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ITocTanoBKka 3aa4H.

COBOKYITHOCTh MaTpHIl A, 3aBUCSIINX OT KOXPPHUIMEHTA «, , 33Aa€TCS CIEAYIOMNUM 00pa3oM:

n?>

1 | O |

A= a a, a,
n—1 n—1 n—1

Cll a2 an

Peumts nuHeliHyo cucreMy, ucnonb3ys nporpammsl DECOMP u SOLVE mpu b, =2' + cos(i).
Koa¢ddunuentsl a, Bbirmapar tak: a, =1, a,=2, a;=3,...a, ,=n-1, a,= 1.1, 1.01, 1.001 u T.1.
BIUIOTH J0 HEIITATHOM peakiuu KOMIbIOTEpa. 1 = 6.

CpaBHUTH perueHue cucteMbl Ax, =b ¢ pemenneM cuctembl A’ Ax, = A" b, noiyueHHoi U3 MCXOMHOM

neBoii Tparcdopmanueii ["aycca.
AmpyiopHasi  OLIEHKAa KadecTBa 3a/laHHBIX MAaTpUIl MPEACTaBISETCS  CTAHIAPTHBIM  YHCIOM

oOycnoBieHHocTH U3 mporpaMmmbel DECOMP, a anocrepuopHas o = ||x1 - X, || / ||x1 || BBIYHUCIISIETCSI B XOJIE

IKCIIEpUMEHTA |||| =

1. bJuok-cxema ajropurma rjiaBHoi NporpaMmasl.

assign ( pFile, 'resultAXB.txt');  rewrite( pFile);
Co3znanue Qaiiia it 3aUCH Pe3yJIbTAaTOB PEIICHHUS YPaBHEHHS

Ax, =b

i=1, nA
UK IO HEIITATHOW PeaKIuu KOMITbIoTepa (nA=7)

A 4

param := GenerateParam( 1);
GenerateMatrixA( n, A, param); GenerateVectorB( n, B);

I'eHeprpoBaHHEe BXOJHBIX IaHHBIX: TAPAMETPOB d, , MAaTpHULl A U BEKTOPOB b.

BbIBOZ BXOIHBIX JAaHHBIX

n’

decomp( n, A, cond, Ip, W)
Brruncienue anpropHoi onieHku cond

|
solve( n, A, B, Ip);
Pewrenue ypasnennss Ax, = b

BriBoj pe3yibTaToB

close( pFile);
3aKphITHE (aiiia pe3yIbTaToB

®




®

assign ( pFile, resultAtAXAtB.txt"); rewrite( pFile);
Cosznanue daiina s 3aMucy pe3yabTaToB PEeIISHUs

ypasrennst A’ Ax, = A "b
|

=1, nAt

A 4

IUKJT JI0 HEIITATHOW Peakiuu KoMIbioTepa (nAt=5)

param := GenerateParam( 1);
enerateMatrixA( n, A1, param); GenerateVectorB( n, B1);

['enepupoBanue BXOAHBIX JaHHBIX: IIApaMETPOB d, , MATPUIl A U BEKTOPOB b.

Transposition( n, Al, At);
ITony4yenue TpaHCIIOHUPOBAHHON MaTPHIIbI

MultMatrixMatrix( n, At, Al, A);
IIpousBeeHKe MATPHUIL AT - 4

[
MultMatrixVector( n, At, B1, B);

T
I[IpousBenenue MaTpuibl Ha Bektop A~ - b

BrIBOI BXOIHBIX JAHHBIX
T
a, AT -4, A" b
[

decomp( n, A, cond, Ip, W);
Beruncienue anpuopHoii oueHku cond

solve( n, A, B, Ip);
Peuenue ypaBHeHust ATsz =A"b

BrIBO pe3yabTaToB

close( pFile);
3aKpbITHe (aiiiia pe3ynbTaToB

assign ( pFile, 'est.txt');rewrite( pFile);
Cosnanue (aiina s 3aI1Cch alloCTEPHOPHOIT OLIEHKH O

A 4

i=1, nRes (nRes = min(nA, nAt))

[
writeln( pFile, GetAposteriorEstimation( n, B, B1));
[Tonmy4eHue U BBIBOJ allOCTEPUOPHOI OLIEHKH O

close( pFile);
3aKphITHE (aiiia pe3yIbTaToB

Cend D)




2. Ucxoanwlii Teket nporpammel Ha Ilackase (1ab3.pas).
program Lab3;
{ Use modules}
uses FMM, printer, crt;

procedure GenerateMatrixA( n: Integer; var A: floatmatrix; param: float);
var i, j - Integer;

begin
for i := 1 to n do
begin
for j :=1ton-1do AL i, J] :=powri( §J, 1 - 1);
A[ 1, n] = powri( param, 1 - 1);
end;
end;

procedure GenerateVectorB( n: Integer; var B: floatvector);
var i: Integer;
begin
for 1 := 1 ton do B[ 1] = powri( 2, 1) + cos( 1);
end;

function GenerateParam( i: Integer): float;
begin

GenerateParam = 1.0 + 1.0 / powri( 10.0, 1);
end;

function GetAposteriorEstimation( n: Integer; X1, X2: floatvector): float;
var

i : Integer;
tl, t2: float;
begin

tl := 0; t2 = 0;

for i := 1 to n do

begin
tl = t1 + powri( X1[ 1] - X2[ 1], 2);
t2 = t2 + powri( X1[ 1], 2);

end;

GetAposteriorEstimation := sqrt( tl1 /7 t2);

end;

procedure MultMatrixMatrix( n: Integer; A, B: floatmatrix; var Res:
floatmatrix);

var
i, j, k: Integer;
begin
for i := 1 to n do
begin
for j := 1 to n do
begin
Res[ 1, j] := 0.0;
for K := 1 ton do Res[ i, j] :=Res[ i, J] + A[ i, k] * B[ k, il;
end;
end;
end;

procedure MultMatrixVector( n: Integer; A: floatmatrix; B: floatvector; var
Res:



floatvector);
var
i, j: Integer;
begin
for i := 1 to n do
begin
Res[ 1]
for j :
end;
end;

= z ﬁ do Res[ i] := Res[ i] + A[ i, §1 * B[ i1:;

procedure PrintMatrix( n: Integer; A: floatmatrix; var pFile: TEXT);
var
i, j: Integer;
begin
for i := 1 to n do
begin
for J := 1 to n do write( pFile, A[ 1, j]:20:7);
writeln( pFile);
end;
end;

procedure PrintVector( n: Integer; A: floatvector; var pFile: TEXT);
var
i: Integer;
begin
for i := 1 to n do writeIn( pFile, A[ 1]:20:7);
end;

procedure Transposition( n: Integer; A: floatmatrix; var At: floatmatrix);
var

i, j:- Integer;

begin
for i:= 1 to n do
for j := 1 tondo At[ i, J] := AL J, i];
end;

{ Constants}

const n = 6; { Dimension of matrix A and B}
nA = 7; { Number of matrix A}
NAt = 5;
Var
A, Al, At : floatmatrix;
Bl1, W, B : floatvector;
cond - Float;
Ip . i1vector;
param - float;
i, j, nRes: Integer;
pFile : TEXT;
ResA > array [1..nA, 1..n] of float;
ResAt : array [1..nAt, 1..n] of float;
Begin
{ Clear screen}
clrscr;

{ Open fTile to write result data for A*X=B equation}
assign ( pFile, "resultAXB.txt");
rewrite( pFile);



for 1 =1 to nA do

begin
{ Get param for matrix A}
param :-= GenerateParam( 1);

{ Generate initial data}

GenerateMatrixA( n, A, param);

GenerateVectorB( n, B);

{ Print initial data "param, A, B"}

write( pFile, "-—————— ") writeln(

pFile);

write( pFile, "Parameter an = *); writeln( pFile, param);
writeln( pFile, "Matrix A:"); PrintMatrix( n, A, pFile);
writeIn( pFile, "Matrix B:"); PrintVector( n, B, pFile);

{ Calculate solution of equation A*X=B}

decomp( n, A, cond, Ip, W); { Calculate gaussian matrix}
solve( n, A, B, Ip); { Calculate solution, result in B}
{ Print result of solution A*X=B}

writeln( pFile, "Result A*X=B:"); PrintVector( n, B, pFile);
for j:= 1 to n do ResA[ i, j] := B[ j1;

{ Aprior estimation of quality}

write( pFile, "“Aprior estimation (cond) = "); writeln( pFile, cond);
end;

close( pFile);
{Open file to write result data for At*A*X=At*B equation}
assign ( pFile, "resultAtAXAtB.txt");

rewrite( pFile);
for 1 := 1 to nAt do

begin
{ Get param for matrix A}
param := GenerateParam( 1);

{ Generate initial data}

GenerateMatrixA( n, Al, param);

GenerateVectorB( n, Bl);

Transposition( n, Al, At);

MultMatrixMatrix( n, At, Al, A); { Get At*A}

MultMatrixVector( n, At, Bl, B); { Get At*B}

{ Print initial data "param, A, B"}

write( pFile, "-————————— "); writeln(

pFile);

write( pFile, "Parameter an = "); writeln( pFile, param);

writeIn( pFile, "Matrix At*A:"); PrintMatrix( n, A, pFile);
writeIn( pFile, "Matrix At*B:"); PrintVector( n, B, pFile);

{ Calculate solution of equation At*A*X=At*B}

decomp( n, A, cond, Ip, W); { Calculate gaussian matrix}

solve( n, A, B, Ip); { Calculate solution, result in B}

{ Print result of solution At*A*X=At*B}

writelIn( pFile, "Result At*A*X=At*B:"); PrintVector( n, B, pFile);
for j:= 1 to n do ResAt[ i, jJ]1 := B[ il;

{ Aprior estimation of quality}

write( pFile, "Aprior estimation (cond) = "); writeln( pFile, cond);
end;

close( pFile);

assign ( pFile, "est.txt");

rewrite( pFile);

writeln( pFile, "Aposterior estimation:");
if nA > nAt then nRes := nAt

else nRes := nA;



for 1 := 1 to nRes do

begin
for J:= 1 to n do B [ j] := ResA[l, J];
for J:= 1 to n do B1[ j] := ResAt[i, j];
writelIn( pFile, GetAposteriorEstimation( n, B, Bl));
end;
close( pFile);
end.

3. Ioay4yeHHBbIE pe3yJbTATHI.
o [lpumep ¢popmuposanus mampuysl A u éekmopa b (npu a, =1.001):

Matpuna A:

1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000

1.0000000 2.0000000 3.0000000 4.0000000 5.0000000 1.0010000

1.0000000 4.0000000 9.0000000 16.0000000 25.0000000 1.0020010

1.0000000 8.0000000 27.0000000 64.0000000 125.0000000 1.0030030

1.0000000 16.0000000 &1.0000000 256.0000000 625.0000000 1.0040060

1.0000000 32.0000000 243.0000000 1024.0000000  3125.0000001 1.0050100

BekTop b:

2.5403023
3.5838532
7.0100075
15.3463564
32.2836622
64.9601703
[ ] Cpa@HumeﬂbHClﬂ ma6ﬂuua I’lOJZylteHHblx pe3yjlbmam06.'

a, 11 1.01 1.001 1.0001 1.00001 1.000001 1.0000001
0.0722825 | 65.1972893 | 626.4473483 | 6238.9481583 | 62363.9456990 | 623608.5900700 | 6235045.1983000
02187183 | -0.0332458 | -0.0559453 | -0.0581927 -0.0584173 -0.0584513 -0.0586691

¥ 14530262 | 1.5420900 15505553 15513976 15514818 15514967 15516187
205528593 | -0.5787502 | -0.5812538 | -0.5815033 -0.5815283 -0.5815331 -0.5815764
0.0878063 | 0.0914131 0.0917648 0.0917999 0.0918034 0.0918041 0.0918109
77386717 | -63.6784940 | -624.9121670 | -6237.4113574 | -62362.4087360 | -623607.0530900 | -6235043.6612000
9.0736193 | 652206561 | 628.7580002 | 6055.7265071 | -2039.4085598
02191200 | -0.0326186 | -0.0498798 | -0.1062196 -1.7455957

. 14528131 | 1.5417434 1.5472090 15778989 24822787
-0.5527853 | -0.5786284 | -0.5800804 | -0.5907970 -0.9079034
0.0877949 | 0.0913942 0.0915833 0.0932377 0.1422912
277402581 | -63.7022405 | -627.2264854 | -6054.1606810 | 2041.9652145

cond A 1.17E+06 9.17E+06 8.94E+07 8.92E+08 8.91E+09 8.91E+10 8.91E+1
cond(A" A) | 1 20E+12 7.84E+13 7.47E+15 727E+17 2.61E+18

) 1.76E-04 3.65E-04 3.69E-03 2.93E-02 1.03
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