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ITocTanoBka 3aga4u.

1 .
Jis dysakoun (X)) = ST VER X e [— 1,+1] MOCTPOUTH UHTEPNOJALMOHHBIE TOJIMHOMBI Jlarpanxka 4-oi

1 8-0i CTENEHW M COOTBETCTBYIONIME MM CIUTAMH-PYHKIMU S(X) AJis 1ByX HaOOpoB y370B. B mepBom
7,k=5,4,3,2,1 (s

y3JIbl PACHOJI0XKUTh PABHOMEPHO, a BO BTOPOM MO (GopMylaM: X, = COS

7,k=9,8,7,6,5,4,3,2, 1 (s nonmuHOMa 8-0i1 CTETICHHM).

MOJMHOMA 4-0H CTENEHH) U X, = COS
BbruncnuTeNbHBI  3KCIIEPUMEHT COCTOMT B BBIABICHHM KAueCTBEHHBIX M KOJMYECTBEHHBIX

XapaKTepUCTUK UHTEPIOSALMOHHBIX KpUBBIX. [TocTpouTh rpauku 1 npoaHalIu3upoBaTh pe3yJIbTaThl.

1. Baok-cxema ajaropurmMa nporpaMmel, CTposilei moJuHoMbl Jlarpan:ka u
CIVIANH-(PYHKIMH.

clrscr

InitialUniformX

3anuce paBHOMEPHBIX Y3JI0B IS
MTOCTPOCHHS MOJMHOMOB Jlarpanxa u
CIUTaiiHOB 4-8 cTereHu

InitialNonUniformX

3anuce y370B MO 33JaHHBIM (hopMyIaMm
JUTSL TIOCTPOCHUSI MOJMHOMOB Jlarpamixa
H CIUTaiiHoB 4-8 crerneHu

InitialF
Brrancnenue 3HadeHns QyHKIAN B
y3Jax

WriteData

BriBog 7aHHBIX (y3n0B u
3Ha4YeHUH (QYHKIIMU B HUX)
Ha 3KpaH

\

Write(“Press any key
for next”)

clrscr




Vyvod
HOCTpOCHI/IC IIOJIMHOMOB J'[rpamxa M CIUIalH
TTonmnHOMOB ¥ BBIBOJI TaOIUIIEI 3HAYESHUI Ha SKpaH

Write(“Press enter for next”)

clrscr

InitGraphMode
[epexon B rpaduveckuii pexum

\

outtextxy(5,5, “Uniform?”)

outtextxy(5,20, “4th radix”)

outtextxy(5,40, “Press enter
for next”)

ShowGraphic(uX4, uF4, 4)
ITocroenue rpadukoB GpyHKINH, MoJHHOMA Jlarpanxa u ciuiaiiHa 4-oi
CTEIICHH, IOCTOPOCHHBIX Ha PABHOMEPHBIX y3JIaX

outtextxy(5,5, “By formula
x=cos(((2*k-1)*pi)/10)7)

outtextxy(5,20, “4th radix’)

outtextxy(5,40, “Press enter for

next”)
)



ShowGraphic(nuxX4, nuF4, 4)
[TocToenue rpadukoB GpyHKIMY, HonrHOMa Jlarpanxa u ciutaiiHa 4-oi
CTETICHH, TOCTOPOCHHBIX Ha y3Jax I10 3aJaHHOH (opmyie

outtextxy(5,5, “Uniform?)

outtextxy(5,20, “8th radix”)

outtextxy(5,40, “Press enter for
next’)

ShowGraphic(uX8, uF8, 4)
[Tocroenne rpadukoB GyHKINH, ToTHHOMA Jlarpamka u croiaifHa 8-oi
CTEIICHHU, TOCTOPOCHHBIX Ha PABHOMEPHBIX Y371aX

outtextxy(5,5, “By formula
x=cos(((2*k-1)*pi)/18)7)

outtextxy(5,20, “8th radix’)

outtextxy(5,40, “Press enter for
next”)

ShowGraphic(nux8, nuF8, 4)
[Tocroenue rpadukoB GpyHKIUH, ToJHHOMA Jlarpamxa u criiaiiHa 8-oi
CTEIIeHH, IOCTOPOCHHBIX Ha y3JIaX 10 33JaHHOW (opMyIIe

closegraph
Beixoz u3 rpaguueckoro
pexuMa

end




¢ Bruucnenue nonuHoMa Jlarpanka peaan3oBaHo 1o Gopmyre:
: X=X ) e\ X=X, AX= X, ). X=X
Ln(x):zf(xi)' ( 0) ( l—l)( |+1) ( n)
i=0 (Xi_'XO)“'(Xi_'XFIXXi__XHJ)“'(Xi_'Xn)
¢ Brruucnenue crutaiiH-QyHKIUHN peanu3oBaHo 1o npumepy npouenyp SPLINE u SEVAL u3
ouobnuoreku FMM makera FORSYTHE

2. Ucxoanwlii TekeT nporpammsel Ha Ilackadie, peajusyronieil JTaHHbII
aaroputm (1.pas).

program LAB1;
uses crt, graph;

var

uxX4, nux4 : array[O0..4] of real; {Uniform and non-uniform X for 4th radix}
uxX8, nux8 : array[0..8] of real; {Uniform and non-uniform X for 8th radix}
uF4, nuF4 : array[O..4] of real; {Uniform and non-uniform X for 4th radix}
uF8, nuF8 : array[0..8] of real; {Uniform and non-uniform X for 8th radix}

mB, mC, mD : array[O..8] of real; {Memory for spline procedure}
a, I, s : real;

{ Initial uniform axis of ordinates
X - axis of ordinates
dStep - step size of uniform distribution
nCount - number of items

Procedure InitialUniformX( var x: array of real; dStep : real; nCount : Integer);

var i : Integer;
begin
x[0] := -1;
for i := 1 to nCount do X[ 1] = x[ i - 1] + dStep;
end;
{ Initial non-uniform axis of ordinates
X - axis of ordinates
dParam - parameter of non-uniform distribution

nCount - number of items
Procedure InitialNonUniformX( var x: array of real; dParam : real; nCount :
Integer);
var k : real;
i : Integer;
begin
k = dParam-nCount;
for 1 = 0 to nCount do
begin
k = k - 1;
X[i]:= cosC ( (2 * k - 1) * pi) / dParam);
end;
end;
Initial values of function for uniform and non-uniform
distribution
ux - axis of ordinates, uniform distribution
nuX - axis of ordinates, non-uniform distribution
uF - axis of abscissas for uniform distribution
nuF - axis of abscissas for non-uniform distribution
nCount - number of items
Procedure InitialF( var uF, nuF: array of real; uX, nuX : array of real; nCount :
Integer);
var i1 : Integer;
begin
for 1 = 0 to nCount do
begin
uF[f 1] =17 (1 + 25 * sqr( uX[ iD);
nuFf 1] := 1/ (1 + 25 * sqr( nuxX[ 1l));



end;

end;
Output data to display
str - legend of data
X - axis of ordinates (argument)
F - axis of abscissas (value of function)
nCount - number of items
Procedure WriteData( str : string; X, F: array of real; nCount : Integer);
var i1 : Integer;
begin

writeIn( str); writeln;
for i := 0 to nCount do write( X[ i] : 8 - 3); writeln;
for i := 0 to nCount do write( F[ 1] - 8 : 3); writeln;

writeln;
end;
{ Interpolation by polynom Lagrange
X - axis of ordinates
y - axis of abscissas
nCount - number of items
xt - point of axis of ordinates
return - point of axis of abscissas

Function PolynomLagrange( X, y : array of real; nCount : integer; xt : real) : real;

var i, j : integer;
p, s : real;

begin
S = 0;
for 1 = 0 to nCount do
begin
p :=_y[ 1];

i for j := O-to nCount do iIf( j <> i) thenp :=p * ( xt - X[ jJD 7 ( X[ 1] - X[
J1):

S = s + p;
end;
PolynomLagrange := s;
end;

procedure GetBCD( X, y - array of real; var b, ¢, d : array of real;
nCount:integer);
label 10,20,30;
var i, ib :© integer;
t > real;

begin
if nCount + 1 < 2 then exit;
if nCount + 1 < 3 then goto 20;

d[ 0] := x[ 1] - x[ O];
cl 1] := Cy[L 1] - VL 0]) / d[ 0];
for 1 := 1 to nCount - 1 do
begin
d[ 1] =x[ 1+ 1] - x[ 1];
b[ 1] =2>* (dL i - 1] + d[ i]);
cLi+1] := (Cy[ 1 + 1] - i 7/ dL i];
cl 1] =c[i+1] - c[ 1];
end;
b[ O] = -d[ 0];
b[ nCount] := -d[ nCount - 1];
c[ 0] = 0;
c[ nCount] = O;
if nCount + 1 = 3 then goto 10;
c[ 0] = c[ 2] 7/ (x£L 31 - xL11) -c[ 1] /7 ( x[ 2] - x[ O1);
c[ nCount] := c[ nCount - 1] /7 ( X[ nCount] - X[ nCount - 2]) - c[ nCount - 2] /
( X[ nCount - 1] - x[ nCount - 3]);
c[ 0] = c[ 0] *sqgr(CdlL 01) /7 C x[ 31 -_x[ 0]);
c[ nCount] := -c[ nCount] * sqr( d[ nCount - 1]) /7 ( X[ nCount] - X[ nCount - 3]);



for 1 := 1 to nCount do

begin
t =d[ i 11 7 b[ 1 - 1];
b[ 1] := b[ i] -—t*dl 1 - 1];
c[ i] :=c[ 1] -t *c[ i - 1];

end

c[ nCount] := c[ nCount] / b[ nCount];
for ib := 0 to nCount - 1 do

begin

i = nCount - ib - 1;

g[ 1] := CclLi] -dL i] *cL i +1]) 7 b[ i];
end;

b[ nCount] := ( [ nCount] - y[ nCount - 1]) / d[ nCount - 1] + d[ nCount - 1]

c[ nCount - 1] + 2 * c[ nCount]);

Eor i := 0 to nCount - 1 do
egin
b[ 1] := (L 1 + 1] -y[ i) /7 d[ 1] -d[ il * Cc[ i + 1] +2 > c[ iD);
df 1] := (c[ ¥ + 1] - c[ i]) 7 d[ i];
c[ 1] :=3 * c[ 1];
end;
c[ nCount] = 3 * c[ nCount];
d[ nCount] := d[ nCount - 1];
exit;
20:
b[ 0] := Cy[L 11 - yL 0D 7 ( x[ 11 - x[ 0D
c[ 0] = 0O;
d[ 0] := 0;
b[ 1] := b[ 0];
c[ 1] = O;
d[ 1] := 0;
30:
end;

function Seval( xt : real; x, y, b, ¢, d - array of real; nCount :

label 10,20,30;
var i, j, k:integer;

dx ireal;
begln
:O;
|f i >= nCount then 1 = 0;
if xt < x[ 1] then goto 10;
if xt <= x[ 1 + 1] then goto 30;
10:
i := 0;
J = nCount + 1;
20:

= (Ci1 + j) div 2;

f xt < X[ k] then j := k;
T xt >= x[ k] then i := k;
fj>(Ci+ 1) then goto 20;

30:

dx = xt - x[ i];

Seval = y[ 1] +dx * (b[ 1] +dx * (c[ i] + dx * d[ i]D);
end;
{ Interpolation by spline

X - axis of ordinates

y - axis of abscissas

nCount - number of items

xt - point of axis of ordinates

return - point of axis of abscissas

function Spline( X, y : array of real; nCount : integer; xt : real) :

integer):real;

real;



begin

GetBCD( x, y, mB, mC, mD, nCount);

Spline := Seval( xt, X, y, mB, mC, mD, nCount);
end;

Procedure Vyvod(x, y : array of real; nCount: integer; str: string);
var xt, s, I: real;

begin
xt:=-1.1;
WriteLn(str);
WriteLn("x":12, "Lagrange®:12, "Spline”:12);
repeat
Xt = xt + 0.1;
I := PolynomLagrange(x, y, nCount, xt);

s = Spline(x, y, nCount, xt);
WriteIn(xt:12:6, 1:12:6, s:12:6);
until xt > 1;

end;

{ Initialize graphic mode

Procedure InitGraphMode;
var driver, mode, error: integer;
begin
driver := detect; {Detect device driver}
initgraph(driver, mode, "e:\bp70\bp\bgi*"{"C:\"}); {Initialize graphic mode}
ifT error<>grOk then writeln(grapherrormsg(error)); {If initialize is not done
then put error message}
end;

Output data to display (video mode)
Show function, Lagrange intepolation, spline interpolation
X - axis of ordinates (argument)
y - axis of abscissas (value of function)
nCount - number of items

Procedure ShowGraphic( x, y : array of real; nCount: integer);
var
xt, yt: real;

S : string;
begin
{Show axis}

line(319, 1, 319, 470);
line(l, 240, 639, 240);

{Show points inside axis of ordinates}

xt = -1.5;

repeat
ifC ( xt > -0.1) and ( xt < 0.1)) then xt := xt + 0.2;
str( xt:3:1, s); outtextxy( round( 320 + 150 * xt - 5), 250, s);
line( round( 320 + 150 * xt), 235, round( 320 + 150 * xt), 245);
Xt = xt + 0.2;

until xt > 1.5;

{Show points inside axis of abscissas}

yt:=-1.1;

repeat
str( yt:3:1, s); outtextxy( 330, round( 240 - 230 * yt - 3), S);
line( 315, round( 240 - 230 * yt), 325, round( 240 - 230 * yt));
if yt = -0.1 then yt = 0;
yt = yt + 0.2;

until yt > 1;

{Show legend of graphic}
setcolor(3);

line(450, 13, 480, 13);
setcolor(5);

line(450, 23, 480, 23);
setcolor(2);

line(450, 33, 480, 33);



setcolor(15);

outtextxy(490, 10, "Function®);
outtextxy(490, 20, "Polynome Lagrange®);
outtextxy(490, 30, "Spline-polynome®);

{Show graphics}
xt = -1;
repeat
{Show point of function}
yt ;=17 (1 + 25 * sqr( xt));
putpixel( round( 320 + 150 * xt), round( 240 - 230 * yt), 3);

{Show point of function by Lagrange interpolation}
yt := PolynomLagrange( x, y, nCount, xt);
putpixel( round( 320 + 150 * xt), round( 240 - 230 * yt), 5);

{Show point of function by spline interpolation}
yt := Spline( X, y, nCount, Xt);
putpixel( round( 320 + 150 * xt), round( 240 - 230 * yt), 2);

{Next point}
Xt = xt + 0.005;
until xt > 1;

{Press enter key and clear graphic device}
Readln;
cleardevice;

end;

{Start program}
begin
clrscr; {Clear screen}

{Initialize of data}
InitialUuniformX( ux4, 0.5, 4);
InitialUuniformX( ux8, 0.25, 8);

InitialNonUniformX( nux4, 10, 4);
InitialNonUniformX( nux8, 18, 8);

InitialF( uF4, nuF4, uX4, nux4, 4);
InitialF( uF8, nuF8, uX8, nux8, 8);

{Output data to table of screen}

WriteData( "Uniform 4th radix®, uX4, uF4, 4);

WriteData( "By formula x=cos(((2*k-1)*pi)/10) 4th radix”, nuX4, nuF4, 4);
WriteData( "Uniform 8th radix®, uX8, uF8, 8);

WriteData( "By formula x=cos(((2*k-1)*pi)/18) 8th radix", nuX8, nuF8, 8);

{Any key pressed pliz}
Write( ® Press any key for next..."); repeat until KeyPressed;
readln;

clrscr;

Vyvod(uX4, uF4, 4, “Uniform 4th radix);

Write( " Press enter for next..."); repeat until KeyPressed;
readln;

clrscr;

Vyvod(nuxX4, nuF4, 4, "By formula x=cos(((2*k-1)*pi)/10) 4th radix");
Write( " Press enter for next..."); repeat until KeyPressed;

readln;

clrscr;

Vyvod(uX8, uF8, 8, "Uniform 8th radix");

Write( " Press enter for next..."); repeat until KeyPressed;
readln;

clrscr;

Vyvod(nux8, nuF8, 8, "By formula x=cos(((2*k-1)*pi)/18) 8th radix");
Write( " Press enter for next..."); repeat until KeyPressed;

readln;



{Initialize graphic mode}
InitGraphMode;

{Show graphic for uniform distribution of X and 4th radix}
outtextxy(5,5, “Uniform®");

outtextxy(5,20, "4th radix®);

outtextxy(5,40, "Press enter for next...");
ShowGraphic(uX4, uF4, 4);

{Show graphic for non-uniform distribution of X and 4th radix}
outtextxy(5,5, "By formula x=cos(((2*k-1)*pi)/10)*);
outtextxy(5,20, "4th radix®);

outtextxy(5,40, "Press enter for next...");

ShowGraphic(nuX4, nuF4, 4);

{Show graphic for uniform distribution of X and 8th radix}
outtextxy(5,5, “Uniform®");

outtextxy(5,20,"8th radix®);

outtextxy(5,40, "Press enter for next...");
ShowGraphic(ux8, uF8, 8);

{Show graphic for non-uniform distribution of X and 8th radix}
outtextxy(5,5, "By formula x=cos(((2*k-1)*pi)/18)");
outtextxy(5,20,"8th radix®);

outtextxy(5,40, "Press enter for next...");

ShowGraphic(nuX8, nuF8, 8);

{Close graphic mode}

closegraph;
end.

3. PesyabTraTsl padoTsl nporpammsi (1.exe)
e Tabnuua y370B ¥ MX 3HAUCHUM:
Uniform 4t radix

-1.000 -0.500 0.000 0.500 1.000
0.038 0.138 1.000 0.138 0.038

By formula x=cos(((2*K-1)*pi)/10) 4th radix

-0.951 -0.588 0.000 0.588 0.951
0.042 0.104 1.000 0.104 0.042

Uniform 8t radix

-1.000 -0.750 -0.500 -0.250 0.000 0.250 0.500 0.750
0.038 0.066 0.138 0.390 1.000 0.390 0.138 0.066

By formula x=cos(((2*K-1)*pi)/18) 8t radix

-0.985 -0.866 -0.643 -0.342 0.000 0.342 0.643 0.866
0.040 0.051 0.088 0.255 1.000 0.255 0.088 0.051

Press any key for next...



e TaOnuubl 3HAYCeHUH TOTMHOMOB Jlarpanka U CIIaifH IOJMHOMOB B TOYKaX MPOMEKYTKa

X e [-1,+1]:
Uniform 4th radix
X Lagrange Spline
-1.000000 0.038462 0.038462
-0.900000 -0.289125 -0.144120
-0.800000 -0.379310 -0.205570
-0.700000 -0.299735 -0.165782
-0.600000 -0.110080 -0.044651
-0.500000 0.137931 0.137931
-0.400000 0.400531 0.359859
-0.300000 0.641910 0.590186
-0.200000 0.834218 0.795756
-0.100000 0.957560 0.943413
0.000000 1.000000 1.000000
0.100000 0.957560 0.943413
0.200000 0.834218 0.795756
0.300000 0.641910 0.590186
0.400000 0.400531 0.359859
0.500000 0.137931 0.137931
0.600000 -0.110080 -0.044651
0.700000 -0.299735 -0.165782
0.800000 -0.379310 -0.205570
0.900000 -0.289125 -0.144120
1.000000 0.038462 0.038462
Press enter for next...
By formula x=cos(((2*K-1)*pi)/10) 4th radix
X Lagrange Spline
-1.000000 0.203516 0.129387
-0.900000 -0.067839 -0.020161
-0.800000 -0.142543 -0.066806
-0.700000 -0.076627 -0.026221
-0.600000 0.080472 0.085921
-0.500000 0.285910 0.252671
-0.400000 0.503433 0.449674
-0.300000 0.703378 0.649922
-0.200000 0.862675 0.826401
-0.100000 0.964845 0.952098
0.000000 1.000000 1.000000
0.100000 0.964845 0.952098
0.200000 0.862675 0.826401
0.300000 0.703378 0.649922
0.400000 0.503433 0.449674
0.500000 0.285910 0.252671
0.600000 0.080472 0.085921
0.700000 -0.076627 -0.026221
0.800000 -0.142543 -0.066806
0.900000 -0.067839 -0.020161
1.000000 0.203516 0.129387

Press enter for next...




Uniform 8t radix

X Lagrange Spline
-1.000000 0.038462 0.038462
-0.900000 -0.960063 0.047948
-0.800000 -0.258703 0.058218
-0.700000 0.263777 0.077702
-0.600000 0.304934 0.106809
-0.500000 0.137931 0.137931
-0.400000 0.072570 0.177056
-0.300000 0.237372 0.285961
-0.200000 0.563623 0.534059
-0.100000 0.874004 0.845666
0.000000 1.000000 1.000000
0.100000 0.874004 0.845666
0.200000 0.563623 0.534059
0.300000 0.237372 0.285961
0.400000 0.072570 0.177056
0.500000 0.137931 0.137931
0.600000 0.304934 0.106809
0.700000 0.263777 0.077702
0.800000 -0.258703 0.058218
0.900000 -0.960063 0.047948
1.000000 0.038462 0.038462

Press enter for next...

By formula x=cos(((2*K-1)*pi)/18) 8th radix

X Lagrange Spline
-1.000000 0.104643 0.039149
-0.900000 0.002772 0.045907
-0.800000 0.130207 0.063348
-0.700000 0.133714 0.082766
-0.600000 0.051258 0.088275
-0.500000 0.019260 0.096757
-0.400000 0.126638 0.164826
-0.300000 0.369452 0.349220
-0.200000 0.667083 0.628845
-0.100000 0.907960 0.886731
0.000000 1.000000 1.000000
0.100000 0.907960 0.886731
0.200000 0.667083 0.628845
0.300000 0.369452 0.349220
0.400000 0.126638 0.164826
0.500000 0.019260 0.096757
0.600000 0.051258 0.088275
0.700000 0.133714 0.082766
0.800000 0.130207 0.063348
0.900000 0.002772 0.045907
1.000000 0.104643 0.039149

Press enter for next...




e ['paduxu QyHKIUH, TOTUHOMOB Jlarpanxa u CIjIaifHOB 4-8 CTENeHH I Pa3InYHbIX Y3JI0B:

Unifornm
4th radix

Press enter for next

Function
FPolynomne Lagrange
Epline-poluynone

I I T
-1.51.31

I I I I
«1-0.9%0.70.50.3

By forrmula x=cos{{((2x—-13=*pid 102

d4th radix

Press enter for next...

[ =

-r—-0.3

-r—0.3

-r—0.7

Function
FPoluynone Lagrange
Epline—polynona

T I T T
A-0.%0.70.570.3

-r—0.3

--0.9




Unifornm |
Bth radix

Press enter for next...

Function
Polynorne Lagrange
Epline—polynone

T T T T T T T
-1.51.31.1-0.%0.70.50.3

By formula x—cos{({({(2x#c—1)pid> 18>
Bth radix

Press enter for next...

——0.3

—-0.3

r—0.7

Function
Polynomne Lagrange
Epline—polynone

—-0.3

——0.3




4. BriBop.
I/I3 HOCTpOGHHI)IX Fpaq)HKOB BHUIHO, 4TO I/IHTCpHOJ'HIHI/IOHHI)Ie KpI/IBLIC B 3aBUCHUMOCTHU OT KOJINYECCTBA
y3JI0B U UX pachpeaeneHuss mpuoImxeHsl K rpaduky (YHKIHH C pa3HOW TOYHOCTHIO. UeMm Ommxke
rpaduKu MOTMHOMOB K rpaduky (yHKIHH, TeM OOJblIe TOYHOCTh MHTEprnosuuu. M3 rpadukon
BHUOHO, 4YTO HaI/I6OJ'IBH_Ia$I TOYHOCTb JOCTUTHYTA IIPU ITOCTPOCHUHN ITOJIMHOMOB Ha 8-Mu y3j1ax.



