ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY
3.3 Iterative methods

The types of iterative methods are
(1)  Gauss-Jacobi method
(i)  Gauss-Seidal method
1. Solve the system of equations by (i) Gauss- Jacobi Method (ii) Gauss-Seidal Method
27x +6y—2z=85, x+y+54z=110, 6x+ 15y + 2z =72

Solution:
As the coefficient matrix is not diagonally dominant we rewrite the equations
27x + 6y —z =85,6x + 15y + 2z =72,
x+y+54z =110,

Since the diagonal elements are dominant in the coefficient matrix, we write, X, y, z as follows:

1
x—ﬁ[85—6y+z]

1
y=1—5[72—6x—22]

1
z—a[llo—x—y]
(i)  Gauss- Jacobi Method

Let the initial values be

First iteration

x = =[85] = 3.148

L
27
y = i[72] =48

15 '

1
M =_—7110] = 2.037
z 54[ ]

Second iteration

1
x(z) — ; [85 — 6y(1) + Z(l)] =

[85 — 6(4.8) + (2.037)] = 2.157

L

27
1 1

y@ = = [72 — 6xW — 22V = G [72 — 6(3.148) — 2(2.037)] = 3.269

1 1
@ = [110 — x® — y®] = —[110 — — 48] =
z 54[110 x® —y®] =4 [110 —3.148 — 4.8] = 1.890
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Third iteration

x® = % [85 — 6y + 2] = % [85 — 6(3.269) + (1.890)] = 2.492
1 1
y® = G [72 — 6x® — 2] = 5 [72 — 6(2.157) — 2(1.890)] = 3.685

1 1

@ = —x@ _ @] = — _ _ -

z 54[110 x@ —y@] =7 [110 — 2157 — 3.269] = 1.937
Fourth iteration

x® = —[85 - 6y + 2] = —[85 — 6(3.685) + (1.937)] = 2.401

y® =—[72 63 — 2,()] = 15

72 — 6(2.492) — 2(1.937)] = 3.545
1
@ = _—[110 — x® — y®] = —[110 — . -
z 54[110 x® —y3] = [110 — 2492 — 3.685] = 1.923
Fifth iteration

x® = — [85 6y® + 2] == ~[85 — 6(3.545) + (1.923)] = 2.432

1 1
y® = = [72 —6x@® — 22(4)] =

7572 - 6(2.401) — 2(1.923)] = 3.583

1 1

®) = — —x@® _y®] = — _ Y -

z 54[110 x® —y®] =4 [110 — 2401 — 3.545] = 1.927
Sixth iteration

x® = —[85 - 6y® + 2] = —[85 — 6(3.583) + (1.927)] = 2.423
1 i
y(©) = R [72 — 6x®) — 22| = TE [72 — 6(2.4332) — 2(1.927)] = 3.570

1 1
©® = —[110 — x® — y&] = —[110 — _ -
z 54[110 x® —y ] = [110 — 2432 - 3.583] = 1.926

Seventh iteration

x ) = —[85 - 6y® + z®] = —[85 - 6(3.570) + (1.926)] = 2.426

1 1
y(7) — 1—5 [72 — 6x(6) — 22(6)] —

7572 - 6(2.423) - 2(1.926)] = 3.574
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1 1
) = —[110 — x® — y©®] = —[110 — _ -
z 54[110 x(®) —y©] =7 [110 — 2423 - 3.570] = 1.926

Eighth iteration

x® =~ [85— 6y + 2] = —-[85 — 6(3.574) + (1.926)] = 2.425
1 1
y® = = [72 — 6x( — 22V = G [72 — 6(2.426) — 2(1.926)] = 3.573

1 1
z® = = [110 = x( — yD] = = [110 — 2.426 — 3.574] = 1.926

Ninth iteration

x®) == [85 6y® + 28] == ~[85 — 6(3.573) + (1.926)] = 2.426
1
y® = — [72 —6x® —220] = T [72 — 6(2.425) — 2(1.926)] = 3.573
1
z® =— [110 —x® —y®] = = [110 - 2.425 - 3.573] = 1.926

Tenth iteration

1 1
x(10) — - [85 — 6y + 2] = > [85 — 6(3.573) + (1.926)] = 2.426
1 1
y(10) = 15[72 6x —2z0] = 15172 — 6(2.426) — 2(1.926)] = 3.573

1 1
210 = 7 [110 — x — y] = =, [110 —2.426 — 3.573] = 1.926

Hence, x = 2.426,y = 3.573,z = 1.926,

Correct to three decimal places.

(i)  Gauss- Seidal Method

Let the initial values be
y=0,z=0

First iteration

x® =~ (85— 6y©@ + 2] = —[85 - 6(0) + (0)]  =3.148
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1 1
y@ = = [72 — 6xM —220] = G [72 — 6(3.148) — 0] = 3.541

1
=—[110 — 3.148 — 3.541] = 1.913

1
1 = — — @D 4@
z =1 [110 — x yD] =2

Second iteration

x@ = —[85 - 6y® + zM] = —[85 - 6(3.541) + (1.913)] = 2.432
1 1
y@ = G [72 — 6x® — 27V = 5 [72 — 6(2.432) — 2(1.913)] = 3.572

1 1
7(2) = = [110 — @ _— y(Z)] = T2 [110 — 2.432 — 3.572] = 1.926

Third iteration

x® = —[85 - 6y@ + z@] = —[85 - 6(3.572) + (1.926)] = 2.426

1 i)
y® = = [72 — 6x® — 22| = —[72 — 6(2.426) — 2(1.926)] = 3.573

5
2® = L1110 - x® — y®] = —[110 — 2.426 — 3.573] = 1.926
54 54
Fourth iteration

x® = —[85 - 6y + 2] = —[85 — 6(3.573) + (1.926)] = 2.426

1 1
y® = = [72 — 6x® — 22| = o [72 — 6(2.426) — 2(1.926)] = 3.573

1 1
@ = 110 = x® — y@] = —[110 - i -
z 54[110 x® — y®] = [110 — 2426 — 3.573] = 1.926

Hence, x = 2.426,y = 3.573,z = 1.926,

2. Solve the system of equations by Gauss-Seidal Method
4x+2y+z=85 x+5y—z=110, x+y+8z =20

Solution:

As the coefficient matrix is diagonally dominant solving X,y,z, we get

1
x=Z[14—2y—Z]
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[10 — x + z]

‘<

[20 — x — y]

OOIP—\ U'IIH

Let the initial values be
y=0,z=0

First iteration

x @D =2 [14 - 2y© — zO] = 2[14 - 2(0) — (0)] = 3.5

1 1
y® = - [10 —xW +z0] = £[10-35+0] =13

1
zMW = [20 —x®M —yMD] =-[20-35-13]=19

OO

Second iteration

x@ = 2[14 - 2y® - 2] = 2[14 - 2(1.3) - (1.9)] = 2375

=

y@ == [10 —x@ +2zM] =-[10 — 2.375 + 1.9] = 1.905

U‘l

z® =-]20 - x® — y@] =-[20 — 2.375 — 1.905] = 1.965

1
8

xR =

Third iteration
x® = 2[14 - 2y® — z@] = 2[14 — 2(1.905) — (1.965)] = 2.056

y® =—[10 = x® 4+ z®] = —[10 — 2.056 + 1.965] = 1.982

Xl = ul1] ~
Q| = U] =

z® =-20 - x® — y®] = -[20 — 2.056 — 1.982] = 1.995

Fourth iteration

x® == [14 2y® — 2] = i [14 — 2(1.982) — (1.995)] = 2.010

y® =10 —x® + 23] = —[10 - 2.010 + 1.995] = 1.997

z® = [20 — 2.010 — 1.997] = 1.999

Rl = U]~
Q| = Ul =

[20 — x(4‘) — y(4‘)] =
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Fifth iteration

x®) == [14 2y® — 2] = i [14 — 2(1.997) — (1.999)] = 2.002

1 1

y®) = = [10 = x® + zW] = = —[10 — 2.002 + 1.999] = 1.999
1 1
2® =2[20 - x® —y®] = 2[20 - 2.002 - 1.999] = 2
Sixth iteration
1 1
x©® = Z [14 - 2y®) — 2] = 7114 —2(1.999) - (2)] = 2.001

1 1
y© = = [10 —x©® + 2] = =[10-2.001+2] =2

1 1
2 =220 - x® - y©] = 2[20 - 2.001 - 2] = 2

Seventh iteration

27 =2 [14 - 2y© — 2] = 2[14 - 2(2.001) — (2)] = 2

y@ —_[10_x(7)+z(6)] ==[10—-2+2] =2

oolr—\ U‘llb—\

Z(7) — 1[20 S x(7) = y(7)]

20-2-2]=2
3 [ ]

Eighth iteration
x® =2[14 -2y — 2] =2 [14 - 2(2) - (2)] = 2

[10-2+2] =2

ul]

y® = %[10 _x® 4 0] =

1
Z[20-2-2]=2

1
® =Z[20 — x® — y®] =
z® = 2[20 - x® —y®] =

Hence,x =2,y =2,z = 2.
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