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COMPUTING A PATH FOR AN OPEN ENDED UNI-DIRECTIONAL
PATH PROTECTED SWITCHED RING

BACKGROUND OF THE INVENTION
1. Field of Invention

The present invention relates generally to network systems. More particularly, the
present invention relates to enabling path protected circuits to be created within open
ended uni-directional path protected switched rings that have nodes which are associated
with multiple vendor or service provider equipment networks.

2. Description of the Related Art

The demand for data communication services is growing at an explosive rate.
Much of the increased demand is due to the fact that more residential and business
computer users are becoming connected to the Internet. Furthermore, the types of traffic
being carried by the Internet are shifting from lower bandwidth applications towards high
bandwidth applications which include voice traffic and video traffic.

To address the demand for data communication services, the use of optical
networks, such as a synchronous optical network (SONET), is becoming more prevalent.
A SONET network is an example of a time division multiplexed (TDM) network. TDM
networks generally allocate single lines to be used amongst multiple users, or customers
of data communication services. The single lines may each be divided into slots of time
during which each user has access to the single lines.

A network such as a TDM network is generally designed to ensure that
information may be transferred between nodes within the network. Often, within a
network, information is transferred between two specified nodes, i.e., a source node
which sends information and a destination node which receives information. When
information is to be sent between a source node and a destination node, a circuit path
between the two nodes must be computed so that leased line services may be provided.

In order to increase the likelihood that data will be successfully transferred
between a source node and a destination node, a circuit path between the source node and
the destination node may be protected. A protected circuit path is a circuit path which
includes redundancy that generally allows data to be transferred even in the event of a
nodal failure or a link failure. A protected path may generally include protected links,
e.g., links with 1+1 protection, and unprotected links. When unprotected links are

included in a protected circuit path, an alternate circuit path is associated with the
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protected circuit path. If a primary circuit path between a source node and a destination
node includes unprotected links, then an alternate circuit path is needed between the
source node and the destination node in order for the circuit path between the source node
and the destination node to be protected. The alternate circuit path effectively serves as a
“pack up” to a primary circuit path which includes unprotected links in the event that the
primary circuit path fails. By way of example, when a primary circuit path suffers either
a nodal failure or a failure of a link, information which was to be sent from a source node
to a destination node on the primary circuit path may instead be sent from the source node
to the destination node on the alternate circuit path.

Many networks include source nodes and destination nodes that are a part of a
uni-directional path protected switched ring (UPSR). Fig. 1 is a diagrammatic
representation of a UPSR. A UPSR 10 includes a multiplicity of nodes 20a-d which are
communicably connected by unprotected links 22a-d. Specifically, nodes 20a, 20b are
linked by link 22a, nodes 20b, 20c are linked by link 22b, nodes 20c, 20d are linked by
link 22¢, and nodes 20d, 20a are linked by link 22d.

When node 20a is a source node and node 20c is a destination node, then
information may be sent from source node 20a to destination node 20c on a circuit path.
When the circuit path on which the information is to be sent is to be a protected circuit
path, since links 22a-d are unprotected links, both a primary circuit path 24 and an
alternate circuit path 26 between source node 20a and destination node 20c are needed.
Alternate circuit path 26 essentially protects primary circuit path 24, since alternate
circuit path 26 may be used to transmit or otherwise provide information from source
node 20a to destination node 20c if there is a failure associated with primary circuit path
24. |

Primary circuit path 24 includes link 22a which is effectively a segment between
source node 20a and node 20b. Source node 20b may be considered to be a segment
destination node for the segment which includes link 22a. Link 22b, which is effectively
a segment between node 20b and destination node 20c, is also included in primary circuit
path 24. Alternate circuit path 24 includes links 22d, 22¢ and passes through node 20d.

Often, nodes 20a-d may be from different vendor equipment networks, e.g., at
least one of nodes 20a-d may be of a different type or owned by a different service
provider from other nodes 20a-d. For example, destination node 20c may be different
from nodes 20a, 20b, 20d in that destination node 20c may be of a different type, or
owned by a different service provider, than nodes 20a, 20b, 20d which may be of the

same type, or owned by a common service provider. When destination node 20c is
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different from nodes 20a, 20b, 204, primary circuit path 24 and alternate circuit path 26
are “stitched together” which involves a highly laborious process that includes going to
each appropriate node 20a-d in each circuit path 24, 26 and trying to create an individual
connection. Once individual connections are created, as for example by a service
provider, then a set of connections is pieced together to form circuit paths 24, 26.
Network management systems that are used to create circuit paths 24, 26 may generally
only compute circuit paths 24, 26 to one end point, e.g., node 20c, when substantially all
elements associated with UPSR 10 or, more generally, the network are known.

Creating circuit paths 24, 26 by stitching together connections is difficult, time-
consuming and often inaccurate, or otherwise prone to errors. Since the speed with which
circuit paths 24, 26 may be created and the transmission of information or data on
appropriate paths is typically critical, the time associated with stitching together circuit
paths 24, 26 and the propensity of errors associated with stitching together circuit paths
24, 26 may be unacceptable in many cases.

Therefore, what is needed is a method and an apparatus for enabling protected
circuit paths to be efficiently and accurately created across multiple vendor or multiple
service pfovider equipment networks. That is, what is desired is a system which allows
path protected circuit to be substantially automatically computed within a multiple vendor

or multiple service provider equipment network.

SUMMARY OF THE INVENTION

The present invention relates to a system for enabling a protected circuit path to
be created efficiently. In accordance with one embodiment of the present invention, a
method for creating a protected circuit path within an optical network system includes
identifying a first node, a second node, and a third node. Once the nodes are identified,
a pseudo link or a virtual link may be created between the second node and the third
node. A first circuit path is then routed between the first node and the second node,
and a second circuit path which protects that first circuit path is routed between the first
node and the third node using the pseudo link.

In one embodiment, the first node is a source, the second node is a primary
destination, and the third node is a secondary destination. In another embodiment, the
first node is a destination, the second node is a primary source, and the third node is a
secondary source.

The ability to compute a protected circuit path which either originates on two

end points and terminates at one end point or originates at one end point and terminates
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at two end points allows the protected circuit path to be efficiently routed. When a
request for a path protected circuit specifies a single source node and a single destination
node that are of different “types,” i.e., when a source node and a destination node are
either associated with different vendors or different service providers, and other nodes in
the network are of the same type as the source node, eliminating the destination node
from a circuit path routing process allows a path protected circuit to be efficiently
created when such a circuit is feasible. Eliminating the destination node effectively
allows two destination end points to be associated with the source node. The
computation of a path protected circuit then does not involve a time-consuming process
of entering each node that is ultimately associated with the path protected circuit and
trying to create individual connections. Connecting the two end points with a pseudo
link enables an alternate path to be substantially guaranteed when a primary path is
computed.

Accordiﬁg to another aspect of the present invention, a method for creating a
protected circuit path within a network includes receiving a request to route an open-
ended circuit and creating a pseudo link between the second network element and the
third network element. The pseudo link may be used to substantially validate whether
a primary path is protectable. The request specifies a first network element, a second
network element, and a third network element. A first path is computed between the
first network element and the second network element, and a second path that
substantially protects the first path is computed to substantially include the first
network element and the third network element. Computing the second path includes
using the pseudo link in a computational process. In one embodiment, the second
network element and the third network element are linked to a fourth network element,
and the first path and the second path are arranged to form the protected circuit path
that is defined between the first network element and the fourth network element.

These and other advantages of the present invention will become apparent upon
reading the following detailed descriptions and studying the various figures of the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention may best be understood by reference to the following description
taken in conjunction with the accompanying drawings in which:

Fig. 1 is a diagrammatic representation of a uni-directional path switched ring

(UPSR).
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Fig. 2 is a diagrammatic representation of a network which includes a pseudo link
representation in accordance with an embodiment of the present invention.

Fig. 3 is a diagrammatic representation of a network, e.g., a UPSR, with a pseudo
link in accordance with an embodiment of the present invention.

Fig. 4 is a diagrammatic representation of a network which includes nodes which
are linked by more than one type of link in accordance with an embodiment of the present
invention. '

Fig. 5 is a diagrammatic representation of a network which inclﬁdes both
unprotected links and links with 1+1 protection in accordance with an embodiment of the
present invention.

Fig. 6 is a diagrammatic representation of a network in which the choice of a link
with 1+1 protection is made in lieu of an available unprotected link for use in a primary
circuit path in accordance with an embodiment of the present invention.

Fig. 7 is a diagrammatic representation of a network which includes a plurality or
unprotected links and a plurality of links with 1+1 protection, as well as a node which is
of a different type than all other nodes in the network in accordance with an embodiment
of the present invention.

Fig. 8 is a diagrammatic representation of a network which includes a plurality or
unprotected links and a plurality of links with 1+1 protection, as well as a node which is
of a different type than all other nodes in the network in accordance with another
embodiment of the present invention.

Fig. 9 is a diagrammatic representation of a network element that is coupled to
network administration capability in accordance with an embodiment of the present
invention.

Fig. 10a is a process flow diagram which illustrates the general steps associated
with processing a circuit provisioning request from a network administrator or a user will
in accordance with an embodiment of the present invention.

Fig. 10b is a process flow diagram which illustrates the steps associated with a
method of finding a protected path from a primary source to a destination, i.e., step 518 of
Fig. 10a, in accordance with an embodiment of the present invention.

Fig. 10c is a process flow diagram which illustrates the steps associated with a
method of finding a protected path from a source to a primary destination, i.e., step 522 of

Fig. 10a, in accordance with an embodiment of the present invention.
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Figs. 11a is a process flow diagram which illustrates the steps associated with a
particular method of processing a request to provision a circuit within a network in
accordance with an embodiment of the present invention.

Fig. 11b is a process flow diagram which illustrates the steps associated with one
method for finding a protected path, i.e., step 810 of Fig. 11a, in accordance with an
embodiment of the present invention.

Fig. 11c is a process flow diagram which illustrates the steps associated with one
method for processing all links originating at an obtained node, i.e., step 824 of Fig. 11b,
in accordance with an embodiment of the present invention.

Figs. 11d-f are a process flow diagram which illustrates the steps associated with
one method for determining whether a current path is protectable, i.e., step 830 of Fig.
11c, in accordance with an embodiment of the present invention.

Figs. 11g and 11h are a process flow diagram which illustrates the steps associated
with one method of computing segments, i.e., step 858 of Fig. 11d, in accordance with an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Creating protected circuit paths within a network such as a network which
includes a uni-directional path protected switched ring (UPSR) is often a time-consuming
and error prone process, particularly when nodes or network elements in the UPSR may
be associated with different vendors or different service providers. When nodes of a
UPSR are associated with different vendors or different service providers, protected
circuit paths are generally created by entering each node within the paths and creating
individual connections on fibers to subsequent nodes. The speed with which protected
circuit paths are created is typically important, as is the accuracy with which the paths are
created. Hence, both the relatively slow speed with which protected circuit paths are
created in a UPSR which includes nodes associated with multiple vendors or multiple
service providers, and the errors in the circuit paths, is often intolerable.

In order to improve the efficiency associated with creating circuit paths, e.g.,
protected circuit paths, across multiple vendor or multiple service provider equipment
networks, a user may specify two end points or two starting points within a portion of a
network that is associated with a common vendor or a common service provider. That is,
a network management system may substantially automatically compute a path protected
circuit which either has two associated end points or two associated starting points.

When a source node and a destination node within a network are of different “types,” i.e.,
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when a source node and a destination node are either associated with different vendors or
different service providers, and other nodes in the network are of the same type as the
source node, by substantially “removing” the destination node from a circuit path routing
process, a service provider may readily create a path protected circuit when such a circuit
is feasible. Removing the destination node effectively allows two end points, each of
which may be in communication with the destination node across links or fibers, to be
associated with the source node. Connecting the two end points with a “pseudo link,” or
a virtual link, enables an alternate path to be substantially guaranteed when a primary
path is computed. The computation of a protected circuit path by removing an original
destination node and connecting two end points with a pseudo link is efficient and not
prone to errors.

Further, the use of a pseudo link effectively enables a path protected circuit which
either ends on two end points or originates at two end points to be created, e.g., by a
service provider or a network administrator who uses a network management system
which includes such capability. By effectively linking the two end points using a pseudo
link, a path protected circuit that either sends or originates at the two end points may be
created. Hence, a path between a source and a first destination point may be protected by
a path between the source and a second destination point. Similarly, a path between a
first source point and a destination may be protected by a path between a second source
point and the destination.

A pseudo link facilitates the computation of a protected path in a network which
includes either a start node or an end node which is of a different type than substantially
all other nodes that are to be associated with the protected path. In one embodiment, a
pseudo link may effectively be considered to be an overall connection which allows an
overall end node, for example, to be “connected” to two end points substantially without
having to stitch together a path from each of the two end points to the overall end node.
With reference to Fig. 2, a pseudo link representation will be described in accordance
with an embodiment of the present invention. A network 40, e.g., an optical network,
includes nodes 42a-d. When node 42c is of a different type than nodes 42a, 42b, 424,
then node 42¢ may effectively be separated from nodes 42a, 42b, 42d during a path
routing process.

If node 42c is a start node, e.g., an originating node, node 42c is isolated from the
rest of network 40, and a pseudo link representation 50 is used to enable a connection to
effectively be made between nodes 42b, 42d using pseudo link representation 50 and link
segments 46a, 46b. Nodes 42b, 42d then become two new sources, when node 42a is a
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destination. Links 44a, 44b allow paths to be routed between node 42b and node 42a, as

well as between node 42d and node 42a such that one path protects the other. Once such
paths are routed, an overall protected path between overall source node 42¢ and end node
42a is substantially routed.

If node 42c is an end node, then nodes 42b, 42d effectively become two new
destination nodes once pseudo link representation 50 and link segments 46a-c are in
place. Once a path is routed from node 42a, when node 42a is a source node, to node 42b
over link 44a, the presence of pseudo link representation 50 and link segments 44a, 44b
allows an alternate path which protects that path between node 42a and node 42b to be
identified. By creating a protected path between node 42a and node 42b that uses pseudo
link representation 50, a path between node 42a and node 42¢ is effectively created.

In general, instead of including pseudo link representation 50 in network 40, an
actual pseudo link may replace pseudo link representation 50, and link segments 46a-c.
That is, a pseudo link may be positioned between node 42b and node 42d in order to
provide a connection between node 42b and node 424, in lieu of pseudo link
representation 50 and link segments 46a-c. Fig. 3 is a diagrammatic representation of a
network, e.g., a UPSR, with a pseudo link in accordance with an embodiment of the
present invention. A UPSR 70 includes nodes 72a-d and links 74, When node 72aisa
source node and node 72c¢ is a destination node, then a protected circuit path may be
routed between source node 72a and destination node 72¢. In the described embodiment,
nodes 72a, 72b, 72d are of the same type, e.g., from the same vendor or associated with
the same network service provider, while destination node 72c is of a different type. In
one embodiment, destination node 72¢ may be a representation of a plurality of nodes,
e.g., destination node 72c may effectively be a node within another group of nodes which
is suitable for receiving a signal from nodes 72b, 72d.

Since node 72¢ is not of the same type as nodes 72a, 72b, 72d, in order to
efficiently develop or determine a protected circuit path, node 72c¢ is effectivelyrendered
inaccessible or unavailable to the path routing or circuit provisioning process that is used
to develop the protected circuit path. The path routing process removes node 72¢ and
positions a pseudo link 76 between node 72b and node 72d. Pseudo link 76 serves to
“replace” node 72¢ within UPSR, as well as links 74b, 74c, when a network management
system attempts to create a circuit path within network 70. Once pseudo link 76 is in
place, node 72b becomes a primary destination node and node 72d becomes a secondary
destination node that are each associated with source node 72a. In other words, with

respect to an open ended UPSR circuit, source node 72a is a source point while node 72b
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becomes a primary end point and node 72d becomes a secondary end point. The presence
of pseudo link 76 generally allows a protected path to be developed, as will be discussed
below with reference to Figs. 11a-h. Specifically, in one embodiment, pseudo link 76
enables a path between node 72a and node 72d to effectively protect a path between node
72a and node 72b, since pseudo link 76 and a link 74d may be considered as a path
segment which protects the path segment formed from a link 74a. It should be
appreciated that when a path between node 72a and node 72b is established, in order to
complete an overall path from node 72a to node 72c¢, an open-ended UPSR circuit may be
specified where node 72b and node 72d are source nodes, and node 72¢ is a destination
node.

When UPSR 70 includes an openended UPSR circuit or an open-ended sub-
network connection protection (SNCP) circuit, there are two paths which originate from
source node 72a. Specifically, one path would be from source node 72a to primary end
point 72b, while the other path would be from source node 72a to secondary end point
72d. Source node 72a includes a bridge (not shown) that enables data or information
traffic to be sent on both paths. It should be appreciated that for bi-directional circuits,
source node 72a may also include a selector for reverse traffic from an end point 72b, 72d
to source node 72a.

Links 74a-d may all be unprotected links. Alternatively, links 74a-d may be of
different configurations, e.g., some may have 1+1 protection while others are unprotected.
In some cases, some nodes may be in communication over more than one kind of link.
With reference to Fig. 4, a UPSR which includes nodes which are linked by more than
one type of link will be described in accordance with an embodiment of the present
invention. A UPSR 80 includes nodes 82a-d and unprotected links 84a-d. Node 82a is
linked to node 82b by unprotected link 84a and, additionally, by a link 88 which has 1+1
protection. Node 82a is a source node and node 82c¢ is a destination node that is of a
different type from nodes 82a, 82b, 82d. Hence, node 82¢ may effectively be removed
from UPSR 80 as a part of a path routing process for a path protected circuit, while a
pseudo link 86 may be inserted as a linkage between node 82b and node 82d. Pseudo link
86 enables a path protected circuit to be efficiently routed.

Once pseudo link 86 is in place, then a path routing process may attempt to route a
primary circuit path between source node 82a and primary end point 82b and a secondary
circuit path between source node 82a and secondary end point 82d. It should be
appreciated that once information is received at end points 82b, 82d, destination node 82¢

effectively knows which fibers on which to expect a signal to be received, as end points
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82b, 82d puts task signals on appropriate fibers, i.e., fibers specified by a customer. A
primary path between source node 82a and primary end point 82b includes unprotected
link 84a, and a secondary path between source node 82a and secondary end point 82b
includes unprotected link 84b. Although link 88 offers line level protection between
source node 82a and primary end point 82b, selecting link 88 instead of unprotected link
84a effectively wastes bandwidth associated with transmitting information between
source node 82a and primary end point 82b. That is, line level protection is not necessary
when there is path level protection, as the secondary path serves to protect the primary
path when there is a failure associated with the primary path.

Source node 82a generally broadcasts information traffic on both the primary path
and the secondary path. The primary path, which ultimately enables data to be
transmitted from source node 82a to destination node 82c, includes unprotected link 84a,
and also effectively includes unprotected link 84b. The secondary path, which also
enables data to be transmitted from source node 82a to destination node 82c, includes
unprotected link 84d and unprotected link 84c.

Although the use of line level protection is not always necessary when there is
path level protection available, links with line level protection may generally be included
in a path protected circuit within which there is also path level protection. For example,
when there are nodes within a network which may substantially only be in
communication over a link with line level protection, then it may be necessary to include
such a link in an overall protected circuit path. Fig. 5 is a diagrammatic representation of
a network which includes both unprotected links and links with 1+1 protection in
accordance with an embodiment of the present invention. A network 100 includes nodes
102a-e and unprotected links 104a-d. Network 100 also includes links 108, 110 which
have 1+1 protection. Specifically, node 102e and node 102a are linked by link 110 which
has 1+1 protection. Node 102a is linked to node 102b by unprotected link 104 and link
108 which has 1+1 protection.

When a protected circuit path is to be found between a source node 102e and a
destination node 102¢, and destination node 102c is either from a different vendor or
associated with a different service provider than nodes 102a, 102b, 102d, 102e,
destination node 102¢ may effectively be replaced in a path routing algorithm by a pseudo
link 106 which forms a virtual connection between node 102b and node 102d. Once
pseudo link 106 is in place, finding a protected circuit path between source node 102e and
destination node 102¢ involves finding a circuit path from source node 102e to node

102b, and finding a circuit path from source node 102e to node 102d.
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Link 110 is substantially the only link between source node 102e and any other
node, namely node 102a, within network 100 which has available bandwidth for
transmitting a signal. Since link 110 has 1+1 protection, the selection of link 110 for
providing a signal from source node 102e to node 102a is appropriate for a protected
circuit path between source node 102e and destination node 102c.

For a primary circuit path which includes a circuit path from source node 102¢ to
node 102b, links 104a, 108 are available. Although link 108 has 1+1 protection, as
previously mentioned, when a protected path is desired, choosing a protected link 108
may result in wasted Bandwidth, i.e., it is not efficient to choose link 108 which has 1+1
protection when unprotected link 104a is available. As such, a primary circuit path from
source node 102e that includes node 102b also includes link 110 and link 104a.

A secondary circuit path from source node 102e to node 102d includes link 110
and link 104d. The use of pseudo link 106 effectively allows the secondary circuit path to
be created such that the primary circuit path is protected. Specifically, a primary path
from source node 102e to destination node 102¢ which passes through node 102b is
substantially protected by a secondary path from source node 102e to destination node
102¢ which passes through node 102d.

In some cases, a protected circuit path may include links with 1+1 protection even
in the event that suitable unprotected links are available. The choice of links with 1-+1
protection for use in a primary circuit path of a protected circuit path even when
unprotected links are available may be made when there is no unprotected link available
for use in a secondary circuit path of the protected circuit path. Referring next to Fig. 6,
the choice of a link with 1+1 protection in lieu of an available unprotected link for use in
a primary circuit path will be described in accordance with an embodiment of the present
invention. Nodes 122a-e are included in a network 120, with node 122e being a source
node and node 122¢ being a destination node. As shown, source node 122¢ and node
122a are in communication through, or linked by, a link 130 which has 1+1 protection.
Node 122a is further in communication with node 122b across a link 128 which has 1+1
protection and an unprotected link 124a.

When a protected circuit path between source node 122e and destination node
122c¢ is desired, the protected circuit path passes through node 122b, as there is no path to
destination node 122¢ which does not pass through node 122b. Since a protected path is
desired, link 128 is chosen to substantially connect node 122a and node 122b. As will be
appreciated by those skilled in the art, link 124a may not be chosen since there is no

corresponding unprotected link which is suitable for protecting link 124a. Once a
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segment of a protected circuit path is determined to include links 130, 128, then a link
124b may become part of a primary circuit path and links 124c¢, 124d may be come part
of a secondary circuit path.

Fig. 7 is a diagrammatic representation of a network which includes a plurality or
unprotected links and a plurality of links with 1+1 protection, as well as a node which is
of a different type than all other nodes in the network in accordance with an embodiment
of the present invention. A network 140 includes nodes 142a-e and unprotected links
154a-¢. Network 140 also includes links 148, 150 which have 1+1 protection. When
node 142e is a source node and node 142c, which is of a different type than nodes 142a,
142b, 142d, 142e, then a pseudo link 156 is created between nodes 142b, 142d. In
addition, nodes 142b, 142d become endpoints of path segments which are to originate at
source node 142e. ,

Source node 142e is in communication with node 142a across unprotected link
154e and link 150, which has 1+1 protection. Since a protected circuit path is to be
created between source node 142¢ and destination node 142¢, link 150 is chosen over link
154e. Link 154a is then chosen between nodes 142a, 142b since link 154d, which is
between nodes 142a, 1424, is suitable for protecting link 154a. In general, by
substantially ensuring an unprotected path to node 142b from node 142a, then a protected
circuit path between source node 142e and destination node 142¢ may be found.

Some circuit paths between a source node and a destination node may include a
plurality of links or segments with 1+1 protection and a plurality of unprotected links or
segments. Fig. 8 is a diagrammatic representation of a network which includes a plurality
or unprotected links and a plurality of links with 1+1 protection, as well as a node which
is of a different type than all other nodes in the network in accordance with another
embodiment of the present invention. When a node 202¢ is of a different type than
substantially all other nodes 202a, 202b, 202d-g in a network 200, and node 202¢ is a
destination node associated with a source node 202g, node 202¢ may be removed from
consideration during a path provisioning process, and a pseudo link 206 may be added
between end points 202b, 202d which serve as alternate destination nodes.

In routing a protected circuit path between source node 202g and ultimately node
202c through nodes 202b, 202d, since source node 202g only has one link 212 with
available bandwidth, link 212 is used as a part of the circuit path. Hence, between source
node 202g and node 202f, signals will be sent on line 212 which has 1+1 protection.
Between node 202f and node 202e, unprotected links 204f, 204g are both used as link
204g provides protection for link 204f, and vice versa.
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While an unprotected link 204e has available bandwidth and exists between node
202e and node 202a, since there is effectively no link available to protect link 204e, link
210 is used between node 202e and node 202a, even though link 210 has 1+1 protection.
From node 202a to node 202b, unprotected link 204a is chosen over link 208 because
unprotected link 204d between node 202a and node 202d effectively serves to protect link
204a. The inclusion of pseudo link 206 essentially allows a circuit provisioning process
to consider the segment formed from link 204d and pseudo link 206 as protecting the
segment formed from link 204a. Hence, it may be said that the overall path from node
202g to node 202d protects the path from node 202g to node 202b. It should be
appreciated that once a signal reaches nodes 202d, 202b, node 202¢ may determine which
of nodes 202b, 202d to accept the signal from. That is, node 202¢ may decide whether to
use the signal received from node 202b over link 204b, or to use the signal received from
node 202d over link 204c.

A node or, more generally, a network element which includes a network
management system may be used to create or provision a circuit. Fig. 9 is a diagrammatic
representation of a network element that is coupled to network administration capability
in accordance with an embodiment of the present invention. A network element 300, e.g.,
a node, includes modules (not shown) which interact during circuit creation. Such
modules, which may be implemented as computer code devices included on a computing
device (not shown) that is part of or associated with network element 300, typically
provide a network management system which allows a circuit path to be computed. A
network administrator or user 304 interacts with network element 300, as for example
through a graphical user interface (not shown), to provide inputs that are necessary for
creating a circuit within a network to which network element 300 is linked through links
310.

With reference to Fig. 10a, the general steps associated with processing a circuit
provisioning request from a network administrator or a user will be described in
accordance with an embodiment of the present Jinvention. A process 500 of processing
requests begins at step 502 in which a request to provision a circuit is received. Once the
request to provision a circuit is received, a determination is made in step 506 regarding
whether the requested circuit is an open ended UPSR/SNCP circuit. In determining
whether the requested circuit is an open ended UPSR/SNCP circuit, a network
administrator may determine whether to remove an initial overall source or a final overall
destination that is of a different type than the rest of the nodes in a network from the
overall requested circuit such that an open ended UPSR/SNCP circuit is effectively
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requested. That is, an original request for a close ended UPSR/SNCP circuit may be
converted into a request for an open ended UPSR/SNCP circuit by effectively removing
either an initial overall source or a final overall destination from the original request.

If it is determined that the requested circuit is not an open ended UPSR/SNCP
circuit, then the indication is that the requested circuit may be substantially any other type
of circuit. By way of example, the requested circuit may be a dual ring interconnect
(DRI) or a low order aggregation point (LAP). Accordingly, process flow proceeds from
step 506 to step 510 in the requested circuit is routed as appropriate, based on constraints
associated with the requested circuit. When the requested circuit is either a DRI or a
LAP, a DRI or an LAP, respectively, may computed, as appropriate using substantially
any suitable method, as will be appreciated by those skilled in the art. Once the requested
circuit is routed, the process of processing a circuit provisioning request is completed.

Alternatively, if it is determined in step 506 that the requested circuit is an open
ended UPSR/SNCP circuit, then a determination is made in step 514 as to whether the
requested circuit has two sources and one destination. If it is determined that the circuit
has two sources and one destination, then a primary source is identified, and a protected
path from the primary source to the destination is found in step 518. One method of
finding a protected path from the primary source to the destination will be described
below with respect to Fig. 10b. After a protected path from the primary source to the
destination is identified, the processing of a circuit provisioning request is completed.

When it is determined in step 514 that the requested circuit does not have two
sources and one destination, then the implication is that the requested circuit has one
source and two destinations. Hence, in step 522, a protected path is obtained from the
source to a primary destination. The steps associated with finding a protected path
between the source and a primary destination will be described below with reference to
Fig. 10c.

When a requested circuit has two sources and one destination, a protected path is
found between a first source, or the primary source, and the destination. Fig. 10bis a
process flow diagram which illustrates the steps associated with a method of finding a
protected path from a primary source to a destination, i.e., step 518 of Fig. 10a, in
accordance with an embodiment of the present invention. A method 518 begins at step
526, an unprotected first segment associated with the primary source is found, if such a
first segment exists. It should be appreciated that in the event that an unprotected first
segment does not exist, but a segment with 1-+1 protection is available, the segment with

1+1 protection may be found for use in a protected path between the primary source and
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the destination, due to the fact that the primary source may accept the same signal from
an external source and from a secondary source.

When an unprotected first segment from the primary source to an intermediate
node is found, then in step 530, an unprotected path from the secondary source to the end
of the unprotected first segment is found. Once the unprotected path from the secondary
source to the end of the unprotected first segment is found, additional segments are found
in step 534 to complete the circuit path between the primary source and the destination.
The additional segments are generally unprotected segments, although in some instances,
the additional segments may include segments which have 1+1 protection. For each
unprotected segment, an alternate path is found in step 538 such that an overall circuit
path between the primary source and the destination is effectively protected. Once
alternate paths for each unprotected segment are found, then the process of finding a
protected path from the primary source to the destination is completed.

Fig. 10c is a process flow diagram which illustrates the steps associated with a
method of finding a protected path from a source to a primary destination, i.e., step 522 of
Fig. 10a, in accordance with an embodiment of the present invention. A method 522
begins at step 542 in which an unprotected first segment from a source towards a primary
destination is found in an unprotected first segment exists. It should be appreciated that
when an unprotected first segment does not exist, a segment with line protection such as
BLRS protection or 1+1 protection may be appropriate for use as a first segment. After a
first segment is found, an additional segment is found in step 546 to complete an overall
path to the primary destination, if such an additional segment is available. That is, the
next segment in an overall path to the primary destination is found, if such a segment is
available.

Once an additional segment is found, then a determination is made in step 547
regarding whether the current segment, i.e., the additional segment that was found,
terminates at the primary destination. In other words, it is determined if the path between
the source and the primary destination is completed. When it is determined that the
current segment does not terminate at the primary destination, the process flow returns to
step 546 in which an additional segment is found.

Alternatively, if it is determined in step 547 that the current segment does
terminate at the primary destination, then it is determined in step 548 whether the current
segment, which is initiated at an intermediate node, is protected. When it is determined
that the current segment is not protected, then the indication is that the current segment is

not a segment with line protection such as 1+1 protection. Accordingly, an unprotected

15



WO 2004/109431 PCT/US2004/014131

10

15

20

25

30

35

path from the primary destination to a secondary destination is identified in step 549.
Once an unprotected path from the primary destination to the secondary destination is
identified, an unprotected path from the source to the secondary destination is found in
step 552. After the unprotected path from the source to the secondary destination is
found, the process of finding a protected path from the source to the primary destination
is completed.

Returning to step 548, if it is determined that the current segment is protected,
then process flow moves to step 550 in which an unprotected path from the intermediate
node, i.e., the node at which the current segment originates, to the secondary destination
is found. Upon finding an unprotected path between the intermediate node and the
secondary destination, an unprotected path from the source to the secondary destination is
identified in step 552.

In general, with respect to Figs. 10a-c, the overall steps associated with.
responding to a request to provision an open ended UPSR/SNCP circuit have been
described. It should be appreciated that the specific methods that may be used in the
implementation of each overall step may vary widely. With reference to Figs. 11a-h, one
specific process of addressing a request to provision a circuit will be described in
accordance with an embodiment of the present invention. With reference to Fig. 11a, a
method of processing a request to provision a circuit will be described in accordance with
an embodiment of the present invention. A method 790 of processing a request to
provision a circuit begins at step 792 in which a request to provision a circuit is received,
e.g., received on a node or a network element from a network administrator. Once the
request to provision a circuit is received, it is determined in step 796 whether the
requested circuit is an open ended UPSR/SNCP circuit. When it is determined that the
requested circuit is not an open ended UPSR/SNCP circuit, the requested path is
computed in step 798 using substantially any suitable method. The requested path may
be, for example, a DRI circuit or an LAP circuit. After a requested circuit is computed,
then the process of processing a circuit provisioning request is completed.

Alternatively, if it is determined in step 796 that the requested circuit is an open
ended UPSR/SNCP circuit, then a determination is made in step 806 as to whether the
number of total nodes associated with the request is one. When the number of total nodes
is one, i.e., when a single source and two destinations are on the same node or a single
destination and two sources are on the same node, then no routing is required with regards
to provisioning a circuit. Hence, if it is determined that the number of total nodes is one,

the process of processing a circuit provisioning request is completed.

16



WO 2004/109431 PCT/US2004/014131

10

15

20

25

30

35

If the determination in step 806 is that the total number of nodes associated with
the source or sources and the destination or destinations is not one, then in step 808, it is
determined if the number of total nodes is two. When the number of total nodes is
determined to be two, then a fully unprotected path from a single source to a secondary
destination, or a fully unprotected path from a secondary source to a single destination is
found in step 812, as appropriate. If the total number of nodes is two, the indication is
that either a primary destination is on the same node as the source, or a primary source is
on the same node as the destination. In general, substantially any suitable method of
finding a fully unprotected path may be used. Once a fully unprotected path is found, the
process of processing a circuit provisioning request is completed.

However, if it is determined in step 808 that the total number of nodes is not two,
then the indication is that there are three nodes associated either with the source and the
two destinations or with the two sources and the destination. Accordingly, in step 810, a
protected path from a source to both a primary destination and a secondary destination or
a protected path from both a primary source and a secondary source to a destination is
found, as appropriate. The steps associated with finding an appropriate protected path
will be described below with respect to Fig. 11b. Once the protected path from the source
to both destinations is found, the process of processing a circuit provisioning request is
completed.

With reference to Fig. 11b, the steps associated with identifying a protected path,
i.e., step 810 of Fig. 11a, will be described in accordance with an embodiment of the
present invention. A proceés 810 of finding a protected path begins at step 816 in which a
candidate list to a source node is initiated. When the candidate list is initiated to the
source node, the candidate list generally includes a list of candidate nodes at which a first
link or segment of a path between a source and a destination may terminate.

It is determined in step 818 as to whether the candidate list is empty. Ifitis
determined that the candidate list is empty, then the attempt to route a circuit is
terminated in step 828, and the process of finding a protected path is effectively aborted.
Alternatively, if it is determined in step 818 that the candidate list is not empty, then the
best candidate node in the candidate list is obtained in step 820. It is determined in step
822, after the best candidate node is obtained, whether the obtained node is a destination
of the requested circuit. That is, it is determined if the obtained node is a primary
destination of a requested circuit with two destinations or if the obtained node is the sole
destination of a requested circuit with two sources. If it is determined that the obtained

node is not a destination, then the indication is that the obtained node is an intermediate
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node. As such, in step 824, substantially all links which originate at the obtained node are
processed, in order to create a path between the source node and the primary destination.
The steps assdciated with one method of processing links which originate at the obtained
node will be discussed below with respect to Fig. 11c. After the links are processed in
step 824, process flow returns to step 818 and the determination of whether a candidate
list, i.e., a candidate list associated with the obtained node, is empty.

Returning to step 822, if it is determined that the obtained node is either a sole
destination or a primary destination, then the circuit path between a source node and the
destination is completed. Hence, in order to protect the circuit path between the source
node and the primary node, an alternate circuit path which is arranged to protect the path
between the source node and the primary destination is found in step 826. Finding an
alternate circuit path generally involves finding unprotected segments in the circuit path
and finding corresponding alternate segments for those unprotected segments. It should
be appreciated that identifying alternate circuit paths may involve creating pseudo links
between either two destinations or two sources, as appropriate. When a routing module
effectively considers the pseudo link to be an actual link, then the pseudo link may be
used to allow a overall path which originates at the source node and ends at the secondary
destination to protect an overall path which originates at the source node and ends at the
primary destination, since the pseudo link provides a virtual connection between the
secondary destination and the primary destination, for example. The use of a pseudo link
generally enables a primary path to be validated. Once an alternate circuit path is found,
the process of finding a protected path is completed.

Fig. 11c is a process flow diagram which illustrates the steps associated with one
method for processing substantially all links originating at an obtained node, i.e., step 824
of Fig. 11b, in accordance with an embodiment of the present invention. The processing
of the links which originate at the obtained node begins at step 829 in which a current link
is obtained. Then, in step 830, it is determined if the current path is protectable. It should
be appreciated that the current path includes substantially all segments between a source
and the obtained node, as well as a current link which is being processed. The current
link generally originates at the obtained node. The steps associated with determining
whether the current path is protectable will be described below with respect to Figs. 11d-
f. If it is determined that the current path is protectable, then it is determined in step 846
if the current link, i.e., the current link which originates at the obtained node, terminates

at either the only destination or the primary destination.
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When it is determined that the current link terminates at either the only destination
or the primary destination, the indication is that the circuit between a source and a
destination is completed. Hence, in step 850, alternate path segments for substantially
every unprotected segment in the current path or circuit is computed. The computation of
alternate path segments generally uses many of the same steps as used in determining if
the current path is protectable, i.e., step 830, and the alternate path segments are
computed for each unprotected segment identified within the current path. Once alternate
paths are computed, the end of the current link is added to the candidate list in step 854,
and process flow moves to step 834 in which it is determined if there are more potential
links to obtain. On the other hand, if it is determined in step 846 that the current link does
not terminate at either the only destination or the primary destination, process flow moves
directly from step 846 to step 854 in which the end of the current link is added to the
candidate list.

Referring back to step 830, if the determination is that the current path is not
protectable, it is determined in step 834 whether there are more potential links, i.e., more
potential links which originate at the obtained node, to be obtained. If there are more
potential links to obtain, then process flow returns to step 829 in which a new current link
is obtained. Alternatively, if it is determined that there are no more potential links to
obtain, then the attempt to route the circuit through the current, or obtained, node is
terminated in step 842.

With reference to Fig. 114, the steps associated with one method of determining
whether a current path is protectable, i.e., step 830 of Fig. 11c, will be described in
accordance with an embodiment of the present invention. A method of determining
whether a current path is protectable begins at step 858 in which segments from the
current path are computed, Computing segments may include identifying separate links or
groups of links which are substantially adjacent to one another and have the same type of
protection. For example, if two adjacent links in the current path have 1+1 protection,
those two links may form a segment. One suitable method of computing segments will be
discussed below with respect to Figs. 11g and 11h.

After segments are computed, a current segment is identified in step 860. Then, it
is determined in step 862 whether the segment, i.e., the current segment, is line protected.
If it is determined that the current segment is line protected, then process flow proceeds to
step 866 in which it is determined if there is another segment to obtain. When it is
determined that there is another segment to obtain, process flow returns to step 860 in

which a new current segment is obtained. Alternatively, if it is determined that there is
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not another segment to be obtained in step 866, then the indication is that all segments
have been processed, and that the current path is protectable. As such, a value of “true” is
returned in step 874, and the process of determining whether a current path is protectable
is completed.

Returning to step 862, when it is determined that the current segment is not line
protected, it is then determined in step 878 whether the requested circuit path has two
sources and one destination. When it is determined that the requested circuit path has two
sources and one destination, then it is determined in step 882 whether the current segment
is a null segment. If it is determined in step 882 that the current segment is a null
segment, then process flow moves to step 886 in which it is determined whether an
alternate path from the secondary source to the primary source exists.

When the determination in step 886 is that an alternate path from the secondary
source to the primary source does not exist, then a value of “false” is returned in step 890
to indicate that the current path is not protectable, Once the value of “false” is returned,
the process of determining whether the current path is protectable is completed. If, on the
other hand, it is determined in step 866 that an alternate path from the secondary source to
the primary source does exists, then process flow returns to step 866 in which it is
determined if there is another segment to obtain.

Referring back to step 882, if it is determined that the current segment is not a null
segment, a determination is made in step 892 regarding whether the current segment
originates at the primary source. When the current segment originates at the primary
source, then the indication is that the current segment is the first segment in the current
path. Accordingly, in step 894, it is determined whether an alternate path from the
secondary source to the segment destination exists. If such an alternate path does not
exist, a value of “false” is returned in step 896 to indicate that the current path is not
protectable, and the process of determining whether the current path is protectable is
completed. Alternatively, if it is determined that such an alternate path is in existence,
then process flow returns to step 866 and the determination of whether there is another
segment to obtain.

Returning to step 892, when it is determined that the current segment does not
originate at the primary source, then it is determined in step 898 whether there is an
alternate path between the segment source and the segment destination. The
determination of such an alternate path typically involves the use of a pseudo link. That
is, before computing such an alternate path, a pseudo link is created between the primary

source and the secondary source, since it may otherwise not be possible to create an
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alternate path between the segment source and the segment destination. If such an
alternate path does not exist, a value of “false” is returned in step 896 to indicate that the
current path is not protectable, and the process of determining whether the current path is
protectable is completed. Alternatively, if it is determined that such an alternate path
does exist, then process flow returns to step 866 and the determination of whether there is
another segment to obtain.

With reference back to step 878 and the determination of whether the requested
circuit path has two sources and a single destination, if it is determine that the requested
circuit path does not have two sources and a single destination, then the indication is that
the requested circuit path has a single source and two destinations. As such, from step
878, process flow moves to step 900 in which it is determined if the current segment is a
null segment. Ifit is determined that the current segment is a null segment, a
determination is made in step 902 regarding whether there is an alternate path from the
primary destination to the secondary destination. If it is determined that an alternate path
from the primary destination to the secondary destination does not exist, then a value of
“false” is returned in step 904 which indicates that the current path is not protectable.
Once the value of “false” is returned, the process of determining whether the current path
is protectable is completed. Alternatively, if it is determined in step 902 that an alternate
path from the primary destination to the secondary destination does exist, then process
flow returns to step 866 in which it is determined whether there in another segment in the
current path to obtain.

When the determination in step 900 is that the segment is not a null segment, a
determination is made as to whether the current segments terminates at the primary
destination in step 906. If the current segment is determined to terminate at the primary
destination, it is determined in step 908 whether there is an alternate path from the .
segment source to the secondary destination. If such an alternate path is determined not
exist, a value of “false” is returned in step 910 to indicate that the current path is not
protectable, and the process of determining whether the current path is protectable is
completed. Alternatively, if it is determined that such an alternate path does exist, then
process flow returns to step 866 and the determination of whethier there is another
segment to obtain.

In step 906, if the determination is that the current segment does not terminate at
the primary destination, a determination is made in step 912 whether an alternate path
from the segment source to the segment destination exists. In order to determine whether

an alternate path from the segment source to the segment destination exists, a pseudo link
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is generally created between the primary destination and the secondary destination prior
to attempting to identify an alternate path. When an alternate path between the segment
source and the segment destination is determined not to exist, a value of “false” is
returned in step 912 to indicate that the current path is not protectable, and the process of
determining whether the current path is protectable is completed. On the other hand, if it
is determined in step 912 that such an alternate path does exist, then process flow returns
to step 866 and the determination of whether there is another segment to obtain.

Figs. 11g and 11h are a process flow diagram which illustrates the steps associated
with one method of computing segments, i.e., step 858 of Fig. 11d, in accordance with an
embodiment of the present invention. A process of computing segments in a current path
begins at step 920 in which a segment list is initialized. Once the segment list is
initialized, a current segment is initialized in step 922. After the current segment is
initialized, a current link is obtained from the current path in step 924.

A determination is made in step 926 regarding whether the requested circuit path
has two sources and a single destination. If it is determined that the requested circuit path
has two sources and a single destination, it is then determined in step 928 whether the
current link originates at the primary source. If it is determined that the current link
originates at the primary source, then a determination is made in step 930 as to whether
the current link is line protected.

If the current link is determined to be line protected, then a null segment is added
between the primary source and the primary source in the segment list in step 932. Once
the null segment is added, it is determined in step 940 whether the current link has the
same protection as the current segment. In other words, it is determined in step 940.
whether the current link belongs in the current segment.

If the determination in step 940 is that the current link has the same protection as
the current segment, then the current link is added to the current segment in step 938.
Once the current link is added to the current segment, process flow returns to step 934
and the determination of whether there is another link to obtain. Alternatively, if the
determination in step 940 is that the current link has a different type of protection that the
current segment, the current segment is added to the segment list in step 942. Then, in
step 944, a new current segment is initialized with the current link. After the new current
segment is initialized, process flow moves to step 934 and the determination of whether
there is another link to obtain.

When there is not another link to obtain in step 934, then substantially all

segments in the current path have been computed, and the process of computing segments
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is completed. Alternatively, if there is another link to obtain, then the indication is that
there are more links in the current path that are to be processed. Accordingly, in step 936,
the next link in the current path is obtained. After the next link is obtained, that link
effectively becomes the current link. Process flow, moves from step 936 to step 940 in
which it is determined whether the current link has the same protection as the current
segment.

Returning to step 930, if it is determined that the current link is not line protected,
then process flow proceeds to step 940 and the determination of whether the current link
has the same protection as the current segment. Similarly, if it is determined in step 928
that the current link does not originate at the primary source, process flow also proceeds
to step 940.

Referring back to step 926, if it is determined that the requested circuit path does
not have two sources and one destination, then the indication is that the requested circuit
path has one source and two destinations. Accordingly, in step 958, it is determined
whether the current link terminates at the primary destination. If it is determined that the
current link terminates at the primary destination, then a determination is made in step
960 as to whether the current link is line protected.

When the current link is determined to be line protected in step 960, then a nuil
segment is added between the primary destination and the primary destination in the
segment list in step 962. Once the null segment is added, the process of computing
segments is completed. Returning to step 960, if it is determined that the current link is
not line protected, then process flow proceeds to step 970 in which a determination is
made regarding whether the current link has the same protection as the current segment.
Similarly, if it is determined in step 958 that the current link does not originate at the
primary source, process flow also proceeds to step 970.

If the determination in step 970 is that the current link has the same protection as
the current segment, then the current link is added to the current segment in step 968.
Once the current link is added to the current segment, process flow returns to step 964
and the determination of whether there is another link to obtain. Alternatively, if the
determination in step 970 is that the current link has a different type of protection that the
current segment, the current segment is added to the segment list in step 972. A new
current segment is then initialized using the current link in step 974.

After the new current segment is initialized in step 974, it is determined in step
964 whether there is another link to obtain for processing. When there is not another link

to obtain, then substantially all segments in the current path have been computed, and the
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process of computing segments is completed. Alternatively, when it is determined that
there is another link to obtain, then the indication is that there are more links in the
current path that are to be processed. Hence, in step 966, the next link in the current path
is obtained. After the next link is obtained, that link effectively becomes the cutrent link.
Process flow moves from step 966 to step 970 in which it is determined whether the
current link has the same protection as the current segment.

Although only a few embodiments of the present invention have been described, it
should be understood that the present invention may be embodied in many other specific
forms without departing from the spirit or the scope of the present invention. By way of
example, although a circuit provisioning request has been described as specifying whether
a requested circuit has two source nodes or two destination nodes, the circuit provisioning
request may instead include a single source node and a single destination. When the
single source node is of a different type than other relevant nodes in a network, the single
source node may effectively be removed from consideration and replaced with two
alternate source nodes which are of the same type as substantially all other relevant nodes
in the network and ate linked to the single source node. Once paths from the two
alternate source nodes to the destination are found, the single original source node may be
linked back to the two alternate source nodes.

Similarly, when a circuit provisioning request involves a single source node and a
single destination node where the single destination node is of a different type than all
other relevant nodes in a network, the single destination node may effectively be removed
from consideration in a routing process. Hence, two alternate destination nodes which are
coupled by a pseudo link may be used in the routing process, as discussed previously.
Once appropriate paths are routed, the overall destination node may effectively be linked
to the two alternate destination nodes.

An open-ended circuit has generally been described as either being a UPSR circuit
or a SNCP circuit. It should be understood that an open-ended circuit is not limited to
either being a UPSR circuit or a SNCP circuit. Additionally, networks within which
open-ended circuits may be provisioned are not limited to being optical networks.

In general, steps associated with the various methods of the present invention may
be altered, reordered, added, and removed without departing from the spirit or the scope
of the present invention. By way of example, after a path between a source and a primary
destination is divided into segments and a segment list is initialized, it should be
appreciated that each time a segment from the segment list is processed, that segment

may be removed from the segment list. Alternatively, in one embodiment, determining
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whether a segment list is empty, as for example in step 652 of Fig. 11e, may effectively
entail determining whether there are any segments remaining in the segment list which
have not yet been processed.

When various steps associated with the methods of the present invention are
unsuccessfully executed, the steps may effectively be aborted. For instance, in finding an
alternate path for a circuit, when an alternate path may not be found, e.g., because an
unprotected path for a particular segment may not be found, the overall processing of a
circuit provisioning request may terminate unsuccessfully. More generally, the overall
processing of a circuit provisioning request may terminate unsuccessfully at any time
when any step associated with the processing of the request may not be successfully
completed. Therefore, the present examples are to be considered as illustrative and not
restrictive, and the invention is not to be limited to the details given herein, but may be

modified within the scope of the appended claims.
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WHAT IS CLAIMED IS:

L. A method for creating a protected circuit path within an optical
network system, the optical network system including a plurality of nodes, the method
comprising:

identifying a first node of the plurality of nodes;

identifying a second node of the plurality of nodes;

identifying a third node of the plurality of nodes;

creating a pseudo link between the second node and the third node;

routing a first circuit path between the first node and the second node; and

routing a second circuit path between the first node and the third node,
wherein routing the second circuit path involves using the pseudo link, the second

circuit path being arranged to substantially protect the first circuit path.

2. The method of claim 1 wherein the first node is a source, the

second node is a primary destination, and the third node is a secondary destination.

3. The method of claim 1 wherein the first node is a destination, the

second node is a primary source, and the third node is a secondary source.

4. The method of claim 1 wherein the first circuit path includes at

least one unprotected link.

5. The method of claim 1 further including:

identifying a fourth node of the plurality of nodes, wherein the protected
circuit path is to be substantially created between the first node and the fourth node, the
fourth node being substantially directly linked to the second node, the fourth node
further being substantially directly linked to the third node; and

substantially removing the fourth node from being considered in routing

the first circuit path and routing the second circuit path.

6. The method of claim 5 wherein the fourth node is a destination

node and the first node is a source node.
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7. The method of claim 5 wherein the fourth node is a source node

and the first node is a destination node.

8. The method of claim 1 further including:
receiving a request to route an open-ended circuit, the request being
arranged to specify the first node as a source, the second node as a first destination, and

the third node as a second destination of the open-ended circuit.

9. The method of claim 1 further including:
receiving a request to route an open-ended circuit, the request being
arranged to specify the first node as a destination, the second node as a first source, and

the third node as a second source of the open-ended circuit.

10. A network management system suitable for use in an optical
network system, the optical network system including a plurality of network elements, the
network management system comprising: ‘

means that identify a first network element of the plurality of network
elements;

means that identify a second network element of the plurality of network
elements;

means that identify a third network element of the plurality of network
10 elements;

means that create a pseudo link between the second network element and
the third network element;

means that route a first circuit path between the first network element and
the second network element; and

means that route a second circuit path between the first network element
and the third network element, wherein the means that route the second circuit path use
the pseudo link, the second circuit path being arranged to substantially protect the first

circuit path.
11.  The network management system of claim 10 wherein the first

network element is a source node, the second network element is a primary destination

node, and the third network element is a secondary destination node.

27



WO 2004/109431 PCT/US2004/014131

12.  The network management system of claim 10 wherein the first
network element is a destination node, the second network element is a primary source

node, and the third network element is a secondary source node.

13.  The network management system of claim 10 further including:

means that identify a fourth network element of the plurality of network
elements, wherein the protected circuit path is to be substantially created between the
first network element and the fourth network element, the fourth network element
being substantially directly linked to the second network element, the fourth network
element further being substantially directly linked to the third network element; and

substantially removing the fourth network element from being

considered in routing the first circuit path and routing the second circuit path.

14.  The network management system of claim 13 wherein the fourth

network element is a destination node and the first network element is a source node.

15.  The network management system of claim 13 wherein the fourth

network element is a source node and the first network element is a destination node.

16.  The network management system of claim 10 further including:
means that receive a request to route an open-ended circuit, the request
being arranged to specify the first network element, the second network element, and

the third network element as end points of the open-ended circuit.

17. A computer program product suitable for use in an optical network
system, the optical network system including a plurality of network elements, the
computer program product comprising:

code devices that identify a first network element of the plurality of
network elements;

code devices that identify a second network element of the plurality of
network elements;

code devices that identify a third network element of the plurality of
network elements;

code devices that create a pseudo link between the second network

element and the third network element;
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code devices that route a first circuit path between the first network
element and the second network elément; and

code devices that route a second circuit path between the first network
element and the third network element, wherein the means that route the second circuit
path use the pseudo link, the second circuit path being arranged to substantially protect
the first circuit path.

18.  The computer program product of claim 17 further including:

code devices that identify a fourth network element of the plurality of
network elements, wherein the protected circuit path is to be substantially created
between the first network element and the fourth network element, the fourth network
element being substantially directly linked to the second network element, the fourth
network element further being substantially directly linked to the third network
element; and

computer code that substantially removes the fourth network element
from being considered in routing the first circuit path and routing the second circuit

path.

19.  The computer program product of claim 10 further including:
code devices that receive a request to route an open-ended circuit, the
request being arranged to specify the first network element, the second network

element, and the third network element as end points of the open-ended circuit.

20. A method for creating a protected circuit path within a network,
the method comprising:

receiving a request to route an open-ended circuit, the request being
arranged to specify a first network element, a second network element, and a third
network element;

creating a pseudo link between the second network element and the third
network element;

computing a first path between the first network element and the second
network element; and

computing a second path, the second path being arranged to

substantially protect the first path, the second path being arranged to substantially
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include the first network element and the third network element, wherein computing

the second path includes using the pseudo link.

21.  The method of claim 20 wherein the first network element is a
source, the second network element is a primary destination, and the third network

element is a secondary destination.

22.  The method of claim 20 wherein the first network element is a
destination, the second network element is a primary source, and the third network

element is a secondary source.

23.  The method of claim 20 wherein the first path and the second
path are arranged to form the protected circuit path, the protected circuit path being

between the first network element and the second network element.

24.  The method of claim 20 wherein the second network element
and the third network element are linked to a fourth network element, and wherein the
first path and the second path are arranged to form the protected circuit path, the -
protected circuit path being defined between the first network element and the fourth

network element.

25. A network management system for creating a protected circuit
path within a network, the network management system comprising:

means for receiving a request to route an open-ended circuit, the request
being arranged to specify a first network element, a second network element, and a
third network element;

means for creating a pseudo link between the second network element
and the third network element;

means for computing a first path between the first network element and
the second network element; and

means for computing a second path, the second path being arranged to
substantially protect the first path, the second path being arranged to substantially
include the first network element and the third network element, wherein computing

the second path includes using the pseudo link.

30



WO 2004/109431 PCT/US2004/014131

26.  The network management system of claim 25 wherein the first
path and the second path are arranged to form the protected circuit path, the protected

circuit path being between the first network element and the second network element.

27.  The network management system of claim 25 wherein the
second network element and the third network element are linked to a fourth network
element, and wherein the first path and the second path are arranged to form the
protected circuit path, the protected circuit path being defined between the first network

element and the fourth network element.

28. A computer program product for creating a protected circuit path
within a network, the computer program product comprising:

code devices that receive a request to route an open-ended circuit, the
request being arranged to specify a first network element, a second network element,
and a third network element;

code devices that create a pseudo link between the second network
element and the third network element;

code devices that compute a first path between the first network element
and the second network element; and

code devices that compute a second path, the second path being
arranged to substantially protect the first path, the second path being arranged to
substantially include the first network element and the third network element, wherein

computing the second path includes using the pseudo link.

29. A method for creating a path protected circuit, the method
comprising:

computing a first path between a first network element and a second
network element; and

computing a second path between the first network element and a third

network element, wherein the second path is arranged to protect the first path.

30. The method of claim 29 wherein the second network element is a
first end point and the third network element is a second end point, and wherein the
first path substantially ends at the first end point and the second path substantially ends

at the second end point.

31



WO 2004/109431 PCT/US2004/014131

31.  The method of claim 29 wherein the second network element is a
first end point and the third network element is a second end point, and wherein the
first path begins at the first end point and the second path substantially begins at the

second end point.
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