is set, the driver is waiting for an interrupt from this
device. After performing this test, the interrupt service routine must clear
UCBS$V_INT to indicate that it has received the expected interrupt.

Note

Because device timeout processing mostly occurs at fork IPL (see
Section 8.2), a driver’s interrupt service routine, executing at device
IPL, could interrupt the processing of a timeout on the same device
unit. For this reason, the driver’s interrupt service routine should check
the interrupt-expected bit (UCB$V_INT) before handling the interrupt.
The operating system clears this bit before it calls the driver’s timeout
handler.

4. Obtains device-status or controller-status inf