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Convex optimization solvers

• LP Solvers
 Cplex, Gurobi, GLPK, Excel, Matlab’s linprog, …

• Cone solvers
 Typically handle combinations of LP, SOCP, SDP cones
 SDPT3, SeDuMi, CSDP, …

• General convex solvers
 CVXOPT, MOSEK, …

• Others
 Some solvers developed for specific purpose or application
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Example-1 Linear Programming

A company has some resources to produce three products (denoted as A, B, C). Each
product consumes a different mix of resources, and there will be a profit from selling
the product. The endowment of resources and its relationship with products are:

A B C Endowment
Steel 3 4 2 600
Wood 2 1 2 400
Label 1 3 3 300

Machine 1 4 4 200
Profit 2 4 3

Question: How to maximize the total profit?
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Endowment limits

Production must larger than 0

Example-1 Linear Programming

Solve it by Matlab’s linprog

[x, fval] = linprog(f, A, b, Aeq, beq, lb, ub) solves for the optimal solution x and 
optimal value fval of

min
𝑥𝑥
𝑓𝑓𝑇𝑇𝑥𝑥

s. t. 𝐴𝐴 � 𝑥𝑥 ≤ 𝑏𝑏
𝐴𝐴𝐴𝐴𝐴𝐴 � 𝑥𝑥 = 𝑏𝑏𝐴𝐴𝐴𝐴
𝑙𝑙𝑏𝑏 ≤ 𝑥𝑥 ≤ 𝑢𝑢𝑏𝑏
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Example 1 – Linear Programming

In this case

Code:
f = [2,4,3];
A = [3,4,2; 2,1,3; 1,3,3; 1,4,4];
b = [600,400,300,200];
lb = [0,0,0];
[x,fval] = linprog(f,A,b,[],[],lb);

More examples: https://www.mathworks.com/help/optim/ug/linprog.html
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Example 2 – Constrained Nonlinear optimization

Consider this optimization problem:

Solve it by Matlab’s fmincon

[x,fval] = fmincon(fun,x0,A,b,Aeq,beq,lb,ub) solves for the optimal solution x 
and optimal value fval of

min
𝑥𝑥
𝑓𝑓(𝑥𝑥)

s. t. 𝐴𝐴 � 𝑥𝑥 ≤ 𝑏𝑏
𝐴𝐴𝐴𝐴𝐴𝐴 � 𝑥𝑥 = 𝑏𝑏𝐴𝐴𝐴𝐴
𝑙𝑙𝑏𝑏 ≤ 𝑥𝑥 ≤ 𝑢𝑢𝑏𝑏

x0 is the initial point.
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In this case

Code:
fun = @(x)100*(x(2)-x(1)^2)^2 + (1-x(1))^2;
x0 = [0.5, 0];  % start point
A=[1,2];
b = 1;
Aeq = [2,1];
beq = 1;
[x,fval] = fmincon(fun,x0,A,b,Aeq,beq);

More examples: https://www.mathworks.com/help/optim/ug/fmincon.html

Example 2 – Constrained Nonlinear optimization
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Drawback

• To apply these solvers, we need to transform a problem into an equivalent 
one that has a standard form. For example, we need to get the values of 
matrix/vector A, b, Aeq, beq, etc.

• For some problems without a standard form, we can apply some techniques 
(e.g. linearization technique) to turn it into a solvable form.

• For engineering problems, writing code to carry out this transformation is 
often painful.

• Modeling systems can partly automate this step.
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Modeling systems

A modeling system can

• Automates most of the transformation to standard form; supports
 Declaring optimization variables
 Describing the objective function
 Describing the constraints
 Choosing the solver

• Call the solver and returns the result (optimal, infeasible, …)
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Modeling systems

YALMIP
• First matlab-based object-oriented modeling system with special support 

for convex optimization
• Can use different solvers, e.g. Cplex, Gurobi,etc; can handle some 

nonconvex problems

AMPL & GAMS
• Developed in 1980s, widely used in traditional OR

CVXPY/CVXMOD
• Python based, has cone and custom solvers

CVX
• Matlab based, uses SDPT3/SeDuMi
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Yalmip

You can go to this website to download and install YALMIP for free.
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Yalmip
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Yalmip – variable declaration

First, we need to define the variables.

More information: https://yalmip.github.io/command/sdpvar/
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𝒙𝒙 = [𝒙𝒙𝟏𝟏, … ,𝒙𝒙𝒏𝒏]

𝒙𝒙 =
𝒙𝒙𝟏𝟏𝟏𝟏 ⋯ 𝒙𝒙𝟏𝟏𝟏𝟏
⋮ ⋱ ⋮
𝒙𝒙𝒏𝒏𝟏𝟏 ⋯ 𝒙𝒙𝒏𝒏𝟏𝟏

https://yalmip.github.io/command/sdpvar/


Yalmip – variable declaration

More information: 
https://yalmip.github.io/command/binvar/
https://yalmip.github.io/command/intvar/
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Yalmip – objective function & constraints

Variable declaration

Constraints

Objective function

largest column sum of A, max(sum(abs(A))
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�
𝒊𝒊=𝟏𝟏

𝟏𝟏𝟏𝟏
𝒙𝒙𝒊𝒊 ≤ 𝟏𝟏𝟏𝟏,𝒙𝒙𝟏𝟏 = 𝟏𝟏,𝟏𝟏.𝟓𝟓 ≤ 𝒙𝒙𝟐𝟐 ≤ 𝟏𝟏.𝟓𝟓



Yalmip – solve the optimization

Defined in previous slide
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Yalmip – solve the optimization
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Yalmip – solve the optimization

For example
Select solvers, can change it to ‘cplex’, ‘gurobi’, etc.
Need to install the solvers first

More information: https://yalmip.github.io/command/sdpsettings/

19

https://yalmip.github.io/command/sdpsettings/


Yalmip – output some useful information

Variable declaration

Constraints

Objective

Command “model.A” can output the corresponding matrix
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Yalmip – output some useful information
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Yalmip – output some useful information

parameter
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CVXPY – Python based modeling system

More information: https://www.cvxpy.org/index.html

Define variable and solve the problem

https://www.cvxpy.org/index.html
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Some useful websites

Github LeetCode



Thanks！
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