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1 Solving Linear Systems of Equations in Matlab

1.1 Linear Systems of Equations

A system of linear equations consists of two or more linear equations involving the same

set of variables. These systems can be solved using various methods, including graphing,

substitution, elimination, and matrix operations, etc.

A typical linear system of equations can be written as:

a11x1 + a12x2 + · · ·+ a1nxn = b1

a21x1 + a22x2 + · · ·+ a2nxn = b2

...

an1x1 + an2x2 + · · ·+ annxn = bn

1.2 Solving Linear Systems Using Substitution Method

The Substitution Method involves solving one equation for one variable and substitut-

ing that value into the other equations to solve for the remaining variables.

Example 1.1. Consider the following system of equations:

x+ y = 10

x− y = 4

1. Solve the first equation for x:

x = 10− y

2. Substitute x = 10− y into the second equation:

(10− y)− y = 4
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Simplifying:

10− 2y = 4 ⇒ 2y = 6 ⇒ y = 3

3. Substitute y = 3 into the first equation to find x:

x+ 3 = 10 ⇒ x = 7 ⇒ y = 3

1 % Def ine symbol ic v a r i a b l e s

2 syms x y

3

4 % Def ine the system o f equat ions

5 eq1 = x + y == 10 ;

6 eq2 = x − y == 4 ;

7

8 % Solve the f i r s t equat ion f o r x

9 Sx = s o l v e ( eq1 , x ) ;

10

11 % Subs t i tu t e x in to the second equat ion

12 eq3 = subs ( eq2 , x , Sx ) ;

13

14 % Solve f o r y

15 Sy = s o l v e ( eq3 , y ) ;

16

17 % Subs t i tu t e y back in to the f i r s t equat ion to f i n d x

18 SFx = subs (Sx , y , Sy ) ;

19

20 % Display the s o l u t i o n

21 di sp ( ' x = ' ) , d i sp (SFx)

22 di sp ( ' y = ' ) , d i sp ( Sy )

23

24 %Output x=7, y=3
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1.2.1 Homework of Substitution Method

Solve the following system of equations using the substitution method:

x+ 2y + 3z = 12

4x− y + 2z = 5

−2x+ 3y − z = 3

1.3 Solving Linear Equations Using Matrix Algebra

You can represent the same system of equations in matrix form:

A · x = b

A =



a11 a12 · · · a1n

a21 a22 · · · a2n
...

... . . . ...

an1 an2 · · · ann


, x =



x1

x2

...

xn


, b =



b1

b2
...

bn


Where:

• A is the coefficient matrix,

• x is the vector of unknowns,

• b is the vector of constants.

Method 1: Using the Backslash Operator (\)

In MATLAB, the backslash operator (\) provides an efficient method to solve linear

systems of the form:

A · x = b

The syntax for solving this in MATLAB is:
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1 x = A \ b ;

Example 1.2. Consider the system of linear equations:

2x+ 3y = 5

4x+ 7y = 10

In matrix form, this is represented as:

2 3

4 7


x
y

 =

 5

10



1 A = [ 2 3 ; 4 7 ] ; % C o e f f i c i e n t matrix

2 b = [ 5 ; 1 0 ] ; % Right−hand s i d e vec to r

3

4 S = A \ b ; % Solve the system us ing the backs la sh operator

5 x=S (1) % Display the s o l u t i o n

6 y=S (2)

7 %Output : x = 2 .5 , y=0

Method 2: Using Inverse of Matrix

If A is invertible, the solution is:

x = A−1 · b

Example 1.3. Consider the system of linear equations:

2x+ 3y = 5

4x+ 7y = 10
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2 3

4 7


x
y

 =

 5

10



x = A−1 · b

1 A = [ 2 3 ; 4 7 ] ; % C o e f f i c i e n t matrix

2 b = [ 5 ; 1 0 ] ; % Right−hand s i d e vec to r

3

4 S = inv (A) ∗b ; % Solve the system us ing i n v e r s e o f matrix

5 x=S (1) % Display the s o l u t i o n

6 y=S (2)

7

8 %Output : x = 2 . 5 y=0

1.3.1 Homework of Solving Linear Equations Using Matrix Algebra

Solve the following system of equations using the Matrix Algebra:

2x+ 3y − z + 4w = 14

3x− y + 2z + w = 5

x+ 4y + 5z − 2w = 10

5x+ 2y + z + 3w = 12

1.4 LU Decomposition

LU Decomposition is a method that factors a matrix A into the product of a lower tri-

angular matrix L and an upper triangular matrix U . This decomposition can be used to

solve the linear system Ax = b.

Steps to Solve a Linear System using LU Decomposition
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1. Decompose the matrix A into L and U :

A = LU

2. Forward Substitution: Solve Ly = b for y.

3. Backward Substitution: Solve Ux = y for x.

Example 1.4. Consider the linear system:

2x+ 3y = 8

4x+ 9y = 18

In matrix form, this can be written as:

Ax = b

where

A =

2 3

4 9

 , x =

x
y

 , b =

 8

18



1 c l e a r

2 % Def ine the c o e f f i c i e n t matrix A and r ight −hand s i d e vec to r b

3 A = [ 2 3 ; 4 9 ]

4 b = [ 8 ; 18 ]

5

6 % Perform LU decomposit ion

7 [ L , U] = lu (A)

8

9 % Solve f o r y in the equat ion Ly = b us ing forward s u b s t i t u t i o n

10 SL = L \ b
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11

12 % Solve f o r x in the equat ion Ux = y us ing backward s u b s t i t u t i o n

13 S = U \ SL

14 x=S (1)

15 y=S (2)

1.4.1 Homework of LU Decomposition

Solve the following system of equations using the LU Decomposition:

6x+ 7y + 8z = 30 (1)

2x− 3y + 4z = −2 (2)

5x+ 2y − z = 9 (3)

−x+ y + 2z = 1 (4)
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