


1. [8 pts] Two questions about convexity of sets and functions.

(a) [4 pts| Consider the sets Fi={(x1,22) € R? | 23 + 22 > 0} and
Fr = {(x1,22) € R, | 2} + 2% > 0}. Prove or disprove if F; is a
convex set and if F;, is a convex set.

For disproving convexity, give two points @,y € F, and a convex
combination of @ and y that is not contained in F.

(b) [4 pts| Consider the function z : R? = R, z(@) = e™*
that z is globally convex. Is it also strictly convex
disprove. R

. hmaﬂy constrained minimization problem with convex
jon z(-), when z* is a locally optimal point, i.e
feasible @ with ||z* — || < € for some €
the KK'I‘ conditxons
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mization problem

\ & 2
iy @) =) (mz - 5) — A5

st gi(@) =21 >0
g2(x) =29 >0
g3(x) = -2, —32,+9>0
qgle)=—2,+6>0 .

(a) [6 pts| Make a sketch of the set of feasible solutions. Compute
a.nd deplct the unconstmmed optunum solutlon a:"‘* (Sacmty check

(b) [6 pts] Let us assun
stra.mts g3 a.nd g

problem (LP) for the first 1terat1c-n of the F&'ank Wo]fe m Ahgd for
this problem. Then read off the optimal LP solution 1
sketch. Compute the resulting direction d, the .thuna]ws@ﬁeg size
a, and the next iterate ' = &° + ad. ]
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(d) [6 pts] Use the Karush-Kuhn-Tucker (KKT) conditions to find
route and link flows pair (£%, x¥) solving the optimization problem
(Ps). Show that the resulting route flows are distributed according
to a logit model, i.e., for route r,

fS -’ €Xp (—Cf)

OIS - )

with ¢ the total travel time or cost along route r in equilibrium,
and R the route set. Note that you can assume here that the
f-part of the optimal solution (£9,x%) is so that fS
Hint: use the fact that exp (In(x)) = z, for = > 0.
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As an alternative to Wardrop’s condition, C (2004)
a condition, stating that A feasible flow f represents a (capacitated)
user equilibrium if no OD pair has an unsaturated path with strictly
smaller cost than any path used for that pair.

Here, a path p is said to be unsaturated with respect to a given feasible

3

flow if and only if 2, < ¢, for all arcs a in path p, i.e., if the link flows

less than capacity for all links of that path.
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