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(57) Abrége/Abstract:

A low-latency, high-bandwidth, hybrid TDM/AWDM architecture for connecting processing nodes into a high-performance
computing environment designed as a system area network Is disclosed. Each node has a receiver for receiving optical
communication within a fibre at all wavelength channels supported by the system simultaneously and individually. Each node
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(57) Abréege(suite)/Abstract(continued):

also has a transmitter for transmitting at at least two wavelengths. One of the wavelengths Is a default wavelength for the node.
In order to transmit data, a node requests a channel and Is provided with a transmit wavelength at which to transmit data. Other
nodes recelve the data and, when the recipient is the addressee of the data, the data Is then forwarded to a computing device
connected to the node or in communication therewith. The architecture provides robust communication with high bandwidth.
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Abstract of the Disclosure

A low-latency, high-bandwidth, hybrid TDM/WDM architecture for connecting
processing nodes 1nto a high-performance computing environment designed as a system
area network 1s disclosed. Each node has a receiver for receiving optical communication
within a fibre at all wavelength channels supported by the system simultaneously and
individually. Each node also has a transmitter for transmitting at at least two
wavelengths. One of the wavelengths is a default wavelength for the node. In order to
transmit data, a node requests a channel and is provided with a transmit wavelength at
which to transmit data. Other nodes receive the data and, when the recipient is the
addressee of the data, the data is then forwarded to a computing device connected to the

node or in communication therewith. The architecture provides robust communication
with high bandwidth.
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Low-Latency High-Bandwidth TDM-WDM Network Architecture
Field of the Invention

The present invention relates to the field of optical communication and more
particularly to a network-architecture for providing broadband communication between

nodes.
Background of the Invention

Real-time computing applications make severe demands on both the computing
and the communications infrastructure. Although the computing power offered by a
single machine continues to increase, the complexity and scope for real-time applications
has grown at a much faster rate. Most real-time applications such as RADAR processing,
multimedia, medical imaging diagnostics, image processing, large database searching,

tele-presence, and virtual reality require computing power beyond the capabilities of a

single processing node.

In an effort to satisty this demand a number of specialised parallel architectures
have been built. However, most of these architectures were designed to have a fixed
Interconnection topology, often favorable to a particular type of application, with little
flexibility for growth. As a result of this, recent approaches to interconnecting multiple
independent processors are evolving away from a rigid parallel architecture towards a
system area network. Interconnecting high performance computers in a system area
network (SAN) has the potential to provide supercomputer performance to the desktop
and access to new application areas which are beyond the computing power of an
individual node. For example, tasks such as distributed database searching, multiple
video streaming, and medical image searching can be performed from any of a number of

nodes taking advantage of computing resources throughout the network.

Latency is an important issue for interconnection in such an environment,
particularly for applications where the expected communication between the nodes is
high. Recent progress in optical broadband networking has shown a way to solve this

problem and to assemble real-time computing power with low complexity and with high
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growth capability using a gigabit all-optical network. In particular, wavelength division
multiplexing (WDM) has increased the useable bandwidth on a single fibre many times

and 1s starting to influence the design of high performance networks.

In a common WDM star coupler based architecture, each node is provided with a
single transmitter frequency and a plurality of receiver frequencies. The transmitter
transmits at one fixed carrier frequency or wavelength channel. Hence, the maximum
number of nodes remains related to the number of frequencies and the bandwidth to a
node remains limited to the bandwidth of a frequency channel. Moreover, every node has
a unique frequency assigned thereto. The number of nodes in the network is limited by
the number of frequencies that are supported by the network. The resulting system
becomes expensive, unscalable, and difficult to build for a large number of network

nodes as 1s typically required.

Object of the Invention

In order to overcome these and other shortcomings of the prior art, it is an object
of the invention to provide a star coupler based network architecture for high-bandwidth
communication where a number of nodes in the network is not limited by a number of

available frequency channels.
Summary of the Invention

In accordance with the invention there is provided a communication node for use
in a multi-wavelength optical communication network supporting communication at each
of W wavelength wherein W>2 comprising: an optical transmitter for transmitting data
at each of a plurality of wavelengths the number of wavelengths less than the number W
but greater than 1; an optical receiver for simultaneously receiving signals transmitted at
each of the W wavelengths; and, control logic for dynamically allocating transmitter
wavelength for use 1n providing a dedicated transmission channel from the node to

another node within the optical communication network.

In accordance with another aspect of the invention there is provided a multi-
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wavelength optical communication network comprising: a WDM communication
network supporting communication in W wavelength channels; N intercommunicating

network nodes each including at least a transmitter for transmitting data via the WDM
communication network at each of T wavelengths (0<T<W) and at least a receiver for

recelving data transmitted via the WDM communication network on each of W
wavelengths, some nodes having transmitters for transmitting at a same wavelength; and

>

a controller for dynamically allocating a transmit wavelength to a node within the N

intercommunicating network nodes.

In accordance with another aspect of the invention there is provided a method of
providing an optical communication network comprising the steps of: providing a WDM
optical connection between each of a plurality of nodes; providing N intercommunicating
network nodes each including a transmitter for transmitting data via the WDM

communication network at each of T wavelengths (0<T<W) and a receiver for receiving

data transmitted via the WDM communication network on some of the W wavelengths.
Preferably the receiver receives signals on all the W wavelengths simultaneously and
individually. Some nodes have transmitters for transmitting at a same wavelength. The
method also includes the steps of dynamically allocating a transmit wavelength to a first
node within the N intercommunicating network nodes where the transmit wavelength
allocation depends upon free wavelengths and transmit wavelengths supported by the
transmitter of the first node; transmitting data from the first node to a second node at the
allocated transmit wavelength; and, receiving data at the second node at each of the W

wavelengths and extracting data directed to the second node.

Brief Description of the Drawings

An embodiment of the invention will now be described in conjunction with the
attached drawings in which like reference numerals designate like items:
Figure 1 1s a schematic diagram of a network architecture according to the invention;
Figure 2 1s a simplified diagram of an individual network node for use in a network
according to the invention;

Figure 3 is a diagram of multiple networks according to the invention coupled by a
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gateway,

Figure 4 1s a graph of traffic request patterns for node devices used in simulations;

Figure 5 1s a graph of relative wavelength utilisation;

Figure 6 1s a graph of average network latency with increase in the number of high traffic
devices;

Figure 7 1s a graph of average channel access time with increase in the number of high
traftic devices:;

Figure 8 1s a graph of the average network latency with increasing numbers of
transmitters per node; and,

Figure 9 1s a simplified diagram of a test system comprising two nodes and a star coupler

according to the invention.
Detailed Description of the Invention

The present embodiment relates to a low-latency, high-bandwidth, hybrid time
division multiplexing/wave division multiplexing (TDM/WDM) architecture for
connecting processing nodes into a high performance processing environment.
Preferably, it is implemented in an all optical network with deterministic communication
latencies. In order to achieve these, a broadcast and select star where each node has

access to a number of transmitter and receiver channels is used.

In general, a mandate for a network architecture is to ensure efficient
communication between the nodes. Network architecture determines the path between
two communicating nodes which largely determines the latency experienced. In most
single-cluster star-coupler based architectures, a passive optical star is the central
component 1n a fibre-optic multi-access network with N nodes. All incoming messages to
the star are distributed to all nodes in the cluster by dividing the light signal. The transmit
interface of a node puts incoming messages into the star whereas the receive interface
filters messages present in the star. In most implementations today, transmitter and
receiver interfaces either use a fixed-transmitter tunable-receiver (FR - TR) or a tunable-
transmitter fixed receiver (TT -FR) configuration, without support for wavelength reuse

within the network or multiple access paths between nodes. There are many drawbacks to
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designs of that type. For example, frequency reuse is unsupported.

According to the invention, a star network architecture providing multiple access
paths, 1.e., wavelength channels between nodes is used. The architecture has provisions
for a use of one wavelength on more than one node enabling wavelength reuse. The
network 1s designed based on evolving dense- WDM (DWDM) components.
Components for thirty-two wavelength DWDM systems, with carrier frequencies
t=193.1£0.1) THz and  1s a series of integers, are available today. For high speed
networks and high performance systems, it is anticipated that single chip laser arrays
covering 2 or more of the wavelengths in a 32 wavelength grid and integrated receiver

arrays capable of receiving the whole wavelength grid will be available as standard

components 1n the near future.

Definitions

The term node 1s used herein to indicate a network node. A network node is is a

point in a network architecture from which data is transmitted or at which data is
received. The node need not be at an end point of the network. For example, when a
particular network 1s used to couple a plurality of sub-networks, each sub-network is

coupled to at least a node of the network. Of course, computer systems forming part of a

network can also be disposed at nodes of that network.

The term transmitter 1s used herein to refer to an optical transmitter. Optical
transmitters are available for transmitting signals at one fixed wavelength, at a single
fixed programmable wavelength, at any of a plurality of wavelengths, or simultaneously
at each of a plurality of wavelengths. For example multi-laser modules are capable of
transmitting data simultaneously at each of a plurality of wavelengths. Such a transmitter
1s optionally programmable to determine at which wavelengths signals should be
transmittable. Programmability 1s useful for allowing a single physical node device while

supporting varied system designs.

The term receiver 1s used herein to refer to an optical receiver. Optical receivers

are available for receiving signals at one fixed wavelength, at a single fixed
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programmable wavelength, at any of a plurality of wavelengths, or simultaneously at
each of a plurality of wavelengths. According to the invention, a receiver capable of
recelving a signal transmitted at each of a plurality of wavelengths simultaneously is
used. Such a receiver 1s optionally programmable to determine at which wavelengths
signals should be received. Programmability is useful for allowing a single physical node

device while supporting varied system designs.

Network Architectur

Referring to Figure 1 a schematic of a network architecture according to the
invention 1s shown. The receiver interface 10 is an optical demultiplexer separating all
the wavelength channels on the network to individual detectors. Preferably, the receiver
interface 1s an optical detector followed by an electronic switching fabric that avoids high
latency associated with tunable optical channel receivers. The transmit interface 12 of
each node includes a subset of wavelength channels from the wavelength grid, for
example 2, 4, or more wavelengths. The architecture allows nodes to transmit using either
ditferent or same wavelengths from a pool of wavelengths in the network. Having
multiple transmit wavelengths at each node enables the node to support multiple
computing devices, each with high bandwidth. Optionally, one or multiple devices on one
node connect to one or multiple devices on another node in the network. Further
optionally, a computing device has more than one connection with the same or another
device when 1t finds an unused wavelength belonging to its transmitter and when it
requires the bandwidth. This provides a node with access to more communication
bandwidth than a same node having access to a single wavelength channel. Nodes in the
network need not have a same size transmitter array. In fact, it is often desirable to
determine nodes that require more transmitters and those requiring fewer transmitters in
order to best allocate resources. A star coupler 14 couples signals from all nodes in order

to route the signals from any one node to all others.

Figure 2 shows the design of an individual network node. In addition to a receive
interface 10 and a transmit interface 12, each node has a supervision and control module

16, a receive switching fabric 18 and transmit switching fabric20, transmit and receive
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butters, a network management interface 22, and backplane connections 24 to computing
devices. Within a node the computing devices connect to the transmit interface and to the
recelve 1ntertace through the switching fabric. The medium access protocol (MAC) in the
control module provides network control. This MAC protocol implements network
signaling, interfaces with the network management card, controls the receive and transmit
switching fabric, allocates and monitors wavelengths, facilitates wavelength reuse and
establishes communication between two devices on different network nodes. The

network control card facilitates the node management, alarm reporting, and out-of-band

control of the network as described below.

® a
Network Signaling and Contrc

Three separate approaches for signaling and control in the proposed network
architecture are known: in-fibre in-band, in-fibre out-of-band, and out-of-band using an
external communication channel. In the case of in-fibre in-band control, control
information is carried along with data packets. Thus rearranging of incoming data packets
to insert the control information in a protocol specific manner is performed. Such an

approach uses a considerable amount of processing and requires specialized hardware

support for high data rates.

In-fibre out-of-band control multiplexes the control information with a data
channel. Generally, it uses specialized hardware at each node for filtering the control
information associated with each wavelength channel. Allocating one dedicated
wavelength channel 1in the network for control is another alternative for in-fibre out-of-

band signaling. However, this requires a particular wavelength be supported by each node

of the network.

The out-of-band control by an external communication channel requires an
additional communication interface and other than this does not need specialized

hardware support for each node. Advantageously, with external out-of-band signaling,

multiple star sub-networks, as shown in Figure 3, are optionally supported using a

simplified gateway.
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Considering the relative merits of each signaling scheme, the external dedicated
high-speed out-of-band control for the proposed network, is considered preferable for
rapid prototyping of the network architecture. In particular, a specialized interface, for
example fibre-channel, for supporting out-of-band communication is used. As shown in
Figure 2, the interface is part of the network management interface card and is used to

carry both control and management information. Through this interface the MAC

protocol establishes a connection between the nodes.
Medium access Control

The medium access control protocol is designed to establish a data

communication channel between devices on different nodes using out of band signaling

through reconfigurable logic that allows a connection time ~2usec. This time dominates
latency experienced in communicating between devices on the network. Therefore, it is
preferred that this time is as short as possible. Wavelength channels are allocated for data
transter through this interface. If the bandwidth demand of a node exceeds that of its one
wavelength channel, it accesses other wavelength channels supported by its transmitter.
Of course bottlenecks are still possible even with the amount of bandwidth supported by
the present architecture. A node gains and releases control of wavelength channels
depending on input traffic requests. It is well known that for bursty traffic patterns on a
shared network long wait times sometimes occur before a node is provided access to a
channel. It 1s therefore preferred that a unique priority wavelength in the form of a default
wavelength 1s assigned to each node so that long wait times leading to node starvation are
avoided. Alternatively, a priority wavelength is assigned to a group of nodes thereby

reducing a probability of long wait times and node starvation.

Connection between two devices is established by transferring a control packet
through an out-of-band fibre channel connection. In general the control packet contains
source node number, source device number, destination node number, destination device
number, wavelength channel number and status. The receiving node uses this information
to recontigure its node switching fabric. The wavelength channel determines connection

patterns utilised for receive switches and buffers at the destination node. Initiation of the
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connection 1s done by the transmit node. In conjunction with the control protocol the
network supervision and control logic determines the wavelength and the configuration
of transmit switches and device buffers. Preferably, a node attempts to use its priority
wavelength by default for data transmission. This provides a guaranteed bandwidth to
each node when a unique priority wavelength is assigned to each node. The protocol
allows a node to use additional wavelength channels, which are priority wavelengths of
other nodes, for a fixed time interval when they are not being used. After this time
interval the node releases the additional wavelengths and, when desired, attempts to
reacquire them. This time interval, X, determines the worst case time that a node will

experience for regaining access to its priority wavelength.

The protocol supported by the network is lightweight and reliable as control
signaling takes place over a dedicated channel requiring no acknowledgement from
destination devices. This approach was chosen to minimize connection latency. A

management protocol interacts with the control protocol providing to the control protocol

information about device or node failures. It is evident that a use of one priority

wavelength for a number of nodes results in a more complex protocol which, in practice,

results in a higher latency.

Of course, any architecture according to the invention assumes that the end
devices are capable of fully utilizing a high bandwidth optical channel. Such an
architecture is independent of data types so that nodes are interconnected at a desired data
rate using any communication protocol, for example ATM, Sonet, Gigabit Ethernet, or
fibre channel. Lower data rate devices are capable of sharing a wavelength channel using
a switch, for example an ATM switch. Therefore, switches for connecting lower data rate
channels are not considered in the model of a network architecture according to the
invention presented below; the model is for a case where individual devices utilize one or
more wavelength channels for communication across a network. The total network

latency to establish a connection is the latency associated with out-of-band control,
communication transmission delay through the optical network, and receive and transmit

bufter and switch latencies.
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Network Modelin

Various network configurations where individual nodes have a laser array with T
transmitters and a detector array capable of receiving simultaneously all wavelengths in
the network were modeled. Support for 32 wavelengths in the network is included in the
model. A series of traffic patterns containing the time a request for bandwidth is made by
each device at each node, and the corresponding bandwidth required are used as input
data for simulating the model. The number of nodes, N, the laser array size at each node,
T, and the traffic request patterns were varied during the simulation. For simplicity the
number of devices at a node, C, is assumed equal to the number of transmit wavelengths
at each node. Latency for the out-of-band fibre channel interface was assumed as 2 psecs.
A timeout value, X, was chosen according to input traffic patterns. The network model
used 1nput traffic conditions and allocated network resources according to the control

protocol described above. Results were obtained in terms of average connection latencies,

and the waiting time experienced by a node for various network traffic patterns.

To allocate wavelengths at the transmitter of each node, a wavelength allocation
function was used in the simulation. This function determined the transmit wavelengths

for a node n from the wavelength or frequency grid and is defined by
fhi=fer+ 0.1 1+ Oy,) + 0.1 (n mod N) THz

fo <n<Nand0<1<T and O, is an integer series defining the offset in the
transmit wavelengths of different nodes such that Oy= 0 and Oy = Oy.;+ k for 0 <k <N.

As an example table I lists the allocated frequencies in the case of an 8 node network

with 2, 4, and 8 transmit wavelengths per node. Only frequency channel increments of

100 GHz from the reference have been chosen as an example for this simulation.

However, other frequency spacing, such as 50 GHz and frequency channels extending on

both sides of the reference frequencies may be used.

10
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Number of Nodes Number of
(N) Transmit
wavelengths per
node (T)
8 2
- 8§ 4
8 8

Patent
| Number of Receive Allocated
wavelengths per Frequencies
node (R)
8 fOl = fmf -
fo1 = fref+ 0.1
8 __ﬁ)l = fre;_
fo1 = fref+ 0.1
f02 — fref+ 0.2
, fo3 = frer+ 0.3
8 f01 — fref
f01 = frer+ 0.1

fogo = free+ 0.2

fo7 = frer + 0.7

Table I Allocated channels for the N = 8 node SAN, each node has 8 receive wavelengths

(R=8) and multiple transmit wavelengths (T=2, 4, and 8). f,.r= 193.1 THz..

The total latency of the physical network depends on the out-of-band

communication latency, latencies of the buffer and switches, and the time for

transmission across the optical link. A typical set-up time for the receive switch and

buffer i1s ~30 ns. In a system area network the distance between devices is short and could

vary between a tew meters and several hundred meters. Since, for a given topology the

optical transmission delay is a fixed delay, it has been neglected in the latency

calculations for more general interpretation of simulation results. The operational latency

in these simulations is influenced by the connection time, traffic pattern, and the channel

availability.

Network performance was simulated for a number of operational conditions. In a

first case demands for network bandwidth fall within a limit of the total network capacity.

A second case considers a slightly overloaded network where a few devices per node

make requests for high bandwidth. In a third case different network topologies are

considered where the number of transmitters per node is varied.

Network Mode

ing Pe

Three different input traffic request patterns were used in the simulations. For

11
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these patterns the input request times were generated using a untformly distributed
random number whereas the associated bandwidth value was generated by a Gaussian
distribution function. The distribution of bandwidth demand requirements for a node is
shown 1n Figure 4. Requests are made randomly and with equal probability along the
time axis 1n Figure 4. These "bandwidth" requests lead to transmitting Gbits of data as

shown on the y-axis in Figure 4. 20,000 requests per node were used in the simulations.

The bandwidth of each wavelength channel was set at 2.5 Gb/sec.

Preferably a number of receive wavelengths R supported by a node is equal to the
number of wavelengths W supported by the network. Alternatively, R is less than W and

only a portion of the available wavelengths are received by a single node.

Case 1 was simulated for T =4, N =32, W =R =32, x =2 sec, and the traffic
pattern 1s type I as shown in Figure 4. In this case the traffic demand does not exceed the
bandwidth available from the node’s priority channel. Each of the 32 nodes takes one
wavelength from the 32 wavelengths available as its priority channel. Each node is
capable of accessing four contiguous channels where wavelength p is assigned as the 1st
transmitting wavelength of node p. Commonly, the first transmitting channel is a node’s

priority channel. The simulation result shows that average connection latency is uniform

for all network nodes, equal to 2.03 us. This is due to one communication on the fibre
channel network to establish a connection. Furthermore, average waiting time for access
to a wavelength channel 1s negligible. Figure 5 shows the relative utilization for all the
wavelength channels and the average channel waiting times. It is evident from Figure 5

that all wavelength channels are equally utilized, i.e. network operation is balanced and

optimal. Each bandwidth request is satisfied with minimal latency.

Case 2 was simulated for T =4, N=32, W=R =32, X =2 sec., q devices in the
network make requests to transmit large amounts of data, following traffic type II or III,
which momentarily overload the network. The remaining (N*C - q) devices follow traffic
type I. Traffic type I is considered as the normal traffic pattern at a device, type II and 111
traffic lead to randomly overloading the network. The devices overloading the network

are distributed uniformly among the nodes. Figures 6 and 7 show the increasing average

12



10

15

20

25

30

CA 02272786 1999-05-21

Doc. No 10887-1 CA Patent

latency and channel access wait time in the network as the number of overloaded devices

1s increased. From Figure 6, it is evident that for moderate loading of the network with

type 1l traffic, q < 60, the average network latency remains low. As the number of type II
devices increases so does the average network latency. This result is related to the
timeout. When a type II traffic device uses a non-priority channel, it releases it upon a
timeout. In order to complete its data transmission it is sometimes necessary to acquire

another wavelength channel. This involves a reconnection request through the fibre

channel interface with 2us connection setup time that contributes to the overall
transmission latency. As expected when a large number of devices simultaneously
overload the network with either type II or type III traffic patterns the latency as shown in
Figure 6 and average access time as shown in Figure 7 increase dramatically. However,
using the above-described protocol the network effectively handles periods of high data
traffic demand made by a few devices. Use of multiple laser transmitters at each node
enables the network to be significantly overloaded while keeping an average latency low
as shown below 1n case 3. Figures 6 and 7 show results for both 4 and 8 transmitters per
node. In all cases modeled the latency is lower for the 8 transmitter case compared to 4

transmitters per node. Similarly the average access time is higher in the case of traffic of

type I1I with T=4 than traffic of type III with T=8.

It a node priority channel is acquired by another node, then the devices at the

node either find another idle wavelength channel or wait to reacquire the priority
wavelength. This introduces an increased channel access time for devices at the node.
This 1s shown in Figure 7 where the average wait times increase with increases in the
number of high traffic devices, or equivalently bandwidth demand. Choice of timeout
value has a large impact on the network performance and is commonly chosen to meet
design requirements for a particular application environment. In general, a small value for
timeout leads to many reconnections with greater impact on network latency. A large
timeout value allows most devices to complete their data transfer in a single connection at
the expense of increased access time leading to node starvation. The fluctuation and
periodic increases in the network latency shown in Figure 6 with increase in the number

of high traffic devices are likely due to channel timeout. The best value of channel

13




10

15

20

25

CA 02272786 1999-05-21

Doc. No 10887-1 CA Patent

timeout for optimal network performance depends on a particular application
environment. For applications with continuous bit rate (CBR) and variable bit rate (VBR)
tratfic, different timeout values are used to achieve optimal performance. However,
results for the proposed architecture show that it deals effectively with periods of traffic

overload, 1.e. when a few devices at the network nodes demand high bandwidth. This a
significant advantage of the architecture allowing a number of VBR traffic based real-
time applications to operate over the network concurrently with real-time applications

without degrading the network performance. Examples of applications include RADAR

processing which operates with CBR traffic.

Case 3 was simulated for T =4, 8, 16, N=32, W=R =32, x =2 sec and all
devices with traffic types I, II, and III. Here the effectiveness of multiple transmitters at
each node 1s shown as the number of transmitters is increased at each node (T =4, 8, 16)
for all three tratfic types. Figure 8 show the average node latency in the network

decreases in all cases with an increase in the number of transmit wavelengths.
Physical Prototype

Referring to Figure 9, a test system architecture was implemented incorporating
software and hardware components according to the invention. Two node interfaces have
been implemented, N=2, T=2, W = R = 2, for simultaneous bi-directional communication
between the nodes. The test system was configured similarly to the description above and

similar to the network architecture systems that were modeled. A number of subsystems
and devices are connected to the nodes. The network operated within expected

performance results.

The transmitter for a node supports a plurality of transmit wavelengths. Typically
the transmitter comprises a plurality of lasers, a single multi-laser module, a plurality of
multi-laser modules, and so forth. The transmitter also comprises a WDM device for
ensuring that a transmitted signal of any channel is routed to the fibre optic network.
Conversely, the receiver within each node comprises a wavelength-filtering device for
splitting a received signal into channelised signals. The channelised signals are each

provided to a detector wherein they are detected and a corresponding electrical signal is
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provided. The electrical signals are then provided to an electrical switching fabric for

rerouting of data to destination computing devices.

It 1s evident that the all-optical broadcast and select star network described above
provides multi-Gbyte/sec bandwidth through wavelength division multiplexing when a
plurality of transmit channels are available to each node within the network and each
node 1s provided with a receiver for receiving some or, preferably, all channels within the
network. Further, the use of a same transmit channel by each of two nodes is not
prevented as long as that use is not simultaneous. In such a fashion, a single node is
provided with a flexible amount of bandwidth dependent upon network traffic. When
each node supports transmission at any of three or more wavelengths, the resulting
system has even more flexibility and so forth. Because every node receives all
wavelengths, 1t 1s straightforward to provide two or more channels of bandwidth to any

node. Also, as long as network traffic allows, two or more channels of bandwidth are

available from each node. This resulting flexibility is very advantageous.

According to another embodiment, each node is provided with a fixed set of
transmit wavelengths. The nodes are programmable to indicate a default wavelength from
amongst the fixed plurality of transmit wavelengths. Preferably, one wavelength is
selectable as a default wavelength. Alternatively, a number of wavelengths are selectable
as default wavelengths for a same node when some extra wavelength channels, not

assigned as a default wavelength of any other node, are available.

According to a further embodiment of the invention, each node is provided with
tunable transmitters. Tuning of the transmitters allows preselection of a set of transmit
wavelengths for the node. Using such an embodiment, each node is identical providing an
advantage of manufacturing scale. Once a node is deployed, its transmit frequency set is
fixed for use 1n the network. Preferably, the node transmit frequencies are remotely
reconfigurable such that a network can easily be reconfigured at any time. This allows
provisioning of a network based on bandwidth requirements of nodes, fixed common

wavelengths of different nodes, and data communication requirements on those

wavelengths.
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In yet another embodiment, the nodes are each provided with tunable lasers for
supporting a fixed group of available wavelength sets. For example, when a WDM
system has 32 available wavelengths and the known group comprises 32 sets of transmit
wavelengths, each set is formed of one of the 32 wavelengths as a default or priority
transmit wavelength and another of the 32 wavelengths as another transmit wavelength.
Since the optical receivers receive all the 32 wavelengths, the nodes are easily configured

to suit network needs. Optionally, the nodes are programmable remotely to facilitate

network management.

Though the above network is described, modeled, and prototyped for a system
area network, the above network architecture 1s applicable to broadband network
architectures in general. The use of the present architecture 1s dictated by design

requirements for any broadband network.

Numerous other embodiments can be envisaged without departing from the spirit

or scope of the invention.
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What 1s claimed 1s:

1. A communication node for use in a multi-wavelength optical communication network
supporting communication at each of W wavelength wherein W>2, the node comprising:
an optical transmitter for simultaneously transmitting data at each of T wavelengths
where T is less than or equal to the number W but greater than 1;

an optical receiver for simultaneously and individually receiving signals transmitted at
more than one of a plurality of the W wavelengths; and,

control logic for dynamically allocating a transmitter wavelength for use in providing a

dedicated transmission channel from the node to another node within the optical
communication network, the allocated transmitter wavelength corresponding to an

unused wavelength from the W wavelengths.

2. A communication node as defined in claim 1 wherein the optical receiver is for

simultaneously receiving signals transmitted at each of the W wavelengths.

3. A communication node as defined in claim 2 wherein the transmitter comprises at least
a tunable laser for transmitting at a selectable wavelength from the W wavelengths, the

selected wavelength for forming one of the T wavelengths.

4. A communication node as defined in claim 1 wherein the control logic includes:
a timer for measuring a time during which a transmit wavelength is allocated; and,
means for, when the allocated wavelength is other than a default wavelength for the node,

terminating the wavelength allocation upon expiry of the measured time.

5. A communication node as defined in claim 1 wherein the optical receiver comprises a
filter, a detector for individually detecting a received signal at a single wavelength, and a

switching fabric.

6. A communication node as defined in claim 5 wherein the optical transmitter comprises

a single chip multi-laser module.
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7. A communication node as defined in claim 5 wherein the optical transmitter comprises

a plurality of lasers.

8. A communication node as defined in claim 1 wherein the control logic comprises
means for providing data relating to unused transmit wavelengths, the transmit

wavelengths unused by the node and by other nodes within the network.

9. A multi-wavelength optical communication network comprising;:

a WDM communication network supporting communication in W wavelength channels

where W>1;
a plurality of intercommunicating network nodes each including at least a transmitter for

transmitting data via the WDM communication network at each of T wavelengths

(0<T<W) and at least a receiver for simultaneously and individually receiving data
transmitted via the WDM communication network on more than one fixed wavelength of
the W wavelengths, some nodes having transmitters for transmitting at a same

wavelength, and a controller for dynamically allocating a transmit wavelength to a node

within the plurality of intercommunicating network nodes.

10. A multi-wavelength optical communication network as defined in claim 9 wherein

the at least a receiver 1s for receiving data transmitted at each of W wavelengths
11. A multi-wavelength optical communication network as defined in claim 9 wherein

two nodes each comprise transmitters for transmitting at two or more fixed wavelengths

including at least a common wavelength and at least a wavelength that 1s not common.

12. A multi-wavelength optical communication network as defined in claim 11 wherein

one of the two nodes is provided with default status on the common wavelength.

13. A multi-wavelength optical communication network as defined in claim 12 wherein

one of the two nodes comprises a timer for measuring a duration of allocation of a
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wavelength other than a default wavelength and for releasing the allocated wavelength

upon expiration of a predetermined duration.

14. A multi-wavelength optical communication network as defined in claim 12 wherein a
plurality of nodes each comprise substantially similar components configured differently

such that the nodes transmit at different default wavelengths.

15. A multi-wavelength optical communication network as defined in claim 10 wherein

the WDM network provides connectivity to C computing devices and wherein T>C>0.

16. A multi-wavelength optical communication network as defined in claim 11 wherein
the at least a receiver comprises a wavelength filtering device; a detector; and a switching
fabric for providing dynamic connections between wavelength channels to support multi-

session connectivity between two computing devices at different nodes.

17. A multi-wavelength optical communication network as defined in claim 16 wherein
the controller comprises means for determining free wavelength channels within the

network and for processing requests for data bandwidth on the network.

18. A multi-wavelength optical communication network as defined in claim 9 wherein
the controller comprises means for providing dynamic use of free channels to achieve

connectivity from a first node to a second other node.

19. A multi-wavelength optical communication network as defined in claim 18 wherein

the first node comprises means for transmitting data on each of two channels

simultaneously, the data transmitted to the second other node.

20. A multi-wavelength optical communication network as defined in claim 18 wherein

the first node comprises means for transmitting data on each of two channels
simultaneously, the data on a channel from the two channels transmitted to the second

other node and the data on the other channel from the two channels transmitted to a third

19




10

15

20

25

30

CA 02272786 1999-05-21

Doc. No 10887-1 CA Patent

other node.

21. A multi-wavelength optical communication network as defined in claim 9 wherein

the at least a transmitter comprises a single chip multi-laser module.

22. A multi-wavelength optical communication network as defined in claim 9 wherein

the at least a transmitter comprises a plurality of lasers.

23. A multi-wavelength optical communication network as defined in claim 11 wherein
the controller comprises means for providing data relating to unused wavelength

channels, the unused wavelength channels unused within the network.

24. A multi-wavelength optical communication network as defined in claim 9 wherein

the controller comprises means for providing a dedicated high speed out of band

signaling channel.

25. A method of providing an optical communication network comprising the steps of:
providing a WDM optical connection between each of a plurality of nodes;

providing plurality of intercommunicating network nodes each including a transmitter for
transmitting data via the WDM communication network at each of T wavelengths
(0<T<W) and a receiver tor receiving data transmitted via the WDM communication

network on each of W wavelengths, some nodes having transmitters for transmitting at a
same wavelength;

dynamically allocating a transmit wavelength to a first node within the plurality of
intercommunicating network nodes the transmit wavelength allocated in dependence
upon free wavelengths and transmit wavelengths supported by the transmitter of the first
node;

transmitting data from the first node to a second node at the allocated transmit
wavelength; and,

receiving data at the second node at each of the W wavelengths and extracting data

directed to the second node.
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26. A method of providing an optical communication network as defined in claim 25

wherein the extracted data includes data received at the allocated transmit wavelength.

27. A method of providing an optical communication network as defined in claim 25
comprising the steps of:
when an allocated transmit wavelength is other than a default transmit wavelength for the

node to which 1t is allocated, limiting the allocation time to a predetermined time, X, after

which the allocation is revoked at least temporarily.
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