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Linear Programming
• A linear programming problem usually 

looks like this:



Linear Programming
• Methods that solve linear programming problems

- Simplex methods (1947)
‣ exponential worst case time

‣ very fast in practice

- ellipsoid algorithm (1979)
‣ polynomial worst case time

‣ slow in practice

- Interior-point methods (1984)
‣ polynomial worst case time

‣ competitive with simplex methods



Example
• Single-source short paths problem
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Examples
• Max flow problem



Examples
• Min-cost flow problem

- linear programming can solve variant of problems 
that do not have an efficient algorithm yet 

- a(u,v): cost of each unit flow



Simplex Methods

named one of the top ten
best algorithms in 20th century



Geometric View
Ex: Apple sells two types of ipod

Optimal solution can always be found at a vertex

Feasible 
region 



Simplex Methods
• Simplex is a type of “iterative improvement” method

• Key idea

• Some more geometry

• Main steps



Simplex Methods
• In most cases, our initial point is simple

- (0,0,....,0)

- this is the intersection of all

- when all coefficients in the objective function are 
negative, this solution is optimal 

- to pick an adjacent vertex, we simply pick a variable

‣ whose coefficient is positive

‣ try to maximize 

xi ≥ 0

xi

xi



Simplex Methods



Simplex Methods
• What do we do if our current solution is 

not (0,0,...,0)?

- we transform our problem so that the current 
solution is (0,0,...,0)

• Some more geometry
- coordinated are defined by “distance” to the 

constraints (axis) 

- after moving to an adjacent vertex, one constraint 
(axis) is changed

- therefore the coordinate defined by the new 
constraint (axis) needs to be changed

- the distance to a hyperplane                is simply aix = bi bi − aix



Simplex Methods
geometric interpretation



Simplex Methods
• some loose ends



Simplex Methods
• time complexity? n variable, m constraints



Duality



Duality



Duality



Example of Duality


