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[> restart:

X:=[1,2,3,4]:
Y:=[0,5,15,24]:
with(plots):with(linalg):with(stats):

1l1:=pointplot(transpose([X,Y]),symbolsize=30):
eq fit:=fit[leastsquare[[x, y], y = aO+al*x, {a0,al}]]([X,
Y1);
19 41
eq fit=y=-—+ —x (2.1.1)
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f1:=unapply(rhs(eq_f£fit),x);
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pl:=plot(f1l(x),x=0..4):
display(pl,11);
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> restart;
X:=[1,2,3,4]:
Y:=[0,5,15,24]:
fl:=x->al0+al*x:
> S§:=0;
for i from 1 to 4 do
S:=S+(£f1(X[i])-Y[1i])"2;
end do:
S:=0

> f£S:=unapply(S, (a0,al));
S5 = (a0, al)— (a0 + al)* + (a0 + 2 al —5)* + (a0 + 3 al —15)* + (a0
+4al —24)

> expand (fS(a0,al));
4a0> +20a0al +30al®> — 88 al — 302 al + 826

> plot3d(fs(a0,al),a0=-20..20,al1=0..20);
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> eqs:={diff (expand(S),a0)=0,
diff (expand(S),al)=0};

> solve(egs,{a0,al});
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eqs = {8al +20al —88=0,20a0 + 60al —302=0}
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i=1\j=1J i ki > restart;
X:=[1,2,3,4]:
- - [ N [N = — s Y:=[0,5,15,24]:
ZZT, k=1,,M®M@@EJﬁ&EﬁT&é u@l@iﬁ&ﬁ%ﬁi’h—%?ﬁ@E*ﬁ L fl:=x—>a[1]+a[2]*x+a[3]*x"2:
#HE= (hormal equations) & FE3%. [> with(LinearAlgebra):
| Av:=Matrix(l..4,1..3):
> ff:=(x,i)->x"(i-1);
LROTEDFETIE, PPILVLDT, THIERTEZTEY. Nx MT, REXR*% for i from 1 to 3 do
for j from 1 to 4 do
A. =X (x Av[j,i]:=££(X[j],1);
v 1( ') end do;
L . L end do;
EIT2T5AZEBAT . ZDITFIE, Av;
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: > Ai:=MatrixInverse(Transpose(Av).Av);
327 5
4 4 4
| .27 129 5
A=1T 50 Tg
ERB,. INETHAUINERR TEELEROERAERI 5.5 1
4 4 4
A" A-a=a"y i
T5zx5n%. A R{THADEE transpose)EEEKL, B5NETAIE Mx NTH > b:=Transpose(Av).Vector(I); »
%. a,ylFENZN, b= 151
4 Y 539
a y > Ai.b;
a=| ? | y=|?
au In
TH3. M=3, N=25 & UTITIDRTLEITTRIET S &,




o Mo

—- v

Y HEED#E(Singular Value Decomposition)
ERAERX TORDETI HEEBEIROEH CIFERZE & OBRIENUumRecipeZ %

B L.

> restart;

X:=[1,2,3,4]:
¥:=[0,5,15,24]:
fl:=x->a[l]+a[2]*x+a[3]*x"2:

> with(LinearAlgebra):

Av:=Matrix(1l..4,1..3):

> ff:=(x,i)->x"(i-1):

for i from 1 to 3 do
for j from 1 to 4 do
Av[j,i]:=££(X[]j1,1i);

end do;

end do;

Av;
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U,S,Vt:=evalf (SingularValues (Av,output=['U','S','Vt'])):

DiagonalMatrix(S[1..3],4,3);
U.DiagonalMatrix(S[1..3],4,3).Vt:

19.6213640200000015 0 0
0 1.71206987399999999 0
0 0 0.266252879300000022
0 0 0

iS:=Vector(3):
for i from 1 to 3 do
iS[i]:=1/S[i];

end do:
DiS:=DiagonalMatrix(is[1..3],3,4);
0.05096485642 0 0 0
DiS = 0 0.5840883104 0 0
0 0 3.755827928 0

Transpose (Vt) .DiS. (Transpose (U) .Vector(Y));
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-4.50000000198176498
3.20000000035008324
1.00000000040565196

2RTTHHIAIND 7 £ »
SREO—MbELDODREIE®D L, 39’(77:()3, iz z)“(*?:%ﬁ‘%éhé?‘—&f\d), 2R TFHE
TOD7«y NEFREE RS, 2RITOBEMGHEIE, AEREFEST,

2 2
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> with(plots):with(plottools):
2:=[0.000046079702088,  0.000029479057275,  0.000025769637830,

0.000034951410953 .00005702438545
00029485453808 00011519913869 0.000006442404299,
0.000014252898382 0. 000034951410953,
000025769637773, 0.000006442404242, 0.000000000000057,
0.0000064424042 0.000025769637773
000034932221524 0. 000014246501905, 0.000006442404299,
0.000011519913926 0.000029479057332
0. 000056973214100, 0. 000034932221467, 0.000025769637773,
L 0.000029485453808, 0.000046079702031] :
> x:=[]:
y:=[]:
pl:=2:
for i from -pl to pl do
for j from -pl to pl do
x:=[op(x),i*0.0005];
y:=[op(y),j*0.0005];
end do;
L end do;

> with(LinearAlgebra):
p2:=convert (Transpose (Matrix([x,y,z])),listlist):
> pp2:=pointplot3d(p2,symbol=circle,symbolsize=30,color=
black):
> with(stats):
data:=[x,y,z]:
fitl:=fit[leastsquare[[t,s, u],
u=a+b*t+c*s+d*t*s+e*t"2+£*s"2,
{a,b,c,d,e,f}]](data);

fitl = u= -8.657142857 103 — 0.000006396456800 ¢ + 0.000006396438400 s
— 5450553587 £ + 25.76962838 1> + 25.76962835 5




[> fl:=unapply(rhs(£fitl),(s,t)): X:=[0,1,2,3];
> pfl:=plot3d(f1(ss,uu),ss=-0.001..0.001,uu=-0.001..0.001, - )
| B lorigeayy o (sE) | Y=n13.408
> display(pfl,pp2); _
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0.00002 -1, 0, 0.50000
000001 00010 -1, 1, -1.00000
000110 0, -1, 0.50000
0
00010 00010 55 0, 0, 1.00000
L - 0, 1, 1.50000
. . 1, -1, -1.00000
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> bb:=Vector(25): L LL
A:=Matrix(25,6):

pl:=2:
for i from 1 to 25 do
A[i,1]:=1;

A[i,2]:=x[1];
A[i,3]:=y[i]; |
A[i,4]:=x[i]*y[i];
A[i,5]:=x[1]"2;
A[i,6]:=y[i]"2;
bb[i]:=2[1];

|l end do:

| ERAREROR

> MatrixInverse(Transpose(A).A).(Transpose(A).bb);
-9.18525719622708541 107"
-0.00000639644675999994798
0.00000639644220000032532
-5.45955358336000173
25.7696284050857187
25.7696284050857543
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