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Problem 1 : Consider the 5-node opaque optical ring network as shown below. Note that
there are 5 fibers in the clockwise direction. In addition, assume that there are 8 wavelength
channels on each fiber.
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Assume that 1-3, 2-4, 3-5, and 4-1 are the only s-d pairs with nonzero traffic. In addition,
assume that call arrival rates (in call/time unit) for these s-d pairs are

a1-3 = 0.2, a2-4 = 0.3, a3-5 = 0.4, a4-1 = 0.5.

Call arrivals for each s-d pair form a Poisson process; each call holding time is exponentially
distributed with unit mean and is statistically independent of other call holding times. Let
Bl denote the blocking probability of link l, and Bp denote the blocking probability of path
p.

(a) Write down a set of Erlang fixed-point equations that implicity give the values of link
blocking probabilities.

NOTE: You can use the notation Erl(x, y) for the Erlang B formula, where x is the
arrival rate (in call/time unit) and y is the link capacity (in wavelength channels).

(b) Write down an expression of the call blocking probability for each s-d pair in terms of
the link blocking probabilities.

(c) Assume now that we have a 5-node optical bi-directional ring network as shown below.
Adjacent nodes are connected by two fibers, one for the transmission in each direction.
In addition, assume that we have the same 4 s-d pairs as well as the same call arrival
rates. However, each call corresponds to a set up of 2 lightpaths: one from the source
to the destination, and the other from the destination to the source. A call is blocked
if we cannot set up the two lightpaths.
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Assume that shortest path routing is used. Write down an expression of the call
blocking probability for each s-d pair in terms of the link blocking probabilities in part
(a).

HINT: Use symmetry to argue that the blocking probability for a link in the counter-
clockwise direction is the same as that for the link in the clockwise direction connecting
the same node pair, e.g., B(2,1) = B(1,2).

Problem 2 : Consider the network with 4 fibers as shown below on the left. A link
label refers to the busy transmission wavelengths on the link. Suppose that there is a new
lightpath request for s-d pair 1-3. Assume that there are in total 5 wavelengths to choose
from: λ1, λ2, λ3, λ4, λ5.
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(a) Under the first-fit wavelength assignment, what wavelength will support this new
lightpath request?

(b) Under the most-used wavelength assignment, what wavelength will support this new
lightpath request?

Consider now a different network with 4 fibers on the two paths for s-d pair 1-3, as shown
above on the right. As before, a link label refers to the busy transmission wavelengths on
the link.

(c) Under the least congested path (LCP) RWA heuristics, what path and wavelength will
support the new lightpath request for s-d pair 3?
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(a) The set of Erlang fixed-point equations that implicity give the values of link blocking
probabilities are written below.

B(1,2) = Erl(a13(1−B(2,3)), 8) = Erl(0.2− 0.2B(2,3), 8)

B(2,3) = Erl(a13(1−B(1,2)) + a24(1−B(3,4)), 8) = Erl(0.5− 0.2B(1,2) − 0.3B(3,4), 8)

B(3,4) = Erl(a24(1−B(2,3)) + a35(1−B(4,5)), 8) = Erl(0.7− 0.3B(2,3) − 0.4B(4,5), 8)

B(4,5) = Erl(a35(1−B(3,4)) + a41(1−B(5,1)), 8) = Erl(0.9− 0.4B(3,4) − 0.5B(5,1), 8)

B(5,1) = Erl(a41(1−B(4,5)), 8) = Erl(0.5− 0.5B(4,5), 8)

(b) The expressions for path blocking probabilities are written below.

B1→2→3 = 1− (1−B(1,2))(1−B(2,3))

B2→3→4 = 1− (1−B(2,3))(1−B(3,4))

B3→4→5 = 1− (1−B(3,4))(1−B(4,5))

B4→5→1 = 1− (1−B(4,5))(1−B(5,1))

(c) From shortest path routing, note that each s-d pair uses two lightpaths whose links
are in the opposite directions between the same node pair. For example, s-d pair 1-3
uses paths 1 → 2 → 3 and 3 → 2 → 1. By symmetry, it follows that P(i,j) = P(j,i)

for all link (i, j).

Accordingly, the expressions for path blocking probabilities can be written as shown
below.

B1→2→3 = 1− (1−B(1,2))(1−B(2,3))(1−B(2,1))(1−B(3,2))

= 1− (1−B(1,2))
2(1−B(2,3))
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B2→3→4 = 1− (1−B(2,3))(1−B(3,4))(1−B(3,2))(1−B(4,3))

= 1− (1−B(2,3))
2(1−B(3,4))

2

B3→4→5 = 1− (1−B(3,4))(1−B(4,5))(1−B(4,3))(1−B(5,4))

= 1− (1−B(3,4))
2(1−B(4,5))

2

B4→5→1 = 1− (1−B(4,5))(1−B(5,1))(1−B(5,4))(1−B(1,5))

= 1− (1−B(4,5))
2(1−B(5,1))
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Problem 2 :

(a) Under the first-fit wavelength assignment, wavelength λ2 will support the new light-
path request.

(b) Under the most-used wavelength assignment, wavelength λ3 will support the new
lightpath request. Note that, among the available wavelengths (λ2, λ3, λ5), λ3 is
used on the maximum number of links, i.e., 2.

(c) Under the LCP RWA heuristics, path 1 → 2 → 3 (with congestion 3) is chosen over
path 1 → 4 → 3 (with congestion 4). In addition, wavelength λ3 is used based on
the first-fit wavelength assignment. ■
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