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Lecture 15

Solution of simultaneous linear equations, Direct and Indirect methods

Introduction

The basic idea for this method is finding the value of (x) by
arranging several simulation equations in a manner that simplify the

solution.
A simple example can explain the above text:

Suppose we have several equations that contain the unknown value of (x),
we cannot find the value of (x,) from one equation, like

11X + Q12X + A13X3 + -+ A1 Xy = by

Where

The values of x; — x,, is unknown

aqq — aq, Constant

b, Constant

So:

If we want to know the values of (x), we should have several equations

having a number equal to the number of unknown,

aj1x + 12X, -+ aq3X3 + 4 A1pnXn = bl

alel + azzxz + a23JC3 + -4 aznxn - bz

Ap1X1 + Xy + AQpzXz + -+ X, = by,

Simultaneous linear equations are a set of linear equations that contain the same
unknown variables. The objective is to find the values of these variables that satisfy all
equations at the same time.

General form:

anz + apy = b

anx + azxpy = by




Matrix form:

AX =B

These equations appear frequently in engineering applications such as heat balance,
mass flow analysis, and refrigeration system modeling

Classification of Solution Methods
1. Direct Methods

Direct methods give the exact solution (neglecting rounding errors) after a finite
number of steps. (Gauss Elimination, Gauss Jordan)

2. Indirect (Iterative) Methods

Approximate solutions using repeated iterations [(EEESSCIGCIIUECOD

1. Direct Methods (Exact Method)
A- Gauss Elimination Method

Engineers often need to solve large systems of linear equations; for example in
determining the forces in a large framework or finding currents in a complicated
electrical circuit. The method of Gauss elimination provides a systematic approach to
their solution. The technique involves combining equations in order to eliminate
unknown, although it is one of the earliest methods for solving simultaneous equations,
it remains among the most important algorithms in use today

gl b aS JS o8l paas die (Jiall Jaa e siahal) claleall (e 3 peS dakail da ) 0 saling Wle () gunigall
Addai) pda Jal Llaia 8 (Gauss Elimination) ool Cadal) 48y jla 8 93 3a3ma 4l 1S3 il = | I i

Principle: Transform the system to an upper triangular form and solve by back
substitution.

Steps: <l shall
1. Write the augmented matrix. 4w sall 48 siiadl 4,1

2. Eliminate variables step by step.s sk & sha &l il e paladll
3. Solve from the last equation upwards. e ¥! ) 3 _pa ¥l Aalaall (e 122y Ja)




EX1: Consider we have three simultaneous equations

21 + 2 =7

r1+ T2 =25

1. Eliminate x4 from rZ2

e Multiply r2 by 2 and subtract r1:

2(1?1 | :ﬂz) (2:61 | Ii!?g) =107

:[?2:3

2. Back Substitution

Substitute x2 = 3 into r2:

1 +3=5=x =2

:31:2, .’122:3

EX2: Solve the system:

ri: Ty +xs+t x3==06
re: 2z +x2 T3 =9

rg: X1+ 229 + 23 =8

Sol: 1-

Eliminate z; from r2:

e Subtract r1 from r2:
(221 + z2 +x3) — (21 + 22+ 23) =9 — 6

z1+0+0=3 =x1=3




5. Find 2 and x3

e Substitute £; = 3 into r1:
3+xo+23=6 =22+23=3 (1)
e Substitute 21 = 3 into r3:

3+2z+23=8 =2z+23=5 (2)

3-

e From(1):z3 =3 — X9
e Substitute into (2):

2200+ (3 —23) =5 = 24+3=5 =ax53=2

e Thenzy3 =3-2=1

[3?1:3., $2:2, 33'3:1 }

H.W (1)

Solve the following sets of linear equations using Gauss-Elimination
method.

Xp+x;—x3=0

31 —x;+x3=4

Xy —2x,+2x3=3




B- Gauss- Jordan Method
The Gauss-Jordan method is an extension of Gaussian elimination. The goal is
to reduce the augmented matrix of a system of linear equations directly into
reduced row-echelon form also called the identity matrix form, so that the
solution can be read directly without back substitution.

I ¥l pUail (augmented matrix) dew gall 48 ghaal) Jy sl pasios 43y 5kl s2a [
(Identity Matrix)Zsas i 43 giaa g dlal<l) 4kl 48 ghuaall JS
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Gaussian elimination.

wishd Steps
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EX3: Solve

r1+axo=0D5
2z, + 3z, = 11

1 1| 5
2 3 | 1
e Eliminate first column in second row

R2 — R2 - 2*R1




e Eliminate first column in first row above pivot in second row
R1 - R1-1*R2

$1:4, $2:]_

2. Indirect (Iterative) Methods
Gauss-Seidel Iteration Method
Iterative technique method is one in which we start from an approximate and end

up with the true solution as the number of iterations becomes large.
Assume the equations:

@11Xy + Q13X + Qy3X3 = by

Az1X1 + Q22X + Az3X3 = by

A31X1 + A3X; + A33X3 = by
The solution for the new values is:

b a a
A S ﬁx(k) = ﬁxé")

1 2
a1 Qqq a1

k+1) b2 @1 ey Q23 (i
X =———x -—x
2 1 3

Az QA2 Az2

(k+1) by asz (k+1) 32 (k+1)
X = ——— —_——_—X
3 2 3
Q33 Q33 azz




In General

k+1 by aiz gy @3 Ain (k
xf )=———x§)——x§) ...... ——x,(z)
Ay Ay ayq aqq
(k+1) b, ay (k+1) D23 (k) Aon (k)
X, =——-—x, — R s — f—g
Az QA2 Az, sz
x D by am MY An2 D) Ann-1 _(k+1)
n — | i 1 —r 2 ------ S n_l
ann ann nn ann
Important Note

The first step for solving any gauss-Seidel problem is to apply the condition

below
lai| > Zlaijl
JET
EX4: Solve
dry — 19 =3
2:[?1 } 53?2 = -1
Sol:
3 Lo 1+ 2:[?1
T = T
1 4 ] 2 5

¢ Initial guess

0 = 0, :cg}) =0




e lteration1

2\ = 3%;0 = 0.75
N §(0.75) 1 Jg L5 _ o,
e |[teration 2
22 = 2 +40'1 — 0.775

m{z) e 2(0.775) ~ —1+41.55

— =0.11
2 5 5 0




1Thank You
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