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Optical Communication Networks (Taught by Mohammad Hadi)
Assignment 1 (Due on DDD., mmm. dd, yyyy)

Student Name
Student Number

MATHEMATICAL QUESTIONS

Question 1
Solve the nonlinear Schrodinger equation

∂A
∂z

+
jβ2
2

∂2A
∂t2

+
α

2
A− jγ|A|2A = 0

for the special case of β2 = 0, α 6= 0, and γ 6= 0.

Question 2
Consider the graded-index cylindrical optical fiber shown in Fig. 1 with the refractive index
profile

n(r) =

{
n1

√
1− ( ra)p∆, r ≤ a

n2, r > a

, where ∆ = n1−n2
n1

≈ n2
1−n2

2

2n2
1

is the relative refractive index, a is the fiber core radius, and p
is the grade profile parameter. Such a fiber can be analyzed using the so-called approximate
WKB (Wentzel-Kramers-Brillouin) technique.

Figure 1: Graded-index cylindrical optical fiber with power-law refractive-index profile.

(a) Determine the approximated number of modes propagated in this fiber.

(b) Determine the group velocity of each propagated mode. Ignore material dispersion.
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(c) Considering themodal dispersion, determine the approximated upper-boundof the rate-distance
product.

SOFTWARE QUESTIONS

Question 3
Consider the sample optical network of Fig. 2 and assume that the its topology is described by
directional graphG(N,L), where each link l = (b, e) ∈ L begins at node b ∈ N , ends at node e ∈
N , and has lengthWl km. There are |R| traffic requests, where request r = (s, d) ∈ R originates
from source node S(r) = s ∈ N , terminates at destination node D(r) = d ∈ N , and requires
transmission rate Br. Switch, transmitter, and receiver connectors have the losses αs, αt,
and αr, respectively, while fiber loss equals α dB/km. The transmitters have linewidth σλ and
provide injected power Pt for each request. The receiver power sensitivity is Pr. The dominant
dispersion in the fibers is material dispersion with the coefficientDλ. At most C requests can
simultaneously use a fiber link using wavelength-divisionmultiplexing. Let xl,r = 1 be a binary
decision variable that equals 1 if the request r passes through link l, and 0 otherwise.
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Figure 2: A sample optical network.

(a) Write a binary linear resource allocation optimization problem to route traffic requests subject
to the satisfaction of attenuation, dispersion, and capacity constraints.

(b) Write a MATLAB/Python code to solve the formulated optimization problem for the describe
system model.
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(c) Use the developed code to solve the resource allocation optimization problem for several sam-
ple network topologies and traffic requests.

(d) What does happen if the optimization problem is infeasible? How do you handle such a situa-
tion?

BONUS QUESTIONS

Question 4
Improve the resource allocation formulation in Question 3 such that the lowest number of
requests are blocked to guarantee the feasibility of the resource allocation.

Question 5
Return your answers by filling the LATEXtemplate of the assignment.
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