CvG2181 Winter 2016
Assignment #3 - Solutions

Question 1

Option Explicit
Function my_exp(x)
Dim sum As Double, sum_old As Double, term As Double
Dim i As Integer, max_terms As Integer

term=1
max_terms = 1000
sum = term

Fori=1 Tomax_terms
sum_old = sum
term =term *x /i
sum = sum + term
If Abs((sum - sum_old) / sum) * 100 < 0.00000000000001 Then Exit For
Nexti
MsgBox " Number of terms="&i + 1
my_exp = sum
End Function

{5 - S| =my_exp(10)
H A B | ¢ D E F G
1
2 |x= 10
o3
4 |my_exp l:my_exp(lo) -l

5 analytical 22026.4657948067

6 r —p
= Microsoft Excel %
8

9 Number of terms= 47

10
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Question 2

a- There should not be any zero in the main diagonal of the coefficient matrix. For
the given system, the coefficient matrix is:

7y+2z=3
18z = 2
x+2y=1

0 7 2

A=10 0 18]

1 2 0

There are zeros in the main diagonal, so it cannot be solved by LU method in the
current form. We have to change the order of the equations, so we swap the
equations as follows,

x+2y=1
7y +2z=3
18z =2

The matrix form of the new system is:
Ax =D
1 2 07rx 1
0o 7 2 lyl =13
0 0 18Itz 2
As can be seen in the new matrix, there is no zero in the main diagonal.

b-

7a+4+5b+c=13

{9a+3b+56=17
a+2b+4c=7

The matrix form of the system is:

SRR
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As can be seen in the coefficient matrix, there is no zero in the main diagonal.

A=LU

9 3 5 a1 Qi Qg3 liir 0 0711wy, ugs
7 5 1|=|Q1 a2 a23]=[lm l32 0][0 1 uy

1 2 4 az; dzp dAzz 0O O 1

131 132 l33

Now, we complete the matrix multiplication for each element of matrix 4, based on
the following steps:

1 3|5

vl

(11 A12 a13]

a1 Az Az
[d31 d3z d33

Stepl:

1
a11 = 9 == [lll 0 0] [0] => lll = 9
0

1
a1 =7=1[lz1 lzz O] [0 =>1 =7
0
1
azy = 1=[lz1 lzz [33] [0 =>13 =1
0
Step2:
U122 L
a;,=3=[l3; 0 O]|1 =>Up =3
[ 0o |
U137 s
a;3=5=1[l1; 0 O]fu| =>uy; =5
[ 1
Step3
Ug2 o
Az, =5=1[lh1 Iy 0][ 1] =>1y =3
0
Ug2 c
az; =2 =[l31 I3 l33][ 1 ] =>1l3, = 3
0
Step4:

Page 3 of 11



Uq3

3
a3 =1=[la1 Iy O][u23 =>u23=—1—2
1
step5:
Uy3 01
azz =4 =[l3; I3 l33][u23] =>l33=j
1
SO:
[9 0 0‘|
8
, 8 .l
l = 3
| 5 21}
1 —_ —_
3 4
1 5
EEEy
3 9
u=| 13|
o 1 ——|
| ]
0 O 1
A=LU
Ax =LUx=b
{szz
Lz=0»b
Lz=b
[9 0 0]
|, 8 [ 121 17
17 3 0|[22]=[13]
ll 5 21J Z3 7
3 4
921=17 —>Zl=%
8 1
7Z1+522:13 —>22:—E
5 21
Zl+§ZZ+TZ3—7 =>z; =1
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17
a |5 ]
Z=I22]=| 1|
“
1
Ux =1z
PRESEA I
2 %lb]=] L
0 1 13 b= 1
[ EJC I~ 13|
00 1 | 171
cC =
b-Zc=—= =>bh=1
12 12
a+-b+3c=Z =>a=1
3 9 9
a 1
[b] = [1 we can check the solutions by plugging them into one of the
C 1
equations:
9a + 3b + 5¢ =17
9(1) +3(1)+5(1) =17
17 =17 OK
Question 3

a- First, we write the matrix form of the system:

6x+y+2z=7
x+7y+5z=-1

20x + (g)y +17z =14

6 1 27 .

1 7 5 _
g2 —1]

2a Z 17|tz 14
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In order to use Cholesky's method, the coefficient matrix must be symmetric, so:
200 = =>a=1

B _ _ _
i =>pf =20
b-
Ax =0Db
6 1 27rx 7
[1 7 5 y=—1]
2 5 171tz 14
A=SST

We write the S matrix by their elements and transpose it inorder to form the S7:

6 1 2 ai1 A1z Qg3 s.11. O 011511 S21 S31
1 7 5 ] = [a21 az; 023] = [521 S, 0 ] [ 0 s 32]
1 S32 S33iL 0

A= 22 S
2 5 17 a3y dzz Aa4szz S3 0 533

Now, we complete the matrix multiplication for each element of coefficient matrix A4,
based on the following steps. Because matrix 4 is symmetric, we can skip the
symmetric values (i.e. we just use them once ):

1 3|5

vl

[d11 Aq12 Qg3 6 1 2
a1 Az Ax3|=|1 7 5

(31 a3z aszz]l [2 5 17
Step1:
S11
a11=6:[511 0 O][O :>511:\/€
0
S11
NG
az1 =1=1[S21 S22 0][0 =>51 =
0
S11
az; =2 =[S31 S32 533][0] =>531=2§
0
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Step2:
a5 is a symmetric value (we already used a,,)
a3 is a symmetric value (we already used as,)

step3:
S21 i1
Ay =7 =[S21 S22 0]|S22 => S22 = ’?
0
S21
392
a3, = 5 = [531 S32 S33] [SZZI => S3p = E
0
step4:
a,3 is a symmetric value (we already used as,)
step5:
S31
539
azz =17 = [S31 S32 S33]|S32| =>s33= |—
533
So:
(V6 0 0
sy 0 07 |Y6 [T 24495 0
S=|s; s, 0|=| 6 6 0.4082 2.6141
s s s 0.8165 1.7852
31 32 33 2\/8 392 539
| 6 123

2.4495 0.4082 0.8165
sT=1] o 2.6141 1.7852
0 0 3.6258

A =SST

Ax =Db

SSTx=b

{STx =z

Sz=0>b
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Sz=0»
0

2.4495 0 41 7
[0.4082 2.6141 0 ][22] = [—1]

0.8165 1.7852 3.6258 1123 14

24495z, =7  =>z, = 2.8577
04082z, + 2.6141z, = -1 =>z, = —0.8288
0.8165z, + 1.7852z, + 3.62582; = 14  =>z; = 3.6258

Zq 2.8577
z = |22 =1-0.8288
Z3

3.6258

STx =2z
2.4495 0.4082 0.8165]x 2.8577
[ 0 2.6141 1.7852||Y| = —0.8288]

0 0 3.6258 11z 3.6258
3.6258z = 3.6258 =>z=1
2.6141y + 1.7852z = —0.8288 =>y= —1
2.4495x + 0.4082y + 0.8165z = 2.8577 =>x=1

1
—1] we can check the solutions by plugging them into one of the equations:
1

-

6x+y+2z=7
6(L+(-1D)+2(1)=7

7=7 OK
Question 4
a- We know that:
1 0 O
AA'=I=10 1 0
0 0 1

From problem 3-a we have: 4 = SST
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1 0 0
SSTA™ 1 =1= IO 1 O]
0 0 1

We can write the inverse matrix by its columns:

[C1 C2 (3]

oo e o

SST[c1 2 C3]=I=[O 1 0

part1- S$STc1 =
part2- SSTC2 =

part3- SSTC3 =

rocorgoon

Solving part1:

1
§STC1 = [0]
0

STC1=1z1

1
Sz1 = [0]
0
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2.4495 211
0.4082 2. 6141

0.8165 1.7852 36258

|-l

2.4495z1, =1 => z1, =0.4082
0.4082z1; + 2.6141z1, =0 => z1, =-0.0638
0.8165z1, + 1.785271, + 3.6258z1; =0 => z1;=-0.0605
0.4082
z1 = [—0.0638]
—0.0605
0.4082
STC1=1z1= [—0.0638]
—0.0605
2.4495 0.4082 0.8165 0.4082
[ 0 2.6141 1.7852] Cl= [—0.0638]
0 0 3.6258 —0.0605
0.1744
Cl= [—0.0130]
—0.0167
Solving part2:
[—0.0130]
similar to partl, C2 = | 0.1818
[—0.05191]
Solving part3:
[—0.0167]
similar to partl, C3 = |—0.0519
L 0.0761 |

0.1744 -0.0130 -0.0167
So:A™!' =(-0.0130 0.1818 —0.0519
—-0.0167 -0.0519 0.0761
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b- To solve the system we have
Ax =b
A1Ax = A71b
Ix =A"1b
x=A"1h

—0.0130 0.1818 —0.0519]||-1

[ 0.1744 —0.0130 —0.0167” 7 ]
X =
—0.0167 -0.0519 0.0761 1114

)
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