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Module Graph Theory and Discrete Mathematics – I part

Topics:

 (some) Linear Algebra 

 Introduction to Graph Theory

 Difference equations and dynamical systems 

Linear algebra is an area of study in Mathematics that concerns itself 

primarily with the study of vector spaces and the linear transformations 

between them.

What? And the data?

wait wait … Linear algebra is behind (almost) all the powerful machine 

learning algorithms and vectors/matrices/tensors are a basic 

data structure



• A Scalar
– Has magnitude only (e.g. T=temperature)
– Represented by a single number

• A Scalar Field
– A scalar as function of position (e.g. T=T(x,y,z))
– Represented by a single number whose value varies in space.

• A Vector
– Characterized by a magnitude and direction (e.g. v=velocity)
– Represented by a set of numbers (e.g. in 3 dimensions 3 numbers)
– Represented as an arrow with length and spatial orientation
– Two vectors are said to be equal if they are Parallel (Pointed in same 

direction) and of equal length (magnitude).

• A Vector Field
– A vector whose magnitude and direction vary in space (e.g. v=v(x,y,z)).

Scalars, Vectors, and Tensors
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Scalars, Vectors, and Tensors
• A tensor (here we refer only to three-dimensional 

space)

– Characterized by an order.

– In general then:
• Zeroth-order tensor is a scalar

• First-order tensor is a vector

• Second order tensor looks like a 3x3 matrix.

– An nth order tensor has 3n components

– Usually, “tensor” refers to a second order tensor
• Ordered set of nine numbers, each of which is associated with two 

directions

• “Arrow-in-space” concept not helpful

• Stress tensor a common example in fluid mechanics



Abstract version

Example. scalar: real numbers; vector: a force. 



For this course we will consider only space the  Euclidean Vector Spaces

Note. Symbol for the set of the real numbers. 

Vectors in the Euclidean n-space, usually denoted by      , are the 

ordered n-tuples: sequence of n real numbers. The standard notation for 

a vector is a boldface lowercase letter and  the n-tuple is represented as

a column vector,  as in

In general, scalar multiplication and addition in are, respectively, defined by

for any x, y ∈ and any scalar . 



Example if x=
2
1

, 𝐲 =
3
−4

, then

x+𝐲 =
5
−3

x-𝐲 =
−1
5

Example  consider the following values for a Iris flower:

• sepal length

• sepal width

• petal length

• petal width

For the iris-setosa we have the vector: 

is=

5.1
3.5
1.4
0.2



The term matrix means simply a rectangular array of numbers. A matrix 

having m rows and n columns is said to be m×n. A matrix is said to be square 

if it has the same number of rows and columns, that is, if m = n.

Notation. The name of a matrix is usually a capital letter, the elements (entries)

𝑎𝑖𝑗have two indices: i row number, j column number,

We say that two matrices are equal if they have the same size (i.e., the same 

number of rows and the same number of columns) and if their corresponding 

entries are equal. If A and B are mxn matrices, then the sum A =C+B is the 

mxn matrix whose entries are the sum of the corresponding entries in A and 

B. The sum is defined only when A and B are the same size.

If r is a scalar and A is a matrix, then the scalar multiple rA is the matrix 

whose entries are r times the corresponding entries in A.



Example









Tensor: “Generalization of an n-dimensional array”


