
Optimal Control

Lecture 9

Solmaz S. Kia
Mechanical and Aerospace Engineering Dept.

University of California Irvine
solmaz@uci.edu

Suggested ready: Section 3.10 and Section 4.1 of Ref[1] (see class website or the
class syllabus for the list of references)
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Calculus of variation and its connection to optimal control

We are going to focus on solving

u?(t)
���
t2[t0,tf]

= argmin
u(t)2U

(J = h(x(tf), tf) +

Ztf

t0

g(x(t),u(t), t)), s.t.

ẋ(t) = f(x(t),u(t), t),

x(t0), t0 is given,

m(x(tf), tf) = 0 when final state is constrained,

x(t) : R! Rn, u(t) : R! Rm, f : Rn ⇥ Rm ⇥ R! Rn.

Observations:

J is a function of x(t), u(t) both functions over t 2 [t0, tf]

J is a functional (function of a function)

Static parameter optimization:

objective: determine a point that

minimizes a specific function (the

performance measure)

Optimization in continuous-time:

objective: determine a function that

minimizes a specific functional (the

performance measure)

2 / 5



Function vs. functional

Def (function): A function f is a rule of correspondence that assigns to each element q in a

certain set D (domain of the function) a unique element in a set R (range or image of the

function)

Def (functional): A functional J is a rule of correspondence that assigns to each function x in a

certain class ⌦ (domain of the functional) a unique real number. The set of real numbers

associated with the functions ⌦ is called the range of the functional.

functional: function of function

domain is a class of functions

Example: x: continuous function of t defined in the interval [t0, tf] and

J(x) =

Ztf

t0

x(t)dt.

is a functional. Its range is the area under x(t) curves.
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