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1

Introduction

1.1 Scope of Manual

This manual describes the kernel interface to the Elan. The interface is called Elan
Kernel Comms and it provides reliable message passing between kernels running on
nodes attached to an Elan network. It is designed to provide high bandwidth, low
latency communications.

1.2 Audience

This manual is intended for system programers who want to gain a detailed
understanding of the architecture and operation of the Elan Kernel Comms facilities.

The manual assumes that the reader is familiar with the following:

• UNIX R© device driver programming

• C programming language

• Elan architecture

1.3 Using this Manual

This manual contains 4 chapters. Their contents are as follows:

Chapter 1 (Introduction)

describes the layout of the manual and the conventions used to
present information

Chapter 2 (Elan Kernel Comms Operation)

presents an overview of the Elan Kernel Comms architecture and
operation
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Conventions

Chapter 3 (Elan Kernel Comms Function Reference)

describes the Elan Kernel Comms API functions

Chapter 4 (An Example IP Driver)

presents an annotated example of the usage of the Elan Kernel
Comms facilities

1.4 Related Information

The following manuals provide additional relevant information:

• Elan Reference Manual

• Elan Programming Manual

1.5 Location of Online Documentation

Online documentation in HTML format is installed in the directory
/usr/lib/rms/docs/html (or /opt/rms/docs/html for Solaris) and can
be accessed from a browser at http://rmshost:8081/html/index.html.
PostScript and PDF versions of the documents are in /usr/lib/rms/docs (or

/opt/rms/docs for Solaris). Please consult your system administrator if you
have difficulty accessing the documentation.

New versions of this and other Quadrics documentation can be found on the Quadrics
web site http://www.quadrics.com.

1.6 Reader’s Comments

If you would like to make any comments on this or any other Quadrics manual, please
send them to support@quadrics.com.

1.7 Conventions

The following typographical conventions have been used in this document:

monospace type

Monospace type denotes literal text. This is used for command
descriptions, file names and examples of output.

bold monospace type

Bold monospace type indicates text that the user enters when
contrasted with on-screen computer output.

italic monospace type

Italic (slanted) monospace type denotes some meta-text. This is
used most often in command or parameter descriptions to show
where a textual value is to be substituted.

1-2 Introduction
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Conventions

italic type Italic (slanted) proportional type is used in the text to introduce
new terms. It is also used when referring to labels on graphical
elements such as buttons.

Ctrl/x This symbol indicates that you hold down the Ctrl key while you
press another key or mouse button (shown here by x).

TLA Small capital letters indicate an abbreviation (see Glossary).

ls(1) A cross-reference to a reference page includes the appropriate
section number in parentheses.

Introduction 1-3





2

Elan Kernel Comms Operation

2.1 Overview

2.1.1 Introduction

Elan Kernel Comms is the kernel interface to the Elan. It provides reliable message
passing between kernels running on nodes attached to an Elan network. It is designed
to provide a high bandwidth, low latency communications capability on which
multiple, independent, system level communication services such as IP or the CFS
bulk data mover can be based.

The Elan Kernel Comms API is completely distinct from the user space libelan and
libelan3 APIs. The user space APIs are designed to provide reliable, high performance,
application level communications between coordinated collections of user processes.
In contrast, the Elan Kernel Comms API is designed to provide reliable, high
performance, kernel level communications between a collection of autonomous
operating system services. Figure 2.1 shows how the user space APIs and the Elan
Kernel Comms API are layered independently on top of the Elan hardware and device
driver.

2.1.2 Service Numbers

Each system service that wishes to use Elan Kernel Comms is allocated a unique
service number1 which is used to identify that particular service’s messages. Each
service installs a ‘receiver’ that only receives messages targetted to its service number.
Services send messages through a ‘transmitter’ that has been allocated to them by the
Elan Kernel Comms software. Although an Elan Kernel Comms receiver is
constrained to receive only messages for a particular service number, an Elan Kernel
Comms transmitter may be used to transmit a message to any service. This is

1Service numbers are statically allocated and are defined in elan3/elancomm.h. There are currently
256 service numbers available.
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Figure 2.1: Elan Software Map
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achieved by specifying the desired destination service number when each message is
transmitted.

2.1.3 Virtual Circuits

Elan Kernel Comms operates by establishing virtual circuits between the
transmitters and receivers. This allows it to take full advantage of the robustness of
the Elan/Elite network and ensures that messages are delivered correctly and only
once. Messages are transferred at full network bandwidth without the need for
software checksums and associated error recovery protocols.

The virtual circuit connecting a transmitter and a receiver is established
automatically when a message is first sent. In certain error cases, a virtual circuit will
be disconnected. When this happens, all messages currently active on the circuit will
complete with an error indication of ENETRESET.

2.1.4 Small and Large Messages

Elan Kernel Comms distinguishes between ‘small’ and ‘large’ messages and provides
separate functions for their handling. The two categories of message have different
properties:

Small Messages • Messages are always copied from kernel space before the
transmit function returns – the transmit buffer is available for
immediate reuse.

• A receive buffer does not have to be queued before a message can
be received – the receive handler must process the message
immediately and must make a copy of the received data, if it is
required later.

2-2 Elan Kernel Comms Operation
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• Messages are sent without a header – the system service must
provide all header information that is required.

Large Messages • Receive buffers must be explicitly queued – messages will be
held pending and will not complete until a receive buffer is
available.

• Transmit and receive buffers are explicitly mapped into the
Elan’s address space – the transmit buffer must not be modified
until the transmit completion handler has been called.

• Transmit data can be supplied fragmented into a maximum of
EP_MAXFRAG pieces.

• Messages are sent with a header (envelope).

• Receive buffers are owned by the system service, so can be saved
for later processing.

Elan Kernel Comms supports two different types of small messages, ‘special’ and ‘not
special’. Special messages may be sent to a node for which there is no virtual circuit
established. Special messages must, however, have a timeout value specified when
they are sent to avoid deadlock if they fail to complete. Note that it is possible for a
special message to be sent more than once if network errors occur during its
transmission. Special messages are used primarily for establishing virtual circuits
and for managing sets of nodes in order to maintain the broadcast trees.

2.1.5 Message Delivery Status

The status of an Elan Kernel Comms transmit message operation is communicated to
the driver via a callback function that is specified when the transmit is initiated. The
callback function will be invoked immediately the transmit completes, if the given
transmit operation has interrupts enabled. If the transmit operation has interrupts
disabled, the status will be polled each time a new transmit is initiated and also when
the ep_poll_transmits() function is called. If the transmit has completed, the
callback function will be invoked when the transmit is polled.

Polled transmits are selected by passing the EP_NO_INTERRUPT flag when the
transmit is initiated. For a polled service, if an interrupt is required to complete
outstanding messages then ep_enable_txcallbacks() can be called to cause an
interrupt when a message is completed (and also for any transmits that have already
completed but have not yet invoked their callback functions).

2.1.6 Multicast Capability

Elan Kernel Comms provides a multicast facility for large messages. The destination
nodes that will receive a multicast message are specified as a range of node numbers
in conjunction with an optional bitmap. Messages are forwarded down a tree,
calculated from this node range and bitmap together with the map of the current set
of nodes.
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2.1.7 RPC

Elan Kernel Comms provides an RPC facility for large messages. The transmit will
not complete until the receiver has processed the message and called the function
ep_complete_rpc(). On completion, the receiver can transfer data to the sender to
addresses that the sender has explicitly mapped and passed to the receiver in the
message.

RPC messages include a ‘payload’ in the envelope and do not necessarily include
transmit data if the request can be encoded within the payload. On completion, a
‘status block’ is returned to the sender.

2.1.8 Future Enhancements

Currently, Elan Kernel Comms messages are not ordered, a future enhancement is
intended to allow EP_TYPE_PARTIAL_ORDER and EP_TYPE_STRICT_ORDER to be
specified to control whether receive buffers are allocated in order with the transmits
or whether receive buffers will complete in order with the transmits. However, there
will never be any ordering constraints between messages to different nodes.
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Elan Kernel Comms Function Reference

3.1 Core Elan Kernel Comms Functions

The following functions provide the core of the Elan Kernel Comms facilities. The file
elan3/elancomm.h contains their prototypes and other relevant declarations.
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ep_install_small_rcvr(3)

NAME

ep_install_small_rcvr – installs a small message receiver

SYNOPSIS

#include <elan3/elancomm.h>

EP_RCVR *ep_install_small_rcvr(int instance, int service,
int type, int msgsize,

int msgentries, EP_RCV *handler,
void *arg);

PARAMETERS

instance The device number in a multirail system. Note that multirail
enhancements have not been finalised yet.

service The number of the service with which the receiver will be
associated. All service numbers are statically defined in
elan3/elancomm.h.

type Must be either EP_SVC_TYPE_SPECIAL or EP_SVC_TYPE_SMALL.

msgsize The maximum size (in bytes) of messages that can be received by
the new receiver.

msgentries The maximum number of entries in the receiver message queue.

handler A pointer to a function to be called when a message is received.

arg A parameter that will be passed on to the handler function when a
message has been received.

DESCRIPTION

Installs a small message receiver for the Elan device specified by instance. If the
service cannot be installed, either because it is already in use or because of resource
allocation failure, then NULL will be returned.

For each message received the supplied receive handler is called. The receive handler
function should have the following type:

typedef void (EP_RCV)(void *arg, caddr_t msg);

The parameters are as follows:

arg The value passed to ep_install_small_rcvr().

msg A pointer to the received message. This pointer is potentially
overwritten as soon as the handler returns.
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ep_install_small_rcvr(3)

If a NULL is passed in for the receive handler then a thread can wait for messages to
be received by using ep_waitfor_small_message().

RETURN VALUES

If a receiver is successfully installed, a pointer to an EP_RCVR structure, which
represents the new receiver, is returned. If the receiver cannot be installed then NULL
is returned.

SEE ALSO

ep_remove_small_rcvr(3), ep_transmit_small(3).
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ep_remove_small_rcvr(3)

NAME

ep_remove_small_rcvr – removes a previously installed small message receiver

SYNOPSIS

#include <elan3/elancomm.h>

void ep_remove_small_rcvr(EP_RCVR *rcvr);

PARAMETERS

rcvr A pointer previously returned from a successful call to
ep_install_small_rcvr().

DESCRIPTION

The previously installed small message receiver represented by rcvr is removed. The
kernel will no longer be able to receive small messages for the service that uses the
receiver.

SEE ALSO

ep_install_small_rcvr(3).

3-4 Elan Kernel Comms Function Reference



ep_alloc_small_xmtr(3)

NAME

ep_alloc_small_xmtr – allocates a small message transmitter

SYNOPSIS

#include <elan3/elancomm.h>

EP_XMTR *ep_alloc_small_xmtr(int instance, int type, int msgsize);

PARAMETERS

instance The device number in a multirail system. Note that multirail
enhancements have not been finalised yet.

type Must be either EP_SVC_TYPE_SPECIAL or EP_SVC_TYPE_SMALL.

msgsize The maximum message size. Note that no checks are made as to
whether this is larger than the receiver message size.

DESCRIPTION

Allocates a small message transmitter for the Elan device specified by instance.

SEE ALSO

ep_free_small_xmtr(3).
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ep_free_small_xmtr(3)

NAME

ep_free_small_xmtr – frees a small message transmitter

SYNOPSIS

#include <elan3/elancomm.h>

void ep_free_small_xmtr(EP_XMTR *xmtr);

PARAMETERS

xmtr A pointer returned from an earlier call to
ep_alloc_small_xmtr().

DESCRIPTION

The small message transmitter specified by xmtr is freed.

SEE ALSO

ep_alloc_small_xmtr(3).
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ep_transmit_small(3)

NAME

ep_transmit_small – transmits a small message

SYNOPSIS

#include <elan3/elancomm.h>

int ep_transmit_small(EP_XMTR *xmtr, int dest, int service,

int flags, E3_uint64 timeout,

EP_TXH *handler, void *arg, caddr_t buffer,
int len);

PARAMETERS

xmtr The transmitter of the small message.

dest The ID of the destination node.

service The recipient’s service number.

flags This may be an OR of the following values:

EP_NO_SLEEP do not sleep if there are no descriptors free

EP_NO_ALLOC do not try to allocate any memory for new
descriptors

EP_NO_INTERRUPT

do not generate an interrupt but collect the
status of the completed transmit by polling

timeout The time (in nS) that is allowed for the transmit to succeed. A zero
should be passed in unless the message is ‘special’.

handler A pointer to a function that will be called when the transmit has
completed.

arg A parameter that will be passed on to the handler function.

buffer The kernel address from which the message should be copied.

len The length (in bytes) of the message.

DESCRIPTION

A small message containing the contents of the kernel memory area defined by
buffer and len is submitted for transmission to service on target node dest. The
supplied callback function, handler, will be called when the status of the transmit
operation has been determined.

The handler function, handler, should have the following type:
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typedef void (EP_TXH)(struct ep_txd *txd, void *arg, int status);

The parameters are as follows:

txd A pointer to a transmit descriptor associated with the message.

arg A value of the same name that has been passed to
ep_transmit_small()

status A status code which can take the following values:

ESUCCESS the message has been successfully delivered

ETIMEOUT the specified timeout time has expired – the
message, which must be a special message, may
or may not have been delivered

ENETRESET the virtual circuit to the destination has been
broken – the message may or may not have been
delivered

RETURN VALUES

The following values can be returned:

ESUCCESS The message has been successfully queued for transmitting.

ENOMEM A transmit descriptor could not be allocated.

ECONREFUSED The virtual circuit to the destination does not exist.

ENETRESET The virtual circuit to the destination is being broken.

SEE ALSO

ep_install_small_rcvr(3).
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ep_waitfor_small_message(3)

NAME

ep_waitfor_small_message – blocks waiting for a message

SYNOPSIS

#include <elan3/elancomm.h>

int ep_waitfor_small_message(EP_RCVR *rcvr, caddr_t *msg);

PARAMETERS

rcvr The small message receiver to be waited on. The receiver is
obtained from ep_install_small_rcvr() which must have been
passed a NULL handler value.

msg A pointer to a variable that will receive the address of the received
message in the input queue.

DESCRIPTION

When a receiver is installed with a NULL handler, kernel threads can block waiting for
messages to arrive with ep_waitfor_small_message(). The threads should
‘quickly’ process the message and then call ep_consume_small_message() to free
the space in the input queue. Like this:

for (;;) {
caddr_t msg;
ep_waitfor_small_message (rcvr, &msg);

/* process the message pointed to by msg */

ep_consume_small_message (rcvr, msg);
}

RETURN VALUES

The following values can be returned:

ESUCCESS A message has arrived.

SEE ALSO

ep_install_small_rcvr(3), ep_consume_small_message(3).
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ep_consume_small_message(3)

NAME

ep_consume_small_message – removes a small message from the input queue

SYNOPSIS

#include <elan3/elancomm.h>

void ep_consume_small_message(EP_RCVR *rcvr, caddr_t *msg);

PARAMETERS

rcvr The small message receiver on which a messages has been received.

msg A pointer to the received small message.

DESCRIPTION

This is called by a kernel thread to free space on the input queue after it has
processed a small message.

SEE ALSO

ep_waitfor_small_message(3).
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ep_install_large_rcvr(3)

NAME

ep_install_large_rcvr – installs a large message receiver

SYNOPSIS

#include <elan3/elancomm.h>

EP_RCVR *ep_install_large_rcvr(int instance, int service,

int nenvelopes);

PARAMETERS

instance The device number in a multirail system. Note that multirail
enhancements have not been finalised yet.

service The number of the service with which the receiver will be
associated. All service numbers are statically defined in
elan3/elancomm.h.

nenvelopes The number of envelopes in the receive queue that can be
outstanding while no receive buffer is queued. Note that there is a
maximum value because of the implementation of the Elan
allocator.

DESCRIPTION

Installs a large message receiver for the Elan device specified by instance. If the
receiver cannot be installed, either because it is already in use or because of resource
allocation failure, then NULL will be returned.

RETURN VALUES

If a receiver is successfully installed, a pointer to an EP_RCVR structure, which
represents the new receiver, is returned. If the receiver cannot be installed then NULL
is returned.

SEE ALSO

ep_remove_large_rcvr(3).
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NAME

ep_remove_large_rcvr – removes a previously installed large message receiver

SYNOPSIS

#include <elan3/elancomm.h>

void ep_remove_large_rcvr(EP_RCVR *rcvr);

PARAMETERS

rcvr A pointer previously returned from a successful call to
ep_install_large_rcvr().

DESCRIPTION

The previously installed large message receiver represented by rcvr is removed. The
kernel will no longer be able to receive large messages for the service that uses the
receiver.

SEE ALSO

ep_install_large_rcvr(3).
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NAME

ep_alloc_large_xmtr – allocates a large message transmitter

SYNOPSIS

#include <elan3/elancomm.h>

EP_XMTR *ep_alloc_large_xmtr(int instance);

PARAMETERS

instance The device number in a multirail system. Note that multirail
enhancements have not been finalised yet.

DESCRIPTION

Allocates a large message transmitter for the Elan device specified by instance.

SEE ALSO

ep_free_large_xmtr(3).
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NAME

ep_free_large_xmtr – frees a large message transmitter

SYNOPSIS

#include <elan3/elancomm.h>

void ep_free_large_xmtr(EP_XMTR *xmtr);

PARAMETERS

xmtr A pointer returned from an earlier call to
ep_alloc_large_xmtr().

DESCRIPTION

The large message transmitter specified by xmtr is freed.

SEE ALSO

ep_alloc_large_xmtr(3).
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NAME

ep_transmit_large – transmits a large message

SYNOPSIS

#include <elan3/elancomm.h>

int ep_transmit_large(EP_XMTR *xmtr, int dest, int service,

int flags, EP_TXH *handler, void *arg,
EP_IOVEC *iovec, int iovlen);

PARAMETERS

xmtr The large message transmitter that sends the message.

dest The ID of the destination node.

service The recipient’s service number.

flags This may be an OR of the following values:

EP_NO_SLEEP do not sleep if no descriptors are free

EP_NO_ALLOC do not allocate any memory for new descriptors

EP_NO_INTERRUPT

do not generate an interrupt but collect the
status of the completed transmit by polling

handler A pointer to a function that will be called when the transmit has
completed.

arg A parameter that will be passed on to the handler function.

iovec A pointer to an array of EP_IOVEC structures. Each element in the
array defines a separate kernel memory segment that is to be
transmitted. EP_IOVEC is defined as:

typedef struct ep_iovec
{

E3_Addr Base;
E3_uint32 Len;

} EP_IOVEC;

where Base is the Elan address of the kernel memory segment to
be transmitted and Len is the segment size in bytes.

iovlen The number of elements in iovec; it must be less than or equal to
EP_MAXFRAG.
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DESCRIPTION

A large message containing the contents of the kernel memory areas specified by
iovec and iovlen is submitted for transmission to service on target node dest.
The supplied callback function, handler, will be called when the status of the
transmit operation has been determined.

If interrupts are enabled, the callback function will be invoked automatically as soon
as the transmit completes. If interrupts are not enabled, the callback function will be
invoked during the first call to ep_poll_transmits(), ep_transmit_large() or
ep_multicast_large() that occurs after the status of the transmit operation
becomes available.

The handler function, handler, should have the following type:

typedef void (EP_TXH)(struct ep_txd *txd, void *arg, int status);

The parameters are as follows:

txd A pointer to a transmit descriptor associated with the message.

arg A value of the same name that has been passed to
ep_transmit_large()

status A status code which can take the following values:

ESUCCESS the message has been successfully delivered

ENETRESET the virtual circuit to the destination has been
broken – the message may or may not have been
delivered

RETURN VALUES

The following values can be returned:

ESUCCESS The message has been successfully queued for transmitting.

EINVAL The iovector is too big.

ENOMEM A transmit descriptor could not be allocated.

ECONREFUSED The virtual circuit to the destination does not exist.

ENETRESET The virtual circuit to the destination is being broken.

SEE ALSO

ep_queue_receive(3), ep_multicast_large(3).
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NAME

ep_multicast_large – multicasts a large message

SYNOPSIS

#include <elan3/elancomm.h>

int ep_multicast_large(EP_XMTR *xmtr, int destLo, int destHi,

bitmap_t *bitmap, int service, int flags,
EP_TXH *handler, void *arg,

EP_IOVEC *iovec, int iovlen);

PARAMETERS

xmtr The large message transmitter that sends the message.

destLo The ID of the lowest node to receive the transmission. If -1 is
specified, the lowest node in the machine will be used.

destLo The ID of the highest node to receive the transmission. If -1 is
specified, the highest node in the machine will be used.

bitmap A pointer to a bitmap_t that enables transmission to individual
nodes. If NULL, nodes will be sent the data unconditionally. See
BT_TEST(3) for information on manipulation of bitmap_t objects.

service The recipient’s service number.

flags This may be an OR of the following values:

EP_NO_SLEEP do not sleep if no descriptors are free

EP_NO_ALLOC do not allocate any memory for new descriptors

EP_NO_INTERRUPT

do not generate an interrupt but collect the
status of the completed transmit by polling

EP_NOT_MYSELF do not send the message to the node from which
it was transmitted

handler A pointer to a function that will be called when the transmit has
completed.

arg A parameter that will be passed on to the handler function.

iovec A pointer to an array of EP_IOVEC structures. Each element in the
array defines a separate kernel memory segment that is to be
transmitted. EP_IOVEC is defined as:
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typedef struct ep_iovec
{

E3_Addr Base;
E3_uint32 Len;

} EP_IOVEC;

where Base is the Elan address of the kernel memory segment to
be transmitted and Len is the segment size in bytes.

iovlen The number of elements in iovec; it must be less than or equal to
EP_MAXFRAG.

DESCRIPTION

A large message, containing the contents of the kernel memory areas specified by
iovec and iovlen, is submitted for transmission to service on the target nodes
specified by the range destLo to destHi (inclusive). If not NULL, the bitmap
argument allows transmission to individual nodes in the specified range to be
enabled/disabled. The supplied callback function, handler, will be called when the
status of the transmit operation has been determined.

If interrupts are enabled, the callback function will be invoked automatically as soon
as the transmit completes. If interrupts are not enabled, the callback function will be
invoked during the first call to ep_poll_transmits(), ep_transmit_large() or
ep_multicast_large() that occurs after the status of the transmit operation
becomes available.

The handler function, handler, should have the following type:

typedef void (EP_TXH)(struct ep_txd *txd, void *arg, int status);

The parameters are as follows:

txd A pointer to a transmit descriptor associated with the message.

arg A value of the same name that has been passed to
ep_multicast_large()

status A status code which can take the following values:

ESUCCESS the message has been successfully delivered

ENETRESET the virtual circuit to the destination has been
broken – the message may or may not have been
delivered

RETURN VALUES

The following values can be returned:

ESUCCESS The message has been queued successfully for transmitting.

EINVAL The iovector is too big.
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ENOMEM A transmit descriptor could not be allocated.

ECONREFUSED The virtual circuit to the destination does not exist.

ENETRESET The virtual circuit to the destination is being broken.

SEE ALSO

ep_queue_receive(3), ep_transmit_large(3).
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NAME

ep_transmit_rpc – transmits an RPC message

SYNOPSIS

#include <elan3/elancomm.h>

int ep_transmit_rpc(EP_XMTR *xmtr, int dest, int service,

int flags, EP_TXH *handler, void *arg,
EP_RPC_PAYLOAD *payload, EP_IOVEC *iovec,

int iovlen);

PARAMETERS

xmtr The transmitter of the RPC message.

dest The ID of the destination node.

service The recipient’s service number.

flags This may be an OR of the following values:

EP_NO_SLEEP do not sleep if no descriptors are free

EP_NO_ALLOC do not allocate any memory for new descriptors

EP_NO_INTERRUPT

do not generate an interrupt but collect the
status of the completed transmit by polling

handler A pointer to a function that will be called when the transmit has
completed.

arg A parameter that will be passed on to the handler function.

payload An optional payload that is sent in the message envelope. It can
contain small ‘request’ data. The receiver can access the payload
using ep_rxd_envelope(rxd)->Payload.RPCwhere rxd is the
receive descriptor passed to the receiver’s receive handler.

iovec A pointer to an array of EP_IOVEC structures. Each element in the
array defines a separate kernel memory segment that is to be
transmitted. EP_IOVEC is defined as:

typedef struct ep_iovec
{

E3_Addr Base;
E3_uint32 Len;

} EP_IOVEC;
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where Base is the Elan address of the kernel memory segment to
be transmitted and Len is the segment size in bytes.

iovlen The number of elements in iovec; it must be less than or equal to
EP_MAXFRAG and may be zero.

DESCRIPTION

An RPC message containing the payload together with the contents of the kernel
memory areas specified by iovec and iovlen is submitted for transmission to
service on target node dest.

The supplied callback function, handler, will be called after the destination has
processed the message and invoked ep_complete_rpc().

The handler function, handler, should have the following type:

typedef void (EP_TXH)(struct ep_txd *txd, void *arg, int status);

The parameters are as follows:

txd A pointer to a transmit descriptor associated with the message.

arg A value of the same name that has been passed to
ep_multicast_large()

status A status code which can take the following values:

ESUCCESS the message has been successfully delivered

ENETRESET the virtual circuit to the destination has been
broken – the message may or may not have been
delivered

The status block returned can be accessed from the transmit descriptor passed to the
handler with the function ep_txd_statusblk(txd).

RETURN VALUES

The following values can be returned:

ESUCCESS The message has been successfully queued for transmitting.

EINVAL The iovector is too big.

ENOMEM A transmit descriptor could not be allocated.

ECONREFUSED The virtual circuit to the destination does not exist.

ENETRESET The virtual circuit to the destination is being broken.

Elan Kernel Comms Function Reference 3-21



ep_poll_transmits(3)

NAME

ep_poll_transmits – poll the currently active transmits

SYNOPSIS

#include <elan3/elancomm.h>

int ep_poll_transmits(EP_XMTR *xmtr);

PARAMETERS

xmtr Pointer to the transmitter to be polled.

DESCRIPTION

This function polls all of the transmit operations that are currently active at the
transmitter specified by xmtr. For each transmit that has completed, the callback
function is invoked.

RETURN VALUES

Returns the number of transmits that were completed by this call.

SEE ALSO

ep_transmit_large(3), ep_multicast_large(3),
ep_enable_txcallbacks(3), ep_disable_txcallbacks(3).
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NAME

ep_queue_receive – queues a large message receive buffer

SYNOPSIS

#include <elan3/elancomm.h>

int ep_queue_receive(EP_RCVR *rcvr, EP_RXH *handler, void *arg,
E3_Addr buffer, E3_uint32 size, int flags);

PARAMETERS

rcvr The large message receiver on which the buffer is queued.

handler A pointer to a function that will be called when a receive completes.
This should be set to NULL if a thread will wait for messages with
ep_waitfor_large_receive().

arg A parameter that will be passed on to the handler function.

buffer The Elan memory address of the receive buffer into which a
received message will be written.

size The size (in bytes) of the receive buffer. Incoming messages that
have a size greater than this value will complete but the receive
handler will be notified with a status of E2BIG.

flags This may be an OR of the following values:

EP_NO_SLEEP do not sleep if no descriptors are free

EP_NO_ALLOC do not allocate any memory for new descriptors

DESCRIPTION

Queues a receive buffer in Elan memory, which is specified by buffer and size, on
the receiver rcvr. The supplied callback function, handler, will be called when the
receive operation on this buffer has completed. If handler is NULL, messages will be
queued for collection by a thread calling ep_waitfor_large_receive().

The handler function, handler, should have the following type:

typedef void (EP_RXH)(struct ep_rxd *rxd);

where rxd is a pointer to a receive descriptor associated with the message. The receive
descriptor includes the envelope information that contains the source node number.

The receive descriptor must be either requeued or explicitly freed using
ep_complete_receive().

The fields in the receive descriptor can be accessed using the following functions:
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ep_rxd_arg(struct ep_rxd *rxd)

This returns the argument passed to ep_queue_receive().

ep_rxd_status(struct ep_rxd *rxd)

This returns the status of the message receive that would have
been passed to a handler. It may have the following values:

ESUCCESS the message has been successfully received

E2BIG the size of the receive buffer was smaller than
the message size

ENETRESET the virtual circuit was broken while the receive
was in progress

ep_rxd_len(struct ep_rxd *rxd)

This returns the length of the message received.

ep_rxd_node(struct ep_rxd *rxd)

This returns the number of the node which sent the message.

ep_rxd_isrpc(struct ep_rxd *rxd)

This specifies whether the message is an RPC message in which
case ep_complete_rpc() must be called.

RETURN VALUES

The following values can be returned:

ESUCCESS The receive buffer was successfully queued.

ENOMEM A receive descriptor could not be allocated.

SEE ALSO

ep_install_large_rcvr(3), ep_transmit_large(3),
ep_multicast_large(3), ep_complete_receive(3), ep_requeue_receive(3).
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NAME

ep_requeue_receive – requeues a large message receive buffer

SYNOPSIS

#include <elan3/elancomm.h>

int ep_requeue_receive(EP_RXD *rxd, EP_RXH *handler, void *arg,
E3_Addr buffer, E3_uint32 size);

PARAMETERS

rxd The receive descriptor associated with the completed message.

handler A pointer to a function that will be called when a receive completes.
This should be set to NULL if a thread will wait for messages with
ep_waitfor_large_receive().

arg A parameter that will be passed on to the handler function.

buffer The Elan memory address of the receive buffer into which a
received message will be written.

size The size (in bytes) of the receive buffer. Incoming messages that
have a size greater than this value will complete but the receive
handler will be notified with a status of E2BIG.

DESCRIPTION

Queues a receive buffer in Elan memory, which is specified by buffer and size using
the existing receive desciptor rxd. The supplied callback function, handler, will be
called when the receive operation on this buffer has completed. If handler is NULL,
messages will be queued for collection by a thread calling
ep_waitfor_large_receive().

The handler function, handler, should have the following type:

typedef void (EP_RXH)(struct ep_rxd *rxd);

where rxd is a pointer to a receive descriptor associated with the message. The receive
descriptor includes the envelope information that contains the source node number.

The receive descriptor must be either requeued or explicitly freed using
ep_complete_receive().

The fields in the receive descriptor can be accessed using the following functions:

ep_rxd_arg(struct ep_rxd *rxd)

This returns the argument passed to ep_queue_receive().
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ep_rxd_status(struct ep_rxd *rxd)

This returns the status of the message receive that would have
been passed to a handler. It may have the following values:

ESUCCESS the message has been successfully received

E2BIG the size of the receive buffer was smaller than
the message size

ENETRESET the virtual circuit was broken while the receive
was in progress

ep_rxd_len(struct ep_rxd *rxd)

This returns the length of the message received.

ep_rxd_node(struct ep_rxd *rxd)

This returns the number of the node which sent the message.

ep_rxd_isrpc(struct ep_rxd *rxd)

This specifies whether the message is an RPC message in which
case ep_complete_rpc() must be called.

RETURN VALUES

The following values can be returned:

ESUCCESS The receive buffer was successfully queued.

ENOMEM A receive descriptor could not be allocated.

SEE ALSO

ep_install_large_rcvr(3), ep_transmit_large(3),
ep_multicast_large(3), ep_complete_receive(3), ep_queue_receive(3).
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NAME

ep_waitfor_large_receive – blocks waiting for a large message

SYNOPSIS

#include <elan3/elancomm.h>

EP_RXD *ep_waitfor_large_receive(EP_RCVR *rcvr);

PARAMETERS

rcvr A large message receiver which has posted a receive.

DESCRIPTION

When a large message receiver is installed with a NULL handler, kernel threads can
block waiting for a previously posted receive to complete with the function
ep_waitfor_large_receive().

The fields in the receive descriptor returned, rxd, can be accessed using the following
functions:

ep_rxd_arg(rxd)

This returns the argument passed to ep_queue_receive().

ep_rxd_status(rxd)

This returns the status of the message receive that would have
been passed to a handler. It may have the following values:

ESUCCESS the message has been successfully received

E2BIG the size of the receive buffer was smaller than
the message size

ENETRESET the virtual circuit was broken while the receive
was in progress

ep_rxd_len(rxd)

This returns the length of the message received.

ep_rxd_node(struct ep_rxd *rxd)

This returns the number of the node which sent the message.

ep_rxd_isrpc(struct ep_rxd *rxd)

This specifies whether the message is an RPC message in which
case ep_complete_receive() must be called.

The receive must be completed with ep_complete_receive() unless the message is
an RPC message, as described above for ep_rxd_isrpc().
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SEE ALSO

ep_queue_receive(3).
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NAME

ep_complete_rpc – completes the receive of an RPC message

SYNOPSIS

#include <elan3/elancomm.h>

int ep_complete_rpc(EP_RXD *rxd, EP_RXH *handler, void *arg,

EP_STATUSBLK *blk, EP_DATAVEC *datavec,
int dataveclen);

PARAMETERS

rxd The receive descriptor associated with the completed message.

handler A pointer to a function that will be called when the status block and
data have been transferred.

arg A parameter that will be passed on to the handler function.

blk A status block to return to the sender. The sender’s transmit
handler can access the block with ep_txd_statusblk(txd).

datavec Optional data to transfer. The structure is defined as:

typedef struct ep_datavec
{

E3_Addr Source;
E3_Addr Dest;
E3_uint32 Len;

} EP_DATAVEC;

where Source is Elan address of the data to send, Dest is Elan
address of the sender and Len is the number of bytes to send.

The destination address is generally passed over in the RPC
payload or message and should have been mapped previously into
the Elan by the sender.

DESCRIPTION

Completes the receive of an RPC message, optionally sending a reply in datavec to
the message transmitter.

The handler is called when the status block, blk, and optional data have been
transferred. It frees the resources associated with datavec. The handler should have
the following type:

typedef void (EP_RXH)(struct ep_rxd *rxd);
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where rxd is a pointer to a receive descriptor associated with the message. The receive
descriptor includes the envelope information that contains the source node number.

The fields in the receive descriptor can be accessed using the functions as described
for ep_queue_receive().

The receive descriptor can be requeued using ep_requeue_receive() or should be
freed using ep_complete_receive().

RETURN VALUES

The following values can be returned:

ENETRESET The virtual circuit was dropped after the message was received.

ESUCCESS The reply was successfully queued for delivery.

SEE ALSO

ep_complete_receive(3), ep_waitfor_large_receive(3).
ep_requeue_receive(3).
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NAME

ep_complete_receive – completes the receive of a message, queued with no handler

SYNOPSIS

#include <elan3/elancomm.h>

void ep_complete_receive(EP_RXD *rxd);

PARAMETERS

rxd The receive descriptor associated with the completed message.

DESCRIPTION

This function completes a receive by freeing off the receive descriptor. It should be
called from the EP_RXH or called after a rxd has been returned from
ep_waitfor_large_receive(). However, if a receive buffer needs to be requeued
from the handler then ep_requeue_receive() should be used and the rxd does not
need to be freed.

SEE ALSO

ep_queue_receive(3), ep_complete_rpc(3), ep_waitfor_large_receive(3).
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NAME

ep_enable_txcallbacks – enables interrupt driven callbacks

SYNOPSIS

#include <elan3/elancomm.h>

int ep_enable_txcallbacks(EP_XMTR *xmtr);

PARAMETERS

xmtr Pointer to the transmitter whose callback interrupts are to be
enabled.

DESCRIPTION

This function enables interrupt driven callbacks for all the transmit operations that
are currently active at the transmitter specified by xmtr. When each transmit
completes, an interrupt will be generated that will cause the callback function to be
invoked. The callback functions for the currently active transmits that have
completed will be called before the function returns.

RETURN VALUES

Returns the number of transmits that have completed.

SEE ALSO

ep_transmit_large(3), ep_multicast_large(3), ep_poll_transmits(3),
ep_disable_txcallbacks(3).
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NAME

ep_disable_txcallbacks – disables interrupt driven callbacks

SYNOPSIS

#include <elan3/elancomm.h>

int ep_disable_txcallbacks(EP_XMTR *xmtr);

PARAMETERS

xmtr Pointer to the transmitter whose callback interrupts are to be
disabled.

DESCRIPTION

This function disables interrupt driven callbacks for all the transmit operations that
are currently active at the transmitter specified by xmtr.

RETURN VALUES

Returns the number of transmits that have completed.

SEE ALSO

ep_transmit_large(3), ep_multicast_large(3),
ep_enable_txcallbacks(3), ep_poll_transmits(3).
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3.2 Elan Buffer Mapping Functions

These functions are used to allocate Elan virtual address space and to map kernel
memory in and out of that space.
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NAME

ep_xmtr_dma_state – obtain DMA state pointer associated with a transmitter’s device

SYNOPSIS

#include <elan3/elancomm.h>

E3_DMA_STATE *ep_xmtr_dma_state(EP_XMTR *xmtr);

PARAMETERS

xmtr Pointer to the transmitter whose device DMA state is required.

DESCRIPTION

Returns the DMA state pointer associated with a transmitter’s device so that buffers
can be mapped into/out of the Elan address space.

RETURN VALUES

Returns the DMA state pointer of the Elan device associated with the transmitter.

SEE ALSO

ep_alloc_small_xmtr(3), ep_alloc_large_xmtr(3).
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NAME

ep_rcvr_dma_state – obtain DMA state pointer associated with a receiver’s device

SYNOPSIS

#include <elan3/elancomm.h>

E3_DMA_STATE *ep_rcvr_dma_state(EP_RXVR *rcvr);

PARAMETERS

rcvr Pointer to the receiver whose device DMA state is required.

DESCRIPTION

Returns the DMA state pointer associated with a receiver’s device so that buffers can
be mapped into/out of the Elan address space.

RETURN VALUES

Returns the DMA state pointer of the Elan device associated with the receiver.

SEE ALSO

ep_install_small_rcvr(3), ep_install_large__rcvr(3).
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NAME

elan3_dma_map – maps object into newly allocated Elan memory

SYNOPSIS

#include <elan3/elancomm.h>

int elan3_dma_map(ELAN3_DMA_STATE *sp, ELAN3_DMA_REQUEST *reqp,

ELAN3_DMA_HANDLE **mpp);

PARAMETERS

sp A pointer to an ELAN3_DMA_STATE obtained from either
ep_rcvr_dma_state() or ep_xmtr_dma_state().

reqp A pointer to an ELAN3_DMA_REQUEST structure which encapsulates
the requested object.

mpp On success, *mpp is initialised with a handle to the mapping.

DESCRIPTION

Allocates sufficient Elan address space to contain the requested object, which is then
mapped into the Elan. The returned handle (via mpp) can be used to access the Elan
address of the mapping and can later be passed to elan3_dma_unmap() for
unmapping.

The ELAN3_DMA_REQUEST is defined as:

typedef struct elan3_dma_request
{

ELAN3_DMA_OBJ Object;
u_int Perm;
u_int Attr;
int (*Waitfn)();
caddr_t Waitarg;
E3_Addr ElanAddr;

} ELAN3_DMA_REQUEST;

The structure members are as follows:

Object The object to be mapped.

Perm Elan access permissions, which are normally as follows:

ELAN_REMOTE_READ

for transmitting

ELAN_REMOTE_WRITING

for receiving
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Attr PTE attributes, which may be either STREAMABLE or BIGENDIAN.

Waitfn A pointer to a function that will be called if no resources are
available. A value of DDI_DMA_NOWAIT will cause
elan3_dma_map() to return immediately while a value of
DDI_DMA_WAIT will cause it to block waiting.

Waitarg An argument that is passed to the callback function pointed to by
Waitfn.

ElanAddr The Elan address for the mapping. If a value of (E3_Addr)0 is
specified, the Elan address will be automatically determined.

RETURN VALUES

The possible return values are:

DDI_DMA_MAPPED

The mapping was successfully made. *mpp is initialised to a handle
to the mapping.

DDI_DMA_NORESOURCE

Either insufficient kernel memory was available to create the
mapping handle or insufficient Elan address space was available
for the mapping.

DDI_DMA_NOMAPPING

The supplied object type was invalid.

SEE ALSO

ep_elan3_dma_unmap(3).
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NAME

elan3_dma_unmap – unmaps an object from Elan memory

SYNOPSIS

#include <elan3/elancomm.h>

void elan3_dma_unmap(ELAN3_DMA_STATE *sp, ELAN3_DMA_HANDLE *mp);

PARAMETERS

sp A pointer to an ELAN3_DMA_STATE obtained from either
ep_rcvr_dma_state() or ep_xmtr_dma_state().

mp A pointer to the mapping to be unmapped.

DESCRIPTION

Unmaps the mapping represented by the handle mp and releases the associated Elan
virtual memory resource.

SEE ALSO

ep_elan3_dma_map(3).
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NAME

elan3_dma_handle_to_addr – returns the Elan address of a mapping

SYNOPSIS

#include <elan3/elancomm.h>

E3_Addr elan3_dma_handle_to_addr(ELAN3_DMA_HANDLE *mp);

PARAMETERS

mp A pointer previously obtained from a call to elan3_dma_map().

DESCRIPTION

Returns the Elan address of the supplied mapping.

RETURN VALUES

A value of type E3_Addr.

SEE ALSO

ep_elan3_dma_map(3).

3-40 Elan Kernel Comms Function Reference



elan3_dma_addr_setup(3)

NAME

elan3_dma_addr_setup – maps virtual address range into Elan memory

SYNOPSIS

#include <elan3/elancomm.h>

int elan3_dma_addr_setup(ELAN3_DMA_STATE *sp, void *as,
caddr_t addr, u_int len, u_int perm,

u_int attr, E3_Addr eaddr,
int (*waitfp)(caddr_t), caddr_t arg,

ELAN3_DMA_HANDLE **handlep);

PARAMETERS

sp A pointer to an ELAN3_DMA_STATE obtained from either
ep_rcvr_dma_state() or ep_xmtr_dma_state().

as The address space or map of the process whose memory is to be
mapped. A value of NULL specifies kernel memory.

addr The base of the virtual address range to be mapped. This range
must remain resident until it is unmapped. It does not have to be
page aligned.

len The length of the virtual address range to be mapped.

perm The Elan permissions of the mapping; normally, this controls
remote read/write access to the mapped memory.

attr Attributes of the mapping, which may be
PTE_LOAD_LITTLE_ENDIAN, PTE_LOAD_BIG_ENDIAN or
STREAMABLE.

eaddr The Elan memory address for the mapping. If a value of
(E3_Addr)0 is specified the Elan address will be determined
automatically.

waitfp A pointer to a callback function that will be invoked if no mapping
resource is available. A value of DDI_DMA_SLEEP will cause
elan3_dma_addr_setup() to block waiting for the required
resources. A value of DDI_DMA_NOWAIT will cause an immediate
return if the required resources are not available.

arg An argument that is passed to the callback function pointed to by
waitfp.

handlep On success, *handlep is initialised with a handle to the mapping.
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DESCRIPTION

This function maps a virtual address range (an object of type ELAN3_OTYPE_VADDR)
into the Elan. It is a wrapper around elan3_dma_map().

RETURN VALUES

The possible return values are:

DDI_DMA_MAPPED

The mapping was successfully made, *handlep is initialised to a
handle to the mapping.

DDI_DMA_NORESOURCE

Either insufficient kernel memory was available to create the
mapping handle or insufficient Elan address space was available
for the mapping.

DDI_DMA_NOMAPPING

The supplied object type was invalid.

SEE ALSO

ep_elan3_dma_map(3).
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NAME

elan3_dma_buf_setup – maps kernel buffer into Elan memory

SYNOPSIS

#include <elan3/elancomm.h>

int elan3_dma_buf_setup(ELAN3_DMA_STATE *sp, struct buf *bp,

u_int perm, u_int attr, E3_Addr eaddr,
int (*waitfp)(caddr_t), caddr_t arg,

ELAN3_DMA_HANDLE **handlep);

PARAMETERS

sp A pointer to an ELAN3_DMA_STATE obtained from either
ep_rcvr_dma_state() or ep_xmtr_dma_state().

bp A pointer to the kernel buffer structure to be mapped.

perm The Elan permissions of the mapping. This normally controls
remote read/write access to the mapped memory.

attr Attributes of the mapping, which may be
PTE_LOAD_LITTLE_ENDIAN, PTE_LOAD_BIG_ENDIAN or
STREAMABLE.

eaddr The Elan memory address for the mapping. If a value of
(E3_Addr)0 is specified the Elan address will be determined
automatically.

waitfp A pointer to a callback function that will be invoked if no mapping
resource is available. A value of DDI_DMA_SLEEP will cause
elan3_dma_addr_setup() to block waiting for the required
resources. A value of DDI_DMA_NOWAIT will cause an immediate
return if the required resources are not available.

arg An argument that is passed to the callback function pointed to by
waitfp.

handlep On success, *handlep is initialised with a handle to the mapping.

DESCRIPTION

This function maps a kernel buffer into the Elan. It is a wrapper around
elan3_dma_map().
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RETURN VALUES

The possible return values are:

DDI_DMA_MAPPED

The mapping was successfully made. *handlep is initialised to a
handle to the mapping.

DDI_DMA_NORESOURCE

Either insufficient kernel memory was available to create the
mapping handle or insufficient Elan address space was available
for the mapping.

DDI_DMA_NOMAPPING

The supplied object type was invalid.

SEE ALSO

ep_elan3_dma_map(3).
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NAME

elan3_dma_reserve – reserves Elan address space

SYNOPSIS

#include <elan3/elancomm.h>

int elan3_dma_reserve(ELAN3_DMA_STATE *sp, int npages,

ELAN3_DMA_REQUEST *dmareq,
ELAN3_DMA_HANDLE **mpp);

PARAMETERS

sp A pointer to an ELAN3_DMA_STATE obtained from either
ep_rcvr_dma_state() or ep_xmtr_dma_state().

npages The number of pages of Elan address space to reserve.

dmareq A pointer to a DMA request that specifies the required mapping’s
permissions and attributes (and, possibly, a wait function and its
associated argument). The object member of the DMA request
structure is ignored.

mpp On success, *mpp is initialised with a handle to the mapping.

DESCRIPTION

This function reserves Elan address space for later use. This can speed up the
subsequent loading and unloading of Elan mappings to kernel memory.

RETURN VALUES

The possible return values are:

DDI_SUCCESS Elan address space has been reserved as requested.

DDI_DMA_NORESOURCE

Insufficient kernel memory was available to create the mapping
handle.

DDI_DMA_NOMAPPING

Insufficient Elan address space is free and cannot wait for space to
become free.

SEE ALSO

ep_elan3_dma_release(3).
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NAME

elan3_dma_release – frees previously reserved Elan address space

SYNOPSIS

#include <elan3/elancomm.h>

void elan3_dma_release(ELAN3_DMA_STATE *sp, ELAN3_DMA_HANDLE *mp);

PARAMETERS

sp A pointer to an ELAN3_DMA_STATE obtained from either
ep_rcvr_dma_state() or ep_xmtr_dma_state().

mp A pointer to the mapping to be released.

DESCRIPTION

This function releases any mapping resource previously reserved with
elan3_dma_reserve().

SEE ALSO

ep_elan3_dma_reserve(3).
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NAME

elan3_dvma_kaddr_load – maps kernel memory to previously reserved Elan address
space

SYNOPSIS

#include <elan3/elancomm.h>

void elan3_dvma_kaddr_load(ELAN3_DMA_STATE *sp,
ELAN3_DMA_HANDLE *mp, caddr_t addr,

u_int len, u_int index,
E3_Addr *addrp);

PARAMETERS

sp A pointer to an ELAN3_DMA_STATE obtained from either
ep_rcvr_dma_state() or ep_xmtr_dma_state().

mp A mapping handle obtained from elan3_dma_reserve().

addr The base address of the kernel memory segment to be mapped into
the Elan. It does not have to be page aligned.

len The length (in bytes) of the kernel memory segment to be mapped
into the Elan. The segment does not have to be page aligned.

index The page number of the first page of reserved address space at
which the mapping is to be loaded.

addrp On return, *addrp will contain the Elan address of the mapping.

DESCRIPTION

This function maps a kernel memory segment into Elan address space. The Elan
address space must have been reserved previously using elan3_dma_reserve().

SEE ALSO

ep_elan3_dvma_unload(3), ep_elan3_dma_reserve(3).
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NAME

elan3_dvma_unload – unmaps a kernel memory segment from Elan address space

SYNOPSIS

#include <elan3/elancomm.h>

void elan3_dvma_unload(ELAN3_DMA_STATE *sp, ELAN3_DMA_HANDLE *mp,

u_int index, u_int npages);

PARAMETERS

sp A pointer to an ELAN3_DMA_STATE obtained from either
ep_rcvr_dma_state() or ep_xmtr_dma_state().

mp A mapping handle obtained from elan3_dma_reserve().

index The page number of the first page of reserved address space that is
to be unmapped. This value must correspond to the value passed
when the segment was mapped using the function
elan3_dvma_kaddr_load().

npages The number of pages to unload – this can be larger than the
number of pages that were mapped with
elan3_dvma_kaddr_load(). Normally, btopr(maxmsg)+1 pages
of Elan address space is allocated to allow for loading on arbitrary
alignments and btopr(msgsize)+1 pages are unloaded.

DESCRIPTION

This function unloads an Elan mapping previously made with
elan3_dvma_kaddr_load(). The Elan address space reserved by the mapping is
now available for re-use.

SEE ALSO

ep_elan3_dvma_kaddr_load(3).
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3.3 Miscellaneous Support Functions
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NAME

BT_TEST, BT_SET, BT_CLEAR, bt_freebit, bt_lowbit, bt_nextbit, bt_copy, bt_zero,
bt_fill, bt_cmp, bt_intersect, bt_remove, bt_add, bt_spans, bt_hton, bt_ntoh, bt_up,
bt_down, bt_nbits – bitmap manipulation functions

SYNOPSIS

#include <elan3/bitmap.h>

int BT_TEST(bitmap_t *a, int bitindex);

void BT_SET(bitmap_t *a, int bitindex);

void BT_CLEAR(bitmap_t *a, int bitindex);

int bt_freebit(bitmap_t *a, int nbits);

int bt_lowbit(bitmap_t *a, int nbits);

int bt_nextbit(bitmap_t *a, int nbits, int last);

void bt_copy(bitmap_t *a, bitmap_t *b, int nbits);

void bt_zero(bitmap_t *a, int nbits);

void bt_fill(bitmap_t *a, int nbits);

int bt_cmp(bitmap_t *a, bitmap_t *b, int nbits);

void bt_intersect(bitmap_t *a, bitmap_t *b, int nbits);

void bt_remove(bitmap_t *a, bitmap_t *b, int nbits);

void bt_add(bitmap_t *a, bitmap_t *b, int nbits);

int bt_spans(bitmap_t *a, bitmap_t *b, int nbits);

void bt_hton(bitmap_t *h, bitmap_t *n, int nbits);

void bt_ntoh(bitmap_t *h, bitmap_t *n, int nbits);

void bt_up(bitmap_t *a, bitmap_t *b, bitmap_t *c, int nbits);

void bt_down(bitmap_t *a, bitmap_t *b, bitmap_t *c, int nbits);

int bt_nbits(bitmap_t *a, int nbits);

PARAMETERS

a, b, c Pointers to the bitmap_t objects to be manipulated.

bitindex The index (starting from 0) of a single bit to be manipulated.

nbits The number of bits to be manipulated.

last The last value returned by bt_nextbit().
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DESCRIPTION

These macros and functions provide a comprehensive range of operators for
manipulating objects of type bitmap_t. A bitmap_t is used to specify which nodes
should receive a multicast transmission.

Macro BT_SET() sets the single bit specified by bitindex in the bitmap *a.

Macro BT_CLEAR() clears the single bit specified by bitindex in the bitmap *a.

Macro BT_TEST() returns non-zero if the single bit specified by bitindex is set, zero
if the bit is clear.

Function bt_freebit() returns the index of the first clear bit in *bitmap. The
number of bits checked is nbits. If none of the checked bits are clear, -1 is returned.

Function bt_lowbit() returns the index of the first set bit in *bitmap. The number
of bits checked is nbits. If none of the checked bits are set, -1 is returned.

Function bt_nextbit() returns the index of the next set bit in *bitmap, the search
starting from last. The number of bits in the bitmap is nbits. If none of the checked
bits are set, -1 is returned. This function is normally used in conjunction with
bt_lowbit().

Function bt_copy() copies nbits from *b to *a.

Function bt_zero() clears nbits in *a.

Function bt_fill() sets nbits in *a.

Function bt_cmp() compares nbits in *a with the corresponding bits in *b. It
returns 0 if the bitmaps are identical or 1 if they differ.

Function bt_intersect() calculates the intersection (AND) of *a and *b and stores
the result in *a. nbits are processed.

Function bt_remove() clears those bits in *a that have a corresponding bit set in *b.
nbits are processed.

Function bt_add() sets those bits in *a that have a corresponding bit set in *b.
nbits are processed.

Function bt_spans() returns non-zero if bitmap *a spans bitmap *b. nbits are
processed.

Function bt_hton() converts the bits in *h from host to network byte order and
stores the result in *n. nbits are processed.

Function bt_ntoh() converts the bits in *n from network to host byte order and
stores the result in *h. nbits are processed.

Function bt_up() compares bitmaps *a and *b and outputs to *c. An output bit is
set if the corresponding bit in *a was clear and set in *b. nbits are processed.

Function bt_down() compares bitmaps *a and *b and outputs to *c. An output bit is
set if the corresponding bit in *a was set and clear in *b. nbits are processed.

Function bt_nbits() returns the number of bits in *a that are set. nbits are
processed.
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RETURN VALUES

See descriptions above.

SEE ALSO

ep_multicast_large(3),
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An Example IP Driver

4.1 Overview

In this chapter, we take a look at an IP driver that has been implemented using the
large message handling capabilities of the Elan Kernel Comms API. This example
shows how straightforward it is to build higher level communications capabilities on
top of the Elan Kernel Comms routines. The Elan IP driver simply provides a high
performance transport capable of supporting both point-to-point and broadcast
transmission of data packets.

The structure of the IP driver is fairly typical; it is composed of the following major
routines:

• Driver Initialisation Routine (Section 4.2)

– installs a receiver and allocates a transmitter for communicating large
messages

– allocates kernel memory for the transmit and receive descriptors

– reserves Elan address space for the transmit and receive buffers

– allocates kernel memory for the receive buffers

– queues the receive buffers

• Transmit Routine (Section 4.3)

– maps the transmit buffer into Elan address space

– starts the transmit operation

• Transmit Callback Routine (Section 4.4)

– unmaps the transmit buffer from Elan address space

– frees the kernel transmit buffer

• Receive Callback Routine (Section 4.5)
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– unmaps from Elan address spcae the buffer containing received data

– allocates and maps a new receive buffer into Elan address space

– makes a new buffer available for receiving data

– passes the received buffer to the kernel
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4.2 Driver Initialisation Routine – eip_initialise()

The eip_initialise() routine is called to install the IP service. It carries out the
following operations:

• installs a large receiver

• allocates a large transmitter

• allocates kernel memory for the transmit and receive descriptors

• allocates Elan virtual memory space for the transmit and the receive buffers

• allocates receive buffers from kernel memory and queues them

int
eip_initialise(EIP_DEV *dev, int instance)
{

dev->dev_rcvr = ep_install_large_rcvr (instance, 1
EP_SVC_LARGE_EIP,
eip_nrmds*2);

dev->dev_xmtr = ep_alloc_large_xmtr (instance); 2

if (dev->dev_rcvr == NULL || dev->dev_xmtr == NULL)
{

cmn_err (CE_CONT, "eip%d: cannot create kernel comms service\n", instance);
goto failed;

}

dev->dev_sp = ep_xmtr_dma_state (dev->dev_xmtr); 3
dev->dev_instance = instance;
dev->dev_addr.ip_addr = ep_nodeid (); 4
dev->dev_addr.ip_inst = instance;
dev->dev_addr.ip_bcast = 0;
dev->dev_ntmds = eip_ntmds; 5
dev->dev_nrmds = eip_nrmds;
dev->dev_msgsize = eip_infoack.dl_max_sdu + IPOVERHEAD; 6
/* one page extra for each piece for worst case alignment */
dev->dev_dvmapages = btopr(dev->dev_msgsize) + 2; 7

/* Allocate the transmit and receive message descriptors */ 8
dev->dev_tmds = (EIP_TMD *) kmem_zalloc (dev->dev_ntmds * sizeof (EIP_TMD), KM_SLEEP);
dev->dev_rmds = (EIP_RMD *) kmem_zalloc (dev->dev_nrmds * sizeof (EIP_RMD), KM_SLEEP);

if (dev->dev_tmds == NULL || dev->dev_rmds == NULL)
{

cmn_err (CE_CONT, "eip%d: cannot allocate tmd/rmd’s\n");
goto failed;

}

/* Initialise and chain the tmds on the free list */
mutex_enter (&dev->dev_freetmdlock); 9
for (i = 0, tmd = dev->dev_tmds; i < dev->dev_ntmds; i++, tmd++)
{

tmd->tmd_dev = dev;
tmd->tmd_index = i;
tmd->tmd_next = dev->dev_freetmds;
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dev->dev_freetmds = tmd;
}
mutex_exit (&dev->dev_freetmdlock);

/* Reserve the DVMA space */
dmareq.Waitfn = DDI_DMA_SLEEP; 10
dmareq.ElanAddr = (E3_Addr) 0;
dmareq.Attr = PTE_LOAD_BIG_ENDIAN | PTE_LOAD_STREAMABLE;
dmareq.Perm = ELAN_PERM_REMOTEREAD;
if (elan3_dma_reserve (dev->dev_sp, 11

dev->dev_ntmds * dev->dev_dvmapages,
&dmareq,
&dev->dev_tmdh) != DDI_SUCCESS)

{
cmn_err (CE_CONT, "eip%d: cannot reserve tx dvma resource\n", instance);
goto failed;

}

dmareq.Attr = PTE_LOAD_BIG_ENDIAN; 12
dmareq.Perm = ELAN_PERM_REMOTEWRITE;
if (elan3_dma_reserve (dev->dev_sp, 13

dev->dev_nrmds * dev->dev_dvmapages,
&dmareq,
&dev->dev_rmdh) != DDI_SUCCESS)

{
cmn_err (CE_CONT, "eip%d: cannot reserve rx dvma resource\n", instance);
goto failed;

}

/* Hang out the receive buffers */
for (i = 0, rmd = dev->dev_rmds; i < dev->dev_nrmds; i++, rmd++) 14
{

rmd->rmd_dev = dev;
rmd->rmd_index = i;

if ((rmd->rmd_mblk = allocb (dev->dev_msgsize, BPRI_LO)) == NULL)
{

cmn_err (CE_CONT, "eip%d: cannot allocate receive buffer\n", instance);
goto failed;

}

elan3_dvma_kaddr_load (dev->dev_sp, 15
dev->dev_rmdh,
(caddr_t) rmd->rmd_mblk->b_rptr,
dev->dev_msgsize,
dev->dev_dvmapages*i,
&rmd->rmd_addr);

if (ep_queue_receive (dev->dev_rcvr, 16
eip_rxhandler,
rmd,
rmd->rmd_addr,
dev->dev_msgsize,
0) != ESUCCESS)

{
cmn_err (CE_CONT, "eip%d: ep_queue_receive failed\n", instance);

}

dev->dev_stats.rmdcnt++;
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}
}

1 The dev parameter points to an EIP_DEV structure that will hold
the Elan IP driver’s state. The majority of the code in the
eip_initialise() function is concerned with the initialisation of
the EIP_DEV structure.

This line installs a large receiver specifying the Elan device, the
required service number and the maximum number of message
envelopes that can be accommodated whilst no receive buffer is
queued. instance identifies the Elan device to initialise.

2 Allocate a large transmitter that will use the specified Elan device.

3 A pointer to the transmitter’s DMA state information is saved for
later use.

4 ep_nodeid() returns the node’s position in the network.

5 Initialise the number of transmit and receive descriptors to be
allocated for messages. Note that these are descriptors for the IP
driver; Elan Kernel Comms maintains it own internal data
structures for transmit and receive descriptors, which are of type
EP_TXD and EP_RXD, respectively.

6 Each message buffer will be dev_msgsize bytes long.

7 Determine the number of pages each message buffer requires.
btopr() converts bytes to pages, rounded up. An extra 2 pages are
used because the messages may be split into two blocks and, since
their alignment is unknown, an extra page is required for each
block.

8 Here the transmit and receive descriptors are allocated from kernel
memory that has been set to zero.

9 The transmit descriptors are initialised and chained together. The
head of the chain is pointed to by dev_freetmds.

The mutual exclusion protection is required for locklint, a tool
that checks that variables are only used while holding the correct
locks.

10 The DMA request is initialised before calling
elan3_dma_reserve(). The wait function DDI_DMA_SLEEP
blocks if no space is available. The Elan address is set to
(E3_Addr) 0, denoting that any Elan address can be used for the
mapping. The attributes are set for a big endian Sparc architecture
which can use streams for message transmission. For transmission,
remote read permissions are required.
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11 Sufficient Elan virtual address space is allocated such that the
kernel transmit buffer associated with each transmit descriptor can
be concurrently mapped into the Elan’s address space. The
resulting mapping handle is stored in dev_tmdh.

12 The DMA request structure is modified before calling
elan3_dma_reserve() for the receive descriptors. The attributes
are set for a big endian Sparc architecture but without streams. For
receiving, remote write permissions are required.

13 Sufficient Elan virtual address space is allocated such that the
kernel receive buffer associated with each receive descriptor can be
mapped concurrently into the Elan’s address space. The resulting
mapping handle is stored in dev_tmdh.

14 For each of the receive descriptors allocated above, a receive buffer
is allocated from kernel memory and mapped into the Elan’s
address space. The receive buffer is then queued so that a message
may be received into it.

16 The receive buffer is queued on a specific receiver using
ep_queue_receive(). The receive handler function is
eip_rxhandler(). This handler will be invoked when a message
is received and it will be passed a pointer to the appropriate receive
descriptor.

Note that the memory address of the receive buffer is the Elan
address obtained from the call to elan3_dvma_kaddr_load()
above and not the address of the buffer in kernel memory.
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4.3 Transmit Routine – eip_start()

The eip_start() function is called to initiate the transmission of an mblk chain to a
given Elan IP device. The mblk chain contains an Ethernet header, an operation
header and data. It may also consist of multiple, arbitrary length segments.

The mblk may be fragmented into a number of distinct pieces that do not lie in a
contiguous range of memory addresses. The eip_start() function checks for this
situation and, if the message is fragmented into more than two pieces, copies the
message to contiguous memory.

The wq is the streams queue, generated when the device was opened and then
connected in when the interface was brought up with ifconfig(8).

int
eip_start (queue_t *wq, mblk_t *mp, EIP_DEV *dev, int srv)
{

mblk_t *nmp = (mblk_t *) NULL;
EIP_HEADER *headerp = (EIP_HEADER *) (mp->b_rptr + EIP_HEADER_PAD); 1
int dest;
EIP_HEADER header;
EIP_TMD *tmd;
mblk_t *bp;
int len1;
int len2;
EP_IOVEC iovec[2];
int iovlen;

/*
* update MIB II statistics
*/

BUMP_OutNUcast (dev, headerp);

if (msgsize(mp) > dev->dev_msgsize) 2
{

freemsg (mp);
return (0);

}

if (((u_long) headerp & 1) != 0) 3
{

/* get an aligned copy of header so we can look in it */
bcopy ((caddr_t) headerp, (caddr_t) &header, sizeof (header));
headerp = &header;

}

DBG(DBG_EIP, eip_display_packet ("eip_start", headerp, mp));

mutex_enter (&dev->dev_xmitlock);
mutex_enter (&dev->dev_freetmdlock);
while ((tmd = dev->dev_freetmds) == NULL) 4
{

mutex_exit (&dev->dev_freetmdlock);

if (ep_enable_txcallbacks (dev->dev_xmtr) == 0)
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goto notmds;

ep_disable_txcallbacks (dev->dev_xmtr);
mutex_enter (&dev->dev_freetmdlock);

}
dev->dev_freetmds = tmd->tmd_next;
mutex_exit (&dev->dev_freetmdlock);

/*
* Now see how many pieces the message is in; we’ve allocated enough DVMA
* resource to cope with two (worst case aligned) pieces. If there’s more
* than two pieces then we have to copy to a single contiguous mblk.
*/

bp = mp->b_cont;
len1 = mp->b_wptr - mp->b_rptr;
if (bp == NULL) 5
{

elan3_dvma_kaddr_load (dev->dev_sp,
dev->dev_tmdh,
(caddr_t) mp->b_rptr,
len1,
dev->dev_dvmapages * tmd->tmd_index,
&iovec[0].Base);

iovec[0].Len = len1;
iovlen = 1;

}
else if ((bp->b_cont == NULL) &&

(len2 = (bp->b_wptr - bp->b_rptr)) >= E3_BLK_SIZE) 6
{

int index1 = dev->dev_dvmapages * tmd->tmd_index;
int index2 = index1 + btopr (len1 + ((uintptr_t) mp->b_rptr & PAGEOFFSET));

elan3_dvma_kaddr_load (dev->dev_sp,
dev->dev_tmdh,
(caddr_t) mp->b_rptr,
len1,
index1,
&iovec[0].Base);

elan3_dvma_kaddr_load (dev->dev_sp,
dev->dev_tmdh,
(caddr_t) bp->b_rptr,
len2,
index2,
&iovec[1].Base);

iovec[0].Len = len1;
iovec[1].Len = len2;
iovlen = 2;

}
else 7
{

len1 = msgsize (mp);
bp = mp;

if ((mp = allocb (len1, BPRI_HI)) == NULL)
{
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dev->dev_stats.noxmtbuf++;
dev->dev_stats.allocbfail++;
goto bad;

}

mcopymsg (bp, (u_char *) mp->b_rptr);

elan3_dvma_kaddr_load (dev->dev_sp,
dev->dev_tmdh,
(caddr_t) mp->b_rptr,
len1,
dev->dev_dvmapages * tmd->tmd_index,
&iovec[0].Base);

iovec[0].Len = len1;
iovlen = 1;

}

/* remember the mblk in the tmd, so we can free it when the */
/* transmit completes */
tmd->tmd_mblk = mp; 8

if (headerp->h_dhost.ip_bcast)
{

if (ep_multicast_large (dev->dev_xmtr, 9
-1,
-1,
NULL,
EP_SVC_LARGE_EIP,
EP_NO_SLEEP | EP_NO_INTERRUPT | EP_NOT_MYSELF,
eip_txhandler,
tmd,
iovec,
iovlen) != ESUCCESS)

{

goto bad;
}

}
else
{

if (ep_transmit_large (dev->dev_xmtr, 10
headerp->h_dhost.ip_addr,
EP_SVC_LARGE_EIP,
EP_NO_SLEEP | EP_NO_INTERRUPT,
eip_txhandler,
tmd,
iovec,
iovlen) != ESUCCESS)

{

goto bad;
}

}

dev->dev_stats.tmdcnt++;

/* update MIB II statistics */
BUMP_OutNUcast (dev, headerp);
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mutex_exit (&dev->dev_xmitlock);

bad: 11
dev->dev_stats.oerrors++;

elan3_dvma_unload (dev->dev_sp,
dev->dev_tmdh,
dev->dev_dvmapages * tmd->tmd_index,
dev->dev_dvmapages);

mutex_enter (&dev->dev_freetmdlock);
tmd->tmd_next = dev->dev_freetmds;
dev->dev_freetmds = tmd;
mutex_exit (&dev->dev_freetmdlock);

mutex_exit (&dev->dev_xmitlock);

if (nmp) freemsg (nmp);

freemsg(mp);
/* the transmit was not successfully initiated */
return (0);

notmds: 12
dev->dev_stats.notmds++;
dev->dev_wantw = 1;

ep_poll_transmits (dev->dev_xmtr);
mutex_exit (&dev->dev_xmitlock);

if (nmp) freemsg (nmp);
putbq (wq, mp);

/* the transmit has been re-queued */
return (1);

}

1 Obtain a pointer to the mblk’s header so that we can extract the
destination IP address and other information.

2 Check that the size of the message to be transmitted is not greater
than the maximum size the driver can handle. If the message is
greater than this size, just drop the packet.

3 It is possible for the message header to be aligned on an odd byte
boundary. The driver expects it to be aligned on a half word
boundary so, if necessary, a local, double byte aligned copy of the
header is used.

4 Before the message can be transmitted, a free transmit descriptor
must be obtained. Under mutex protection, this loop checks the free
transmit descriptor list. If the list is not empty, the next free
descriptor on the list is used. If the list is empty, interrupt driven
callbacks are enabled for all of the currently active transmit
operations. If any of the currently active transmit operations have
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actually completed then a callback will be generated at this point
and the subsequent call to eip_txhandler() will free up a
descriptor. The interrupt driven transmit callbacks are then
disabled again. If the call to ep_enable_txcallbacks() returns
0 then it means that no currently active transmits have completed
and the current transmit will be placed back on the streams queue
until a descriptor becomes free.

5 It is possible that the message may be fragmented. If it is not
fragmented then the single segment that contains the message is
mapped into the Elan’s address space and the resulting Elan
address (with associated segment length) is used to initialise a
single entry in iovec which is an array of EP_IOVEC structures.

6 If the message is fragmented into exactly two pieces and the length
of the second fragment is greater than or equal to E3_BLOCK_SIZE
then both of the message fragments are mapped into the Elan’s
address space and two iovec entries are initial&;ised.

7 All other cases are handled by copying the fragmented message into
a newly allocated mblk of the correct length and then mapping the
new block into the Elan’s address space and initialising a single
iovec entry.

8 The mblk pointer is stored in the transmit descriptor so that it can
be freed when the transmit completes.

9 If the message header specifies a broadcast operation then
ep_multicast_large() is used to transmit the message. The
destLo and destHi parameters are both passed -1 so that the
message is broadcast to all the nodes in the system. The flags
indicate that if the resources required to carry out the operation are
not available, the transmit should fail rather than sleep, an
interrupt should not be generated on completion of the operation
and the message should not be sent to the transmitting node. The
transmit callback routine to be called on completion is
eip_txhandler() and it will be passed the transmit descriptor.

10 Point-to-point messages are transmitted using
ep_transmit_large(). The destination IP address from the
message header specifies the destination node ID. The flags
indicate that, if the resources required to carry out the operation
are not available, the transmit should fail rather than sleep and
that an interrupt should not be generated on completion of the
operation. The transmit callback routine to be called on completion
is eip_txhandler() and it will be passed the transmit descriptor.

11 If the transmit operation failed, the message buffer is unmapped
from the Elan address space and the transmit descriptor and the
message are freed.
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12 If a transmit descriptor was not available, all the previously
initiated transmit operations are polled so that any that have
finished will free up their descriptors. The message to be sent is
queued again on wq, the streams queue, and the device is marked
such that the transmit handler will cause the streams code to
resubmit the transmit.
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4.4 Transmit Callback Routine – eip_txhandler()

This function is called when the result status of a transmit operation is known. If
interrupts are enabled for a given transmit operation, this function will be called
automatically when the operation’s status becomes available. If interrupts are not
enabled for a given transmit operation, the function will be called the first time one of
ep_poll_transmits(), ep_transmit_large() and ep_transmit_multicast()

is invoked after the status has become available.

static void
eip_txhandler (EP_TXD *txd, void *arg, int status)
{

EIP_TMD *tmd = (EIP_TMD *) arg; 1
EIP_DEV *dev = tmd->tmd_dev;

if (status != ESUCCESS) 2
dev->dev_stats.oerrors++;

else
{

dev->dev_stats.opackets++;
/* update MIB II stats */
dev->dev_stats.obytes += msgsize (tmd->tmd_mblk);

}

dev->dev_stats.tmdcnt--;

/* unmap the tmd from the elan */
elan3_dvma_unload (dev->dev_sp, 3

dev->dev_tmdh,
tmd->tmd_index * dev->dev_dvmapages,
dev->dev_dvmapages);

/* and free of the mblk */
freemsg (tmd->tmd_mblk); 4

mutex_enter (&dev->dev_freetmdlock);
tmd->tmd_next = dev->dev_freetmds;
dev->dev_freetmds = tmd;
mutex_exit (&dev->dev_freetmdlock);

if (dev->dev_wantw) 5
eip_wenable (dev);

}

1 Parameter arg is a pointer to the transmit descriptor whose
status is available.

2 Depending on the status value passed in, the appropriate device
statistics are updated.

3 The transmit buffer is unmapped from the Elan’s address space.

4 The mblk is freed and the transmit descriptor chained back onto
the free list.
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5 If a transmit operation previously failed to be initiated because a
free descriptor was not available, eip_wenable() is called. This
causes the streams code to resubmit the mblk that failed.
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4.5 Receive Callback Routine – eip_rxhandler()

This function is called when an incoming message has been received. If the receive
was successful, the newly filled message buffer is unmapped from the Elan’s address
space and a freshly allocated buffer mapped in its place. The mapped buffer is queued
for receiving data and, if the receive was successful, the received message is passed to
the next layer of software for further processing.

static void
eip_rxhandler (EP_RXD *rxd)
{

EIP_RMD *rmd = (EIP_RMD *) ep_rxd_arg(rxd); 1
EIP_DEV *dev = rmd->rmd_dev;
mblk_t *bp = rmd->rmd_mblk;
EIP_HEADER *headerp = (EIP_HEADER *) (bp->b_rptr + EIP_HEADER_PAD);
int len = ep_rxd_len(rxd); 2
queue_t *ipq = dev->dev_ipq;
mblk_t *nbp = NULL;
int i, j;

/*
* If the receive completed successfully, then allocate a new mblk,
* and pass the existing one up stream.
*/

if (ep_rxd_status(rxd) != ESUCCESS)
dev->dev_stats.ierrors++;

else
{

if ((nbp = allocb (dev->dev_msgsize, BPRI_LO)) == NULL) 3
{

dev->dev_stats.allocbfail++;
}
else
{

/* Update MIB II statistics */
BUMP_InNUcast (dev, headerp);
dev->dev_stats.rbytes += len;

/* unmap the current mblk from the elan */
elan3_dvma_unload (dev->dev_sp,

dev->dev_rmdh,
rmd->rmd_index * dev->dev_dvmapages,
dev->dev_dvmapages);

/* and map the new one in at the same address */
elan3_dvma_kaddr_load (dev->dev_sp,

dev->dev_rmdh,
(caddr_t) nbp->b_rptr,
dev->dev_msgsize,
rmd->rmd_index*dev->dev_dvmapages,
&rmd->rmd_addr);

rmd->rmd_mblk = nbp;
}

}
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ep_requeue_receive (rxd, 4
eip_rxhandler,
rmd,
rmd->rmd_addr,
dev->dev_msgsize, 0)

if (nbp != NULL) 5
{

/* set the length of the received message. */
bp->b_wptr = bp->b_rptr + len;

DBG(DBG_EIP, eip_display_packet ("eip_rxhandler", headerp, bp));

if ((headerp->h_sap == ETHERTYPE_IP) && 6
(headerp->h_dhost.ip_bcast == 0) &&
ipq &&
canput (ipq->q_next))

{

/*
* skip the ethernet header (including padding) before
* sending up to IP.
*/

bp->b_rptr += EIP_HEADER_SIZE;
putnext (ipq, bp);

}
else
{

/*
* skip the padding before sending up the
* "regular" ethernet header.
*/

bp->b_rptr += EIP_HEADER_PAD;
eip_sendup (dev, bp, eip_accept);

}
}

}

1 The Elan Kernel Comms receive descriptor, rxd, is accessed using
ep_rxd_arg() to get a pointer to the IP driver’s receive descriptor
for the message.

2 The size of the received message is accessed from the receive
descriptor using ep_rxd_len().

3 If the receive status code indicates success, a new receive buffer is
allocated to take the place of the buffer that has just been filled. If
the allocation succeeds, the new buffer is mapped into the Elan’s
address space at the same address as the old buffer.

4 Irrespective of whether the buffer was successfully replaced, the
buffer is requeued so that another message may be received into it.

5 If nbp is not NULL then the receive was successful and a new buffer
has been mapped and queued. The message length is set from the
information taken from the receive descriptor.
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6 The received message can be sent up to the higher layers using one
of the two methods supported by Solaris. The generic method is to
write a sendup() function and an accept() function to pass the
mblk to the appropriate read queues of the open devices. The other
method provides a ‘fastpath’ to the IP layer; it can be used for
certain IP packets which have ‘good’ alignments,
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Glossary

Abbreviations

API Application Program Interface — specification of interface to
software package (library).

CFS Cluster File System — the remote file system for OSF1 UNIX
clusters.

CGI Common Gateway Interface — a standard method for generating
HTML pages dynamically from an application so that a Web server
and a Web browser can exchange information. A CGI script can be
written in any language and can access various types of data, for
example, an SQL database.

CPU Central Processing Unit — the part of the computer that executes
the machine instructions that make up the various user and system
programs.

CRC Cyclic Redundancy Check —

CVS Concurrent Versions System — a revision control utility for
managing software releases and controlling the concurrent editing
of files by multiple software developers.

DIMM Dual In-Line Memory Module.

DMA Direct Memory Access — high performance I/O technique where
peripherals read/write memory directly and not through a CPU.

GNU GNU’s Not UNIX — A UNIX-like development effort of the Free
Software Foundation, headed by Richard Stallman.

HTML HyperText Markup Language — a generic markup language,
comprising a set of tags, that enables structured documents to be
delivered over the WorldWide Web and viewed by a browser.
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HTTP HyperText Transfer Protocol — a communications protocol
commonly used between a Web server and a Web browser together
with a URL (Uniform Resource Locator).

LED Light-Emitting Diode;

MIMD Multiple Instruction, Multiple Data — parallel processing
computer architecture characterised as having multiple processors
each (potentially) executing a different instruction sequence on
different data.

MMU Memory Management Unit — part of CPU that provides protection
between user processes and support for virtual memory.

MPI Message Passing Interface — high level parallel processing API.

MPP Massively Parallel Processing — processing that involves the use of
a large number of processors in a coordinated fashion.

PCI Peripheral Component Interconnect — the Elan is connected to a
node through this interface.

PDF Portable Document Format — the page description language used
by Adobe Acrobat, derived from PostScript, for displaying pages on
the screen.

PTE Page Table Entry — an entry in the page table which maps the base
address of a page to physical memory.

RISC Reduced Instruction Set Computer — a computer whose machine
instructions represent relatively simple operations that can be
executed very quickly.

RMS Resource Management System — Quadrics software.

SDRAM Synchronous Dynamic Random Access Memory — high
performance computer memory architecture.

SMP Symmetric Multi-Processor — a computer whose main memory is
shared by more than one processor.

SQL Structured Query Language — a database language.

TLB Translation Lookaside Buffer — part of the MMU that caches the
result of virtual to physical address translations to minimise
translation times in subsequent accesses to the same page.

URL Uniform Resource Locator — a standard protocol for addressing
information on the World Wide Web.
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UTC Coordinated Universal Time1 — on UNIX R© systems it is
represented as the time elapsed in seconds since January 1st, 1970
at 00:00:00.

Terms

barrier A synchronisation point in a parallel computation that all of the
processes must reach before they are allowed to continue.

bi-sectional bandwidth

The worst case bandwidth across the diameter of the network.

block A thread that blocks relinquishes the processor until a specified
event occurs.

critical section A section of program statements that can yield incorrect results if
more than one thread tries to execute the section at the same time.

Elan memory The SDRAM on the Elan card.

event A parallel processing synchronisation primitive implemented by
the Elan card.

fail-over Swapping from one layer to another in the event of a failure.

Flit A comms cycle unit of information.

HTTP cookies Cookies provide a general mechanism that HTTP server-side
connections use to store and to retrieve information on the client
side of the connection.

local memory See Elan memory

main memory The memory normally associated with the main processor, that is to
say, memory on the CPU’s high speed memory bus.

main processor The main CPU (or CPUs for a multi-processor) of a node, for
example an UltraSPARC.

management network

A private network used by the RMS daemons for control and
diagnostics.

multi-rail system

A system that has more than one Elan card connected to each node,
each Elan card being connected to a different switch network.

1Used to be called GMT
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multi-threaded program

A multi-threaded program is one that is constructed such that,
during its execution, multiple sequences of instructions are
executed concurrently (possibly by different CPUs). Each thread of
execution has a separate stack but otherwise they all share the
same address space.

node A system with memory, one or more CPUs and one or more Elan
cards running an instance of the operating system.

poll Loop and check on each loop whether a specified event has occurred.

rank An integer value that identifies a single process from a set of
parallel processes.

reduce Combine the results of a parallel computation into a single value.

remote memory The memory (Elan card or main) of a node when accessed by
another node over the network.

resource A set of CPUs allocated to a user to run one or more parallel jobs.

slice A local copy of a global object.

switch network The network constructed from the Elan cards and Elite cards.

thread An independent sequence of execution. Every host process has at
least one thread.

virtual memory A feature provided by the operating system, in conjunction with the
MMU, that provides each process with a private address space that
may be larger than the amount of physical memory accessible to
the CPU.

virtual process A (possibly multi-threaded) component of a parallel program
executing on a node.

word A 32-bit value.
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Index

B

bt_add, 3-50
BT_CLEAR, 3-50
bt_cmp, 3-50
bt_copy, 3-50
bt_down, 3-50
bt_fill, 3-50
bt_freebit, 3-50
bt_hton, 3-50
bt_intersect, 3-50
bt_lowbit, 3-50
bt_nbits, 3-50
bt_nextbit, 3-50
bt_ntoh, 3-50
bt_remove, 3-50
BT_SET, 3-50
bt_spans, 3-50
BT_TEST, 3-50
bt_up, 3-50
bt_zero, 3-50

E

elan3_dma_addr_setup, 3-41
elan3_dma_buf_setup, 3-43
elan3_dma_handle_to_addr, 3-40
elan3_dma_map, 3-37
elan3_dma_release, 3-46
elan3_dma_reserve, 3-45
elan3_dma_unmap, 3-39
elan3_dvma_kaddr_load, 3-47
elan3_dvma_unload, 3-48
ep_alloc_large_xmtr, 3-13
ep_alloc_small_xmtr, 3-5
ep_complete_receive, 3-31
ep_complete_rpc, 3-29
ep_consume_small_message, 3-10

ep_disable_txcallbacks, 3-33
ep_enable_txcallbacks, 3-32
ep_free_large_xmtr, 3-14
ep_free_small_xmtr, 3-6
ep_install_large_rcvr, 3-11
ep_install_small_rcvr, 3-2
ep_multicast_large, 3-17
ep_poll_transmits, 3-22
ep_queue_receive, 3-23
ep_rcvr_dma_state, 3-36
ep_remove_large_rcvr, 3-12
ep_remove_small_rcvr, 3-4
ep_requeue_receive, 3-25
ep_transmit_large, 3-15
ep_transmit_rpc, 3-20
ep_transmit_small, 3-7
ep_waitfor_large_receive, 3-27
ep_waitfor_small_message, 3-9
ep_xmtr_dma_state, 3-35

L

large messages, 2-2

M

message
large, 2-2
small, 2-2
special, 2-3

S

service number, 2-1
small messages, 2-2
special messages, 2-3
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V

virtual circuits, 2-2
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