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Origin of Mathematical Programming

• “A mathematical method to allocate scarce resources to competing activities 
in an optimal manner when the problem can be expressed using a linear 
objective function and linear inequality constraints”

• Mathematical Programming entails:
• Formulation of real-world problems in mathematical terms 

• Development of techniques for solving the models

• Involves optimization and should capture key features of a complex decision problem

• Popular mathematical programming approaches: Linear programming (LP) and 
mixed-integer linear programming (MILP)

• Linear programming became widely popular after the World War II in 
1947



• LP is an extremely general technique limited mainly by imagination 

• Decision Variable → Set of quantities that need to be determined

• Objective Function → Indicate how each variable contributed to the 
value to be optimized → Maximize or minimize some linear equation

• Constraints → Define the possible values that variables may take (e.g., 
resource constraints, non-negative constraints)

Fundamentals of Linear Programming



• Most difficult aspect of LP: Formulation of the problem

• Components of LP
• What? → Decision Variables → Unknowns/Solutions

• Why? → Objective Function → Motivation/Goal

• Limits/Restrictions → Constraints → Resources/Demand

• Data → Parameters/Sets →Money/amount of resources

• Steps:
• Identify the decision variables;

• Formulate the objective function; and

• Identify and formulate the constraints

• Adding non-negativity constraints

Linear Programming- Problem Formulation



• Decision variables

• 𝑥1 → # of batches Saturday White Bread

• 𝑥2→ # of batches of Baguettes 

• Objective Function
𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒 10𝑥1 + 15𝑥2

• Constraints

• Flour: 1000𝑥1 + 1000𝑥2 ≤ 9060

• Salt: 21𝑥1 + 15.8𝑥2 ≤ 1020

• Yeast: 4𝑥1 + 5.9𝑥2 ≤ 454

• Baguettes: 𝑥2 ≤ 2

• Non-negativity: 𝑥1, 𝑥2 ≥ 0

Linear Programming - Example

Credit: Dr. Sarah Nurre @UofA



• LPs can be solved using different approaches

• Graphical Method

• Simplex Method

• Large scale-mathematical solvers 

• Cplex

• Gurobi

• FortMP

• NMath

Linear Programming – Solution Approach



Demo using Python with Cplex using Jupyter Notebook

Linear Programming – Demo for multi-
robot scheduling


