
Optical Networks

Self-Study Assignment 5

February 2017

Problem 1 : Consider a 5-node bi-directional ring with uniform all-to-all traffic, where
each s-d pair has exactly 1 lightpath to set up. Recall that the minimum number of
wavelengths needed to support the traffic is (52 − 1)/8 = 3. Draw the lightpaths on
each of the 3 wavelengths. For ease of reading, draw 3 separate figures, one for each
wavelength. HINT: There are 20 lightpaths in total.

Problem 2 : In the topology shown below, consider supporting uniform all-to-all traffic
in which each node wants to send 1 wavelength unit of traffic to each of the other nodes.
In the figure, each undirected link represents two fibers, one for the transmission in each
direction.
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Specify the minimum number of wavelengths needed to support the given traffic. Justify
why your answer is the minimum (not just a lower bound or an upper bound).

HINT: You may use the fact that, for an N -node ring with odd N , the uniform all-to-all
traffic can be supported using (N2 − 1)/8 wavelengths. In addition, the cut-set bound
can be useful.

Problem 3 : Consider the 5-node bi-directional ring network shown below. Assume that
adjacent nodes are connected by two fibers, one for the transmission in each direction. In
addition, assume the uniform all-to-all traffic in which each node sends one wavelength
of traffic to every other node.

Suppose that you can add another bi-directional link between any node pair. Argue that
no matter where we place this extra link, we cannot decrease the minimum number of
wavelengths needed to support the traffic.

HINT: You may use the fact that, for an N -node ring with odd N , the uniform all-to-all
traffic can be supported using (N2 − 1)/8 wavelengths. In addition, the cut-set bound
can be useful.
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Optical Networks

Solutions for Assignment 5

February 2017

Problem 1 : The RWA solution can be obtained from the inductive proof of Wmin(N)
≤ (N2 − 1)/8. In particular, we can view nodes 2, 3, and 5 as belonging to the base case
of 3-node ring, while nodes 1 and 4 are new nodes, as illustrated in the left figure below.
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Each double-headed arrow represents 2 lightpaths in opposite directions.

Wavelength λ1 can be used to support all lightpaths among nodes 2, 3, and 5, as
shown in the 2nd figure from the left. Then, wavelengths λ2 and λ3 can be used to
support the lightpaths between nodes in the set {1, 4} and nodes in the set {2, 3, 5}, and
also the lightpaths between nodes 1 and 4, as shown in the 3rd and 4th figures. ■

Problem 2 : The cut-set bound can be used to establish a lower bound on Wmin. To do
so, consider the cut consisting of links (2, 3) and (6, 5). This cut separates nodes 1, 2, 6, 7
from reaching nodes 3, 4, 5, yielding the bound

Wmin ≥
⌈
4× 3

2

⌉
= 6.

To establish an upper bound, notice that the given topology contains a 7-node bidi-
rectional ring connecting nodes 1, 2, 3, 4, 5, 6, 7 in this order. Therefore, the RWA solution
for a bi-directional ring implies that

Wmin ≤ 72 − 1

8
= 6.

In conclusion, we have Wmin = 6. ■
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Problem 3 : Before adding the extra link, the minimum number of wavelengths required

to support the uniform all-to-all traffic is
⌈
52−1
8

⌉
= 3. There are two cases to consider for

adding the extra link, as shown below.

Note that the above two cases represent all possibilities since any other case can be
obtained through relabeling the nodes, e.g., adding link (2, 3) is equivalent to adding
link (1, 2) if we relabel nodes 1, 2, 3, 4, 5 to nodes 5, 1, 2, 3, 4. In each case, the modified
topology still contains a two-link cut that separates two nodes from the other three. It
follows that the cut-set bound yields the lower bound on the number of wavelengths equal
to

⌈
2×3
2

⌉
= 3. Therefore, adding the extra link cannot reduce the number of wavelengths

required. ■
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