
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

18
8 

03
0

A
1

TEPZZ¥_88Z¥ZA_T
(11) EP 3 188 030 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
05.07.2017 Bulletin 2017/27

(21) Application number: 16206191.5

(22) Date of filing: 22.12.2016

(51) Int Cl.:
G06F 13/38 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 29.12.2015 US 201514983263
20.12.2016 US 201615385644

(71) Applicant: Solarflare Communications Inc
Irvine, CA 92618 (US)

(72) Inventors:  
• POPE, Steve

Cambridge, CB13QJ (GB)
• RIDDOCH, David

Fenstanton, Cambridgeshire PE28 9JJ (GB)
• ROBERTS, Derek

Cambridge, CB4 2DB (GB)

(74) Representative: Style, Kelda Camilla Karen
Page White & Farrer 
Bedford House 
John Street
London, WC1N  2BF (GB)

(54) A NETWORK INTERFACE DEVICE

(57) A network interface device, said network inter-
face device has a data transmission path configured to
receive data for transmission. The data for transmission
is to be sent over a network by the network interface

device. A monitor is configured to monitor the data trans-
mission path to determine if an underrun condition is as-
sociated with the data transmission path. If so, an indi-
cation is included in the transmitted data packet.
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Description

BACKGROUND OF THE INVENTION

[0001] Various methods are known in the art for trans-
mitting data from a host system over a network. One such
method is Direct Memory Access (DMA) in which data is
transferred across the network independently of the cen-
tral processing unit (CPU) of the host system. Another
method is Programmed Input/output (PIO) in which data
is transferred between the CPU and a network endpoint.
[0002] When performing data transfer over a network,
using either DMA or PIO, data processing systems typ-
ically make use of a network interface device. Before
transferring data from a network interface device onto a
network, data must be temporarily stored in a buffer prior
to being transmitted onto the network. In some cases,
problems may occur with buffer underrun, where the buff-
er is being fed with data at a lower speed than the output
data rate. This may be an issue with low latency appli-
cations which initiate the transmission of a frame as soon
as the first data bytes are available. Buffer underrun may
lead to the corruption of the transmitted data packets.

SUMMARY

[0003] In an aspect there is a provided a network in-
terface device, said network interface device comprising:
a data transmission path configured to receive data for
transmission, said data for transmission to be sent over
a network by said network interface device; and a monitor
configured to monitor said data transmission path to de-
termine if an underrun condition is associated with said
data transmission path.
[0004] The network interface device may be config-
ured to be coupled to source of said data for transmission.
[0005] The source of said data may comprise one or
more of a host computing device and a source on said
network interface device. The source on said network
interface device may be a processor on the network in-
terface device.
[0006] In response to determination of said condition,
the monitor may be configured to cause an indication to
be provided in a packet which is to be transmitted, said
packet comprising at least some of said data for trans-
mission.
[0007] The indication may cause said packet to be dis-
carded by a receiver of said packet.
[0008] The indication may indicate that said packet is
invalid.
[0009] The indication may indicate that said packet has
been deliberately marked as invalid.
[0010] The indication may be provided by one or more
bits of a cyclic redundancy check
[0011] The indication may be provided by modifying
one or more bits of a cyclic redundancy check
[0012] The indication may be provided by a known val-
ue.

[0013] A network interface device may further com-
prise a medium access control function, and the monitor
may be configured to cause said medium access control
function to cause said indication to be provided in said
packet.
[0014] A network interface device may further com-
prise a physical layer function and the monitor may be
configured to cause said physical layer function to cause
said indication to be provided in said packet.
[0015] The monitor may be configured to cause said
data for transmission to be retransmitted.
[0016] The monitor may be configured to only cause
said retransmission if there is no underrun condition as-
sociated with the data transmission path for the data to
be retransmitted.
[0017] The network interface device may comprise a
queue, said queue comprising information associated
with the data to be transmitted.
[0018] The network interface device may comprise
consumer queue information comprising a pointer which
is incremented in response to transmission of a packet,
wherein said monitor is configured to cause the pointer
not to be incremented if said packet to be transmitted
comprises said indication.
[0019] The monitor may be configured to determine an
underrun condition associated with said transmit data
path in response to one of: a data rate of data being
received being less than a threshold rate; or a quantity
of data in said data transmission path being less than a
threshold amount.
[0020] The said data transmission path may comprise
a buffer, said data transmission path being configured
such that transmission of data starts when at least N
bytes of data is in said buffer.
[0021] The buffer may be configured such that the val-
ue of N is adjustable.
[0022] The buffer may be configured such that the val-
ue of N is adjustable in response to at least one occur-
rence of an underrun condition.
[0023] A frame may be received using load store op-
erations to the said transmit data path, which may be
configured to drain at a rate dependent on a network link
speed.
[0024] A network interface device may be configured
to delay transfer of data through said data transmit path
for at least one of a predetermined time and until prede-
termined amount of data has been received.
[0025] According to another aspect, there is provided
a network interface device, said network interface device
comprising: a data transmission path configured to re-
ceive data for transmission, said data for transmission to
be sent over a network by said network interface device,
a threshold being associated with said data transmission
path; and a monitor configured to monitor said data trans-
mission path using said threshold to determine if an un-
derrun condition is associated with said data transmis-
sion path and if so to transmit said data with an indication
which indicates that said data is invalid.
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[0026] The threshold may be adjustable.
[0027] A plurality of data queues may be provided,
each data queue having a respective threshold.
[0028] The threshold associated with each data trans-
mission path may be individually selectable.
[0029] A plurality of different thresholds may be avail-
able for selection, said network interface device having
a memory configured to store different threshold infor-
mation.
[0030] The threshold information may comprise one or
more parameters to be applied for a respective threshold.
[0031] A plurality of data queues may be provided,
each data queue having a respective threshold, the mem-
ory being configured to store for each queue the associ-
ated threshold information and/or threshold.
[0032] The threshold may be defined by a quality of
service.
[0033] The network interface device may comprise a
threshold monitoring function which is configured to de-
termine in dependence on an amount of data transmitted
with said indication if a defined threshold is being met
and if not, the threshold monitoring function may be con-
figured to adjust one or more threshold parameters.
[0034] The network interface device may be config-
ured to cause transmission of one or more packets to be
aborted in response to information received from host
processing device, said network interface device being
configured such that said packet is discarded and no re-
transmission of said packet is attempted.
[0035] It should be appreciated that one or more of the
above features of the above aspect can be used in con-
junction with one or more of the above features of the
first aspect.
[0036] According to another aspect, there is provided
a network interface device, the network interface device
comprising: a buffer for receiving data for transmission
over a network; and a buffer monitor configured to deter-
mine an underrun condition associated with said buffer,
and in response to the determination of said underrun
condition to cause an indication to be provided in a packet
which is to be transmitted.
[0037] This aspect may be used in conjunction with
any one or more of the features of either of both of the
previous aspects.
[0038] According to an aspect, there is provided a re-
ceiver comprising: an input configured to receive data
packets over a network; and a packet checker, said pack-
et checker configured to determine for each packet if said
packet comprises an indication, said indication indicating
that said packet has been deliberately corrupted and to
discard any packet with said indication.
[0039] According to an aspect, there is provided a sys-
tem comprising a host apparatus and a network interface
device such as described previously. The host apparatus
may comprising a function which is configured to write
data to a buffer or template. The buffer or template may
be in memory associated with the host apparatus and/or
memory associated with the network interface device.

The host apparatus may comprise a send queue. The
host apparatus may be configured to write a doorbell to
the network interface device.
[0040] According to another aspect, there is provided
a method comprising: receiving data for transmission,
said data for transmission to be sent over a network by
a network interface device; and monitoring said data for
transmission to determine if an underrun condition is as-
sociated with said data for transmission.
[0041] The method may comprise receiving the data
from a source of said data. The source of said data may
comprise one or more of a host computing device and a
source on said network interface device.
[0042] The method may comprise in response to de-
termination of said underrun condition, causing an indi-
cation to be provided in a packet which is to be transmit-
ted, said packet comprising at least some of said data
for transmission.
[0043] The indication may cause said packet to be dis-
carded by a receiver of said packet The indication may
cause said packet to be discarded by a receiver of said
packet.
[0044] The indication may indicate that said packet is
invalid.
[0045] The indication may indicate that said packet has
been deliberately marked as invalid.
[0046] The indication may be provided by one or more
bits of a cyclic redundancy check The method may com-
prise modifying one or more bits of a cyclic redundancy
check The indication may be provided by a known value.
[0047] The method may comprise causing a medium
access control function to provide said indication in said
packet.
[0048] The method may comprise causing a physical
layer function to provide said indication in said packet.
[0049] The method may comprise causing said data
for transmission to be retransmitted.
[0050] The method may comprise only causing said
retransmission if there is no underrun condition associ-
ated with the data transmission path for the data to be
retransmitted.
[0051] The method may comprise incrementing a
pointer of a queue in response to transmission of a pack-
et, or not incrementing said pointer if said packet to be
transmitted comprises said indication.
[0052] The method may comprise determining an un-
derrun condition in response to one of: a data rate of data
being received being less than a threshold rate; and a
quantity of data in said data transmission path being less
than a threshold amount.
[0053] The method may comprise starting transmis-
sion of data when at least N bytes of data is in a buffer.
[0054] The method may comprise adjusting the value
of N.
[0055] The method may comprise adjusting the value
of N in response to at least one occurrence of an underrun
condition.
[0056] The method may comprise receiving a frame
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using load store operations to a transmit data path, and
draining the transmit data path at a rate dependent on a
network link speed
[0057] The method may comprise delaying transfer of
data for at least one of a predetermined time and until
predetermined amount of data has been received.
[0058] According to another aspect, there is provided
a method comprising data for transmission, said data for
transmission to be sent over a network by said network
interface device, a threshold being associated with a data
transmission path; and monitoring said data transmission
path using said threshold to determine if an underrun
condition is associated with said data transmission path
and if so transmitting said data with an indication which
indicates that said data is invalid.
[0059] The threshold may be adjustable.
[0060] A plurality of data queues may be provided,
each data queue having a respective threshold.
[0061] The threshold associated with each data queue
may be individually selectable.
[0062] A plurality of different thresholds may be avail-
able for selection, different threshold information being
stored.
[0063] The threshold information may comprise one or
more parameters to be applied for a respective threshold.
[0064] A plurality of data queues may be provided,
each data queue having a respective threshold, the meth-
od comprising storing for each queue the associated
threshold information and/or threshold.
[0065] The threshold may be defined by a quality of
service.
[0066] The method may comprise determine in de-
pendence on an amount of data transmitted with said
indication if a defined threshold is being met and if not,
adjusting one or more threshold parameters.
[0067] The method may comprise aborting transmis-
sion of one or more packets in response to information
received from host processing device, said packet being
discarded and no retransmission of said packet being
attempted.
[0068] This aspect may be used in conjunction with
any one or more of the features of the previous aspect.
[0069] According to another aspect, there is provided
a computer program which when run is arranged to pro-
vide one more of the method steps of either one or both
of the above method aspects.
[0070] In the above, many different embodiments have
been described. It should be appreciated that further em-
bodiments may be provided by the combination of any
two or more of the embodiments described above.
[0071] Various other aspects and further embodiments
are also described in the following detailed description
and in the attached claims

BRIEF DESCRIPTION OF DRAWINGS

[0072] Embodiments of the application will now be de-
scribed by way of example with reference to the accom-

panying drawings, in which:

Figure 1 is a schematic diagram of a typical data
processing system configured to transmit data pack-
ets over a network.
Figure 2a is a schematic diagram of a data process-
ing system according to an embodiment using DMA.
Figure 2b is a schematic diagram of a data process-
ing system according to an embodiment using PIO.
Figure 3 is a schematic diagram of a queue according
to an embodiment.
Figure 4 is a schematic diagram of a network inter-
face device according to an embodiment.
Figure 5 is a flow chart illustrating data transfer from
the host computing device to the network interface
device.
Figure 6 is a flow chart illustrating processing of a
data packet in the network interface device.
Figure 7 schematically shows a receiving device.
Figure 8 is a schematic of a further network interface
device according to another embodiment.

DETAILED DESCRIPTION

[0073] Various modifications to the disclosed embod-
iments will be readily apparent.
[0074] The general principles defined herein may be
applied to other embodiments and applications without
departing from the spirit and scope of the present inven-
tion. Thus, the present invention is not intended to be
limited to the embodiments shown, but is to be accorded
the widest scope consistent with the principles and fea-
tures disclosed herein.
[0075] A typical data processing system 100 for carry-
ing out transmission across a network is shown in Figure
1. The data processing system 100 comprises a host
computing device 101 coupled to a network interface de-
vice 102 that is arranged to interface the host to network
103. The host computing device may include an operat-
ing system 104 supporting one or more user level appli-
cations 105 and a network protocol stack (not shown).
For example, the protocol stack may be a component of
the application, a library with which the application is
linked, or the operating system. In some embodiments,
more than one protocol stack may be provided.
[0076] The host computing device 101 may comprise
one or more processors and one or more memories. In
some embodiments, the host computing device 101 and
the network interface device 102 may communicate via
a bus, for example a peripheral component interconnect
express (PCIe bus).
[0077] During operation of the data processing system,
data to be transmitted onto the network may be trans-
ferred from the host computing device 101 to the network
interface device 102 for transmission. In one example,
data packets may be transferred from the host to the
network interface device directly by the host processor.
The host may provide data to one or more buffers 106
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located on the network interface device 102. The network
interface device 102 may then prepare the data packets
and transmit them over the network 103.
[0078] Alternatively, the data may be written to a buffer
107 in the host system 101. The data may then be re-
trieved from the buffer 107 by the network interface de-
vice and transmitted over the network 103.
[0079] In both of these cases, data is temporarily
stored in one or more buffers prior to transmission over
the network.
[0080] Some embodiments relate to the transmission
of data over a network from a data processing system.
A data processing system could be any kind of computing
device, such as a server, personal computer or handheld
device. Some embodiments may be suitable for use in
networks that operate TCP/IP over Ethernet. In other em-
bodiments one or more different protocols may be used.
Embodiments may be used with any suitable networks,
wired or wireless.
[0081] Buffer 106 may be any suitable memory, a
FIFO, or set of registers. The buffer may be such that
any operations which require modifications to the frame
(for example checksum insertion into headers) are com-
pleted before that portion of the frame is transferred to
the MAC (media access control).
[0082] Network interface devices have been previous-
ly proposed which employ store and forward buffering so
that transfer of a frame to the MAC does not start unless
the entire frame is available in a buffer within the network
interface device. The checksum offload of common pro-
tocols such as TCP/UDP/IP may require store and for-
ward operation because these protocols have check-
sums in the headers of the packet.
[0083] However for low-latency operation, transmis-
sion of a frame at the MAC may be initiated as soon as
the first data bytes are available. Any checksum informa-
tion which is required in frame headers may be calculated
in advance such as by host software. However there may
be issues for the transfer of data from the host to the
network interface device. It is possible that the start of a
frame has arrived at the network interface device and is
presented to the MAC for transmission before the entire
of the frame has been received from the host (over the
PCI bus for example). Once a packet starts to be fed into
the MAC/PHY for transmission any cause of delay to the
process of transferring a frame to the network interface
device will result in an underflow situation. For low latency
operation, the transfer of frame data to the network in-
terface device may be made using processor input/output
or load-store instructions rather than DMA.
[0084] It may be desirable to perform transmit opera-
tions from a user-space application directly (rather than
using the operating system) and so there may be no con-
trol of external events such as interrupts which might
cause a thread (and hence transmission) to be interrupt-
ed. Even if the operating system is transmitting, or if DMA
is being employed then an underflow situation may still
occur, for example if the hardware (PCI bus / memory)

bandwidth is transiently unable to keep up, or if the bus
stalls or enters a low-power state for any reason during
the transfer.
[0085] It should also be noted that checksum (or cyclic
redundancy check) information which is included at the
tail of the frame (for example the Ethernet FCS) may be
calculated in a cut-through manner since this information
is only required after all other frame information has been
received.
[0086] Some embodiments may be particularly suita-
ble for use at a data processing system and network in-
terface device (NIC). Some embodiments may be used
in low latency applications where a MAC may start trans-
mission before the complete packet for transmission has
been received.
[0087] A data processing system 200 including a host
system 201 and a network interface device 202 config-
ured in accordance with an embodiment using DMA is
shown in Figure 2a. The data processing system is con-
nected to a network 203 over which data is transmitted
to one or more endpoints, e.g. a peripheral device, a re-
mote server or another data processing system. The net-
work may, for example, be a local area network (LAN),
wide area network (WAN), or virtual private network
(VPN).
[0088] The host system 201 comprises one or more
processors 204 configured to run one or more user level
processes. Alternatively or additionally one or more ap-
plications may reside in the operating system. One or
more of these user level processes, applications and/or
the host system may request transmission of data over
the network 203. The host system further comprises a
memory 207 for storing data which is to be transferred
to the network interface device 202 for transmission over
the network 203. This memory may comprise a buffer.
For example, data may be written to the buffer by a user
level application or host operating-system directly
(known as zero-copy) or via an API (application program-
ming interface) such as POSIX (portable operating sys-
tem interface) sockets which requires a copy into the buff-
er.
[0089] Any buffer which can be placed onto a send
queue may be DMA accessible by the network interface
device. Memory-mapping to the network interface device
address space may be used where a CPU is required to
issue store operations for data (or management or door-
bell operations) to the network interface device.
[0090] The host system 201 further comprises a send
queue 206 which is also written to by the application.
Each entry provides a descriptor which provides a pointer
to respective data in the buffer 207 in host memory. The
system may comprise one or more send queues. Where
more than one queue is provided, a respective queue
identity is provided as part of an entry. In some embod-
iments, the or each queue may comprise a descriptor
ring.
[0091] The host system 201 may also comprise one or
more doorbells 208, used to signal to the network inter-
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face device 202 that data is available in the buffer 207.
The doorbell may comprise an index or similar value in-
dicating an entry in the send queue in which associated
descriptors have been written. In one embodiment, the
index value may identify a descriptor ring of said plurality
of descriptor rings in which data has been written to and
optionally a position in the descriptor ring (for example
an offset).
[0092] The network interface device 202 could be any
hardware device configured to interface the wired or wire-
less network 203 to the host computing device 201. The
network interface device could be provided in any man-
ner between a network and host device, including: as
one or more peripheral devices (such as a peripheral
component interconnect express (PCIe) card) of the host
computing device, and/or as an integral part of the host
computing device (e.g. a LAN on mainboard, or LAN on
motherboard (LOM) chipset). The network interface de-
vice may comprise a network interface controller or net-
work interface card (NIC). The network interface device
may be separate from the host computing device or may
be integrated in the host computing device. For example,
the network interface device may be integrated with a
CPU (central processing unit) of the host computing de-
vice.
[0093] The network interface device comprises a
processing pipeline 209, including a transmit data path
210. The transmit data path may comprise or include a
buffer. The processing pipeline will be described in more
detail later. The processing pipeline may process the da-
ta which has been retrieved from, for example, the host
buffer 207 and which is to be transmitted onto the net-
work. The network interface may optionally comprise a
doorbell 211.
[0094] If the network interface device 202 comprises
a doorbell 211, this doorbell 211 may be memory mapped
to address region 208. For example, the user level proc-
ess writing the doorbells 208 effects a write of the doorbell
to a doorbell area of memory 211 of the network interface
device 202. After writing data packets to the buffer or
memory 207 of the host system 201, the processor or
user application 204 then writes a doorbell, which indi-
cates to the network interface device 202 that data is
available for transmission. As noted, the doorbell may
comprise an index value, which points to an entry in the
send queue 206. The doorbell may include other infor-
mation such as a pointer to the first buffer on the queue;
and/or some or all of the frame data contained within the
buffer. The network interface device 202, in response to
the doorbell then processes the one or more descriptors
in the queue pointed to by the index value and retrieves
any required data pointed to by the descriptor from the
buffer 207 for transmission over the network 203. If the
doorbell contained data then not all of the buffer needs
to be fetched.
[0095] Figure 2a illustrates the steps carried out when
transferring data from the host system to the network
interface device. These steps are labelled (1), (2), and

(3). Step (1) involves writing the data to the buffer 207.
Step (2) involves writing the descriptors to send queue
206. Step (3) involve writing a doorbell to the network
interface device 202 to signal to the network interface
device that data in memory 207 is available for transmis-
sion. A fourth step involves reading the descriptor from
the send queue memory and retrieving the corresponding
data from the buffer 207.
[0096] At step (1), the processor writes the data to be
transmitted over the network to the buffer 207.
[0097] At step (2) the processor 204 writes a descriptor
for the transmit operation to send queue 206 of the host
system 201. The descriptor comprises a pointer, which
identifies the location in memory of the data buffer 207.
The descriptor may additionally comprise information -
e.g. type of transmit operation, address of network end-
point to which data is to be sent - which enables the trans-
mit operation to be carried out. The descriptor may also
comprise a queue identity and/or a request that the net-
work interface device perform additional processing such
as transmit segmentation offload.
[0098] Step (3) may also be included in the method. In
this case, after writing one or more descriptors to the
send queue memory 206, the processor 204 rings the
doorbell by writing a doorbell to the doorbells 208 to in-
dicate that one or more data packets are available for
reading from the buffer 207.
[0099] In a fourth step, the network interface device
202 processes the one or more descriptors that have
been written to the send queue 210. When processing a
descriptor, the network interface device accesses the
memory 207 and retrieves the data pointed to by the de-
scriptor. This data may then be staged in the transmit
data path before it is transmitted over the network. In
some embodiments, the processing pipeline will process
the data before the data is transmitted.
[0100] Reference is made to another embodiment
which is shown in Figure 2b and which uses a PIO mode
of operation. Those parts which are generally the same
as in Figure 2a are referenced with same reference
number. The data processing system 200 includes a host
system 201 and a network interface device 202. The data
processing system is connected to a network 203.
[0101] The host computing device 210 of Figure 2b
comprises a descriptor ring or send queue 206, doorbell
203 and a template 217. It will be appreciated that the
send queue 206 and the doorbell 208 may be similar to
those described with reference to Figure 2a. The tem-
plate 217 may be a region of memory that is memory
mapped to the address space of the user-level process
requesting the data transfer. For example, in some em-
bodiments, the doorbell 208 and the template 217 may
be regions of memory of the network interface device
and memory mapped to the user level process.
[0102] Doorbell 211 and template 219 shows the mem-
ory region of the network interface device 202 where the
doorbell and template are stored, while the doorbells 208
and template 217 shows the memory mapping to the ad-
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dress space accessible by the user level process. It will
however be appreciated that this is by of example only
and the memory may be mapped so that the user level
process and the network interface device have access
to shared memory.
[0103] The template 219 exists on the network inter-
face 202 but is memory mapped to the address space of
the user level process shown as template 217. The tem-
plate may be owned by software running on the host com-
puting device, for example the user level process or end-
point. In some embodiments the template may be the
size of one or more maximum transmission unit (s), for
example a transmission frame. The template may for ex-
ample hold multiple frames so that software can pipeline
transmissions. The software (in some examples the user
level process, operating system or hypervisor driver con-
text) may have access to the template via the memory
mapping as described above or any other appropriate
means.
[0104] The software may write data which is intended
for transmission to the template and form a descriptor
pointing to the template on the host computing device.
The descriptor may be written by the software to the de-
scriptor ring. The descriptor is then available to be read
by the network interface device and to indicate to the
network interface device that data for transmission is
available in a template to which the descriptor points.
[0105] Each user level process (or other software car-
rying out PIO transfers) may be associated with one or
more templates into which data may be written. A de-
scriptor may point to the data in the template. The de-
scriptor may identify the template to which the data was
written and in some cases may include an offset when
the data is written to only part of the template. For exam-
ple a template may be the size of more than one trans-
mission unit and the descriptor may identify the template
as well as indicate where in the template the data was
written to. In this manner, the network interface device
may be made aware when new data is written to the
template.
[0106] The operation of the host computing device 201
and network interface device 202 of Figure 2b is shown
by steps (1), (2) and (3) of that figure.
[0107] At step 1, when data on the host device is avail-
able for transmission, the user level process may write
that data to a template 217. The user level process (or
other software) may write the data using programmed
input/output. For example load/store operations may be
carried out by the CPU of the host computing device to
write the data to the template on the network interface
device.
[0108] At step 2, a descriptor is written to the send
queue 206. The descriptor points to or references the
template and optionally an offset to which the data was
written via PIO. It will be appreciated that the template
may be associated with the descriptor ring. The descrip-
tor may be written to the descriptor ring as soon as the
PIO write to the template is initiated. In other words, the

descriptor need not be written only when the PIO oper-
ation is complete, however in some cases this may be
the case.
[0109] It will appreciated that the PIO and DMA oper-
ations described with reference to Figures 2a and 2b may
be combined for a given send queue in which case the
order by which frames are transmitted is given by the
order of descriptors of any type were placed on the send
queue.
[0110] At step 3 a doorbell is written to the doorbell 211
via the memory mapping 213. It will be appreciated that
this may be similar to the doorbell of Figure 2a. It will be
appreciated that the address mappings of the doorbell
and the template can be optimised to reduce the number
of distinct transactions between the CPU and network
interface device. It will be appreciated that the act of writ-
ing the doorbell can be rendered unnecessary in some
embodiments since the network interface device may in-
fer a doorbell simply from the arrival of frame data into a
template.
[0111] If the host is writing to the network interface de-
vice (for example as discussed in relation to Figure 2b)
directly then the doorbell address space can just be ex-
tended so that there is an address mapping for PIO frame
writes per send queue. This means that different send
queues can be active at once and do not need locks to
synchronise access. This may mean that there needs no
longer be a distinct doorbell write. The PIO of the frame
data is accepted as an implicit doorbell by the network
interface device (which increments the send queue pro-
ducer pointer).
[0112] Figure 3 illustrates an embodiment of the send
queue 206 in greater detail. In this example, the send
queue is provided by one or more buffers comprising a
plurality of queues 301, each queue configured to store
a plurality of descriptors. In some embodiments, each
queue is provided by a ring buffer. In one embodiment,
the send queue 206 further comprises a producer index
302. The host and the network interface device may track
their respective producer and consumer indexes inde-
pendently. The host may update its producer index and
may indicates this to the network interface device via the
doorbell. The network interface device updates its con-
sumer index and indicates this to the host via a transmit
completion event.
[0113] Reference is made to Figure 4, which shows
the network interface device 202 in more detail and in
particular the processing pipeline. The network interface
device further comprises a transmit data path (TXDP)
420, a media access controller (MAC) 402, a physical
layer (PHY) 409, and a buffer monitoring unit 404. The
transmit data path is where frames which are being trans-
mitted are staged for transmission and operations such
as TSO (TCP segmentation offload)/checksum offload
may take place. In some embodiments, there may be
multiple buffers and multiple send queues which are ar-
bitrated by a scheduler onto a set of transmission data
paths which feed the MACs.
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[0114] The transmission data path is one or more of
logic, a FIFO, and CPUs which may be chained together
and act to move the data on, after which the data is gone.
[0115] The network interface device may comprise a
descriptor table 410 in order to keep track of the various
send queues. More than one user application and/or host
process may be in communication with the network in-
terface device at the same time and the descriptor table
allows the network interface device to keep track of each
of the send queues in the host. Each send or transmit
queue comprises a corresponding send queue identity
which is used as an index in the descriptor table 410.
The designated entry in the send queue descriptor table
may be a starting point for describing the state and other
characteristics of that particular transmit queue as
viewed by the network interface device. The entry may
comprise one or more of: whether the queue is a kernel
queue (where descriptors reference bus physical ad-
dresses), user queue (where descriptors reference ad-
dresses which are directed through a page or buffer table)
or another kind of queue: the size of the queue (number
of send data buffer descriptors it can contain); the ID of
an event queue associated with this send queue; a buffer
identity of base buffer for this transmit queue; and "device
centric" producer and consumer pointers into this send
queue.
[0116] Each time a packet is transmitted from the net-
work interface device, the consumer pointer to a respec-
tive queue is incremented to the next entry. The network
interface device will then retrieve the data associated with
the next entry in the queue.
[0117] The network interface device then obtains the
physical address in host or IO bus memory address
space of the current send data buffer. This physical ad-
dress may be given directly by the buffer descriptor or
the descriptor could be further indicated through tables
within the network interface device or host memory.
Then, using that physical address as a base, and the
byte offset from the send descriptor queue entry as an
offset, it determines the physical starting address in
memory of the current data to be sent.
[0118] It should be appreciated that the send queue
may to refer to buffers which are resident on the host
and/or buffers on the network interface device.
[0119] The steps carried out after the network interface
device 202 has received the data for transmission from
the host system 201 are explained with reference to figure
4
[0120] The network interface device is configured to
pass the data for transmission to the transmit data path
420 where the data is queued for transmission. The data
is queued in the form of data packets or partial packets.
The data packets are formed by performing protocol
processing in accordance with the application-level pro-
tocol (as well as lower layer protocols, such as Ethernet)
in order to form a completed message that is ready for
transmission over the network. The necessary protocol
processing may be performed in the host system 201,

either in kernel or user mode. In this case the data stored
in the memory 207 and retrieved by the host system is
in the form of data packets. Alternatively or additionally,
some or all of the protocol processing may be offloaded
to the network interface device 202. In this case, the host
system may transfer data which has not been packetized
or data packets which are incomplete to the network in-
terface device 202. The network interface device then
processes the data and queues the resulting data pack-
ets in the buffer for transmission. This is where process-
ing such as IP checksum offload and/or segmentation
may take place.
[0121] The MAC 402 performs any necessary process-
ing on the packets in the buffer. This may include, but is
not limited to this, one or more of frame delimiting and
recognition, checking error detection bits, discarding
malformed frames, padding the data packet, timestamp
insertion and calculation of the FCS (frame check se-
quence).
[0122] The PHY 409 or physical layer will transmit the
data over the physical medium of the network, which may,
for example, be an optical fibre or copper cable. The PHY
409 is preferably an Ethernet PHY configured to imple-
ment the Ethernet physical layer portion of the for exam-
ple 1000BASE-T, 100BASE-TX, and 10BASE-T stand-
ards.
[0123] A clock signal is used coordinate the transmis-
sion of data. In one embodiment, the MAC 402 may com-
prise a clock generator, which is used to generate the
clock signal. In another embodiment, the clock signal
may be received over the network from an endpoint to
which data is transmitted. The clock signal may, for ex-
ample, coordinate data transmission by causing the MAC
402 to transmit the data over the network when the clock
is at a high logic level.
[0124] Embodiments may make use of 10 Gigabit Eth-
ernet technology for transmitting data across the net-
work. The clock signal is therefore preferably configured
to clock the data in the form of Ethernet frames from the
network interface device onto the network at a rate of 10
gigabits per second. This data rate is by way of example
only and higher or lower data rates may be supported.
[0125] Since the clock signal 406 is used to coordinate
the transmission of data, the data is transmitted from the
network interface device 202 at a constant rate (e.g. 10
Gb/s). This requires that the MAC 402 read data from
the transmit data path 420 at a constant rate. Such a
requirement may present a problem, since applications
running on the processor 204 of the host system usually
do not present data for transmission to the network in-
terface device 202 at a constant rate. For example, a
user level process of the host system 201 may request
transfer of data, at a higher rate during a first time period,
and then subsequently request transfer of data at a lower
rate, during a second time period. This leads to a variation
in the rate of receipt of data at the transmit data path 420.
[0126] If the rate at which data is received at transmit
data path 420 is too low, such that the data is retrieved
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from the transmit data path 420 by the MAC at a higher
rate that it is received at the transmit data path 420, a
buffer underrun condition will occur. This requires the
network endpoint device or program, which is receiving
data from the data processing system 200, to pause its
processing whilst the transmit data path 420 refills. This
can cause undesired and sometimes serious side effects
because the data being buffered is generally not suited
to start-stop access of this kind. In particular the
MAC/PHY specifications for Ethernet protocols do not
allow for the transmission of a frame to be paused once
transmission has been initiated and so underflow would
cause a receiver to receive an invalid or a malformed
frame which would be recognised as such and discarded.
[0127] Some embodiments address this problem by
means of a buffer monitoring unit 404 provided as part
of the network interface device 202. The buffer monitor-
ing unit may be embodied in a purpose specific circuit in
the network interface device 202. Alternatively, the buffer
monitoring unit 404 may be a software module stored in
a memory of the network interface device 202 and con-
figured to run on a processor of the network interface
device 202.
[0128] The buffer monitoring unit 404 is configured to
monitor the transmit data path 420 to detect if there is
underrun in the transmit data path. This may be deter-
mined by monitoring a buffer in the transmit data path.
However, it should be appreciated that this is by way of
example only and in other embodiments, the monitoring
unit may be monitoring the transmit path as a whole or
a non-buffer part of the transmit data path.
[0129] The buffer underrun condition may be deter-
mined by monitoring the amount of data stored in the
transmit data path 420 as a proportion of the total capac-
ity. For example, if the buffer monitoring unit detects that
the transmit data path 420 is less than 5% full and a
transmit to the MAC is in progress, the buffer monitoring
unit may detect that an underrun condition will occur.
[0130] Alternatively or additionally, the buffer monitor-
ing unit may monitor the rate at which the transmit data
path 420 is receiving data from the host system 201 and
may detect that an underrun condition will occur if the
rate is too low.
[0131] In response to determining an underrun condi-
tion, the buffer monitoring unit 404 may cause modifica-
tions to the frame 403 by changing the value of one or
more data bits of the frame. This may be implemented
in any suitable manner. This may for example, depend
on the MAC/PHY implementation. For example, if the
MAC or PHY has the ability to mark the frame as bad
(resulting from for example an error signal which is as-
serted to it during transmission by the buffer monitoring
unit) then the buffer monitoring unit just needs to assert
this signal on underrun. This may cause the MAC to cor-
rupt its FCS calculation, or cause the PHY to deliberately
include an error symbol in the line encoding. Alternatively
the hardware in the network interface transferring the
frame to the MAC might be calculating the FCS and it

could corrupt the calculation if required. There are a
number of ways of corrupting the FCS. For example, flip-
ping the last bit of the bit sequence representing the frame
as it is fed into the FCS calculator, replacing the FCS
with a known value (or some bits of a known value to
avoid the possibility of collision). Alternatively the frame
data itself may be corrupted, or a tag may be added to
the end of the frame data which marks the packet as bad
(which may also ensure that the FCS is incorrectly cal-
culated)
[0132] Reference is made to Figure 7 which schemat-
ically shows a receiver 152. The receiver is configured
to receive the transmitted data packets from the network.
A packet checker 150 is provided. It should be appreci-
ated that in some embodiments, the packet checker is
provided in a switch, router, network interface device
and/or a host device. In some embodiments, the packet
checker may be provided in the network interface device
of Figure 4 for dealing with received packets.
[0133] The packet checker will check the FCS value.
In some embodiments, if the FCS value has been delib-
erately corrupted to have a particular value or particular
bits to have a particular values, the packet checker will
recognise the packet as being deliberately corrupted.
The packet checker will discard the received packet as
being a bad packet.
[0134] In this case, the received bad packet is correctly
accounted for as being deliberately corrupted and trans-
mitted rather than being caused by errors on the physical
medium. Such accounting may be useful in some em-
bodiments since administrators may monitor the error
counts on physical links as an indicator that physical in-
frastructure (cables etc.) may need service/replacement.
It will be appreciated that in the case of a deliberately
corrupted packet the frame headers will not have been
corrupted therefore it will be clearly apparent to admin-
istrators which host is emitting the underrunning frames.
[0135] The method will now be described in more detail
with reference to Figures 5 and 6.
[0136] Reference is made to Figure 5, which shows a
method of transferring a data packet for transmission
from the host system 201 to the network interface device
202.
[0137] At step 610, a user level process or application
running on one or more processors 204 of the host sys-
tem 201 determines that a set of data is to be transmitted
over the network 203. Applications running at computing
devices on a network typically communicate over the net-
work using an application-level protocol (such as HTTP
or the Financial Information Exchange or FIX protocol)
that define a series of structured data packets. In order
to properly form each packet, the data for transmission
must be processed in accordance with the application-
level protocol (as well as lower layer protocols, such as
Ethernet) in order to form a completed message that is
ready for transmission over the network.
[0138] The necessary protocol processing may be per-
formed in the host system 201, either in kernel or user
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mode. Alternatively or additionally, protocol processing
may be offloaded to the network interface device 202. In
this case, the host system may transfer data which has
not been packetized or data packets which are incom-
plete to the network interface device 202.
[0139] At step 620, the processor 204 writes the data
to a location in host or network interface device memory.
This ensures that the frame exists in some persistent
memory
[0140] At step 630, the processor 204 writes to the
send queue memory 206, one or more descriptors, which
provide information necessary to enable the network in-
terface device 202 to transmit data over the network. The
one or more descriptors identify the location in memory
of the data to be transmitted over the network.
[0141] At step 640, the processor writes doorbell 208
so as to indicate to the network interface device 202 that
data is available for transmission. This doorbell write
comprises all of the frame data which was written in step
620 together with any metadata such as frame length
which is required by the network interface device transmit
path to immediately process the frame data and initiate
transmission onto the network without requiring that the
network interface device then read the one or more de-
scriptors from the queue.
[0142] Reference is made to Figure 6, which shows an
example embodiment of the method which may be per-
formed whilst the network interface device is receiving
data from the host system.
[0143] At step 710, the frame data is transferred to the
transmit data path 420 of the network interface device.
This transfer may comprise a number of discrete memory
transfers each of which transfers a portion of the frame.
These transfers may arrive in any order and with arbitrary
delays between any successive transfer. The resulting
data packet may be assembled and stored in a buffer -
which may be a FIFO or processing pipeline which is part
of the transmit data path.
[0144] In step 720 there is MAC processing of the data.
At step 730, the buffer monitoring unit determines wheth-
er or not the buffer is underrunning. This may comprise
determining the percentage of the full capacity of the buff-
er which is occupied by data for transmission. If this per-
centage drops below a predefined value, the buffer mon-
itoring unit may determine an underrun condition. Alter-
natively or additionally, this may comprise determining
the rate at which data is received by the transmit data
path 420 from the host system 201. If the rate at which
data is received by the transmit data path 420 from the
host system 201 falls below a predefined rate, the buffer
monitoring unit determines an underrun condition.
[0145] If step 730 results in a determination that the
buffer is not underrunning, the frame is transmitted over
the network in step 734. The pointer or consumer index
in the network interface device is incremented. The point-
er associated with the descriptor table may thus be in-
cremented to a new value, which points to the next queue
entry of the send queue memory 210. The network inter-

face device can then move on to process the next de-
scriptor in the queue. The method will then be repeated
for the next frame.
[0146] If step 730 results in a determination that the
buffer is underrunning, the method proceeds to step 732
where one or more frame bits are modified, as discussed
previously. In step 734, the modified frame is transmitted
over the network. The detection of an underrun condition
at step 730 may additionally result in any subsequent
data which may arrive at step 710 for that given frame to
be discarded rather than be transferred to the MAC.
[0147] Thus a corrupted frame is transmitted in the
case of an underflow. The frame is corrupted in that there
is not enough data due to the underrunning. The buffer
monitor unit will cause the corrupted frame to be marked
so it is recognised as bad. In particular, the buffer monitor
will cause the frame to be marked so that in some em-
bodiments, the frame is recognised as deliberately cor-
rupted. The pointer associated with the descriptor table
may thus be not incremented to a new value which would
indicate that the transmission of the frame data is to be
re-initiated.
[0148] In the case of a re-initiation of the transmission
it is not required that another doorbell be written since
the send queue contains a descriptor which points to the
data in memory.
[0149] The network interface device then reads the one
or more descriptors in the queue, which is identified by
the index value contained in the doorbell. The network
interface device then retrieves the data from the memory
which is pointed to by the one or more descriptors re-
trieved from the queue.
[0150] In the case of a re-initiation of transmission the
transfer of frame data to the MAC, step 720 may not be
started until there is sufficient data available in the buffer
to guarantee that an underflow condition will not re-occur.
[0151] Thus, there is a follow up with a re-transmission
of the previously corrupted frame but now without under-
flow of the correct frame.
[0152] In some embodiments, transmission will only
be initiated if there is a minimum number of bytes of data
in the buffer. In some embodiments, the MAC processing
will only commence when these minimum number of
bytes of data are available. In some embodiments, the
occurrence of underflow may be used to tune a parameter
which enforces a delay on the draining of the buffer. This
may for example be used to ensure that transmission to
the MAC of a given frame is not started unless a minimum
N bytes are available.
[0153] Some embodiments may be advantageous in
that the system is dynamically responsive to the changes
in the rate that data is provided to the network interface
device.
[0154] As mentioned previously when the rate at which
data is received by the transmit data path 420 from the
host system 201 falls below a predefined rate, the buffer
monitoring unit determines an underrun condition. This
predefined rate may be controlled by a threshold. This
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threshold may be static. In other embodiments, the
threshold may be adjustable.
[0155] Reference is made to Figure 8 which schemat-
ically shows a NIC which has functionality to support var-
ying thresholds. The NIC of Figure 8 comprises the func-
tionality of the NIC of Figure 4 with functionality to support
the varying threshold.
[0156] In some embodiments a first table or data store
434 is provided. The table 434 stores data defining for
each queue supported by the NIC, the threshold value
which is applied to that queue.
A second table 436 may be provided. The second table
may have a mapping between a quality of service and
the associated one or more threshold parameters to be
applied to a queue.
[0157] The quality of service may be expressed as a
probability of the packet being transmitted without a pre-
vious failed poisoned transmission. A probability of 100%
means that the buffer will have all of the frame before
starting the transmission. The thresholds which are used
will depend on the probability. A higher probability of suc-
cessful transmission will require a higher threshold value
and vice versa.
[0158] The threshold parameter may be data rate,
number of bytes and/or time and/or any other suitable
parameter. This may be instead of or as well as the ex-
pression in terms of quality of service.
[0159] As will be described in more detail later, the val-
ues in this second table may be fixed or may be adjust-
able, for example during calibration and/or during oper-
ation.
[0160] The data in the first table may be a quality of
service and/or may be the one or more parameters to be
applied to the queue.
[0161] In some embodiments, the application or other
host process may request a particular quality of service
for a particular queue. The NIC will used the second table
to map the actual values required for the queue to achieve
the desired quality of service.
[0162] The threshold which is selected may be de-
pendent on the tolerance of the system or administrative
policy to having poisoned packets being transmitted.
[0163] Each time a packet is poisoned, the buffer mon-
itoring engine is configured to update one or more
counters 432. In some embodiments a counter is provid-
ed for each queue. The counter may be provided in hard-
ware and/or software. In some embodiments, the count
function may be implemented in software.
[0164] The NIC management function 430 is config-
ured to use the count values to determine if the required
quality of service for a given queue is being met. If not
an algorithm is used to adjust the threshold values asso-
ciated with a given quality of service. This may be used
to update one or other or both of the tables 434 and 436.
As mentioned, in some embodiments the threshold may
be dynamically adjustable.
[0165] The threshold may depend on the characteris-
tics of the host processing device and/or the way in which

data is transferred.
[0166] The threshold may be controlled by the NIC.
The NIC may monitor one or more conditions and in re-
sponse to current conditions may adjust the threshold.
This is to avoid underrun. In some embodiments, the sec-
ond table is populated by default values. The default val-
ues may be universal default values or may be dependent
on the type of host processing device and/or use scenario
associated with the host processing device.
[0167] In some embodiments, the second table may
be populated by values during a calibration operation dur-
ing set up of the system. Alternatively or additionally, the
second table may be set up during a validation of a ge-
neric system by the NIC manufacturer. In other words,
the NIC may be supplied with the second table populated
by default values. In some embodiments, one or more
sets of values for the table may be available for download
onto the NIC. The set of values which are downloaded
may be dependent on one or more deployment factors.
By way of example deployment factors may be use sce-
nario and/or type of host processing device.
[0168] Alternatively or additionally, a calibration may
be performed during operation of the system.
[0169] A calibration may performed where the device
driver provides different sizes of packets and uses differ-
ent thresholds.
[0170] In some embodiments, as mentioned previous-
ly, the NIC management unit may be configured to alter
the values in the second table by checking if the used
values achieve the desired quality of service and if not
to adjust the associated values applied to the queue. In
some embodiments, this may be an iterative process or
a more sophisticated algorithm may be used by the NIC
management unit.
[0171] It should be appreciated that values which need
to be applied to a queue to achieve a desired quality of
service may be dependent on, for example, what other
actions are being performed by the host processor. For
example if some CPU intensive operations (e.g. disk
transfers, graphic operations or the like) are being per-
formed, there may be a slowdown in performance. This
may require an adjustment of the threshold values ap-
plied to the queue to achieve the desired quality of serv-
ice.
[0172] In some embodiments there may be a plurality
of fixed threshold values, one of which is selected based
on the current conditions.
[0173] In some embodiments, the use of the plurality
of fixed threshold may be programmed by the user. For
example, the user may program which conditions cause
which of the thresholds to be used. In this way a user
may customise the NIC for a particular use scenario.
[0174] In other embodiments, there may be a default
program which may control which threshold values are
used in which conditions.
[0175] As mentioned a data store of threshold values
may be provided. The data store may be in the form of
a look up table where one or more conditions are used
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to establish the threshold value to be used. In some em-
bodiments, an algorithm may be used to determine the
threshold value to be used based on one or more input
conditions. In some embodiments as discussed previ-
ously, the data store and/or processor for determining
the threshold may be provided on the NIC.
[0176] In other embodiments, the data store and/or
processor for determining the threshold may be provided
in the operating system.
[0177] In some embodiments, one condition may be a
required quality of service. In some embodiments one
condition may be the number of active queues. In some
embodiments, one or more condition may be network
conditions.
[0178] In some embodiments, there may be two or
more transmitters or queues supported by a NIC. In some
embodiments, each thread of an application or an appli-
cation may be a transmitter associated with a respective
queue. In other embodiments two or more threads or
application may be locked to a single transmitter. A trans-
mitter may be considered to be the hardware and soft-
ware which drives a single PIO operation. A protocol
stack may be a transmitter or may be considered to be
a plurality of transmitters.
[0179] In some embodiments, all the transmitters or
queues may have the same threshold. In other embodi-
ments, the threshold may be set for an individual trans-
mitter or for a set of two or more transmitters. In some
embodiments, different queues may be associated with
different quality of service requirements and each queue
may have a different respective threshold.
[0180] In some embodiments, a quality of service re-
quirement may be taken into account when setting the
threshold, as mentioned previously. The quality of serv-
ice requirement may be that of a driver or an application.
In some embodiments, the quality of service requirement
of the driver and the application may be taken into ac-
count.
[0181] In some embodiments, there may be two trans-
mitting processes active at the same time which could
lead to collision. In this situation, one transmitter may be
pushing out data whilst the other process may fall back
to a DMA process. If the NIC determines that there are
two active queues, then threshold for each queue may
be adjusted. For example the threshold may be increased
which would facilitate switching transmission from one
queue to transmitting from the other queue.
[0182] In some embodiments, two transmitters may be
attempting to transmit at the same time which would lead
to collision. In some embodiments one transmitter will
push data out onto the wire whilst the other queue is
being filled.
[0183] The threshold may be dependent on the amount
of buffering to be given to a particular queue in the event
of queue contention.
[0184] In some embodiments, there may be a relatively
large number of queues, for example between 10 and
10,000. The scheduling of these queues may impact on

the threshold value.
[0185] In some embodiments a second threshold may
be provided. This may be on a per queue basis and may
be the amount of buffering if a queue is contested.
[0186] In some embodiments a quality of service may
be defined per queue. This may be defined by the host
device. The threshold associated with a queue may be
selected by the firmware in dependence on the defined
quality of service. In some embodiments, the threshold
will be selected based on the quality of service and the
current environment.
[0187] The quality of service may be requested by an
application in some embodiments. In some embodi-
ments, privileged software on the host may determine
the quality of service for each queue. This may be deter-
mined for each application and/or in dependence on a
requested quality of service by each respective applica-
tion. The privileged software may be provided by a hy-
pervisor or a kernel in some embodiments.
[0188] In some embodiments, a current environment
may be determined by putting the system into a test
mode. In particular a test transmission from the driver to
the NIC may be performed.
[0189] In some embodiments a message may be sent
to the queue to change the behaviour of the queue. As
mentioned previously, some descriptors are used which
provides a pointer to respective data in the buffer 207 in
host memory. However in some embodiments, a descrip-
tor may instead provide a request to modify the behaviour
of the NIC or the queue. A descriptor may be used for
example to control TSO (Transmit Segmentation Of-
fload) behaviour. In some embodiments, one or more
descriptors may be provided to modify the behaviour of
the queue. This may be to change the behaviour of the
queue in response to a particular threshold being used
or to change the threshold being used.
[0190] A self-calibration algorithm may be provided to
determine the required threshold. For example test data
can be passed from the driver to the NIC queue. This
test data is discarded and not transmitted onto the net-
work in some embodiments. In some embodiments, the
packets may be transmitted to a test destination.
[0191] For example the test data may comprise data
of the order of 1000 packets. However, it should be ap-
preciated that more or less data may be used for testing
purposes. The test may comprise pushing test packets
onto a respective queue from the driver.
[0192] In some embodiments, the calibration may be
performed separately for each queue. In some embodi-
ments, the NIC is configured to monitor the performance
on this test data. Histogram data may be collected relat-
ing to the success and/or failure of the test data. For
example, the histogram may determine how much of the
data would be transmitted on a first attempt and/or how
much would be discarded due to an underrun condition.
This test may be performed with different thresholds. Al-
ternatively, a single base threshold may be used and the
histogram may be used to set different thresholds for
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different required success rates. This collected data can
be used to calibrate the system. This calibration may take
into account a required quality of service and/or environ-
mental conditions. Once a calibration has been per-
formed, that data can be used to select a threshold value
if the quality of service requirement is changed.
[0193] This testing can be performed when a system
is first set up. Alternatively or additionally, the system can
be periodically tested after installation.
[0194] In some embodiments, there may be one or
more user level queues and/or one or more driver
queues. These different queues may have different
thresholds. The same or different calibration operation
may be used to calibrate these queues.
[0195] It should be appreciated that the operating sys-
tem will not usually be de-scheduled in the event of a
conflict with a user level process. Context switches may
be used to schedule a user level process which is de-
scheduled. In some embodiments, the threshold may be
varied in dependence on the likely scheduling of a given
user level process. In some embodiments there may be
a relatively large number of processes, for example 10s
of processes. The calibration may be done for each proc-
ess or may be done for all the processes.
[0196] In one modification, software may be configured
to deliberately cause a transaction to be aborted. For
example, N speculative transmissions are formulated but
only one is to be transmitted. N is an integer greater than
or equal to 2. For example the different transactions may
be formatted in advance. Each transaction will be a pos-
sible response to a received packet. When a packet is
received, the appropriate one of the speculative trans-
missions will be transmitted and the other N-1 speculative
transmissions will be aborted. This allows a quick re-
sponse to be output in response to a received packet.
This can be advantageous is a number of different sce-
narios. For example, where the processing system is
used in a financial trading system, this would allow quick
responses to trading offers to be provided.
[0197] For example the packet buffer is in host mem-
ory. The software is supposed to push the packet out in
the PIO mode and ring the doorbell as described previ-
ously. The network interface device may be configured
to decide whether to poison a packet or to DMA the pack-
et.
[0198] If two queues are transmitting, the hardware
may not try a PIO operation and will just perform a DMA
operation. The software may have a relatively high
threshold where the data needs to be completely buffered
before it is sent. This is analogous to a store and forward
operation. In this scenario, most of the data is buffered
and the software on the host is committed to a transmit
operation. However, before pushing the last byte or
bytes, the software can abort the transaction by sending
a doorbell which negates the previous transaction. The
NIC will then discard the packet and will not DMA the
packet.
[0199] The host software may be application software

on the host processor.
[0200] In some embodiments, an appropriate modifi-
cation may be made to the descriptor table to prevent
the NIC attempting to DMA the aborted packet. For ex-
ample, the pointer in the descriptor table may be updated
to the next entry, in some embodiments or the entry as-
sociated with aborted packet may be removed from the
descriptor table. In some embodiments, the host software
will reissue a current descriptor in the case of an aborted
packet.
[0201] For example, in one embodiments, the descrip-
tor pointer may be incremented in the case of a success-
ful packet transaction. In the case of underrun, the packet
may be poisoned. In that case, the descriptor is not in-
cremented which triggers the DMA operation. After the
DMA operation which results in the packet being trans-
mitted, the descriptor is incremented. In the case of an
aborted packet the descriptor is either reissued or incre-
mented to avoid a DMA operation being performed.
[0202] By way of example three (or any other suitable
number) speculative packets can be buffered. The soft-
ware on the host will decide which one to transmit and
will use the PIO mechanism to transmit that packet and
will abort the other two packets or transactions.
[0203] In this example, the mechanism for aborting
packets has been described in the context of a system
which provided 2 or more possible response packets. It
should be appreciated that this mechanism can be used
where there is only one possible packet and a decision
is made not to transmit that packet.
[0204] In the described embodiments, the source of
the data to be transmitted is a host computer. However
it should be appreciated that the data may be received
from any source of data. The source of data may be pro-
vided on the network interface device. For example, the
source of data may be an entity such as an embedded
processor on the network interface device which is pro-
ducing data which may underrun.
[0205] The applicant hereby discloses in isolation each
individual feature described herein and any combination
of two or more such features, to the extent that such
features or combinations are capable of being carried
out based on the present specification as a whole in the
light of the common general knowledge of a person
skilled in the art, irrespective of whether such features or
combinations of features solve any problems disclosed
herein, and without limitation to the scope of the claims.
The applicant indicates that aspects of the present in-
vention may consist of any such individual feature or com-
bination of features. In view of the foregoing description
it will be evident to a person skilled in the art that various
modifications may be made within the scope of the in-
vention.

Claims

1. A network interface device, said network interface
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device comprising:

a data transmission path configured to receive
data for transmission, said data for transmission
to be sent over a network by said network inter-
face device; and
a monitor configured to monitor said data trans-
mission path to determine if an underrun condi-
tion is associated with said data transmission
path, and if so to transmit said data with an in-
dication which indicates that said data is invalid.

2. A network interface as claimed in claim 1, wherein
in response to determination of said underrun con-
dition, said monitor is configured to cause said indi-
cation to be provided in a packet which is to be trans-
mitted, said packet comprising at least some of said
data for transmission.

3. A network interface device as claimed in claim 1 or
2, wherein said indication is provided by one or more
bits of a cyclic redundancy check and/or by a known
value

4. A network interface device as claimed in any pre-
ceding claim, further comprising at least one of a
medium access control function and a physical layer
function, said monitor configured to cause at least
one of said medium access control function and said
physical layer function to cause said indication to be
provided in said packet.

5. A network interface device as claimed in any pre-
ceding claim, wherein said monitor is configured to
cause said data for transmission which has been
transmitted with said indication to be retransmitted.

6. A network interface device as claimed in claim 5,
wherein said network interface is configured to per-
form a direct memory access to obtain said data
which is to be retransmitted.

7. A network interface device as claimed in any pre-
ceding claim, further comprising consumer queue in-
formation comprising a pointer which is updated in
response to transmission of a packet, wherein said
monitor is configured to cause the pointer not to be
updated if said packet to be transmitted comprises
said indication.

8. A network interface device as claimed in any pre-
ceding claim, wherein said monitor is configured to
determine an underrun condition associated with
said transmit data path in response to one of:

a data rate of data being received being less
than a threshold rate; and
a quantity of data in said data transmission path

being less than a threshold amount.

9. A network interface device as claimed in any pre-
ceding claim, wherein an adjustable threshold is as-
sociated with said data transmission path, said mon-
itor being configured to monitor said data transmis-
sion path using said threshold to determine if an un-
derrun condition is associated with said data trans-
mission path.

10. The network interface as claimed in claim 9, wherein
a plurality of data queues are provided, each data
queue having a respective threshold.

11. A network interface as claimed in claim 10, each data
queue has a respective threshold, a memory being
configured to store for each queue associated
threshold information and/or threshold.

12. A network interface device as claimed in any of
claims 9 to 11, wherein the threshold is defined by
a quality of service.

13. The network interface device as claimed in any of
claims 9 to 12, comprising a threshold monitoring
function which is configured to determine in depend-
ence on an amount of data transmitted with said in-
dication if a defined threshold is being met and if not,
the threshold monitoring function is configured to ad-
just one or more threshold parameters.

14. The network interface device as claimed in any pre-
ceding claim, wherein the network interface device
is configured to cause transmission of one or more
packets to be aborted in response to information re-
ceived from host processing device, said network
interface device being configured such that said
packet is discarded and no retransmission of said
packet is attempted.

15. A method comprising:

receiving data for transmission, said data for
transmission to be sent over a network by a net-
work interface device;
monitoring said data to determine if an underrun
condition is associated with said data for trans-
mission; and
if so, to cause an indication to be provided in a
transmitted packet.
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