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Problem Set 5

1. Consider the average-cost LP:

maxy A

s.t. e+ h <Th,
where Th = miny g, + P,h.

(a) Suppose that there is a unique optimal policy u*, with a single class of recurrent states R. Show
that the optimal solution of the LP is given by (\*, h), where A\* is the optimal average cost and

h(z) = h*(z) for all z € R.
(b) Provide an example of an MDP such that there is an optimal solution h to the LP such that at

least one greedy policy with respect to A is not optimal.

(¢) Propose an algorithm based on linear programming for computing the differential cost function
h*.
2. Let uy;, denote the average-cost greedy policy with respect to h, i.e., up, = argmin(g, + Pyh). Let Ay
u
denote its average cost, and 7, denote its stationary state distribution. Show that
M= N =7 (Th—h—=X) <||[Th—h—= X1,
3. Let h be such that
aTh > h+ Ne,
for some a < 1. Let hy = min, (I — aP,) " (ag, — \*).

(a) Show that

1 —
T(Th—h—Xe) < (ha — Br) + ——cThg, 0.

e
(b) Show that lim,1(1 — @) max(hy,0) = 0.
(¢) Suppose that there is v such that amax, P,®v < v, for some 8 < 1 and all v. Denote by 7
the optimal solution of the LP

max, ¢l ®r
s.t.  aT®r > dr + \e.

Show that -
2T P 1-
T (T®F — BF — Ae) < f ;mitha — O oty + ——

Thy.
(d) Suppose that ®v = e for some v. Let R(\) denote the set of optimal solutions to
max, ¢! or
st.  aTPr > dr+ e.

Let A and X be arbitrary. Show that if u,. is a greedy policy with respect to ®r, for some r € R()),

then it is also a greedy policy with respect to ®F, for some 7 € R(\).



