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What is CasADi?
A general-purpsose software framework for quick, yet efficient, implementation of
algorithms for numeric optimization

In particular

Facilitates the solution of optimal control problems (OCPs) using a variety of
different methods

OCPs: Wednesday morning

Facilitates, not actually solve the OCPs
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Where CasADi lives
casadi.org → github.com
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More about CasADi

Free & open-source (LGPL), also for commercial use

Use from C++ or Python

Project started in December 2009

I Original motivation: Solve OCPs with models from Modelica
I Joris Gillis joined spring 2010

Since 2012, a growing number of users

Now a mature project at version 2.0, released 25 July 2014

Today’s exercise

Symbolic framework

How to solve nonlinear programs (NLPs)
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What you need to know

CasADi allows you to symbolic expressions using syntax similar to e.g.
Symbolic Math Toolbox for MATLAB or SymPy.

from casadi import *

x = SX.sym("x") Variable x with display name "x"

f = sqrt(x**2 + 10) f =
√

x2 + 10
g = sin(x) g = sin(x)

These functions are then used to define functions . . .

F = SXFunction ([x],[f,g]) Defines F :
R → R× R

(x) 7→ (f , g)

F.init()

. . . that can e.g. be automatically differentiated using algorithmic
differentiation (AD) ⇒ Exercise 4, tomorrow

J = F.jacobian () Defines J :
R → R× R× R

(x) 7→
(
∂f

∂x
, f , g

)
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Matrices in CasADi

CasADi is everything-is-a-matrix (cf. MATLAB)

All matrices are sparse

Syntax is MATLAB inspired

SX.sym("x" ,2,3) 2-by-3 symbolic primitive

SX.zeros (4,5) dense 4-by-5 matrix with all zeros

SX.sparse (4,5) sparse (empty) 4-by-5 matrix

SX.eye (4) 4-by-4 identity matrix
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Two symbolic types with (almost) the same syntax

SX: Expression graph with
scalar-valued operations

Low overhead, for simple functions

x = SX.sym("x" ,2,2)

f = sin(x**2 + 10)

print f.shape (2, 2)
print x, f[
x0 x2
x1 x3

]
,

[
sin x2

0 + 10 sin x2
2 + 10

sin x2
1 + 10 sin x2

3 + 10

]

MX: Expression graph with
matrix-valued operations

Larger overhead, but more generic

x = MX.sym("x" ,2,3)

f = sin(x**2 + 10)

print f.shape (2, 2)
print f

x , sin x2 + 10
(NB: sin and power elementwise)

Why?

By mixing, construct expressions (functions) that are both fast and generic
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Parametric NLPs in CasADi

minimize
x

f (x , p)

subject to
xlb ≤ x ≤ xub,
glb ≤ g(x , p) ≤ gub,

x ∈ Rn is decision variable

p ∈ Rm is fixed (and known) parameter vector

Equality constraints: g
(k)
lb = g

(k)
ub for some k .

NLP solvers in CasADi

Are functions: (xguess, p) 7→ (xoptimal, . . .)
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