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Plan for Today

1. The Dynamic Programming Algorithm (DPA)
2. Deterministic Systems and the Shortest Path (SP)
3. Infinite Horizon Problems, Stochastic SP
4. Deterministic Continuous-Time Optimal Control
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Overview
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Dynamic Programming Algorithm

System dynamics:

xk+1 = fk(xk, uk,wk), k = 0, 1, . . . ,N − 1

Cost:

gN(xN) +

N−1∑
k=0

gk(xk, uk,wk)

DPA:

JN(xN) = gN(xN),

Jk(xk) = min
uk∈Uk(xk)

Ewk {gk(xk, uk,wk) + Jk+1(fk(xk, uk,wk))}

4 / 11



State Augmentation

Example
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Shortest Path Problems

Label Correcting Methods
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Shortest Path Problems

Viterbi Algorithm
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Stochastic Shortest Path Problems

Definition
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Stochastic Shortest Path Problems

Policy Iteration, Value Iteration, Linear Programming
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Continuous time optimal control

System dynamics: ẋ(t) = f (x(t), u(t)), 0 ≤ t ≤ T, x(0) = x0

Cost: h(x(T)) +
∫ T

0 g(x(t), u(t))dt
HJB:

0 = min
u∈U

[
g(x, u) +

∂V(t, x)
∂t

+

(
∂V(t, x)

∂x

)T

f (x, u)

]
, ∀x, t ∈ [0,T],

V(T, x) = h(x), ∀x.

DPA:

JN(xN) = gN(xN),

Jk(xk) = min
uk∈Uk(xk)

Ewk {gk(xk, uk,wk) + Jk+1(fk(xk, uk,wk))}
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Continuous time optimal control

Minimum principle:

H (x, u, p) = g (x, u) + pTf (x, u)

ẋ∗(t) =
∂H(x∗(t), u∗(t), p(t))

∂p
, x∗(0) = x0,

ṗ(t) = −∂H(x∗(t), u∗(t), p(t))
∂x

, p(T) =
∂h(x∗(T))

∂x
u∗(t) = argminu∈U H(x∗(t), u(t), p(t))
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