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CROSSTALK PATH ENUMERATION IN OPTICAL 
NETWORKS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates generally to methods 
for analyzing predicting, monitoring, and managing impair 
ments in optical networks, and more particularly, to methods 
for analyzing and predicting and/or monitoring crosstalk in 
large multiwavelength optical networks by enumerating 
paths and associated crosstalk terms in optical networkS. 
0003 2. Technical Background 
0004. With recent commercialization of multiwavelength 
optical networking, wavelength division multiplexing 
(WDM) provides viable solutions to rapidly increasing 
demands for Voice, Video and data communication require 
ments. As more WDM networks are deployed in metropoli 
tan areas, maintaining the proper level of quality of Service 
(QoS) is becoming a major issue for network Service pro 
viders due to impairments arising from the large number of 
network components. Some major performance-degrading 
impairments that may arise within an optical network 
include polarization-dependent loSS, polarization-mode dis 
persion, chromatic dispersion, Signal distortion due to fil 
tering, reflection, etc. One of the most significant transmis 
Sion impairments affecting QoS in the metropolitan 
networks is croSStalk between Signal channels. 
0005 Crosstalk is the interference between different opti 
cal signals, and is mostly due to the imperfect filtering and 
Switching in network elements that induce Signals to leak 
from one channel to the otherS. Optical crosstalk can lead to 
error floors and impose Severe requirements on the network 
components, thereby contributing to Significant network 
performance degradation. In general, an optical network 
includes a large number of network elements Such as demul 
tiplexer (DEMUX), add-drop multiplexer (ADM), optical 
cross-connect (OXC), etc. These network elements are par 
ticularly Susceptible to crosstalk in the metropolitan optical 
networks because signal traffic may undergo frequent rout 
ing and/or add-drop operations. Accordingly, it is more 
likely that the dominant crosstalk in the metropolitan net 
Works arises from Such network elements rather than from 
transmission fibers. 

0006 Crosstalk terms are generated from different net 
working elements as Signals traverse through them due to 
imperfect filtering and Switching functions. Additional 
crosstalk terms are generated as Signals repeatedly traverse 
through the network elements. Thus, the number of crosstalk 
term can very easily reach to a prohibitively high number. In 
many cases, a Small number of prominent crosstalk terms 
dictate the performance of the overall System. These promi 
nent croSStalk terms may have a significant effect on the 
reliability of the system. 
0007 Some simulation tools have been developed to 
evaluate the effects of various impairments (including 
crosstalk) in point-to-point Systems and networks. Such 
products include Wavelength Domain Simulator (WDS) 
developed by Telcordia Technologies, Photonics Transmis 
sion Design Suite (PTDS) developed by Virtual Photonics 
(http://www.virtualphotonics.com) and OptSim developed 
by Artis Software (http://www.artis.it). However, despite 
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any differences in implementation, the computation time 
required by most of these Simulation tools makes them 
impractical for Simulating large multiwavelength optical 
networks. 

SUMMARY OF THE INVENTION 

0008. The present invention provides a method that iden 
tifies the network devices that create the most significant 
crosstalk effects in the network So that System performance 
can be optimized more efficiently. Thus, the dominant net 
work impairments can be optimized more efficiently. Thus, 
the dominant network impairments in a metropolitan optical 
network can be tracked, predicted, and/or monitored in a 
way that allows Simulation to be performed quickly and 
efficiently, even for large multiwavelength optical networkS. 
0009. In accordance with the teachings of the present 
invention, a method is provided for monitoring crosstalk in 
an optical network having a plurality of optical devices. 
Initially, crosstalk is determined at a first optical device in 
the optical network. The crosstalk is expressed by a plurality 
of crosstalk terms. One or more of the most prominent 
crosstalk terms are then identified from the plurality of 
crosstalk terms associated with the first optical device. Next, 
crosstalk is determined at a Second optical device in the 
optical network. Likewise, the crosstalk associated with the 
Second optical device is expressed by a plurality of crosstalk 
terms. One or more of the most prominent croSS talk terms 
are also identified from the plurality of croSStalk terms 
asSociated with the Second optical device. A path asSociated 
with the most prominent crosstalk term of the first and 
Second optical devices is then enumerated in the optical 
network. The Same procedure can be applied for enumerat 
ing the paths associated with one or multiple crosstalk terms. 
0010. It is to be understood that both the foregoing 
general description and the following detailed description 
are merely exemplary of the invention, and are intended to 
provide an Overview or framework for understanding the 
nature and character of the invention as it is claimed. The 
accompanying drawings are included to provide a further 
understanding of the invention, and are incorporated in and 
constitute a part of this specification. The drawings illustrate 
various features and embodiments of the invention, and 
together with the description Serve to explain the principles 
and operation of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 Additional objects, advantages and features of the 
present invention will become apparent to one skilled in the 
art by reading the following Specification and appended 
claims, and by referencing the following drawings in which: 
0012 FIG. 1 is a flowchart depicting a method for 
monitoring crosstalk in an optical network, according to the 
present invention; 
0013 FIG. 2 is a diagram depicting a preferred format 
for an enumerated path which exhibits traversal of crosstalk 
in an optical network in accordance with the present inven 
tion; 
0014 FIG. 3 is a schematic representation of two con 
catenated network elements within a portion of an exem 
plary optical network, according to the present invention; 
and 
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0.015 FIG. 4 is a schematic representation of a wave 
length-selective cross-connect (WSXC) in a portion of an 
exemplary optical network, according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0016 Reference will now be made in detail to the pres 
ently preferred embodiments of the invention, examples of 
which are illustrated in the accompanying drawings. When 
ever possible, the same reference numerals will be used 
throughout the drawings to refer to the same or like parts. 
0.017. A method for monitoring crosstalk in an optical 
network having a plurality of devices is provided in accor 
dance with the present invention. In general, a crosstalk 
level represented by an optical crosstalk term is calculated in 
a block-by-block basis for all channels in an optical network. 
An enumerated (i.e., a labeled) path is then identified for 
each crosstalk term. More specifically, the crosstalk level 
and the enumerated path are determined from each one of 
the input ports to each one of the output ports of every 
network device in the optical network. 
0.018 Referring to FIG. 1, the crosstalk terms are calcu 
lated for each channel of the N-th device 18 at step 14. The 
method for calculating crosstalk is well known to those 
skilled in the art as disclosed in the article entitled “Wave 
length Domain Simulation in Multiwavelength Optical Net 
works”, IEEE Journal of Selected Topics in Quantum Elec 
tronics, vol.6, No. 2, published March/April, 2000, and 
incorporated herein by reference. The present invention 
calculates the croSStalk level using a port-to-port transfer 
function of each channel based on the method disclosed by 
this article. However, it should be understood that other 
methods for calculating the crosstalk level may also be used. 
Crosstalk levels may also be determined for network devices 
which do not generate crosstalk (i.e. variable optical attenu 
ater (VOAS)) as is known in the art. 
0019. A device path corresponding to each of the 
crosstalk terms is also identified at Step 14. The device path 
of each croSStalk term is denoted in a Standardized data 
format, such as the format 50 shown in FIG. 2. The first item 
52 specifies the type of the network device at which the 
crosstalk is occurring. For example, the first item 52 may be 
a demultiplexer (DEMUX), a multiplexer (MUX), a add 
drop Switch, a cross-connect Switch, etc. A Second item 54 
Specifies a network address for the device. Each device in an 
optical network is individually tagged with its own unique 
address within the network. A third item 56 specifies an 
index of the channel generating the croSStalk. Each channel 
is indexed to identify the source of the crosstalk term. Fourth 
and fifth items 58 and 60 represent input and output ports, 
respectively, associated with each crosstalk term. In this 
way, the fourth and fifth items 58 and 60 identify the 
physical path asSociated with croSStalk terms within the 
network device. Each item of information in the device path 
may be separated by a colon as shown in FIG. 2. 
0020 Referring back to FIG. 1, all contributing crosstalk 
terms for a given Signal channel are Sorted at Step 16. For 
each channel, a predetermined number of croSStalk terms 
representing the Strongest level of crosstalk are then 
Selected. The enumerated device paths for the Selected 
crosstalk terms associated with a given channel of the N-th 
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device 18 are retained for further processing at step 16. The 
remainder of the croSStalk terms associated with the given 
channel of the N-th device 18 may be either discarded or 
Stored for Subsequent Statistical analysis. These StepS are 
performed, desirably in iterative fashion, for all channels 
traversing through the N-th device 18. 

0021 Next, the (N+1)-th device 24 is evaluated at steps 
20 and 22. First, crosstalk associated with the (N+1)-th 
device 24 is determined and expressed as croSStalk terms. 
The crosstalk in the (N+1)-th device 24 may arise in part due 
to the previously generated crosstalk from the N-th device 
18 and/or the leaking of Signals traversing in and out of the 
device from the other adjacent channels. The crosstalk level 
asSociated with each croSStalk term is calculated at Step 20 
in the same manner described above. A device path for each 
crosstalk term associated with the (N+1)-th device 24 is also 
enumerated at step 20. More specifically, the device path of 
each crosstalk term associated with the (N+1)-th device 24 
is enumerated using the format 50 shown in FIG. 2. 

0022. Also at step 20, a network path is enumerated in 
association with each device path at the (N=1)-th device so 
as to identify the traversal of the most significant crosstalk 
within the optical network. For a crosstalk term arising from 
crosstalk generated in the N-th device 18, the device path of 
the (N+1)-th device 24 is concatenated with the device path 
of the N-th device 18, which is the Source of the crosstalk 
term. Each device path is associated with the device path of 
its adjacent devices from which the Significant crosstalk 
term originated. It should be understood that the enumerated 
path of the crosstalk term, which is not originated from its 
previous device, is not concatenated with the enumerated 
path of its previous device. 

0023 Lastly, in step 22 each of the crosstalk terms 
identified at step 20 is sorted with respect to the other 
crosstalk terms associated with the same channel. A prede 
termined number of crosstalk terms having the Strongest 
level of croSStalk associated with each channel of the 
(N+1)-th device 24 are selected. The corresponding enumer 
ated network paths are retained at Step 22 for further 
processing. The preferred embodiment of the present inven 
tion envisions that the portion of Step 20 of enumerating the 
network path is performed in conjunction with Step 22 of 
identifying the most prominent croSStalk terms. However, it 
should be understood that the step of identifying the most 
prominent crosstalk terms may be performed prior to the 
Step of enumerating the network path. The above-described 
procedure for determining the most prominent crosstalk 
terms and their paths are performed on all of the network 
devices from one end to the other end of the network. 

0024. In FIG. 3, the method for monitoring crosstalk is 
described with reference to an optical network having two 
concatenated devices, a demultiplexer (DEMUX) 100 and 
an erbium-doped fiber amplifier (EDFA) 106. For purposes 
of the following description, the DEMUX 100 and the EDFA 
106 are assumed network addresses of dimX1 and edf1, 
respectively. The DEMUX 100 receives a signal carrying 
four different channels: A, B, C and D. The DEMUX 100 
then outputs four different Signals carrying each of the 
channels through four different output ports 1, 2, 3 and 4, 
respectively, as denoted in FIG. 3. At each output port, each 
output Signal may also carry croSStalk terms generated by 
the other channels. 
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0.025 Referring specifically to the output port 3 of the 
DEMUX 100, the output signal at the output port 3 carries 
its intended channel C and at least one croSStalk term. The 
crosstalk terms may occur due to the leaking of the other 
Signals carrying channels A, B and D. When it is assumed 
that all of these crosstalk terms occur at the output port 3, the 
paths associated with these crosstalk terms are enumerated 
and represented using the format shown in FIG. 2. The 
crosstalk term created by the Signal carrying channel A at the 
output port 3 has an enumerated device path denoted as 
DEMUX:dmx1:A:0:3. The crosstalk terms created by the 
Signals carrying channels B and D at the output port 3 have 
the enumerated device paths denoted S 
DEMUX:dmx1:B:0:3 and DEMUX:dmx1:D:0:3, respec 
tively. 

0026. The crosstalk levels of these three crosstalk terms 
are compared with each other. A predetermined number of 
the crosstalk terms having the Strongest crosstalk levels are 
retained for further processing. The rest of the crosstalk 
terms may either be saved for a Statistical analysis or 
discarded. In the example of FIG. 3, the single most 
prominent crosstalk term with the device path of 
DEMUX:dmx1:B:0:3 is selected for further processing. The 
other two crosstalk terms DEMUX:dmX1:A:0:3 and 
DEMUX:dmx1:D:0:3 are discarded. The output signal from 
output port 3 is represented with waveforms of two channels 
with different amplitudes. The intended channel 102 has the 
highest amplitude. The amplitude of a most prominent 
crosstalk term 104 is substantially less than that of the 
intended channel 102. Although it is not shown in FIG. 3, 
it should be understood that all crosstalk terms associated 
with each channel are determined using the input-to-output 
port transfer function of that channel. A predetermined 
number of the most prominent crosstalk terms associated 
with each channel are then Selected for further processing in 
the same manner. 

0027. The output signal from output port 3 of the 
DEMUX 100 is transmitted to an input port 0 of the EDFA 
106. Since the EDFA 106 is a non-crosstalk generating 
device, the output signal and crosstalk levels 108 and 110 are 
determined only by the input-to-output port transfer function 
of the EDFA 106. As illustrated in FIG. 3, the output signal 
having the intended channel wavelength 108 and the most 
prominent crosstalk term 110 is amplified by the EDFA 106. 
However, no additional crosstalk terms are created at output 
port 1 of the EDFA 106. The enumerated device path of the 
most prominent croSStalk term at the output port 1 of the 
EDFA 106 is denoted as EDFA:edf1:B:0:1. Accordingly, the 
network path determined at the output port 1 of the EDFA 
106 is represented S DEMUX:dimX1:B:0:3- 
EDFA:edf1:B:0:1. The paths of the concatenated devices are 
hyphenated to indicate the linkS. In this way, the enumerated 
path, or the network path, represents the Sources of the most 
prominent crosstalk terms and their routes in the optical 
network. 

0028. The method for monitoring crosstalk in another 
optical network is described with reference to FIG. 4. FIG. 
4 illustrates a wavelength-selective cross-connect (WSXC) 
200, which includes first (202) and second (204) DEMUXs. 
The first and second DEMUXS 202 and 204 are denoted as 
dmx1 and dmx2, respectively. Each of the DEMUXS 202 
and 204 receives an input signal carrying four channels A-D 
and A-D', respectively. The first DEMUX 202 outputs four 
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Signals carrying each of the four channels A-D from its 
respective output ports 1-4. The second DEMUX 204 also 
outputs four signals carrying each of the four channels A-D' 
from its respective output ports 1-4. 

0029. The WSXC 200 also includes four 2x2 switches 
206-212 denoted as S1, S2, S3 and S4, respectively, which 
receive input signals from the first (202) and second (204) 
DEMUXs. More specifically, a first input port 0 of the first 
switch (S1) 206 is connected to an output port 1 of the first 
DEMUX 202; whereas a second input port 1 of the first 
Switch 206 is connected to an output port 1 of the second 
DEMUX 204. Input ports 0 and 1 of a second switch (S2) 
208 are connected to an output port 2 of the first DEMUX 
202 and an output port 2 of the second DEMUX 204, 
respectively. Input ports 0 and 1 of a third switch (S3) 210 
and a fourth switch (S4) 212 are connected to the respective 
output ports of the first and second DEMUXS 202 and 204 
in the same manner. AS will be apparent to one skilled in the 
art, a 2x2 Switch operates in either bar State or croSS State. 
In the bar State, the Signal flowing through the input port 0 
exits through the output port 2. Likewise, the Signal entering 
through the input port 1 exits through the output port 3. In 
the croSS State, the Signal flowing through the input port 0 
exits through the output port 3. The Signal, which enters 
through the input port 1, exits through the output port 2. 

0030) The WSXC 200 further includes first (214) and 
second (216) MUXs which are denoted as mux1 and mux2, 
respectively. Each of the first and second MUXs 214 and 
216 includes one output port 4 and four input ports 0, 1, 2, 
and 3. The input ports 0-3 of the first MUX 214 are 
connected to the output ports 2 of the first to fourth Switches 
206-212 respectively, as shown in FIG. 4. The first MUX 
214 outputs its output signal through the output port 4. The 
input ports 0-3 of the second MUX 216 are connected to the 
output ports 3 of the first to fourth Switches 206-212 in the 
same manner. The second MUX 216 outputs its output 
Signal through the output port 4. 

0031. The method for monitoring crosstalk in an optical 
network is described with particular reference to the Signals 
and crosstalk terms associated with the first Switch 206 of 
the WSXC 200. First, the process for identifying the most 
prominent crosstalk terms is performed on the first (202) and 
second (204) DEMUXs. For illustration purposes, it is 
presumed that the output signal from the output port 1 of the 
first DEMUX 202 is intended to carry channel A. The most 
prominent crosstalk term associated with the output Signal at 
the output port 1 is assumed to occur due to channel B. Thus, 
the enumerated path of the most prominent croSStalk term at 
the output port 1 of the first DEMUX 202 is represented as 
DEMUX:dmx1:B: 0:1. It is also presumed that the output 
signal from the output port 1 of the second DEMUX 204 is 
intended to carry channel A'. The most prominent crosstalk 
term associated with the output signal from output port 1 is 
assumed to occur due to channel D'. Thus, the enumerated 
path associated the most prominent crosstalk term at the 
output port 1 of the second DEMUX 204 is denoted as 
DEMUX:dimX2:D':0:1. 

0032) The first switch 206 receives at its input port 0 the 
output signal from the output port 1 of the first DEMUX 202. 
Likewise, the first Switch 206 receives at its input port 1 the 
output signal from the output port 1 of the second DEMUX 
204. In the bar state, the output port 2 of the first Switch 206 
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transmits the Signal received from its input port 0. In this 
case, the signal at the output port 2 of the first Switch 206 
carries its intended channel A and the most prominent 
crosstalk term generated by channel B. The device path of 
the crosstalk term occurring due to channel B transmitted 
through the first switch 206 is denoted as SW:S1:B:0:2. 
CrOSStalk may also occur due to the leaking of the Signal 
entering through the input port 1. Thus, at the output port 2 
of the first Switch 206, two additional crosstalk terms may be 
generated by channels A and D" as shown in FIG. 4. The 
enumerated device paths of these additional crosstalk terms 
are denoted as SW:S1:A:1:2 and SW:S1:D':1:2. 

0.033 Next, the network path is generated for each of the 
device paths. For illustration purposes, a first exemplary 
output signal 218 illustrates a most prominent croSStalk term 
originated from the first DEMUX 202. Since this crosstalk 
term arises from a previously generated crosstalk, its enu 
merated device path is concatenated with the device path of 
the previous crosstalk. One of the network paths of the 
crosstalk term at the output port 2 of the first Switch 206 is 
denoted is as DEMUX:dm1:B:0:1-SW:S1:B: 0:2. 

0034. In contrast, a second exemplary output signal 220 
illustrates a most prominent crosstalk term that is not 
originated from the other device. The most prominent 
crosstalk term carried by the Second output Signal 220 is 
generated by the other input signal entering from the input 
port 0 of the first Switch 206. Although the input signal is 
originating from the second DEMUX 202, the crosstalk term 
is generated at the first Switch 206, and not at the second 
DEMUX 202. Accordingly, the network path for the most 
prominent crosstalk term of the Second output Signal 220 at 
the output port 3 of the first Switch 206 is denoted as 
SW:S1:A:0:3. 

0035) The input port 0 of the first MUX 214 receives an 
input signal from the output port 2 of the first Switch 206. 
The input Signal at input port 0 is intended to carry channel 
A. The most prominent crosstalk term of this input Signal is 
generated by channel B. This signal is then transmitted 
through the output port 4 of the first MUX 214. For 
illustration purposes, it is presumed that the first MUX 214 
does not have any leaking currents from one channel to the 
other channels. The output signal and croSStalk levels are 
determined by the input-to-output port transfer function of 
the first MUX 214. At the output port 4 of the first MUX 214, 
the most prominent crosstalk term in the input signal is 
degraded by the loSS of the multiplexer and appears as part 
of the output signal from the first MUX 214. The enumerated 
network path associated with the crosstalk term at the output 
port 4 is then represented as DEMUX:dmx1:B:0:1- 
SW:S1:B:0:2-MUX:muX1:B:0:4. 

0036) Similarly, the input port 0 of the second MUX 216 
receives input from the output port 3 of the first Switch 206 
with the Signal carrying the intended channel A and the most 
prominent crosstalk term generated by channel D'. This 
Signal is then transmitted through the output port 4 of the 
second MUX 216. For illustration purposes, the second 
MUX 216 is also presumed not to have any leaking currents 
from one channel to the other channels. The network path 
asSociated with the crosstalk term at the output port 4 of the 
second MUX 216 is then represented as SW:S1:A:0:3- 
MUX:muX2:A:0:4. 

0037. The present invention provides an efficient method 
for identifying and tracking the Sources of the most Severe 
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crosstalk terms and their routes in the network by enumer 
ating croSStalk paths. By applying the tracking methods 
illustrated above, the most prominent crosstalk terms are 
identified with their traversal path through the system. Then 
crosstalk level of the System can be reduced or adjusted by 
modifying characteristics of one or more particular crosstalk 
generating devices, i.e., by modifying the filter transfer 
function of the particular device. This provides an efficient 
method for controlling and improving croSStalk performance 
of multiwavelength networks. With conventional simulation 
methods, in contrast, a complete time-domain analysis is 
computationally not generally feasible for large optical 
networks. Thus, the time-domain analysis is limited mainly 
to point-to-point WDM network Subsystems. The present 
invention alleviates the complexity associated with the con 
ventional approach. More Specifically, the present invention 
enables the detailed time-domain analysis to be performed 
along enumerated paths incorporating all necessary System 
and device parameters to estimate the worst System perfor 
mance. By identifying a predetermined number of worst 
paths in the optical network, one can simulate the degraded 
network performance. Therefore, the present invention 
makes possible a quicker and more extensive detection of 
Significant network impairments, and aids network Service 
providers to maintain a proper level of QoS in metro 
networks. 

0038 For illustration purposes, the present invention is 
described in the context of two and three-stage optical 
network elements. However, it should be understood that the 
present invention may be applied to any large multiwave 
length optical networks having multi-stage network compo 
nents. In addition, it will be apparent to those skilled in the 
art that various modifications and adaptations can be made 
to the present invention without departing from the Spirit and 
Scope of the invention. Thus, it is intended that the present 
invention covers the modifications and adaptations of this 
invention, provided they come within the Scope of the 
appended claims and their equivalents. 

What is claimed is: 
1. A method for monitoring croSStalk in an optical net 

work having a plurality of optical devices, comprising: 
determining crosstalk at a first optical device in the optical 

network, wherein the croSStalk is expressed by a plu 
rality of crosstalk terms, 

identifying a prominent crosstalk term from the plurality 
of croSStalk terms associated with the first optical 
device; 

determining crosstalk at a Second optical device in the 
optical network, wherein the crosstalk is expressed by 
a plurality of crosstalk terms and the Second optical 
device receives at least one signal channel from the first 
optical device; 

identifying a prominent crosstalk term from the plurality 
of crosstalk terms associated with the Second optical 
device; and 

enumerating a network path which exhibits traversal of 
the crosstalk in the optical network, when the promi 
nent croSStalk term associated with the Second optical 
device relates to the prominent crosstalk term from the 
first optical device. 
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2. The method of claim 1 wherein the plurality of 
crosstalk terms associated with the Second optical device 
includes the prominent crosstalk terms from the first optical 
device and other crosstalk terms occurring within the Second 
optical device. 

3. The method of claim 1 wherein the second optical 
device is a non-crosstalk generating device. 

4. The method of claim 1 wherein the step of determining 
crosstalk at a first optical device further includes the Steps of: 

calculating a crosstalk level for each of the plurality of 
crosstalk terms associated with the first optical device; 
and 

identifying a device path for each of the plurality of 
crosstalk terms associated with the first optical device. 

5. The method of claim 4 wherein the step of identifying 
the prominent croSStalk term from the plurality of crosstalk 
terms associated with the first optical device further com 
prising the Steps of 

Sorting the crosstalk terms based on the crosstalk level for 
each of the plurality of croSStalk terms, and 

Selecting one or more prominent crosstalk terms associ 
ated with the first optical device, wherein the prominent 
crosstalk term of the first optical device has a strongest 
crosstalk level. 

6. The method of claim 4 wherein the device path is 
denoted by one or more items Selected from the group 
consisting of an input port from which the croSStalk enters 
a given optical device, an output port from which the 
crosstalk exits the given optical device, an address for the 
given optical device, a type for the given optical device, and 
a channel generating the crosstalk within the given optical 
device. 

7. The method of claim 4 wherein the step of calculating 
a crosstalk level for each of the plurality of crosstalk terms 
further comprises using a port-to-port transfer function to 
determine the crosstalk level. 

8. The method of claim 4 wherein the step of enumerating 
a network path further comprises concatenating a device 
path for the first optical device with a device path for the 
Second optical device. 

9. The method of claim 1 further comprising the steps of: 
determining crosstalk at a third optical device in the 

optical network, wherein the crosstalk is expressed by 
a plurality of croSStalk terms and the third optical 
device receives at least one Signal channel from the 
Second optical device, and 

identifying a prominent crosstalk term from the plurality 
of crosstalk terms associated with the third optical 
device. 

10. The method of claim 9 wherein the step of enumer 
ating a network path further comprises enumerating the 
network path when the prominent croSStalk term associated 
with the Second optical device relates to either the prominent 
crosstalk term from the first optical device or the prominent 
crosstalk term from the third optical device. 

11. A method for monitoring croSStalk in an optical 
network having a plurality of optical devices, comprising the 
Steps of: 

providing a first optical device in the optical network that 
receives a plurality of input signal channels, the first 
optical device having at least one output port, 
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determining crosstalk occurring at the at least one output 
port of the first optical device, wherein the crosstalk is 
generated from the plurality of input Signal channels 
and is represented by a plurality of crosstalk terms, 

identifying a most prominent croSStalk term from the 
plurality of croSStalk terms associated with the at least 
one output port of the first optical device; 

providing a Second optical device in the optical network 
that receives at least one signal channel from the at least 
one output port of the first optical device, the Second 
optical device having at least one output port, 

determining crosstalk occurring at the at least one output 
port of the Second optical device, where the croSStalk is 
expressed by a plurality of crosstalk terms, 

identifying a most prominent croSStalk term from the 
plurality of croSStalk terms associated with the at least 
one output port of the Second optical device, and 

enumerating a network path which exhibits traversal of 
crosstalk in the optical network, when the prominent 
crosstalk term associated with the at least one output 
port of the Second optical device is related to the 
prominent croSStalk term from the at least one output 
port of the first optical device. 

12. The method of claim 11 wherein the second optical 
device further includes a Second output port and further 
comprising the Steps of: 

determining crosstalk occurring at the Second output port 
of the Second optical device, where the crosstalk is 
expressed by a plurality of crosstalk terms, 

identifying a most prominent croSStalk term from the 
plurality of crosstalk terms associated with the Second 
output port of the Second optical device; and 

enumerating a Second network path which exhibits tra 
Versal of crosstalk in the optical network, wherein the 
prominent crosstalk term associated with the Second 
output port of the Second optical device is related to the 
prominent crosstalk term associated with the at least 
one output port of the first optical device. 

13. The method of claim 11 further comprises the steps of: 
providing a third optical device in the optical network that 

receives a plurality of Second input signal channels, the 
third optical device having at least one output port; 

determining crosstalk occurring at the at least one output 
port of the third optical device, wherein the crosstalk is 
generated from the plurality of Second input Signal 
channels and is represented by a plurality of crosstalk 
terms, and 

identifying a most prominent croSStalk term from the 
plurality of croSStalk terms associated with the at least 
one output port of the third optical device. 

14. The method of claim 13 wherein the step of enumer 
ating a network path further comprises enumerating the 
network path when the prominent crosstalk term associated 
with the at least one output port of the Second optical device 
relates to either the prominent crosstalk term from the at 
least one output port of the first optical device or the at least 
one output port of the third optical device. 
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15. The method of claim 11 wherein the step of deter 
mining crosstalk at a first optical device further includes the 
Steps of: 

calculating a crosstalk level for each of the plurality of 
crosstalk terms associated with the first optical device; 
and 

identifying a device path for each of the plurality of 
crosstalk terms associated with the first optical device. 

16. The method of claim 15 wherein the step of identi 
fying the prominent crosstalk term from the plurality of 
crosstalk terms associated with the first optical device fur 
ther comprising the Steps of 

Sorting the crosstalk terms based on the crosstalk level for 
each of the plurality of croSStalk terms, and 

Selecting one or more prominent crosstalk terms associ 
ated with the first optical device, wherein the prominent 
crosstalk term of the first optical device has a strongest 
crosstalk level. 

17. The method of claim 15 wherein the device path is 
denoted by one or more items Selected from the group 
consisting of an input port from which the croSStalk enters 
a given optical device, an output port from which the 
crosstalk exits the given optical device, an address for the 
given optical device, a type for the given optical device, and 
a channel generating the crosstalk within the given optical 
device. 

18. The method of claim 15 wherein the step of calcu 
lating a crosstalk level for each of the plurality of crosstalk 
terms further comprises using a port-to-port transfer func 
tion to determine the croSStalk level. 

19. The method of claim 15 wherein the step of enumer 
ating a network path further comprises concatenating a 
device path for the first optical device with a device path for 
the Second optical device. 

20. A method for monitoring croSStalk in an optical 
network having an optical device, the method comprising 
the Steps of: 
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determining crosstalk terms at a first output port, of an 
optical device receiving at least one input signal from 
a previous optical device and having a first output port, 
a Second output port, and a third output port wherein 
the crosstalk is expressed by a plurality of crosstalk 
terms, 

enumerating a device path for each of the crosstalk terms 
asSociated with the first output port; 

identifying one or more prominent crosstalk terms asso 
ciated with the first output port, 

enumerating a network path which exhibits traversal of 
the crosstalk in the optical network, when the promi 
nent crosstalk at the first output port of the optical 
device is originated from the previous device; and 

repeating the steps (2)-(5) for the Second and third output 
ports of the device, and for other devices present in the 
network, So as to monitor crosstalk in the optical 
network. 

21. A method for monitoring croSStalk in an optical 
network having multiple optical devices, the method com 
prising the Steps of 

calculating and recording the values of at least the most 
Significant crosstalk terms generated within an optical 
device and through the network associated with each of 
Said terms, and 

calculating and recording the values of at least the most 
significant output crosstalk terms resulting at the output 
of an other optical device in the network that receives 
optical communications signals from the Said optical 
device, the output crosstalk terms including crosstalk 
terms generated within the Said optical device, and 
enumerating a path through the network associated 
with each of Said output terms. 
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