
Linear	Algebra	Tutorial	

	

	

A	matrix	has	rows	and	columns.	Examples:	 1 2
3 4 →	Dimension:	2	x	2	

𝐴 = 	 1 2 3
4 5 6 →	Dimension:	2	x	3	

• Transpose	of	a	matrix:	𝐴+ =
1 4
2 5
3 6

	

	

A	(column)	vector	of	dimension	n	is	an	ordered	collection	of	n	elements,	which	are	

called	components.		

Example:	𝑥 =
3
2
2
→	Vector	of	dimension	3.	

The	transpose	of	𝑥	will	be	a	row	vector:	𝑥+ = 3 2 2 .	

	

• Multiplying	a	vector	by	a	scalar	

Example:	Given	𝑎 = 2
1 	and	𝜆 = 3,	𝜆 ∙ 𝑎 = 3 ∙ 𝑎 = 3 ∙ 21 = 	 63 	

	 	 	 	 −1 ∙ 𝑎 = −1 ∙ 21 = 	 −2−1 	

	

• Multiplication	of	matrices	

Examples:	 1 2
3 4 	x	

5 6
7 8 = 	 1 ∙ 5 + 2 ∙ 7 1 ∙ 6 + 2 ∙ 8

3 ∙ 5 + 4 ∙ 7 3 ∙ 6 + 4 ∙ 8 = 19 22
43 50 	

																						(2	x	2)					(2	x	2)																																																																		(2	x	2)	

	

1 2 1
2 1 2 	x	

1 0 1 0
2 1 0 2
3 0 0 1

=	

			(2	x	3)																(3	x	4)	



1 ∙ 1 + 2 ∙ 2 + 1 ∙ 3 1 ∙ 0 + 2 ∙ 1 + 1 ∙ 0 1 ∙ 1 + 2 ∙ 0 + 1 ∙ 0 1 ∙ 0 + 2 ∙ 2 + 1 ∙ 1
2 ∙ 1 + 1 ∙ 2 + 2 ∙ 3 2 ∙ 0 + 1 ∙ 1 + 2 ∙ 0 2 ∙ 1 + 1 ∙ 0 + 2 ∙ 0 2 ∙ 0 + 1 ∙ 2 + 2 ∙ 1

= 8 2 1 5
10 1 2 4

	

																																											(2	x	4)	

	

𝑥 ∙ 𝑥+ =
1
2
3
∙ 1 2 3 =

1 ∙ 1 1 ∙ 2 1 ∙ 3
2 ∙ 1 2 ∙ 2 2 ∙ 3
3 ∙ 1 3 ∙ 2 3 ∙ 3

=
1 2 3
2 4 6
3 6 9

	

																																			(3	x	1)				(1	x	3)																																																								(3	x	3)	

	

• Inner	Product	

𝑥+ ∙ 𝑥 = 1 2 3 ∙
1
2
3
= 1 ∙ 1 + 2 ∙ 2 + 3 ∙ 3 = 14	

																																																					(1	x	3)			(3	x	1)	

	 𝑥+ ∙ 𝑥 = 𝑥6+7
689 ∙ 𝑥6 	

	

• Determinant	of	a	matrix	
𝑎99 𝑎9:
𝑎:9 𝑎:: = 𝑎99 ∙ 𝑎:: − 𝑎:9 ∙ 𝑎9:	

𝑎99 𝑎9: 𝑎9;
𝑎:9 𝑎:: 𝑎:;
𝑎;9 𝑎;: 𝑎;;

= 𝑎99 ∙
𝑎:: 𝑎:;
𝑎;: 𝑎;; − 𝑎9: ∙

𝑎:9 𝑎:;
𝑎;9 𝑎;; + 𝑎9; ∙

𝑎:9 𝑎::
𝑎;9 𝑎;: 	

	

	

Given	𝑐 ∈ ℜ:	with	𝑐 = 1
2 ,	𝑏, 𝑥 ∈ ℜ

:	and	𝐴 ∈ ℜ:A:	with	𝐴 =
𝑎99 𝑎9:
𝑎:9 𝑎:: ,		

minimise					𝑐+ ∙ 𝑥	

subject	to			𝐴 ∙ 𝑥 = 𝑏	

	

𝑚𝑖𝑛𝑖𝑚𝑖𝑠𝑒	 1 2 ∙
𝑥9
𝑥: = 1 ∙ 𝑥9 + 2 ∙ 𝑥:	

𝑠𝑢𝑏𝑗𝑒𝑐𝑡	𝑡𝑜	
𝑎99 𝑎9:
𝑎:9 𝑎:: ∙

𝑥9
𝑥: = 𝑏9

𝑏:
	



	 	 	 	 	
𝑎99 ∙ 𝑥9 + 𝑎9: ∙ 𝑥:
𝑎:9 ∙ 𝑥9 + 𝑎:: ∙ 𝑥:

= 𝑏9
𝑏:

	

	

	

Given	𝑥 ∈ ℜ;,		𝑐 ∈ ℜ;	with	𝑐 =
1
0
3
,	𝑏 ∈ ℜ;	with	𝑏 =

1
2
3
	and	𝐴 ∈ ℜ;A;	with	𝐴 =

1 0 1
2 0 0
0 3 1

,		

maximise					𝑐+ ∙ 𝑥	

subject	to			𝐴6 ∙ 𝑥 ≤ 𝑏6 ,	for	𝑖 ∈ 𝑀9 ∪ 𝑀:	

	 								𝐴6 ∙ 𝑥 ≥ 𝑏6 ,	for	𝑖 ∈ 𝑀;	

	 	 	 where	𝑀6 	is	the	𝑖OP	row	of	𝐴 ∙ 𝑥	

	

𝑚𝑎𝑥𝑖𝑚𝑖𝑠𝑒	𝑥9 + 3 ∙ 𝑥;	

𝑠𝑢𝑏𝑗𝑒𝑐𝑡	𝑡𝑜	𝑥9 + 𝑥; ≤ 1	

		 	 	 	 	 	 2 ∙ 𝑥9 ≤ 2	

	 	 	 	 	 	 3 ∙ 𝑥: + 𝑥; ≥ 3		

	

	


