Sridhar: Design and Analysis of Algorithms

Chapter 12

12.1Use Gaussian elimination and solve the following problem.

a)

b)

2X1 + 32 + X3 =12

X1+ X2+ 3x3=10

2X1+ Xo+X3=8

Solution:

Add —Atimes row 1 to row 2

(2 3 1]12]
0 = 2|10
2 2
2 1 178

Add -1 times row 1 to row 3

2 3 1]12]
0o 224
2 2
0 -2 0|4

Add -4 times row 2 to row 3

2 3 1 |12

g L >
2 2
_0 0 -10]|-20
X, =2
Xo =2
X3—2

2X1 + 33X+ X3=6
X1+ 6%, + 7x3 =10
X1+ Xo+2X3=8

Solution:
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2 3 1|6
1 6 7|14
31 2|5

Apply -% times row 1 to row 2

2 3 1|6
0 913 11
2 2
31 2|5

Apply %, times row 1 to row 3

2 3 1|6
Oggll
2 2
o =L 114
L 2 2 _

Apply % times row 2 to row 3

)
2 3 116
09511
2 2
00@ﬂ
i 9 19|
4
50
- 82
2 50
_
%= 10

2

= Solution is xlz%, w283 A

50 ° 50
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12.2 Perform LU decomposition of the following matrices using the Gaussion elimination
method.
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2 3 1\(x 12
a) |1 1 3| x,|=10
2 1 1)(x 8

Solution:

Using the previous problem, one can find

1 0 O
L=/05 1 0
{ -05 05
2 3 1\(x
b) |1 6 7% |=]14
3 1 2)\x 5
Solution:
1 0 0
L=|05 1 0
15 -077 1
2 3 1
U=|0 45 65
0 0 555
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12.3 Apply count procedure for solving the problem given in exercise 12.2

4 1 1
a) |2 2 2
6 4 2
Solution:
ln=an =4
o1 =a,n =2

l31=a31=6
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0, =22 -1 05
a, 4
I22 =ay — |21[U12
=2—(2><0.25)=l.5

I32 =ag — ISlle
= 4—(6><0.25)=1.9

u,=2-1 025
a, 4

U.. = s — |y x Uy
23 =

|22

3-2x0.25 25
15 15

|y = Ay — Iy XUy — 1y, XU,

=2-6x0.25-1.9x1.66=2-1.5-3.154 = -2.654

=1.66

l, 4 0 0
L=|1, L, =2 15 0
l, 1, l,) (6 1.9 —2.654
1 u, u,) (1 025 025
U=/0 1 wu,|={0 1 166
o0 1)1{0 0o 1

4 6 7
b) (12 3 4
6 8 7
(i)  Elements of the 1% column value have the following
4
12| 1, =4;1,=12;1,, =6
6

(ii)  Elements of the 1 row
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u,=22-%_15
a, 4
b =2 =L 175
a, 4
4 15 1.75
matrix| 12 = *
6 * *

(iii)  Elements of the 2" column
l,, = a,, |, xU, =8—12x15=—15
|, —a, —I, xU, —=8—6x15 =—1

4 15 175
matrix| 12 -15 =
6 -1 *

(iv)  Elements of the 2" row

LAy, —lyxu, 4-12x175 -17

_ =1.13
l,, ~15 15

|23

(v)  The last entry

Ugy = g — |33 X Uj3 — 1 X Uy

= 7—6><1.75—(—1)><1.13: —2.37

4 15 175
matrix| 12 -15 1.13
6 -1 -237
4 0 0
L=|12 -15 0
6 -1 -237
4 15 175
K=/0 1 113
0O 0 1

12.4 Find matrix inverse for the following matrix using Gaussian elimination method.
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a)24
31

Multiply row 1 by % to get

1 2 1 0
2
0 -5 =3 1

1201 ¢
2
013__1
10 5

Add -2 times row 2 to row 1 to get

10/ 2
10 5
0 1123 1
10 5
-1 2
~ Matrix Inverse is 10 5
3 -
10 5
2 31
b) |1 3 4
5 6 2
Solution:

Multiply row 1 by % to get
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Add -1 times row 1 to row 2

13211 00
2 2
0 2712t
2 2
5 6 2 0 1

Add -5 times row 1 to row 2

p 21
2 2
0o 2 7
2 2
o 2 1t
2 2

0 0

Multiply row 2 by %3

p 201
2 2
o1 2L
3

0 =2
2 2

-
2

o
o

o w|N

1

Add 35 times row 2 to row 1

1 0 -3
0o 1 !
3

0o == 1
2 2

1
1
3
5
2

-1 0

0

2
3
0 1

Add %, times of row 2 to row 3
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10 3|1 -10

01 L2 2
3(3 3
00 3[3 11

Add 3 times row 3 to row 1

100[-2 0 1

01 1|2 2 g
3[3 3

00 1|1 =2

3 3

1 002 0 1
0102_—1_—7
9 9
0011 = 1
3 3

~ Matrix inverse is | 2

wlk co||L o
Wl ©||\‘ =

12.5 Find the determinant of the following matrices using Crout’s LU decomposition.
) 3 2
a

9 6

(Ill 0 )(1 ule — (Ill Illu12 + 0 j
IZl I22 O 1 I21 I21u12 + I22

“l1=3 ljupp =2

Usp = % = 0.66

o1 =4 l21U12 + Iz

4X2/3 + |22 =6

% +1=6
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2l =6-% =3.33

|Al=|L]|
|3 o o066
I3 3330 1
=9.99

4 6 2
by 7 8 2
11 4

The decomposition results in

1 0 0
L=]0571 1 0
0.143 -01 1.0
7 8 2
U=|0 1429 0.857
0 O 3.8

Therefore, the determinant is 38.01
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One can verify this result with the conventional determinant method.

12.6 Let us consider the polynomial
F(X) =2 +4x +6x°+6x>  for x=3,
Use Horner’s method to solve the polynomial.
Solution:
Here ag=2
Ar=4
a=6 andx=3
az3=6
As per the algorithm, initialize
S=az;=6
i=1,
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S = az.q + SXX
—a+6Xx3=6+6x3=24
i=2,
S = az.p + SXX
—ay+24x3=4+24x3 =176
i=3,
S = az.3 + SXX
=ap+76Xx3=2+76x3=230
Since i = 3, the algorithm terminates.
Cross check :
f(3) =2 +4x3 + 6x9 + 6x27
=2+12+54+162
=230.

12.7 Use binary exponentiation method and solve the following functions. Show the intermediate

steps.
a) Xl4
Solution:
The binary representation at (14)10 is (1110),.
Binary digits} 1 1 1 0
Action Initialize
Product acc. XX X=X =x" (x)? =xH
x4 = (X7 )2
2
[ ]
2 2
= [x(x[lxz) }
b) X12
Solution:

The binary representation of
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(12)10 is 1100

Therefore, the solution is

Binary digits 1 1 0 0
Action Initialize
XX _XZ (X3)2 (XG) 2

Thus, it can be observed that

12.8 Find LCM of the following numbers using GEM

a) 64 and 16
mxn
LCM (m,n) = ————
(m.n) GCD(m,n)
_ 64x16 1024
~ GCD(64,16) GCD(64,16)
2%264
16
b) 128 and 36
mxn
LCM (m, =
(m.n) GCD(m,n)
LCM (128,36) = 12830
GCD(128,36)
_ 2008 _ 1155

Sridhar: Design and Analysis of Algorithms

GCD(128,36) =GCD(36,20) = GCD(20,16) = GCD(16,4) = GCD(4,0) = 4.
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