Tutorial 7, Mar 2, 2026
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o Example: consider the finite state discrete time system above, with the terminal cost being zero for all
states, and all other costs are 1, except r(z1,u1) = 0; solve for the optimal control p*(-) using policy
iteration

— Initialize with some policy: pu®(x1) = ug, u°(22) = usz, u°(23) = us

— First iteration: .

VE (1) = r(21, us) +wﬂ° (22) = 1 +wﬂ (22)
* Policy evaluation: vr (z2) = r(xo,us) + 'yV“ (xz3) =1+ 'yV“ (z3)
V”O(a:g,) = r(xs,us) + A (x2) =1 v (22)

o Using this we can solve for the values of vr by substituting vH (z) and treating it like a

system of equations
147 1
SV () = — L —
(‘,1:3) 1 _ 2 1 _
— This turns out to be the same for all other states
* Policy improvement:
. 0 0
o pH(ar) = argmin{r(zy,ur) £V (f(21,w)), 7(@1,u2) + YV (f(21,u2)) }
ueU(x)

:argmin{ L,l—i— - }
ueU(x) 1- Y 1- Y
= Ul
o p'(x2) = us since it is the only input in that state
. .0 0
o p'(x3) = argmin { r(s, uz) + V" (f(23,u3)), (w3, u2) +7V* (f(23,u2)) }
ueU (x)
—argmln{l—l—i 1—&—7}
uw€eU (x) Y
= Us
* Since pt(21) # p°(z1) and p'(3) # p°(23), we must iterate again until we converge
— Second iteration:

# () = vl m) AV (@) = AV ()
* Policy evaluation: (3:2) = r(x2,u3) + WV" (z3) =1+ ’yV“ (x3)
m (a3) = T(Zs,w) +Avi (xl) = 1+V" (21)

« Solve to get V*' (xl) =0,V* (xg) =147, V" (x3)=1
* Policy improvement:
. 1 B
o p2(zy) = argmin { r(zy,ur) +YV* (21),7(21,u2) + YV (22) }
ueU (x)
=argmin{0,1+~(1+7~)}
weU (x)
= Ul
o 12(z2) = us again since it’s the only option



o ILL2($3) = argn(li)n{r(xg,ug) + 'yV”2 (z2),r(x3,u2) + 'yV”2 (z1)}
ueU(x

=argmin{1+~vy(1++),1}
ueU (x)
= U9
* After the second iteration, u' = p? for all values of z, so now we can stop since we’ve reached
a stationary point
— To double check, we can do policy evaluation again to ensure that nothing changes
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