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NETWORK MONITOR AND METHOD

The present invention relates to a network monitor and

method.

Network monitoring systems analyse frames or packets
of data as they pass through a network. The medium on
which the data is carried is typically optical fibre or
copper cable. The network monitor requires access to this
medium in order to obtain visibility of the data passing
through it. This requires the network monitor to be placed
either in-line with the network link or on the span port
output of a network switch or router. These connection
methods are shown schematically in Figures 1(a) to 1l(c).

In particular, in Figure 1(a) there is shown two network
devices 1,2 connected by a link 3. 1In Figure 1(b) there is
shown an in-line connection of a network monitor 4 between
the two network devices 1,2. 1In Figure 1(c) there is shown
the connection of the network monitor 4 to the span port
output 5 of a network switch or router 6. The method of
gaining access to data on the network link is commonly

referred to as "tapping”.

In-line tapping may be achieved using passive or
active tapping methods. Both of these methods require that
the insertion into the network be unobtrusive so as not to
affect the transmission of data between the devices on the
network. An active tap re-drives the network data passing
though it, typically using a retimer circuit which
regenerates the signal, restoring signal amplitude and
timing, thus restoring signal integrity such that the
ongoing signal passed back to the network is not degraded.

Thus, an active tap may have to buffer and re-time the data
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in order to pass data between the two network segments. A

passive tap does not provide for any regeneration of the

signal.

Active tapping of optical Gigabit Ethernet networks
has been achieved using serial loopback or port-bypass
features of serialiser-deserialiser (SERDES) devices in the
front-end portion of the network monitor. This type of
implementation is shown schematically in Figure 2. The
optiéal fibres 10 from the two sides of the network link
are plugged into gigabit interface converters (GBICs) 11 of
the network monitor 3, which convert the optical data
stream into high-speed serial electrical signals. These
signals are passed to the SERDES devices 12, which loop the
serial data back to the opposite channel of the network
monitor 3, which re-drives the data back onto the network
link, whilst providing a copy of the data, in parallel
form, to the FPGA programmable devices 13 that process the
data.

Although active tapping has been employed to optical
network structures in manners such as that shown in Figure
2, the use of high-speed serial loopback or port bypass
tends to limit the network monitor 3 to having a fixed
operation in either an in-line mode or end station mode.
This is due to the need to connect and disconnect the
crossover paths between the two sides of the monitor 3, to
provide either a data path though the monitor 3 for in-line
mode or to terminate the data path in the monitor 3 for end
station mode. The constraint is due to the lack of cost-
effective means to reliably switch high-speed electrical
signals on the printed circuit board of the monitor 3,

whilst maintaining good signal integrity. Moreover, in
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practice each implementation of this type of active tap
architecture usually only supports one network speed,
therefore limiting the scope of the product. This is
typically due to the speed constraints on the serial

loopback features of the SERDES devices 12.

Passive tapping of 10 and 100 Base-T Ethernet
networks, which operate on Categdry 5 twisted paif coppefuy-
cables, has been achieved. However, 1000 Base-T, the
coppér implementation of Gigabit Ethernet, has not been
possible due to the signalling techniques employed on the
network 1link. These enable simultaneous full-duplex data
transmissions on each twisted pair, unlike 10 and 100 Base-
T which use separate pairs for transmit and receive
signals. Complex signalling techniques are also likely to
be employed in the forthcoming 10 Gigabit network physical
layer which will be referred to as 10 GBase-T. Therefore,
an active tap is likely to be the only feasible method of

accessing networks which use complex signalling techniques.

According to a first aspect of the present invention,
there is provided a network monitor that taps data from a
network link between two network devices, the network
monitor comprising: first and second interfaces that allow
the network monitor to be connected in-line in a network
link between two network devices and to receive serial data
therefrom and to transmit serial data thereto, each
interface providing for serial-to-parallel conversion of
data such that serial data received from a said network
link at the interface is output as parallel data, and each
interface providing for parallel-to-serial conversion of
data such that parallel data received at the interface is

output as serial data for transmission to a said network
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link; and, first and second programmable logic devices, the
first programmable logic device being arranged to receive
parallel data output by the first interface and to process
said data for network analysis purposes, the second
programmable logic device being arranged to receive
parallel data output by the second interface and to process
said data for network analysis purposes, each programmable
logic device being controllable so as to selectively pass a
copy of the received parallel data to the other
programmable logic device so that the network monitor can
operate in in-line mode and not to pass a copy of the
received parallel data to the other programmable logic
device so that the network monitor can operate in end
station mode, the second programmable logic device being
arranged to pass the copy of the parallel data received
from the first programmable logic device to the second
interface for parallel-to-serial conversion and for
transmission of the serial data back to a said network link
when the network monitor is operating in in-line mode, the
first programmable logic device being arranged to pass the
copy of the parallel data received from the second
programmable logic device to the first interface for
parallel-to-serial conversion and for transmission of the
serial data back to a said network link when the network

monitor is operating in in-line mode.

The use of programmable logic devices to perform the
data connection between two channels provides flexible
control over the routing of the data as their
programmability allows their function to be changed during
normal operation. This is particularly useful as it allows
the network monitor to dynamically switch between operating

as an in-line or end station monitoring device. In the
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preferred embodiment, standard interfaces, such as physical
layer (PHY) ICs, are used, which provide a cost-effective
method of providing an interface to allow the network
monitor to be interfaced with a network link operating at
several different speeds with different signalling
technologies. The preferred embodiment of the present
invention enables active tapping of data from any serial
data network protocél éﬁd @articuiéfly an Ethernet network
operating at 10, 100 and 1000 Base-T with data rates of 10,
100 énd 1000 Megabits per second, respectively. The
preferred embodiment may also be applied to 10 GBase-T,
operating at 10 Gbps, which has yet to be fully specified

and implemented.

In a preferred embodiment, the monitor comprises a
first parallel data frequency and width adjuster between
the first interface and the first programmable logic
device, the first parallel data frequency and width
adjuster being constructed and arranged to reduce the
frequency and to increase the width of parallel data
received from the first interface by a predetermined amount
prior to said data being passed to the first programmable
logic device; and, a second parallel data frequency and
width adjuster between the second programmable logic device
and the second interface, the second parallel data
frequency and width adjuster being constructed and arranged
to increase the frequency and to reduce the width of
parallel data received from the second programmable logic
device by said predetermined amount prior to said data
being transmitted to a said network link by the second
interface when the network monitor is operating in in-line

mode. The adjusting of data frequency and width
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facilitates the use of low cost programmable logic devices.
The cost of a programmable logic device is typically
proportional to its speed capability and therefore,
programmable logic devices that operate at lower

frequencies are cheaper.

Preferably, the first parallel data frequency and
width adjuster is provided by a multiplexer and the second
parallel data frequency and width adjuster is provided by a

demultiplexer.

The network monitor preferably comprises a third
parallel data frequency and width adjuster between the
second interface and the second programmable logic device,
the third parallel data frequency and width adjuster being
constructed and arranged to reduce the frequency and to
increase the width of parallel data received from the
second interface by a predetermined amount prior to said
data being passed to the second programmable logic device;
and, a fourth parallel data freguency and width adjuster
petween the first programmable logic device and the first
interface, the fourth parallel data frequency and width
adjuster being constructed and arranged to increase the
frequency and to reduce the width of parallel data received
from the first programmable logic device by said
predetermined amount prior to said data being transmitted
to a said network link by the first interface when the
network monitor is operating in in-line mode. The third
parallel data frequency and width adjuster is preferably
provided by a multiplexer and the fourth parallel data
frequency and width adjuster is preferably provided by a

demultiplexer.
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The network monitor preferably comprises a clock
signal provider for providing a clock signal so that data
can be clocked through the network monitor. Preferably,
the clock signal provider is constructed and arranged to
obtain said clock signal by recovering a clock signal from
data received at the first and second interfaces
respectively. The use of the recovered data clock to clock
the data through the network monitor from the 1nput of one
channel though to the output of the opposite channel
ensures that the data and clock remain synchronised
throughout the network monitor. This minimises the skew
between the clock and the data. It also removes the
requirement for memory based buffering between channels,
therefore reducing the component count or logic requirement

inside the programmable logic devices.

Preferably, each programmable logic device is a field

programmable gate array.

According to a second aspect of the present invention,
there is provided a method of monitoring data on a network
link, the method comprising: receiving data in serial form
from a network link; converting the data in serial form to
data in parallel form; passing the parallel data to a first
programmable logic device for processing for network
analysis purposes; controlling the first programmable logic
device such that the method takes place selectively in
in-line mode or in end station mode, whereby in in-line
mode the first programmable logic device provides a copy of
the received parallel data, the copy of the received
parallel data being converted to data in serial form, said
serial data being transmitted back onto the network link,

and whereby in end station mode the first programmable
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logic device does not provide a copy of the received
parallel data for conversion into serial form and

transmission back onto the network link.

The method preferably comprises, after converting the
data in serial form to data in parallel form, reducing the
frequency and increasing the width of the parallel data by
a predetermined amount prior to said parallel data being
passed to the first programmable logic device; and, when
operating in in-line mode, increasing the frequency and
reducing the width of the copy of the parallel data by the
predetermined amount prior to the copy of the parallel data
being converted to data in serial form for transmission

back onto the network link.

The method preferably comprises recovering a clock
signal from the data received in serial form from the
network link and using the recovered clock signal when
operating in in-line mode to clock the data throughout the
step of converting of the data in serial form to the data
in parallel form to the step of transmitting serial data

being back onto the network link.

Embodiments of the present invention will now be
described by way of example with reference to the

accompanying drawings, in which:

Figs. 1(a) to 1l(c) respectively show schematically two
network devices connected by a network link, an in-line
connection of a network monitor between the two network
devices, and the connection of the network monitor to the
span port output of a network switch or router, all as

known in the prior art;
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Fig. 2 shows schematically a block circuit diagram of

a prior art network monitor;

Figs. 3(a) to 3(c) respectively show schematically two
network devices connected by a link, an in-line connection
of an example of a network monitor according to an
embodiment of the present invention between the two network
devices, and operation of the network monitor in end

station mode;

Fig. 4 shows schematically a block circuit diagram of
a network monitor according to an embodiment of the present

invention; and,

Fig. 5 shows schematically an example of the clocking
of data through a network monitor according to an

embodiment of the present invention.

Referring now to Figure 3, in Figure 3(a) there is
shown two network devices 1,2 connected by a link 3. 1In
Figure 3(b) there is shown an in-line connection of an
example of a network monitor 20 according to an embodiment
of the present invention between the two network devices
1,2. Once inserted, the network monitor 20 is capable of
disconnecting the in-line link to enable operation in end

station mode as shown in Figure 3(c).

Referring now to Figure 4, the network monitor 20 uses
two identical circuits, referred to as Channel 1 and
Channel 2, to tap data from the network. The network
monitor 20 uses pairs of four different functional blocks

to implement each of these circuits as shown in Figure 4.
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These blocks are a physical layer IC 30, a multiplexer 40,
field programmable gate array (FPGA) 50, and a
de-multiplexer 60.

The physical layer (PHY) IC 30 provides the interface
to the physical layer of the monitored network. The PHY IC
30 is preferably a multi-speed Ethernet PHY IC, which
provides speed negotiation and signalling changes between
the various speeds available on Ethernet. The PHY IC 30
performs serial-to-parallel conversion of the data entering
the network monitor 20 from the network link. The PHY IC
30 also performs parallel-to-serial conversion of the data
that is to be transmitted back onto the network link from
the network monitor 20. The line-side and system-side
interfaces of the PHY IC 30 may be industry standard. In
practice, the PHY IC 30 may be changed to support different
physical layers. The use of standard PHY ICs 30 provide a
cost-effective method of providing an interface that allows
the network monitor 20 to be interfaced with a network link
operating at several different speeds with different

signalling technologies.

The multiplexer 40 interfaces the received parallel
data from the PHY IC 20 to the FPGA 50. The multiplexer 40
applies a conversion factor X to the received data. In
particular, the multiplexer 40 decreases the frequency of
the data by X times and also increases the width of the
data words by X times. For example, if data is transmitted
into the multiplexer 40 where X=2, then 10-bit words at a
frequency of 125 MHz are output as 20-bit words at a
frequency of 62.5 MHz. The conversion factor is chosen so

that the frequency of the data matches the capabilities of
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the chosen FPGA 50. This adjusting of the data frequency
and width facilitates the use of low cost FPGAs 50. The
cost of an FPGA is approximately proportional to its speed
capability and thus FPGAs that operate at lower frequencies
are cheaper. This method of decreasing the frequency by X
and increasing the word width by X results in no loss of

bandwidth.

The FPGA 50 processes the data passed to it by the
multiplexer 40. The FPGA 50 takes a copy of the data which
it has been passed for processing purposes. The FPGA 50
passes a copy of the data to the FPGA 50 on the opposite
channel if the network monitor 20 is operating in in-line
mode. If required, the FPGA 50 on the opposite channel
buffers the received data when the monitor 20 is operating
in in-line mode. In this mode, the FPGA 50 on the opposite
channel outputs the received parallel data to its
associated de-multiplexer 60 for retransmission onto the

network link.

When the monitor 20 is not operating in in-line mode,
a control signal is sent to each FPGA 50 to reconfigure it
such that a copy of the data received at each FPGA 50 from
a channel is not passed to the other FPGA 50. In this way,
the network monitor 20 can act as an end station for two

channels simultaneously.

The use of FPGAs 50, or some other functionally
equivalent programmable logic device, to perform the data
connection between the two channels provides flexible
control over the routing of the data through the network
monitor 20 and thus allows the network monitor 20 to switch

dynamically between in-line and end station modes. This is
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due to the flexibility provided by the reconfigurability of
the FPGAs 50 or other programmable logic devices, allowing

their function to be changed during normal operation.

When the network monitor 20 is operating in in-line
mode, the de-multiplexer 60 interfaces the parallel data
received from the FPGA 50 to the PHY IC 30. The
de-multiplexer 60 increases the frequency of the data by X
times and decreases the width of the data words by X times.
For eﬁample, if data is transmitted into the de-multiplexer
60 where X=2, then 20-bit words at a frequency of 62.5 MHz
are output to the PHY IC as 10-bit words at a frequency of
125 MHz. This method of increasing the frequency by X and
decreasing the word width by X results in no loss of
bandwidth.

The conversion factor X of the de-multiplexer 60 and
the multiplexer 40 should be the same to ensure that the

retransmitted data rate matches the received data rate.

In a preferred embodiment, a synchronous clock signal
is used to clock the data 80 through each of the
aforementioned functional blocks 30-60. A clock signal 70
can be provided by the PHY IC 30, which recovers a clock
signal from the data 80 received from the network link.
This recovered data clock, and/or its derivatives, is used
to clock the data 80 through each of the four functional
blocks 30-60, before clocking the data 80 into the PHY IC
30 of the opposite channel for retransmission back onto the
network link. Figure 5 shows the flow of the clock signal
70 from Channel 1 to Channel 2 of the network monitor 20.
The same arrangement is used to clock the transfer of data

from Channel 2 to Channel 1. The frequency of the clock
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signal 70 may be decreased or increased by the conversion
factor X as required in order to match changes in the
frequency of the data 80 as it passes through each block
30-60. This use of the received data clock to clock the
data through every stage of the network monitor 20 removes
the need for re-timing the data. This is particularly
valuable when the network monitor 20 is connected to a 1000
Base-T network. fﬁi;héfféﬁgemeht minimisesrthe ske&~
between the clock and the data and removes the requirement
for ﬁemory based buffering between channels, therefore
reducing the component count or logic requirement inside
the FPGAs 50.

The flow of the clock signal 70 to the opposite
channel only occurs during in-line mode. When the network
monitor 20 is operating in end station mode, the clocks of

the two channels are independent of each other.

Embodiments of the present invention have been
described with particular reference to the examples
illustrated. However, it will be appreciated that
variations and modificétions may be made to the examples
described within the scope of the present invention. For
example, the multiplexer and de-multiplexer blocks 40,60
could be replaced by programmable logic devices, such as
FPGAs, though FPGAs that can operate at the speed required

of these functional blocks are relatively expensive.
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CLAIMS

1. A network monitor that taps data from a network link
between two network devices, the network monitor
comprising:

first and second interfaces that allow the network
monitor to be connected in-line in a network link between
two network devices and to receive serial data therefrom
and to transmit serial data thereto, each interface
providing for serial-to-parallel conversion of data such
that serial data received from a said network link at the
interface is output as parallel data, and each interface
providing for parallel-to-serial conversion of data such
that parallel data received at the interface is output as
serial data for transmission to a said network link; and,

first and second programmable logic devices,

the first programmable logic device being arranged to
receive parallel data output by the first interface and to
process said data for network analysis purposes, the second
programmable logic device being arranged to receive
parallel data output by the second interface and to process
said data for network analysis purposes, each programmable
logic device being controllable so as to selectively pass a
copy of the received parallel data to the other
programmable logic device so that the network monitor can
operate in in-line mode and not to pass a copy of the
received parallel data to the other programmable logic
device so that the network monitor can operate in end
station mode,

the second programmable logic device being arranged to
pass the copy of the parallel data received from the first
programmable logic device to the second interface for

parallel-to-serial conversion and for transmission of the
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serial data back to a said network link when the network
monitor is operating in in-line mode,

the first programmable logic device being arranged to
pass the copy of the parallel data received from the second
programmable logic device to the first interface for
parallel-to-serial conversion and for transmission of the
serial data back to a said network link when the network

monitor is operating in in-line mode.

2. ‘A network monitor according to claim 1, comprising:

a first parallel data frequency and width adjuster
between the first interface and the first programmable
logic device, the first parallel data frequency and width
adjuster being constructed and arranged to reduce the
frequency and to increase the width of parallel data
received from the first interface by a predetermined amount
prior to said data being passed to the first programmable
logic device; and,

a second parallel data frequency and width adjuster
between the second programmable logic device and the second
interface, the second parallel data frequency and width
adjuster being constructed and arranged to increase the
frequency and to reduce the width of parallel data received
from the second programmable logic device by said
predetermined amount prior to said data being transmitted
to a said network link by the second interface when the

network monitor is operating in in-line mode.

3. A network monitor according to claim 2, wherein the
first parallel data frequency and width adjuster is
provided by a multiplexer and the second parallel data
frequency and width adjuster is provided by a

demultiplexer.
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4. A network monitor according to claim 2 or claim 3,
comprising:

a third parallel data frequency and width adjuster
between the second interface and the second programmable
logic device, the third parallel data frequency and width
adjuster being constructed and arranged to reduce the
frequency and to increase the width of parallel data
received from the second interface by a predetermined
amouﬂt prior to said data being passed to the second
programmable logic device; and,

a fourth parallel data frequency and width adjuster
between the first programmable logic device and the first
interface, the fourth parallel data frequency and width

adjuster being constructed and arranged to increase the

fregquency and to reduce the width of parallel data received

from the first programmable logic device by said
predetermined amount prior to said data being transmitted
to a said network link by the first interface when the

network monitor is operating in in-line mode.

5. A network monitor according to claim 4, wherein the
third parallel data frequency and width adjuster is
provided by a multiplexer and the fourth parallel data
frequency and width adjuster is provided by a

demultiplexer.

6. A network monitor according to any of claims 1 to 5,
comprising a clock signal provider for providing a clock
signal so that data can be clocked through the network

monitor.
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7. A network monitor according to claim 6, wherein the
clock signal provider is constructed and arranged to obtain
said clock signal by recovering a clock signal from data

received at the first and second interfaces respectively.

8. A network monitor according to any of claims 1 to 7,
wherein each programmable logic device is a field

programmable gate array.

9. A method of monitoring data on a network link, the
method comprising:

receiving data in serial form from a network link;

converting the data in serial form to data in parallel
form;

passing the parallel data to a first programmable
logic device for processing for network analysis purposes;

controlling the first programmable logic device such
that the method takes place selectively in in-line mode or
in end station mode,

whereby in in-line mode the first programmable logic
device provides a copy of the received parallel data, the
copy of the received parallel data being converted to data
in serial form, said serial data being transmitted back
onto the network link, and

whereby in end station mode the first programmable
logic device does not provide a copy of the received
parallel data for conversion into serial form and

transmission back onto the network link.

10. A method according to claim 9, comprising:
after converting the data in serial form to data in
parallel form, reducing the frequency and increasing the

width of the parallel data by a predetermined amount prior
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to said parallel data being passed to the first
programmable logic device; and,

when operating in in-line mode, increasing the
frequency and reducing the width of the copy of the
parallel data by the predetermined amount prior to the copy
of the parallel data being converted to data in serial form

for transmission back onto the network link.

11. A method according to claim 9 or claim 10, comprising
recovering a clock signal from the data received in serial
form from the network link and using the recovered clock
signal when operating in in-line mode to clock the data
throughout the step of converting of the data in serial
form to the data in parallel form to the step of

transmitting serial data being back onto the network link.



WO 2004/015921 PCT/GB2003/003210

1/5

3
Network Network Network Network
Device 1 Device 2 Device 1 ‘1 r Device 2

w

4
Network {/

Monitor

Fig. 1 (a) Fig. 1(b)

Switch or

Network
Router

4
Device 1 5 ‘—/
Network
—————3{ Monitor

Network
Device 2

Fig. 1(c)

PRIOR ART



WO 2004/015921

},ﬁ

2/5

PCT/GB2003/003210

‘_/13

FPGA

‘_/13

FPGA

GBIC SERDES
10\‘ e = L S >
\\
I'
‘l
f/ 11 ‘-/ 12
GBIC SERDES
10 ~— S
“ .
\I
/,,
----------- » | e > >
\ 4
\_Y_} \—W_—J N\ J
Y
Serial Data on Serial Data on Parallel Data on
Optical Fibre Copper

Fig. 2

PRIOR ART



WO 2004/015921

Network
Device 1

Fig. 3(a)

PCT/GB2003/003210
3/5
Network Network Network
Device 2 Device 1 Device 2
i | 20
Network ‘—/
Monitor
Fig. 3(b)
Network Network
Device 1 Device 2
20
Network ‘—/
Monitor

Fig. 3(c)




WO 2004/015921

30
A {/

4/5

‘_/20

{/40

PCT/GB2003/003210

PHY IC Multiplexer FPGA
--p —Pr oo » >
Channel 1 \\\
De-multiplexer N
J— ‘. ________ \\\\
/—’ \\\ ‘
{/30 60 ‘./60
PHY IC De-multiplexer = )
< -== D B /
Channel 2 Multiplexer ,/I
___________ > b e e e e _......; »r’
'L\ FPGA
40
\
\W-/ \___Y__J \ _J
Serial Data on 1 x Parallel Data on X x Parallel Data on
Copper Cable

Fig. 4




WO 2004/015921

5/5

{/20

‘_/40

PCT/GB2003/003210

Fig. 5

80
{'/ Multiplexer FPGA
Data
e e o >
Clock 4 > \\\
k\70 P
{/ 60
De-multiplexer y
Data /
Clock A >
FPGA




INTERNATIONAL SEARCH REPORT

Internatio slication No

PCT/GB 03/03210

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 HO4L12/26 H04L12/24

According to International Patent Classification (IPC) orto both national classification and IPC

B. FIELDS SEARCHED

IPC 7 HOAL

Minimum documentation searched (classification system follcwed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ, IBM-TDB, INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE BELEVANT

Category ° | Citation of document, with Indication, where appropriate, of the relevant passages

4 April 2000 (2000-04-04)
abstract

claims 1-4,13,21,24,27
figure 5

5 July 1995 (1995-07-05)
abstract
claims 1-4

column 3, Tine 48 -column

column 2, line 61 -column 3, line 16
cofumn 4, line 38 -column 5, Tine 30

line 54
4, Tine 14

column 1, line 25 -column 2,

A US-6 047 321 A (RAAB ILAN ET AL) 1-11

A EP 0 661 848 A (NIPPON ELECTRIC CO) 1-11

-f =

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of clited documents :

*A' document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or afterthe international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document Is aken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive siep when the
document is combined with one or more other such docu-
{n‘m‘s' rs1uch combination being obvious to a person skilied
n the art.

*&* document member of the same patent family

Date of the actual completion of the international search

4 December 2003

Date of mailing of the international search report

16/12/2003

Name and maifing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340~2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Cichra, M

Form PCT/ASA/210 (second sheet) (July 1992)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

Internatio ication No

PCT/GB 03/03210

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °©

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to ciaim No.

A

EP 0 724 344 A (HEWLETT PACKARD CO)
31 July 1996 (1996-07-31)
abstract
claims 1,5,6
page 1, Tine 6-35
page 5, Tine 16-47
page 6, 1ine 48 -page 7, line 40

WO 00 30293 A (VIXEL CORP)
25 May 2000 (2000-05-25)
abstract

claims 1,5,18,21,22
page 5, line 25 —page 6, line 28
page 13, line 17-38

page 19, line 18-25

1-11

1-11

Form PCT/ISA/210 (continuation of second sheet) (July 1892)




INTERNATIONAL SEARCH REPORT

Information on patent family members

Internatic

plication No

PCT/GB 03/03210

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

US 6047321 A 04-04-2000 US 6441931 Bl 27-08-2002
us 5898837 A 27-04-1999

EP 0661848 A 05~-07-1995  EP 0661848 A2 05-07-1995
JP 2885103 B2 19-04-1999
JP 7236185 A 05-09-1995

EP 0724344 A 31-07-1996 US 5548590 A 20-08-1996
CA 2160934 Al 31-07-1996
EP 0724344 A2 31-07-1996
dP 8298536 A 12-11-1996

Wo 0030293 A 25-05-2000 AU 1722400 A 05-06-2000
‘WO 0030293 A2 25-05-2000

Form PCT/ISA/210 (patent farnily annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

