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Differentiate Scalar, Vector, and Matrices.
Understanding The Norms.

Understanding Distances between Vectors.
Understanding sum, differences, and multiplying of the Vector.
Understanding The Dot Product.

Understanding Addition and Subtraction of Matrices
Understanding The Transpose of a Matrix.
Understanding The Identity Matrix.

Understanding The Determinant of the Matrix.
Understanding The Inverse of a Matrix
Understanding a linear Transformation .

Apply Neural networks using the Matrices.
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The Matrix MDOCEA[TIJ

The Matrix is a collection of numbers ordered in rows and columns. We would normally

denote a matrix with a capital letter, for instance, A

a1 Aq12 Qi3

Az 3 = |Q21 Q22 Q23
azq1 Q32 Q33].

1

3 Columns
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Scalars MI DOC EAH
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The Scalar is a matrix of one row and one column, and it has no direction. all numbers we

know from algebra are referred to as scalars in linear algebra.

[az]} -

Column
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The Vector is a simpler way of number that only has one column. It turns out that vectors can be seen as

arrows in the plane or in a higher dimensional space. Twvo very important components of vectors are their

magnitude, and their direction. Row
. Column Vector ow

Column

4 3 1]

Row Vector
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Lecture | ‘

The Vector is a group of scalars, and the matrix is a group of Vectors.

a2

aiq aiq
[ay1] ™ |ay | ™ |ay; ay;
aszq azq1 Q3>

The Scalar The Vector The matrix
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Pythagorean theorem

The length of the hypotenuse
in a right triangle 1s the
square root of the sum of the

squares off both sides. [aZ + b2
hypotenuse(c?) = a? + b?

cc=a@ T b7
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Norms mipoceal

A Norm is a way to measure the size of a vector, a matrix, or a tensor.

o .

L1 — Norm = |(a,b)| = |a| + |b] L2 — Norm = |(a,b)| = v/ a? + b?
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L1-distance

L1 —Norm=|u—v|=|5|+|-3|=8

L2-distance
L2 — Norm = |lu—v| = \/52 + (—3)%=5.83
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Sum of Vectors MlDOCEA[TIJ

u+v=>4+1),(1+3) = (54)

WWWw.midocean.ae



Lecture ll
Difference of Vectors MIDOCEAITIJ

F 3

(1,3)

u-v=>4-1),(1-3)=(3,-2)
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Multiplying a Vector by a Scalar M|DOCEA[TIJ

'y

3u 1 (3.8)

fo
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Multiplying a Vector by a Scalar M|DOCEA[TIJ

F 3
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The Dot Product M|DOCEA[TIJ

Quantities Price (Pound) Total Price (Pound)

P

» 2X3=|6
» 4 x5 =|20
» 1 X2 =|2

2

2 28
4
1
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The Dot Product M|DOCEA[TIJ

2%4
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Norm of a Vector MIDOCE A'll]
07 using Dot Product IJ

'y

J4%2 +32=+25=5

4

= 25
3

L2 — Norm = /Dot Product (u,u)

lu| = /(u,u)
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Geometric Dot Product MIDOCEAITIJ

&
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Geometric Dot Product MIDOCEAITIJ

U
/ (u,u) = |u| x |[u| = |u|? y

l\ /'(u*v') u'| X |v|

= |u| X |v| cos @
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Geometric Dot Product MlDOCEAITIJ

&

(2,4)

. ¥ P
Negative
L=

-22
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Dot product withu > 0 (u,v) > 0

Dot product withu < 0

(u,v) < 0

Dot product withu = 0 - fww)=0

www.midocean.ae



L m [ ] [ ] | ]
Addition and Subtraction M|DQCEA'I+]

7 of Matrices

The two matrices must have the same dimensions.

9 8 7

12 6] B, .= . _5]

5
AZX3"[—3 0 14

15| 12 67 8 7]_ﬂ5+9]12+8 6+7
-3 0 14/ "1 3 -5/ [-3+1 0+4+3 14+ (-5)

Ayy3 + Byys

14 20 13
-2 3 9.
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Addition and Subtraction M|DQCEA'I+]

7 of Matrices

The two matrices must have the same dimensions.

A2x3—[5 12 6 ] 9 8 7

14 B23=[1 3 _sg

Ao~ Bya = [ &) 12 5 - 9] 12-8 6-7

-4 4
-4 -3
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07 Matrix Multiplication
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MIDOCEA
Using the same concept, the dot product, we can multiply two matrices. We can only

multiply a matrix of dimensions m X m with a matrix of dimensions m X k.

The second dimension of the first matrix must_match the first dimension of the

second matrix.

1. Matrices are nothing more than a
collection of vectors.
2. When we have a dot product, multiply a

row vector times a column vector:
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The Transpose of a Matrix MIDOCEAITIJ

The transpose of a matrix is found by interchanging its rows into columns or columns
into rows. The transpose of the matrix is denoted by using the letter “T” in the superscript

of the given matrix.

—— AT=[3 4 5]
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Lecture ll
The Transpose of a Matrix MIDOCEAN

The transpose of a matrix is found by interchanging its rows into columns or columns
into rows. The transpose of the matrix is denoted by using the letter “T” in the superscript

of the given matrix.

—— AT=[3 4 5]
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Lecture ll
The Transpose of a Matrix MIDOCEAN

The transpose of a matrix is found by interchanging its rows into columns or columns
into rows. The transpose of the matrix is denoted by using the letter “T” in the superscript

of the given matrix.

—— AT=[3 4 5]
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The Tensor is the most general concept. Scalars, vectors, and matrices are all tensors of

ranks zero, one, and two respectively.

[a11

Tensor (1 x 1)
Rank Zero

LJ

Tensor(m x 1) Tensor (m X n) Tensor((m X n X k)
Rank One Rank Two Rank Three

A3
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Iie Identity Matrix MIDOCEA

The identity matrix is the matrix that when multiplied by any other matrix it gives the

same matrix.
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The Determinant of the Matrix MIDOCEAITI;

The determinant is a special number that can be calculated from a matrix. The matrix has

to be square (same number of rows and columns).

=ab

A
c d

| —

a
_— Xe f]
i

me |A| =a(ei — fh) — b(di — fg) + c(dh — eg)
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The Determinant of the Matrix MIDOCEAITIJ

6 1 1
A=[4 -2 5
2 8 7

a4 6]

13 8

= ad — bc Al =a(ei — fh) — b(di — fg) + c(dh — eg)
=4XxXx8—-6x%X3 Al =6x(-54) —1x(18) +1x(36)

=32 —-18 Al =-360

= 14
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Inverse of a Matrix MIDOCEAN

Inverse of a Matrix is a matrix that on multiplying with the original matrix result in the

identity matrix. _ve

Ao} / '~

S ke P

-1

4-1 a b]

c d

In other words: swap the positions of a and d, put negatives in front of b and ¢, and divide

everything by ad — bc (the determinant of the matrix)
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Inverse of a Matrix MlDOCEAITIJ

How do we know this is the right answer?

4 7]>< 0.6 —-0.7

2 6/l71-0.2 0.4
4 711 1

_ 6 -7
2 6 _4><6—7><2L2 4] _[4X0.6+7x-0.2 4><—0.7+7><0.4]

- 12%0.64+46x—-0.2 2x—-0.74+6x0.4

1176 =7
_10[—2 4] _12.4-1.4 -2.8+2.8

- 11.2-1.2 -1.4+2.4
_[10.6 —-0.7

B B

Non-zero determinants mean that the matrix has an inverse and a zero determinant, that the
matrix does not have an inverse.
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A linear Transformation MIDOCEA[TIJ

A linear transformation is a way to send each point in the plane into another point in the
plane in a very structured way.

WA NP PRWw OO
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07 A linear Transformation MIDOCEAITIJ

® J
3 1
12

2
p o j—
1

Day 1=3a + b
Day 2=a + 2b

a=2
b=1

Day1l 7
Day?2 4
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Spam Filter

_Spam_| Lottery | win _NPRRNERE

1 Win: 2 points

“Win, win the lottery!”: 7points
Rule:

If the number of pomnts of the sentence is bigger than (Threshold).

then the email 1s spam.

Goal: Find the best points and threshold
Lottery: ? point

Win: ? point

Threshold: ? points
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07 Neural network and the Matrices MIDQF I.EA ||
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Spam Filter

> 1.57?

-~
»

es

<
wn

es
Solution

Lottery: 1 point
Win: 1 pomt
Threshold: 1.5 points

<
w

_Spam_
| Yes
| Yes
__No
| No
__No
| Yes
| Yes

1
2
0
0
0
1
2
2
1

<
w
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07 Neural network and the Matrices
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Spam Filter

Win*
Positive zone:
Line: ] - Win+ 1 - Lottery > 1.5

1 -Win+ 1 - Lottery =

O

O

1
2
0
0
0
1
2
2

Negative zone: . O _/ 1 >
_ ottery
| -Win+1 - Lottery < 1.5

—
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07 Neural network and the Matrices

MIDOCEA|

Spam Filter

Check: > 1.5?

v

1
2
0
0
0
1
2
2

—
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07 Neural network and the Matrices MI DOC '.EA

Spam Filter

Check: > 1.5?

X

Not spam

O0X1+1x1=0+1=1

1
2
0
0
0
1
2
2
1
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Spam Filter

prod

Check: >1.5?

<>

" heck
o

<
w

<
w

1
2
0
0
0 e
1 o
2
2
1
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07 Neural network and the Matrices
Spam Filter

/ Threshold
Check
Lottery | Win | Bias L= Win + 1 - Lottery —1.5> 0

] -Win+ 1 - Lottery —1.5 > 0 Bias
1 v
1

> 1.57?

1 Check: > 0?

:1
-1.5

\ Bias

_Spam _
| No
| No
| No _
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Spam Filter

z=1*x;,+1%x,—1.5 o(Z)

0 Not Spam

Activation Function
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Digital 1images 1s made up of tiny dots called pixels. Each pixel in an image 1s made up of

binary numbers which is the color depth of the image.

400 x 400 3 (400 x 400)
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e Actual BP
e Predicted BP

o
o
o
Q
O
=
M
0w
w
c
oy
™

Transformation
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