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Motivating Example

 Two generator power system:

 Cost of generator 1 per MW is:

 Cost of generator 2 per MW is:

 Load is 200 MW

 What is the total cost?

 What is the cheapest way to operate the 
generators?
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Motivating Example

 In general, an optimization problem has the following form:
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Real Vector Spaces

 Consider some examples of vector spaces and their notations:
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Addition, Subtraction, and Scalar Multiplication
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Inner Product in Rn
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2-Norm in Rn
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Geometry/Angle Between Vectors
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Geometry/Angle Between Vectors
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Matrices

 Definition: A matrix is an m by n array of scalars from a field F

 A can also be written as

 If m=n the matrix is said to be square

 That is, the number of rows and columns are equal

 Example, a 3x3 matrix



 Transpose: The transpose of a matrix is obtained by interchanging the rows and 
columns of it.

Matrix Transpose

 Examples:
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Matrix Algebra: Addition and Subtraction

 Matrix addition and subtraction: let                                          be matrices of the 
same size
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Matrix Algebra: Multiplication

 Matrix multiplication: let
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Matrix Algebra: Multiplication
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Matrix Determinant

 It is useful to characterize matrices by a single number such as the determinant

 Denote 



Nonsingular Matrices

 A matrix is said to be nonsingular if it produces the output 0, only for the 
input 0

 If a matrix is nonsingular then it is invertible

 Equivalent conditions for non-singularity:

16



Matrix Inversion

17



Matrix Inversion
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Eigenvalues and Eigenvectors

 Eigenvalues are very important in many applications

o Optimization (positive definite, semi-definite matrices)

o Linear differential equations
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Eigenvalues and Eigenvectors

 Find the eigenvalues and eigenvectors for 
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Functions of Several Variables

 One of the reasons for defining this concept of vector spaces, is that now it 

makes sense to write:

 Think of some examples:

 How about linear functions? Can we write them in vector form?
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Functions of Several Variables – Quadratic Functions

 Many of the cost functions we will use are quadratic, i.e. they are polynomial 

functions of degree at most 2:



23

Positivity of Quadratic Functions
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Positivity of Quadratic Functions – Example 1
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Positivity of Quadratic Functions – Example 2
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Gradient Definition
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Gradient Example
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Next

 Introduction to optimization with power systems applications


