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Problem 1 : Consider the minimum-cost routing problem from the class notes as re-
peated below.

Given information

• L: set of directed links

• cl: transmission capacity (in bps) of link l

• αl: cost per unit capacity in using link l

• S: set of s-d pairs (with nonzero traffic)

• ts: traffic demand (in bps) for s-d pair s

• Ps: set of candidate paths for s-d pair s

• Pl: set of candidate paths that use link l

Variables

• xp: traffic flow (in bps) on path p

Optimization problem

min
∑
l∈L

αl

(∑
p∈Pl

xp

)
s.t. ∀s ∈ S,

∑
p∈Ps

xp = ts

∀l ∈ L,
∑
p∈Pl

xp ≤ cl

∀s ∈ S,∀p ∈ Ps, xp ≥ 0

(a) Suppose now that the cost of using each link l ∈ L is redefined as the leasing cost
as follows. If there is a nonzero traffic flow on link l, then the cost of leasing link l
is αl (assuming αl > 0) regardless of the amount of traffic flow on link l (up to cl).
Otherwise, i.e. no traffic flow on link l, the cost of leasing link l is zero.
Based on this new link cost model, modify the above problem formulation to express
a mixed integer linear optimization problem whose objective is to minimize the total
link cost. NOTE: In a mixed integer linear optimization problem, some variables
are continuous while others are integer-valued.
HINT: Define a new integer variable to indicate whether each link l ∈ L is leased,
i.e. nonzero traffic flow on link l.
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(b) Suppose now that each link l ∈ L can be leased in only one of the three options.
The corresponding link capacities are c1,l < c2,l < c3,l while the corresponding link
costs are α1,l < α2,l < α3,l. Modify the problem formulation in part (a) to express
an optimization problem that takes into account the three leasing options for each
link. The objective is still to minimize the total link cost.

Problem 2 : Consider the routing and wavelength assignment (RWA) problem for a
WDM network in which the main objective is to maximize the revenue. It is not required
that all the traffic demands must be supported. The problem is formulated as follows.

Given information

• W : set of wavelength channels in each fiber

• L: set of directed links (or equivalently fibers)

• S: set of source-destination (s-d) pairs (with nonzero traffic)

• ts: integer traffic demand (in wavelength unit) for s-d pair s

• rs > 0: revenue from each supported traffic unit (in wavelength unit) for s-d pair s

• Ps: set of candidate paths for s-d pair s

• Pl: set of candidate paths that use link l

• P : set of all candidate paths

Variables

• xp
w ∈ {0, 1}: traffic flow (in wavelength unit) on path p on wavelength w

Constraints

• No collision (i.e. conflict of usage) on each link on each wavelength channel

∀l ∈ L,∀w ∈ W ,
∑
p∈Pl

xp
w ≤ 1

• Bounds on supported traffic due to traffic demands

∀s ∈ S,
∑
p∈Ps

∑
w∈W

xp
w ≤ ts

• Integer constraints
∀p ∈ P ,∀w ∈ W , xw

p ∈ {0, 1}
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Objective

• Maximize the total revenue

To be completed

(a) Write down the objective that is still missing.

(b) Count the number of variables and the number of constraints (not including the
integer contraints of xp

w) in terms of |L|, |W|, |S|, and |P|.
NOTE: |X | denotes the number of elements in set X . For example, if X =
{10, 20, 30}, then |X | = 3.

(c) Does an optimal solution always exist? Why or why not?

(d) Let αl > 0 be the cost per wavelength channel in using link l. Suppose that the
objective is to maximize the profit, which is equal to total revenue subtracted by
the total cost of using wavelength channels. Write down the modified objective
function.

(e) Let x̂ denote an optimal solution obtained from part (a), and x̃ denote an optimal
solution obtained from part (d). Consider a solution x whose components are given
by

xp
w = min (x̂p

w, x̃
p
w) .

Is x always feasible? You can simply answer YES or NO without any justification.
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