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Homework #5

Interpolation for given value
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Homework #5: Interpolation for given value

1. Idea to construct Interpolation - Cubic spline.
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Homework #5: Interpolation for given value

1. Idea to construct Interpolation - Lagrange

nth Lagrange Interpolating Polynomial

n

P,(x) = f(xO)Ln,O(x) T f(xn)Ln,n(x) = Z f(xk)Ln,k(x),

k=0

where
(x —x0)(x —x1) - - - (& — Xp—1) (X — Xgg1) - - - (X — X)
(X — x0) (g — x1) - - - (X% — Xx—1) (x — Xi1) -+ (X — Xn)

Ln,k (JC) =

foreachk=0,1,...,n. for (i = @; 1 < row_max; i++)

{p = 1;
q=1;
for (j = @; j < row_max; Jj++)

{if (i !'= j)

{p *= (x - Raw_data[j][e]);}

if (i != j)

{q *= (Raw _data[i][@] - Raw data[j][@]):}}
Ln[i] =p / q;}




Homework #5: Interpolation for given value

2. Programmed code - Cubic spline

* Description of Program
1. Info. of Program

N =24 'AMSW417 HWS' (1 ZEEE
4 [®] AMSW417 HWS
L~ = bl 4
a2 IbE
AMSE417_HWS_Cubic spline.c
AMSE417 HWS_Defalut.c

AMSE417 HWS Inverse matrix(HW3).c
AMSE417 HWS_main.c

O] &2 == A
25 ESE

4 @l 0 o
b B Gilwoon.h

2. Characteristics of Program

- ARF 23 Ot

- o 2 7} 7|5 gh4st

- 37|Aeh gl&(malloc 0|

- Sorting= 7ok Lt Hilr

o
3. Process of main()

#tdefine

#include<stdio.h>
#tinclude<stdlib.h>
#tinclude<time.h>
#tinclude"Gilwoon.h"

main()

{

clock_t time_start = 0;
clock_t time_end = 9;
exe_time = 0;
Program_explanation();
Program_info();

time_start = clock();

Cubic_spline();

time_end = clock();

exe_time ( )(time_end - time_start) /
printf("\nexecusion time: %.4f sec\n", exe time);
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Homework #5: Interpolation for given value

2. Programmed code

4. Header

#ifndef _ GILWOON_H__
#tdefine

Program_explanation();
Program_info();

Cubic_spline();

Inverse_given_matrix( **Matrix_given, row_max, col max);

Normalization( **Matrix_given, **Inverse_matrix, row_max, col_max);
Pivoting( **Matrix_given, **Inverse_matrix, row_max, col_max);
Lower( **Matrix_given, **Inverse_matrix, row_max, col max);

Upper( **Matrix_given, **Inverse_matrix, row_max, col_max);

#tendif

Cubic spline &4

HW#3 2f7 27
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Homework #5: Interpolation for given value

2. Programmed code

5. AMSE417_HW5_Cubic spline.c

t#tdefine
for (1 = ©; i < row_max; i++)
#tinclude<stdio.h> {fscanf(file, "%1f %1f", &Raw_data[i][@], &Raw_data[i][1]);}
#tinclude<stdlib.h>
#include<math.h> fclose(file);
#include"Gilwoon.h"

void Cubic_spline() for (1 = ©; 1 < row_max- 2; i++)

{double **Matrix cal = ; {if (i == 9)

double *Matrix vec = ; {j =1 - 1;

double *Diff 2 = 5 Matrix_cal[i][j + 1] = 2 * (Raw_data[i + 2][@] - Raw_data[i][@]);

double **Raw_data = 5 Matrix_cal[i][j + 2] = Raw_data[i + 2][@] - Raw_data[i + 1][0];

double row_max, col_max; for (k = j + 3; k < col_max - 2; k++)

double f i, x; {Matrix_cal[i][k] = ©;}}

int i, j, k; if (i == col max-3)

double two = 2; {j =1 - 1;
Matrix_cal[i]

FILE *file; Matrix_cal[i]

file = fopen("Info.txt", "r"); for (k = 0; k

if (file == 0) {Matrix_cal[i]

{printf("No file."); else

return -1;} {j =1 - 1;
Matrix_cal[i
Matrix_cal[i

fscanf(file, "%1f", &row_max); Matrix_cal[i

col_max = row_max; for (k = 0;
{Matrix_cal[i]
for (k = j +

i=20; {Matrix_cal[i]

Matrix_cal = (double**)malloc(sizeof(double*)*(row_max - 2));

while (i<row_max-2)

{Matrix_cal[i++] = (double*)malloc(sizeof(double)*(col_max - 2));}

i=09;

Raw_data = (double**)malloc(sizeof(double*)*(row_max));

while (i<row_max)

{Raw_data[i++] = (double*)malloc(sizeof(double) * (two));}

Matrix_vec = (double*)malloc(sizeof(double)*(row_max - 2));

Diff_2 = (double*)malloc(sizeof(double)*(row_max));

] = Raw_data[i + 1][@] - Raw_data[i][@];
+ 1] = 2 * (Raw_data[i + 2][@] - Raw_data[i][@]);
J; k++)

k] = @;}}

i]l3
i]l3
<
[

= Raw_data[i+1][@] - Raw_data[i][@];
] = 2 * (Raw_data[i+2][@] - Raw_data[i][@]);
] = Raw_data[i+2][@] - Raw_data[i+1][@];
5 k++)

0;}

col max - 2; k++)

0;}}}

1131
103+
1t

k
i][k

k

j
J
Jj+
<
[
[

1
2
j
]
k
]
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Homework #5: Interpolation for given value

2. Programmed code

5. AMSE417_HW5_Cubic spline.c

(1 =0; i< col max - 2; i++)
{Matrix vec[i] = (6 * (Raw_data[i + 2][1] - Raw_data[i + 1][1]) /
(Raw_data[i + 2][@] - Raw_data[i + 1][@]))
+ (6 * (Raw_data[i][1] - Raw_data[i + 1][1]) / (Raw_data[i + 1][@] -
Raw_data[i][@]));}

Inverse_given_matrix(Matrix_cal, row_max-2, col_max-2);

Diff _2[0] = o;
Diff 2[( )(row_max) - 1] = 0;
(1 =0; 1< rowmax - 2; i++)
{Diff_2[i + 1] = ©;}
(1 =0; 1< rowmax - 2; i++)
{ (j = 0; j < col_max - 2; j++)
{Diff_2[i + 1] += Matrix_cal[i][j] * Matrix_vec[j];}}

printf("To get f(x), enter x: ");
scanf("%1f", &x);

(i<row_max)
{ (x<Raw_data[i + 1][0] && x>Raw_data[i][@])
{f_i = Diff_2[1i + 1] * pow((x - Raw_data[i][@]), 3) / (6 * (Raw_data[i +
1][@] - Raw_data[i][@]))
+ Diff_2[i] * pow((Raw_data[i + 1][@] - x), 3) / (6 * (Raw_data[i + 1][0] -
Raw_data[i][e@]))
+ (Raw_data[i + 1][1] / (Raw_data[i + 1][@] - Raw_data[i][@]) - (Diff_2[i +
1] * (Raw_data[i + 1][@] - Raw_data[i][@]) / 6)) * (x - Raw_data[i][@])
+ (Raw_data[i][1] / (Raw_data[i + 1][@] - Raw_data[i][@]) - (Diff_2[i] *
(Raw_data[i + 1][@] - Raw_data[i][@]) / 6)) * (Raw_data[i + 1][@] - x);
printf("Range is %f < x < %f\n", Raw_data[i][@], Raw_data[i + 1][0]);
printf("The answer is: %f", f_i);
5}

i++;}

(i == row_max)
{printf("range out");}

free(Matrix cal);

i=20;

(i < row_max)
{
free(Raw_data[i++]);
¥
free(Raw_data);
free(Matrix_vec);
free(Diff 2);
}
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Homework #5: Interpolation for given value

2. Programmed code - Lagrange

* Description of Program
1. Info. of Program

] E2M 'AMSE417_HWS_Lagrange' (1 ZEEE
4 %] AMSE417_HWS5_Lagrange
oy oo Nk
4 Q] =2 0
b ++ AMSE417_HWS5_Default.c

b ++ AMSE417_HW5S_Lagrange.c
b ++ AMSE417 HW5_main.c

1-..= EEI_=II' E&"_T- Ad
4 o] 94 I
b B Gilwoon.h

2. Characteristics of Program

- ARF 23 Ot

- 8l 2 7 o5 gt

- 37[A|gt gl (malloc ©|F)

L- HA O

OF2F7FZ], Sortings 271524 SHOLf...

o
3. Process of main()

#tdefine

#include<stdio.h>
#tinclude<stdlib.h>
#tinclude<time.h>
#tinclude"Gilwoon.h"

main()
{
clock_t time_start = 0;
clock_t time_end = 9;
exe_time = 0;
MIN given = 0;
MAX_given 9;

Program_explanation();
Program_info();

time_start = clock();

Lagrange();

time_end = clock();

exe_time = (
printf("

0;

)(time_end - time_start) /
printf("\nexecusion time: %.4f sec\n", exe_time);
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Homework #5: Interpolation for given value

2. Programmed code

4. Header

#ifndef _ GILWOON_H__
#tdefine

Program_explanation();
Program_info();

Lagrange(); } Lagrange =

#tendif

UOE AFY Y42 BoHgUt,
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Homework #5: Interpolation for given value

2. Programmed code

5. AMSE417_HW5_Lagrange.c

t#tdefine
0; 1 < row_max; i++)
#include<stdio.h>

#include<stdlib.h> fscanf(file, "%1f %1f", &Raw_data[i][@], &Raw_data[i][1]);
#include<math.h> }

#include"Gilwoon.h"

fclose(file);
Lagrange()

**Raw_data =
HLom o= 5 printf("To get f(x), enter x: ");
row_max, col max; scanf("%1f", &x);

(1 =0; 1< row max; i++)

; 1 < row_max; i++)

FILE *file;
file = fopen("Info.txt", "r");
(file == 0) j ; J < row_max; Jj++)
{printf("No file.");
=dlg

*= (x - Raw_data[j][e@]);
fscanf(file, "%1f", &row_max);
col max = row_max; (i 1= 3j)

*= (Raw_data[i][@] - Raw_data[j][@]);
i=09;
Raw_data = ( **Imalloc( *)*(row_max));
(i<row_max) i p/ q;
{
Raw_data[i++] = ( *Imalloc( ( ) * (two));
}

Ln-=( *Imalloc( ¢ *)*(row_max));
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Homework #5: Interpolation for given value

2. Programmed code

5. AMSE417_HW5_Lagrange.c

i=0;
(i<row_max)

{
{

{

f += Raw_data[j][21]*L_n[3];

¥

printf("Range is %f < x < %f\n", Raw_data[i][©], Raw_data[i + 1][0]);
printf("The answer is: %f", f);

(x<Raw_data[i + 1][0] && x>Raw_data[i][@])

(j = ©; j < row_max; j++)

(i == row_max)
{
printf("range out");

(i < row_max)

free(Raw_data[i++]);

)i
free(Raw_data);

}
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Homework #5: Interpolation for given value

3. Result & Conclusion

1. _<|5| 753'—( .:IQ- zl') Cubic Spline

Lagrange

WAl 4f2 splinel = 9k gfo|B =

offd grol o gt artixl= & o |lT

Thiz programm will do interpolation of given data.

To get fix>,. enter x: &
Range is 4.5888068H0 < x < */.A008AA
The answer is: 1.1602898

W2H: 1.102886 -> 0.000004 °F2 2| @ x|} HIAH

This programm will do interpolation of given data.

To get f{x>, enter x: &
Range is 4.580808 < x < 7.08000048
The answer iz: 1.151852

Cubic SplineZt= 2 Q 2t HIY -> x=70|| ] 7|7} 735f
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Homework #5: Interpolation for given value

3. Result & Conclusion

2, %Y A3t(In x)
3
1 O
4 1, 3606294
E 1.79175Y

f(x)=In(x)

Cubic Spline

Lagrange
better

Thisz programm will do interpolation of given data.

To get f{x>,. enter x: 2
Range i=s 1.888888 < x < 4.800008
The answer i=z: B.531262

217} 1n2=0.693147 -> 0.161885 OF20| © 3} HiAl

This programm will do interpolation of given data.

To get f{x>, enter x: 2
Range iz 1.8808800 < x < 4.000080
The answer is: H.565H44

234t In2=0.693147 -> 0.127303 TFZ9| 22t A8
Of2t7b2| 2 49| Zfol| of 7}20A| LIEFLFS SdAL
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Homework #5: Interpolation for given value

3. Result & Conclusion

@
Al | O &= A = 27} =

2. AlSH Hak(In x, STE2Af 2fo|) 2k In2=0.693147  Lagrange
13 q This programm will do interpolat S geA AL 2RI
d1.359 To get F{x>, enter x: 2
E1.79 Hange is 1.80808080 < x < 4.88080008008

The answer iz: B.56B667
13 |:| Thiz programm will do interpolat
"lll- 1 SBES To get fF{x), enter x: 2
E 1] ,".-'E|1E1 Range is 1.088008 < x < 4.900880

The answer iz: B.565848
13 |:| Thiz programm will do interpolati

\ 0 get ®x2,. entepr x:

4 1., 386294 T £ O
E1.791759 Range iz 1.8800800 < x < 4.8080080

The answer is: B.565844

Thisz programm will do interpolati %_ﬁ_i—lf j\—_JI\_ 81|_E|
J

(O o = L 0O 3
-1'11 I]:I OE00A9E To get F{x>, enter x: 2 -|-|-_'g_j\—1|'7|' 0‘|h ZC-)I—I':—E I:Ig d _CI)_;(|-(_)_|
' Range is 1.688088880 { x < 4.08080000 = H = OFO
B 17817534 T}IEH-EII'IE!.-JEP iz: B.565844 Z|-0|7|- EI_ACI).IUFZ' LA-E
rPOSTELCH




Homework #5: Interpolation for given value

3. Result & Conclusion

3. 4% 2zt

10
1

1551

53,
1305,
1354,
1401,
14413,
14595,
1544,
.aolE43 0.573311
1633,

361472 0. 174535
21354 0, 321028
031235 0. 446546
641117 0.554305
00335 0. 650163
ThlsgE 0, 7347

20762 0. 810553

440525 0, 9421 26

347t eflole]

1373.9466621 0.49350961

(Phase diagram data)

Cubic Spline

Lagrange
better

This programm will do interpolation of given data.

To get Fix>», enter x: 1373.9466621
Range is 1354.6881235% < x < 1481.641117
The answer is: A.493467

2F7koll HIgH 0.000043 H3o| © 2} HbAY

To get F{(x>, enter x: 1373.9466621
Range dis 1354.881235 < x»x < 1481 641117
The answer 1=: H.493589

2Hfoll B3 0.000001 2HE2| Q2f HHAY
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Homework #5: Interpolation for given value

3. Result & Conclusion

3. Al3 Za}(Phase diagram data)

Thiz programm will do dinterpolation of given data.

ED CUbiC Spline To get Fix», enter x: 1373_.7466621
1211 . 40159 0 Range is 1354.881235 < x < 14B1.641117
1235. .I B.I 53] D. DB] .II:” The answer is: B.493467
1268, 9614772 o, 174335
1282, 741413 0, 250701 This programm will do interpolation of given data.
1306, 521354 0. 321028
1od0.a0iest D.ooenas To get £{x), enter x: 1373.9466621
1377:&3175 D:EDEﬂBﬂ Range i=s 1354.881235 < »x < 137Y7.8611%6
1401 . 641117 0.5R4909 The answer is: B.493515
1425, 421088 0. e0402 - - -
1449,200998  0.650163 2+zrofl 8|3 0.000043 -> 0.000006 FFHEo| @ Xt HIAH
14772, 980939 0. 69364 ) ) ) ) )
]dgE?EDBB DTS-&TE Lagrange Thiz programm will do interpolation of given data.
]EED'E":]'DBEI D'T?SESE To get f{x>»,. enter x:= 1373.9466621
|50 320762 0.1 0503 better e e e T e e
. . The anzwer iz: B.4935687
1591, 550643 O.a8739311
1615, BEORGES 0.91139
1639, 440525 0.942126
1663, 220466 0.971628
To get F<x>,. enter x: 13V3.7466621
Range is 1354. 881235 < x < 1377.861176
s The answer is: H.493514
2+Zk ilo|H
1373.9466621 0.49350961 3tzfoll BI3H 0.000001 -> 0.000001 §HE2| @t Al
Z"l H/\ |-ZE||‘|- |5 |-'6|-7=|0 ke - |-5 |-‘|-'—7°i0 |-h
43| Data 7H-7t RUSHA| S71E S H=E7} S715t= A= =22l 75!
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Homework #5: Interpolation for given value

3. Result & Conclusion

4, /Jd8i A3a}k(1/x)
110
1 1
o 0.5
3 0. 333333333
1 0.25
5 0.2
g 0. 156666667
7 0.142857143
g 0.125
g 0111111111
10 0.1
f(x)=1/x
2k Cllo|E

2
5.7 0.175439

Cubic Spline

Lagrange
better

To get fix»,. enter x:- 5.7

Hange is S5.HAAHHH < x < 6.HAAHHOH
The answer is: H.175546

21Zkoll HIgH 0.000107 GH22| @ 2t HbAY

To get F{x>», enter x:

Range is 5.U880AA < x < 6.H08HUUA
The answer is: HB.175473

217toll HIaH 0.000034 H22| © 2t HIAY
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Homework #5: Interpolation for given value

3. Result & Conclusion

4. Alsl Hat(1/x) Cubic Spline
b
1 1
4 0.5
5.5 0. 18181818
G 0. 16EEEEEET
7.5 0, 133333333
9 0. 111111111
Lagrange
f(x)=1/x better

347t efloled
5.7 0.175439

To get fi{x>». enter x: 5.7

Range is 5.80606008 < x < 6.000008
The answer is: B.175546

To get fix>»,. enter x: 5.V
Range is 5.588808 < x < 6.8080800
The answer is: H.176857

2+gfoll Blg 0.000107->0.000618 BH2-2| @t LAY

To get fix>. enter x: 5.7
Range iz 5.808000060 < x < 6.8808880
The answer is: B.175473

To get £f{x>, enter x: 5.7

Range is 5.580888 <{ x < 6.8008808

The answer is: A.175495

2+2foll BI3H 0.000034->0.000056 THE2| 2t HHAY

Hots A1tollM RYHSHA| 71 85 curveol| 2fs] HHE ZH4
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Homework #5: Interpolation for given value

3. Result & Conclusion

5. A% A3} (xcosx)

347} Eole

)
J -60

(x from -37.7 to 37.7)
X

; 55 1.216971594
10 -3, 390715291 o0

20 8. 161641236 f

a0 4, 627543497 v

A0 —-26. B 7752247 2

all 43, 245301 42

G0 =57, 144777552 0

fil 44, 53234422 ! r N N
a0 -0,830973607

30 -40,3266254

f(x)= x cos(x)

80

100

Cubic Spline

To get FCx>, enter x: 55

Range is S58.U8AHAA < x < 6H.BHAAHA
The answer is: —-?.362H98

2t7rol| H|5H 8.579070 HEo| Q x} HFAH

Lagrange
better

To get f{(x>. enter x: 55

Range iz SH.HAUHBAHA < x { 68.4U8HUEA
The answer i=s: 2.5837H6

2afoll Bls 1.366734 THF2| 2t A8

7HHS 0|23t AAMe| AZtE 7} ZFA
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Homework #5: Interpolation for given value

3. Conclusion

1) A Zkofl chgt RS AlRsiSis o, spline?| 5% WAH2| gf2 LIEfIC D, CfRF Lagrange?]
a%oll= gol M2 Fto| 2fo| Li= S %O'Uf"tf ( [ollA M| 3.2F H|o|E{e] Fe E2 2ol Eol

L L
Al= HUACE)
o| %ol EtE H|o[Ef| B|ol Th4-2f Zfo| EATIHAH| FESH= HeU oM, HEIF AS - GO

O|of | CHet 222 L= o~ SiSict,
2) In2°|| CHSH AIS2 51912 off, spline?| 74 22F7} 0.161885, Lagrange® 742 2 2}7F 0.1273032
AA| LI = = SR ITIICY.
O g 22+0] xfo|of OIUF AtE BAMTI91 oo, datal] §-a A0 w2l gfo]l Foks 2oLt 6Af2| A
L7t FHo{7tHM BE= ZFo| &fo|7t Ofo| AH7(Z| OF2-5 RIS
3) Phase diagram9]| CHZF 4132 5|92 o, data] 7H" S HOE ATIA| £ 107Hol[M 207HE =
22 O, splinel| 749 @7 0.000043 -> 0.000006, Lagrange?| 73% 0. 000001 -> (0.000001=
R x}o] Zfo| 501':% A= QO%F’:‘EF OF2t7F2| 2 o7 |ME Laqranqe7f 0 £2 ZAE LIERHICE,
4) 1/xof 3t Al%S 519 % 0, H5t= 27 2UE FA Y 72 LA Sh= function?| curveo]| 25|
3524 4fo| H '—fHﬂfZI e i_,0|6f°4|1k spline2| 738 @7 0.000107->0.000618, Lagrange2]
732 0.000034->0.0000562 24} Zfo] 57|'Ufo4':f.
5) 1)2| AE Bt 2Ioh {% HH HFAFSEE §he9l x cos(x)E 4 ”Ufoj“:f o| 5 F4oA HofA|
- e e A= o, Aol B8 ’S'QUP'H of| 252| 513 oL}, %ol Laqranqe—l 7
7 o EQMCL
¢ POSTECH
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