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(57) Abstract

A distributive communications network comprises groups of nodes (11-22, 31-36, 41-43, 51) at different levels (1, 2, 3, 4).
Each set of nodes at one level is connected to an associated node in the level above for transmission and reception of traffic. Traf-
fic is assigned to one of a number of bands of wavelengths according to whether it is local or wider area traffic. At the first level
of node (11-22) local area traffic in the corresponding band of wavelengths is looped back and retransmitted to all of the termi-
nals (a-x) that are connected to that node. At each level of node, traffic is either passed on to a higher level, or looped back ac-
cording to the band of wavelengths to which it is assigned. Thus, the wavelength band determines the node level at which the traf-
fic is looped back, and the breadth of terminals ultimately exposed to this traffic. It is possible to re-use bands of wavelengths for
communicating between terminals.
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DISTRIBUTIVE COMMUNICATIONS NETWORK

This invention relates to a distributive

communications network, and to a node therefor. The
invention is particularly applicable to an optical fibre
network.

The existing ' fixed access’ networks, such as public
switched telephone networks (PSTNs) and cable television

networks, fall into two distinct topologies driven by

different customer requirements. A PSTN has a 'star’

topology with a central node or exchange and a tiered access

structure. It is designed for bi-directional real-time

speech communications. Cable television networks have been

developed to provide unidirectional (broadcast) services to
customers. They have a ’tree-and-branch’ or switched star
topology. -

A known distributive communications network node has
a first input path, and power divider means connected with
the first input path and arranged to split incoming traffic
on the first input path along a local output path and a wider
area output path. -

It hasvbeen recognisea that it would be desirable to
be able to provide an integrated broadband switched network
for applications rangihg from basic telephony through to data_
and high definition television signal transmission. One
result of this recognition is the broadband integrated
services digital network (B-ISDN). However, a significant
factor, neglected by most B-ISDN studies, is the cost of
implementing the necessary transmission and switching
infrastructure for a national systemn.

The aim of the invention is to increase the amount of
re-use of information transmission wavelengths within a
network, while not incurring the disadvantage of multipath

..effects which can otherwise arise in wavelength re-use.

The present invention provides a node for a
distributive communications network, the node comprising a

first input path, and power divider means connected with the
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first input path and arranged to split incoming traffic on
the first input path along a local output path and a wider
characterised by filter means in one or

area output path,
both output paths, the <filter means being arranged to
discriminate between relatively local area traffic in a first
band of wavelengths and wider area traffic in a second band
of wavelengths, and to allow the local area traffic along the
local output path and the wider area traffic along the wider
area output path.

The invention also provides a distributive
communications network comprising a plurality of first nodes
at a first level, each first node being as defined above and
being operatively connected with a plurality4of user access
points by its first input path and its local output path, and
a second node at a second level, the second node being as
defined above and being connected with the user access points
through the second input paths of the first nodes.

The invention further provides a distributive
communications network comprising a plurality of acceés

levels of nodes, each node being as defined above and

having: -
a) its first input path connected with a plurality

of user access points or with the wider area
output paths of associated nodes at a lower
access level;

b) its local output path connected with the
associated user access points or with the second
input paths of the associated lower access level
nodes; and .

c) its wider area output path connected with the
first input path of an associated node at a

higher access level, .
the network being operable to re-use the same band of
wavelengths for communications between user access points or
nodes at one level and an associated node at a higher level.

In a practical implementation of, for example, a
national network, there is a number of levels of nodes
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providing access to increasingly distant ' local’ nodes. The

term 'access point’ is used to refer to the access points

relative to a node at one layer which may be an interface

with another network or an interface with user terminal
S equipment at the lowest level.

The distributive communications network of the
invention permits the provision of a relatively economical
switched network architecture that minimises the number of
complex switching sites and, therefore, the associated

10 capital, equipment and management costs. It is also provides
a switched-network architecture that is able to increase the
efficiency of any central switching, by concentrating central
switching in a reduced number of switching facilities to
provide smoother aggregated traffic throughput..

15 The distributive network of the invention allows

-traffic in a selected band of-wavelengths to travel as far as
a particular level of nodes. According'to the band to which
it is assigned, traffic will be passed or looped back at a
particular level. Where it is looped back, traffic is

20 applied to all the associated lower level nodes and, through
them, to the terminal e&uipment, at a distance determined by
the level of node at which it is looped back. Being a
distributive network, the intended destination of the traffic
will be provided by ﬁddress information in each message,_

25 although all terminals accessible by the node at which the
traffic is looﬁéd back will be exposed to the message.

By means of the invention, it is possible to use a
band of wavelengths in one local area network that will be
looped back at a first (local) level of node, and applied to

30 all the terminals associated with that node. Similarly, a
neighbouring local area network will be equally able to re-
use the same band independently, because the bands will be
isolated from each other by always being looped back at the

~first layer. Re-use of the same band is, therefore, possible

35 among all local area networks because the band is looped back
at the first level of nodes.

Similarly, a further band of wavelengths can be used
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to support traffic for an intermediate, as opposed to local,
destination. According to the invention, the further band
of wavelengths is allowed to pass the local or first level of
node, to which the traffic from an associated originating
terminal is applied, and is then looped back at Fhe second
level of node which has access to the terminals of the node
associated with the original terminal as well as those
terminals of other first level nodes connected with the
second level node at which the traffic is looped back.

Thus, at each level, it is possible to re-use the same
wavelength bands in adjacent nodes associated with the
looping back of traffic at that level.

Preferably, the network is an optical fibre network
supporting, for example, traffic in bands of wavelengths
centred on 1300 nm or 1500 nm. In this case, the power
divider means may include a passive optical device having a
splitter and a band pass filter for discriminating between
bands of wavelengths. )

In a particular embodiment of the invention, each node
comprises a first passive optical network arranged to receive
signals from a plurality of user access points associated
with the node, a second paséive optical network arranged to
transmit signals from the plurality of user access.points
associated with the node, and a band pass filter connecting
the output of the first passive optical network with the
input to the second passive optical network. It is desirable
that an amplifier be connected between the first passive
optical network and the band pass filter, and/or between the
band pass filter and the secona.passive optical network, in
order to boost the local area signal looped back to the user
access points associated with the node.

Preferably, the nodes are arranged into access levels,
each containing groups of nodes operably connected with nodes
at higher and lower levels.

Advantageously, the network further comprises failure
protection means comprising an auxiliary connection between
a first node at one level and a second node at a lower level,
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the second node being associated with a node which is a

neighbour of the first node at said one level, and means
responsive to a failure at, or in the path to, said
neighbouring node to re-direct traffic from the second node
to the first node for transmission to the nodes and/or user
access points for which the traffic was originally intended.
In this case, the means responsive to a failure may also re-

assign the re-directed traffic to a different band of

wavelengths for subsequent transmission.

The present invention can be put into practice in
various ways, one of which will now be described, by way of
example, with reference to the accompanying drawings, in

which:
Fig.1 is a Dblock diagram of a  hierarchical

distributive network for use with the invention; o
Fig.2 is a diagram of -an access network acting as a

node in the hierarchical network of Fig. 1;
Fig.3 is a block diagram of a network user interface

node; and

Fig.4 is an illustration' of a  hierarchical
dlstrlbutlve network comblnlng switching centres.

Referring to the drawings, Fig.1l shows a hierarchial
distributive network comprising user terminals a-x. For
simplicity, pairs of terminals are linked by pairs of_
(transmit and receive) optical fibres to respective access
nodes 11 to 22. Pairs of transmit and receive (fibres
connecting nodes at different levels, and terminals with
first level nodes, are denoted by single bi-directional lines
10.> It will be appreciated that a practical network will
have hundreds, or even thousands, of user terminals all
associated with the same node 11, etc. Each pair of first
level nodes 11 and 12 (for example) is connected, by pairs of
optical fibres 10, to a common second level node 31-36.

“Again, many first level nodes would be grouped to each second

level node in practice.
Similarly, pairs of second level nodes 31 and 32 (for

example) are connected, by pairs of optical fibres 10, to a
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common third level node 41-43. These are, in turn, connected
to a common fourth (and highest) level node 51, also by pairs
of optical fibres 10.

An access network based on passive optical networks
and constituting a node is illustrated in Fig. 2. This
network comprises an incoming input passive coupler 50
combining the outputs of transmit optical fibres 52 froﬁ
lower level nodes or user interface equipment.

The output from the input passive coupler SO
constitutes a first input path 53 of the node. The input
path 53 is divided along two paths 56 and 57 by a passive
splitter 54. Along the path 56, the output from the splitter
54 is applied to a band pass filter 58 which passes traffic
in a band of wavelengths A, intended for transmission to the
lower level nodes and/or user access terminals accessible by
thé node. This path 56 is termed a ‘loop-back’ path.

The passed band of wavelengths A, is then applied to an
isolator 60 and an optical amplifier 62. The boosted signal
output from the amplifier 62 is passed through a further
isolator 64 and a further band pass filter 66. The isolators
60 and 64 are present to prevent reflections of the band of
wavelengths A affecting the output from the splitter 54. The
two band pass filters 58 and 66 are used to optimise the
attenuation of the rejected bands of wavelengths. One
isolator and/or one band pass filter, on either side of the
amplifier 62, could be used.

The looped back information in the wavelength band A,
is then applied to an output passive coupler 68 to which all
local traffic in the wavelength band A,, and that in other
wavelengths bands ElFAx from non-local parts of the network,
are passed for transmission to lower levels associated with
the node. The output from the couéler 68 is split- in a
passive splitter 70 among receive optical fibres 72 which
lead to lower level nodes or user interface equipment.

2long the output path 57, the output from the splitter
54 is applied to a band stop filter 74 which passes all
wavelength bands except the band A, passed by the band pass
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filter 58. These wavelengths IZiA-A are transmitted to a node
in the next higher level in the network after amplification
by an optical amplifier 76.

Traffic from the node on the next higher level in the
same set of wavelengths ZA-A, is also received at the node via
a second input path 77 of the node. The traffic on the path
77 passes through an optical amplifier 78 and a band stop
filter 80 (which is substantially the same as the filter 74).
The traffic in the set of wavelengths ZA - A, is then combined
with the looped back traffic, from the band pass filter 66,
by the output passive coupler 68.

Fig. 3 shows a user access terminal which comprises a

transmitter 82 connected to a transmit fibre 52, and a

receiver 84 connected to a receive fibre 72. The fibres 52
and 72 are both connected with the associated node on the
first level, i.e. the node 11 or 12, etc. Each terminal

comprises conventional circuitry synchronisation circuitry 86
(for locking either to a standard clock, frequency or
wavelength), switching circuitry 88, signalling circuitry 90
and interfacing circuitry 92 for conditioning the incoming
and outgoing traffic. &raffic is transmitted in a waveband
selected in accordance with the level of node it will have to
reach in order for it to gain access to the éub—network
associated with its infended address. The transmitter 82 may_
have separate transmitters for each waveband, or it may be a
tunable element. The receiver 84 has either a series of
separate receivers tuned to the wavelengths associated with
the various levels of access to which it is exposed, or it is
a tunable receiver which is adjusted in response to coded
instructions in the address tuned to the correct frequency.
Referring back to Fig. 1, the network of the invention
relies on wavelength routing and re-use. By the technique
described, it is possible to limit the number of wavelengths

“required by the network as a whole by enabling the

equivalent, but isolated, sub-networks associated with
separate nodes at the same level to use identical wavelength

bands as neighbouring sub-networks for penetrating the
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network to the same extent.
For network protection, it is possible to employ

wavelength duplication and routing on auxiliary protection
routes. If a network node (or link between nodes) fails,
then traffic can be protected by duplicating the wavelengths
which are able to pass through the node in question onto
protection or standby wavelengths which are programmed to be
routed to nodes at the next layer up on a neighbouring sub-
network for onward transmission, following a non-faulty path.
Auxiliary routing is illustrated on two different levels in
Fig.1 by broken lines 94, denoting bi-directional paths
between the nodes 15 and 16 and the node 32, between the
nodes 33 and 34 and the node 41, and between the nodes 35 and
36 and the node 42. )

Alternatively, more conventional network protection
switching, node duplication énd/or routing duplication may
be used to protect message transmission. For example,
optical amplifiers may be switched on by means of a suitab;e
optical or electronic source signal to enable an alternative
predetermined communication path.

For normal communications across the network, a set of
wavelengths is assigned. For example, communications which
need to go via level 1 nodes only are assigned wavelength 4,
communications which go via level 2 nodes are assigned
wavelength A, communications which go via level 3 nodes are
assigned wavelength 3.3, and communications which go via level
4 nodes are assigned wavelength A,. Examples of each type of
communications are illustrated in the following table:

Level 1 Communications

Terminal Pair Wavelength
a-b i A
c-d A
e-f A,
A

g-h 1
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Level 2 Communications
Terminal Pair Wavelength
a-c A,
a-d A,
f-g A,
f-h A,
Level 3 Communications
Terminal Pair Wavelength
a-e A,
- a-f A,
j-n A,
j-o A
15 Level 4 Communications
Terminal Pair - Wavelength
e a-i A,
a-j A,
j-s A,
n-t ‘ A,

20

25

30

35

If a level 3 node fails, then it is desirable to
protect all the traffic passing through that node. In this
hierarchical network design, a protection strategy translates
into protecting the wavelengths which travel through that
level 3 node bf using an alternative route.

A wavelength plan is desirable in any implementation
of the network. Allocations of networks can then be
determined on the Dbasis of traffic and reliability
requirements and other factors, such as security
requirements. A typical wavelength plan could be as follows:

Wavelength Function

A Normal transmission via a level 1 node

1
Normal transmission via a level 2 node

~

Normal transmission via a level 3 node
Normal transmission via a level 4 node

A
wy

.
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Protection wavelengths would duplicate the wavelengths
A, and 1, and be assigned the wavelengths Ay and A4,. These
protection wavelengths A, and 4, are routed on the protection
routes as indicated by the broken lines 94 in Fig. 1, and do
not traverse the normal routes traversed by the wavelengths
A; and A,. The protection routes are passed to the input of
another node at the same hierarchical level as the node being
protected.

For example, if the node 42 were to fail, then the
traffic passing through it on wavelengths A, and A, would be
protected by the wavelengths ln and A“ which pass across the
protection routes to the node 41. This allows the re-use of
wavelengths for protection purposes in a similar manner to
the re-use of wavelengths for normal communications.
Protection routes must not be allowed to '’ cross ovét' so as
to avoid multi-path effects. This method of ‘protectidn
against failure can be applied to any node in any level of
the network, and it is possible to re-use wavelengths across
the network for failure routing in a similar manner to normal
communications.

Protection re-routing will depend on the existing
auxiliary routing in place, as well as the level at which a
fault occurs. Not all nodes will require the same level of
protection. Alternatively, one node could act as the stand-
in node for re-routed traffic for more than one node on the

" same level. For example, a nbde (say the node 33) at one

level in the structure of network illustrated in Fig.1 has
protection re-routing by means of the bi-directional
auxiliary links from its associated nodes at the next level
down (i.e. the nodes 15 and 16 and any other associated node
similarly connected to the node 33) to a neighbouring stand-
in node (i.e. the node 32) at the same level as that for

which fault protection is provided.
As far as the re-routing path is concerned, the stand-
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in node (i.e. the node 32) will receive the re-routed traffic
on the allocated re-routing wavelength. The wavelength will
depend on the level to which the traffic has to be sent in
order for it to cascade down to reach the intended
destination. Depending on the wavelength, each node to which
the re-routed traffic is passed in turn will either pass on
or loop back the traffic as necessary. For example, a re-
routed message from the terminal i intended for the terminal

p, when the node 33 is faulty, can be allocated a level 3

wavelength. The message passes from the node 15 to the node
32 and them on to the node 41. At this level 3, the message
is looped back along the other auxiliary paths connecting the
nodes 33 and 34 to the node 41, as well as the primary
connections to the nodes 31 and 32. Thus, the message sent

to the node 34 on its auxiliary link will reach the terminal

~-p through the node 18.
If the auxiliary links between the node 41 and the

node 34 did not exist (for example, because protection of
traffic reaching the node 42 was not required by this means),
or was established as an additional means of re-routing the
message from the termin;i i to the terminal p, the re-routed
message would have to be allocated a level 4 wavelength such
that it reached the terminal p via the nodes 15, 32, 41, 51,
42, 34 and 18. .

It will be clear that such auxiliary re-routing can
undermine the effective isolation of the sub-networks of the
basic network which allow the re-use of the wavelength bands
for accessing different levels. Thus, care has to be
exercised in assigning wavelengths for re-routing to avoid
exposing a terminal to more than one message on the same

wavelength from different sources.
Although only pairs of nodes are illustrated as

cascaded from the nodes at levels 2 and 3, many more than

‘this are likely to be connected to each node in practice, in

the same way as more than two terminals will be connected to
each node at level 1. To the same extent, a node acting as
a stand-in (for example the node 32) for a node at the same
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level will service the number of nodes (15, 16, ete)
associated with the protected node (33).

It is also possible to provide automatic protection,
with no loss of information, by a terminal transmitting its
traffic using the normal wavelength and the _brotection
wavelength simultaneously. For example, the terminal q when
talking to the terminal x would normally use the wavelength
A,. ~ However, it could simultaneously transmit on A;. In the
event or the node 43 failing, the message would disappear on
the wavelength A,, but could still be present on the
wavelength Ay This facility could be used by terminals
requiring particularly reliable transmission, or for links
which the network itself requires to be highly reliable.

The network of Figure 4 is an adaptation of that in
Figure 1, but it is modified to provide both distributive
switching according to the invention and centralised
switching. A pair of user terminals a and i are illustrated
from an exemplary network based on that in Figunehl. The
associated nodes 11, 15, 31, 33, 41 and 42 at different
levels are similarly identified. It will be noted that the
network illustrates line concentrators 96 downstream of the
nodes 11 and 15, ‘

In this example of a network according to the
invention, there is no equivalent to the level 4 of Figure 1.
Here, interconnection at the equivalent of level 4 is
effected by means of main (cross-point) switching centres
(MSCs) 101. One reason for recourse to cross-point switching
might be a lack of available wavelength capacity. Another
reason might be the need to interface with an incompatible
network. In Figure 4, this is the case at the international
switching centre (ISC) 102 at which the national network
according to the invention has to be connected to an
incompatible national network of another country.

The traffic volume entering an MSC 101 is likely to be
considerable. For example, in the case of 1 million business
lines per MSC, each transmitting 2Mbit/sec at 0.1 Erlang, the
traffic volume would be 200 Gbit/sec. The maximum capacity
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on a single optical fibre is 40 Gbit/sec, wusing 16
with 2.5 Gbit/sec capacity. Even without
a 12-fibre connection with the MSC 101 would

wavelengths

concentration,
be sufficient to transmit traffic into and out of the MSC.

) The invention provides a distributively switched
(DSAN) with flexibility to allow growth by
The need for cross-point switches is also
such as international exchanges and,

access network

frequency re-use.
limited to interfaces,
possibly, interfaces with main national optical networks, by
10 using the network itself as a distributive switch. The PON-
based DSAN-network is able to support an optical path loss in
excess of 204B between node and customer. Such a network
may support all data rates in the range 2 to 34 Mbit/sec in
both synchronous and packet-based modes. With a total
15 network capacity of 2.5 Gbit/sec, 64kbit/sec usage would
-allow a network capacity of 1535 Mbit/sec for a 10,000 line
system. |
The network according to the invention can be used to
support time domain multiplexing (TDM), wavelength division
20 multiplexing (WDM), frequency division multiplexing (FDM) or
code division mﬁltipléking (CDM) or any combination to
achieve distributive switching addressing.
Asynchronous Transfer Mode (ATM) and Synchronous
Transfer Mode (STM) are particular forms of information_
25 transport associated with TDM which are, of course,

supportable by the network.
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CLAINS

1. A node (11-22,31-36,41-43,51) for a distributive
communications network, the node comprising a first input
path (53), and power divider means (54) connected with the
first input path and arranged to split incoming~traffic on
the first input path along a local output path (56) and a

wider area output path (57), characterised by filter means

(58, 66, 74) in one or both output paths, the filter means
being arranged to discriminate between relatively local area
traffic in a first band of wavelengths (A,) and wider area
traffic in a second band of wavelengths (ZiA-1,), and to allow
the local area traffic along the local output path and the

wider area traffic along the wider area output path.

2. A node as claimed in claim 1, further comprising
amplifier means (62, 76) connected with one or both of the
output paths (56, 57) from the power divider means (54).

3. A node as claimed in claim 1 or claim 2, in which the
filter means are constituted by a band pass filter (58,66) in
the local output path to isolate the local area traffic.

4. A node as claimed in any one of claims 1 to 3, in
which the filter means includes a band stop filter (74) in
the wider area output path to isolate the wider area traffic.

5. A node as claimed in any one of claims 1 to 4, further
comprising a second input path (77) and power coupler means
(68) arranged to combine traffic from the second input path

with traffic on the local output path (56).

6. A distributive communications network comprising a
plurality of first nodes (11-22) at a first level, each first
node being as claimed in claim 5 and being operatively
connected with a plurality of user access points (a-x) by its
first input path (53) and its local output path (56), and a
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second node (31) at a second level, the second node being as
claimed in any one of claims 1 to 5 and being connected with

the user access points through the second input paths (77) of

the first nodes.

7. A distributive communications network comprising a
plurality of access levels (1,2,3) of nodes, each node being
as claimed in claim 5 and having: -

a) its first input path (53) connected with a
plurality of user access points (a-x) or with the

- wider area output paths (57) of associated nodes
at a lower access level;

b) its local output path (56) connected with the
associated user access points or with the second
input paths (77) of the associated lower access
level nodes; and-

c) its wider area output path (57) connected with
the first input path of an associated node at a
higher access level,

the network being opq;able to re-use the same band of
wavelengths for communications between user access points or
nodes at one level and an associated node at a higher level.

8. A network as claimed in claim 7, in which each node
has its second input path (77) connected with an associated

higher access level node.

9. A netwbrk as claimed in claim 7 or claim 8, in which
connections between the nodes, and between the nodes and the
user access points, are by means of optical fibres (10, 52,

72).

10. A network as claimed in claim 9, in which the power

‘"divider means (54) and the power coupler means (68) are

passive optical devices.

11. A network as claimed in any one of claims 7 to 10,
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further comprising a top level node above the nodes of the
highest access level, the top level node having an input path
(53) connected with the wider area output paths (57) of the
highest access level nodes, and an output path (56) connected
with the second input paths (77) of the highest access level

nodes.

12, A network as claimed in any one of claims 7 to 11,
further comprising failure protection means comprising an
auxiliary connection (94) between a first node at one level
and a second node at a lower level, the second node being
associated with a node which is a neighbour of the first node
at said one level, and means responsive to a failure at, or
in the path to, said neighbouring node to re-direct traffic

from the second node to the first node for transmission to
the nodes and/or user access points (a-x) for which the

traffic was originally intended.

13. A network as claimed in claim 12, in which the means
responsive to a failure are arranged to re-assign the re-
directed traffic to a different band of wavelengths for

transmission along the auxiliary connection.

14, A network as claimed in claim 13, in which the network
is arranged to re-use the same band of wavelengths for
transmitting re-directed traffic between pairs of nodes at

the same respective levels.

15, A method of selectively communicating information to
a local area or a wider area on a distributive communications
network, the network comprising a plurality of first nodes
(11-22) at a first level, each first node being as claimed in
claim 5 and being operatively connected with a plurality of
user access points (a-x) by its first input path (53) and its
local output path (56), and a second node (31) at a second
level, the second node being as claimed in any one of claims
1 to 5 and being connected with the user access points
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ths (77) of the first nodes, the
of transmitting
first band of

through the second input pa
method being characterised by the steps

relatively local area traffic within a

wavelengths (Ax) and transmitting wider area traffic within

5 a second band of wavelengths (ZA-4,), by filtering at each
first level node to discriminate between the local area
traffic and the wider area traffic on its first input path
(53), applying the local area traffic on the local area

output path (56) to the user access points (a-x) associated

10 with said node and applying the wider area traffic on its

wider area-output path (57) to the second node at the second

level.

16. A method of selectively communicating information to

15 a local area or a wider area on a distributive communications

-network, the network comprising a plurality of access levels
(1) 2, 3) of nodes each node being as claimed in claim 5 and
having: -

a) its first input path (53) connected with a

20 plurality of user access points (a-x) or with the

wider area output paths (57) of associated nodes
at a lower access level; v

b) its local output path (56) connected with the
associated user access points or with the second

25 _ input paths (77) of the associated lower access

leéel nodes; and

c) ijts wider area output path (57) connected with a
first input path of an associated node of a
higher access level,

30 the method being characterised by the steps of transmitting
relatively local area traffic within a first band of
wavelengths (A,) and transmitting wider area traffic within
a second band of wavelengths (YA-A,), by filtering at each

‘node to discriminate between the local area traffic and the

35 wider area traffic on its input path (53), applying the local

area traffic on the local area output path (56) to the

associated user access points (a-x) or to the second input
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paths (77) of the associated lower access level nodes, and
applying the wider area traffic on its wider area output path
(56) to the first input path (53) of an associated node at

the higher access level.

17. A method as claimed in claim 16, in which each given
node at one access level is associated with nodes at a lower
level to transmit local area traffic, and said given node is
associated with a node at a higher access level, in common
with neighbouring nodes at the same level as said given node,
to transmit the wider area traffic, the same band of
wavelengths being re-used for the transmission of traffic
from nodes at one level to their respective associated nodes

at a higher level.

18. A method as claimed in claim 16 or claim 17, further

-comprising the step of transmitting the wider area traffic

from a first node at one level to a second node at a higher
level, the second node being associated with a node which is
a neighbour of the first node at said higher level, in
response to a failure at, or in the path to, said
neighbouring node to re-direct traffic from the second node
to the first node for transmission to the nodes and/or aécess
user points (a-x) for which the traffic was originally

intended.

19. A method as claimed in claim 18, further comprising

the step of re-assigning the redirected traffic to a

different band of wavelengths.

20. A method as claimed in claim 19, further comprising

~the step of re-using the same band of wavelengths for

transmitting re-directed traffic between pairs of nodes at

the same respective levels.

21, A method as claimed in any one of claims 15 to 20,
further comprising the step of transmitting the local and
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wider area traffic along optical fibres (10, 52, 72).
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