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Convex programming in cvx

CVX is a free (for academic users) Matlab package that allows to easily code convex optimization problems. It
is available at http://cvxr.com/cvx/download/, the documentation is available at
http://web.cvxr.com/cvx/doc/CVX.pdf.

Linear programs in cvx

We wish to solve the linear program (LP)

min 〈c, x〉 = cTx : A1x = b1, A2x ≤ b2,

where A1, A2 are matrices of size m1 × n and m2 × n and x, c, b1, b2 vectors of size n, n,m1,m2, respectively.
With cvx we may solve the LP by the code

cvx begin

variable x(n)

minimize( c’*x )

A1*x == b1

A2*x <= b2

cvx end

The data of the program, represented by A1, A2, c, b1, b2, has to be available in the workspace of Matlab
before the cvx code piece is executed. The outcome is available in the variable cvx status. The solution, if it
exists, can then be found in the vector variable x.

Semidefinite programs in cvx

We wish to solve the simple semi-definite program (SDP)

min
X�0
〈C,X〉 = tr (CX) : 〈A1, X〉 = b1, . . . , 〈Am, X〉 = bm,

where C,A1, . . . , Am are real symmetric matrices of size n× n and b1, . . . , bm are scalars.
With cvx we may solve this SDP by the code

cvx begin sdp

variable X(n,n) semidefinite

minimize( trace(C*X) )

for k = 1:m,

trace(A(:,:,k)*X) == b(k)

end

cvx end

Simple constraints such as equalities or inequalities on individual matrix elements can be given in the
corresponding form (e.g., X(1,2) == 3).

The data has to be available in the workspace beforehand. Here C was stored separately as a matrix,
A1, . . . , Am were stored as an n × n ×m array A, and b1, . . . , bm as a vector b. The solution, if it exists, can
then be found in the matrix variable X.

Exercises

Approximation:

• Consider the function f(x) = xn on the interval I = [−1, 1]. We wish to approximate it uniformly by a
polynomial p(x) of order n − 1 on N equally spaced grid points. Code the corresponding LP. Observe
the difference f(x) − p(x) for N → ∞, it will tend to the Tchebycheff polynomial of degree n, up to a
multiplicative constant.
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• Solve the problem of approximation of f(x) = xn on [−1, 1] by a polynomial p(x) =
∑n−1

k=0 ckx
k of order

n− 1 on N equally spaced grid points in the || · ||1-norm,

min
c

N∑
m=1

|f(xm)− p(xm)| .

• Solve the same approximation problem in the || · ||2-norm with the exact criterion∫ 1

−1

(f(x)− p(x))2 dx.

Min-Cut / Max-Flow:

• Construct a random graph G on n vertices by placing an edge between a pair of vertices independently
with a given probability p. Assign the values w± = 1 to each edge.

• Find the value of the minimal cut by solving the LP corresponding the equivalent Max-Flow problem.

• Find the same value by the Edmonds-Karp algorithm.

• Compare the running times for increasing n.


