Tutorial 9, Mar 16, 2026

o Consider the infinite horizon optimal control problem: mi}} {+*r(x(k),u(k)) } such that z(k + 1) =
ue

az(k) + bu(k),a,b € R and unknown

372

— Consider an arbitrary policy p and suppose Q" (z,u) = wgw(x, u) where w(z,u) = xz; ; express

the Bellman equation for Q" as a function of 1/)?:111
* YTw(a(h), u(k) = r(w(k), u(k)) +¥Q"(az(k) + bu(k), p(az(k) + bu(k)))
— Show that for any u(k), w(k) = w(z(k),u(k)) is not PE
* To show that the regressor is not PE, we just need to show that there exists y such that
yTw(k)w” (k)y = 0 for all k, since then the sum will also be zero
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* Take y = _11 , so wl (k)y = 0 and therefore y”w(k)w” (k)y =0
0

1
* Therefore i Zw(k)wT(k) is not positive definite, so the regressor is not PE

— Now we want to learn the Q-function
* Let the TD error e(k) = r(x,u) +vQ"(f(z,u), p(f(z,u))) — Q*(x,u) =0
* Express the stage cost as a product of an unknown parameter and a regressor
° T(l‘,u) = —(’yQ”(f(.%’, u)>/‘(f(x7u))) - QH(‘T7 u))
= —(ypw(z(k+1),u(k +1)) = ¥ wlzk), ulk)
=~y (yw(a(k+ 1), u(k +1)) — w(z(k), u(k)))
=~ v(k)
* Suppose we have an estimate @L of 1, and let Q" (x,u) = &fw(k), find the TD error e(k) in
terms of ¢ = 1),, — ¢,,. What is the error model?
o e(k) =7Q"(a(k + 1), ulk + 1)) — Q" (x(k), u(k)) + r(k)

= ¢ v(k) — ¥ v(k)
=, v(k)
o This is a static error model
— Show that for any u, v(k) = yw(k + 1) — w(k) is not PE
* This goes the exact same as proving w(k) is not PE, with the same y
— Suppose s, = klingo ’l/AJ# satisfies Q" (z,u) = issw(x,u); express S, in terms of ¥ss such that

e =[] ]

* Q“ = 1/33,;10(76) = 1[)1962 + (1/32 + 7/33)1655 + 1/34@62
* S1 S9 X
[x U

] = 31:132 + 2s0ux + 53u2
53 S84

'(/31 %(@2 + 1&3)
%(1/32 + ?/33) 1/34

* Therefore S, =
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