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The least-squares solution X is in R”.

Rn

Suppose X satisfies AX = b. By the Orthogonal Decomposition Theorem in Sec-
tion 6.3, the projection b has the property that b — b is orthogonal to Col A, so b — Ax
is orthogonal to each column of A. If a; is any column of A, then a;-(b — AX) = 0,
and a} (b — AX) = 0. Since each a] is arow of A",

AT(b—AX) =0
ATb — ATAR =0
ATAX = ATb

These calculations show that each least-squares solution of Ax = b satisfies the equation
ATAx = ATb

The matrix equation (3) represents a system of equations called the normal equations
for Ax = b. A solution of (3) is often denoted by Xx.
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subroutine covariance(L,D,P,N)

! Purpose : 2015%-04-15 13:08 (Created)
! RBIBLDL' o 81T Eth 5 =5 %

N - SEREMEET

! Buthor : Song Yezhi <song.yz@foxmail.com>
! Copyrigt (C) : Shanghal Astronomical Observatory,CAS
! (11 rights reserved, 2019)

implicit none

integer :: N

real*Qs :: L(N,N),D(N),P(N,N)

| o
integer =i

real*g :: 1nvL(N,N),1invLT (N,N)

call inv dtri(L,invL,N)

invLT = transpose (invL)

do 1 =1,N
invLT(:,1)=invLT(:,1)/D(1)

end do

P = matmul (invLT, invL)

end subroutine covariance
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Given: Pp._,. ik_l and Y. R.

(1) Integrate from {;_q to £,

X* = F(X*,t). X*(te1) = Xp_y

Ot tp_1) = A(t)P(t, tp—1). P(tp—1,tp—1) = 1.

(2) Compute

Pp.=®(t, tk—1)Pre1®” (tg, th—1)
yi =Y — G(X],1;)
H; = 0G(X}, ;)] 0Xy..

(3) Compute
.K-k = Fﬁvﬁg[ﬁkﬁkﬁg + Rk]_l
X =Xj + Kiyx
P, =[I — K. H;|Py.

(4) Replace k with & + 1 and return to (1).
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class VEC

Versions and Changes
v1l.0-———2015-7-18
vector class

THERESIERFAO

Public Paras:

int sizel ——————— rows of matrix
int size2 ————————— cols of matri
Funcitons
VEC (M) -——— creat a wvector with lenght of M
operator () —--- access the component
Ruthor : RHE  <song.yz@foxmail.coms
Copyrigt (C) : Shanghai Astronomical Observatory, CAS

(811 rights reserved)

private:
double *x ;
int M1;
public:
// Constructors
VEC (int M)
//creat a vector
{
POM1=M;
x= new double [M] ;
for(int i=0;i<M;i++)
: x[1]1=0.0;
}
// Destructor
~ VEC ()
{ delete [] x:; }

doubles cperator() (int i)
// Component access
{ return x[i]; }

double operator () (int i) const { return x[i]:

int size() const { return M1;

}:

}:

void output(int width,int precision);

//output to the screen
void setv(double wvalue);

//set the elements of the wector to a double wvalue
/4, -, %,/ for the same index of two vectors
//which means that the size of the vectors must be the same

friend VEC cperator + (const VEC& V1,
friend VEC operator - (const VECs V1,
friend VEC operator * (const VECs V1,
friend VEC cperator / (const VECs V1,
VAT AT

i+, -, %,/ for the vector and a scala

const VECs V2); //V1+72
const VEC& V2); //V1-v2
const VEC& V2); //V1.¥*v2,
const VEC& V2); //V1./vZ2,

// the operation works on every elements of the wvector

friend VEC operator + (const VEC& V1,
friend VEC operator (const VEC& V1,
friend VEC operator * (const VEC& V1,
friend VEC operator / (const VECs V1,

double a); /Tl+a
double a); //1l-a
double a); /Tl*a
double a); J/vl/a
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class MAT

Versions and Changes
vl.0-——-2015-7-18
matrix class

EFHER S, THREFESR()

Public Paras:

int sizel ————————— rows of matrix
int s5ize2? —-———————— cols of matrix
Functions
MAT (M,N} --—— creat a vector with the size of
operator() --- caccess the component
Luthor : ZRHZE  <song.yzRfoxmail.com>
Copyrigt (C) : Shanghai Astronomical Observatory, CAS
(811 rights reserwved) 2015
_______________________________________________________ x/
i
private:
double ** R;
int M1,N1;
public:

// Constructors
MAT (int M, int N)
{

M1=M;

N1=N;

int i,3;

L= new double *[M];
for (i=0; i<M;i++)
A[il=new double [N] :

// set the initial wvalue to zero
for (i=0;i<M;i++)
for (3=0;j<N;j++)

A[i1[31=0.0;

// Destructor
~MBET ()
1
i int i;
for (i=0;1i<Ml;i++)
delete[] A[il:
H delete[] A;
}

//Component access

double cperator () (int i,int j) const { return A[i][3j]:; }:
double & cperator() (int i,int J) { return A[i][J]): }:

int sizel() const { return M1; };
int size2() const { return N1; };

void output (int width,int precision);

//output to the screen

void setv(double wvalue);

//3et the elements of the matrix to a double value

//+, -, %,/ for the same index of two matrixs

//which means that the size of the matrixs must be the same
friend MAT operator + (const MAT& Al, const MAT& R2); //B1+R2
friend MAT operator - (const MATs Rl, const MAT& A2); //B1-RB2
friend MAT cperator * (const MAT& Rl, const MAT& R2); /IRl xn2
friend MAT cperator / (const MAT& Al, const MATa B2); /IRl /B2
//+, -, %,/ for the matrix and a scala

/{ the operation works on every elements of the matrix

friend MAT operator + (const MATs Al, double a); //Bl+a
friend MAT cperator - (const MAT& RAl, double a); //Bl-a
friend MAT coperator * (const MAT& Al, double a); //Bl*a
friend MAT operator / (const MATs Al, double a); //Bl/a
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S — ErmMEEE [/ =mmmmmmmm - FEFET RS RIE
void veccopy(VEC &b, const VEC &a):s vold LDL(const MAT &&,MAT &L,VEC &D);
[/EEES—TEE // LDL 43#%

double wecdot(const VEC &vl,const VEC & v2); void MGS (const MAT &A, MAT &Q, MAT &R);
//EERFR //EIE#IGram-Schmidt IEZ8 4L FiE

double norm(const VEC &v) s void householder (const MAT &A,MAT &Q,MAT &R);
J/EE2TEE //hoseholderIEZZ ZF R
L — EAXIEEIEE vold invlowtri(const MAT &R,MAT &5);
void matcopy (MAT &B,const MAT &2); //inverse of lower triangula matrix

/ /EE S &) void invuptri(const MAT &U,MAT &R);
void transpose (MAT &AT,const MAT &RL); //inverse of upper triangula matrix
[/ E volid invmat (const MAT &A,MAT &invAa);
vold matmul (VEC &b, const MAT &4, const VEC &X); / / R R 1 7 4B R 1 56

// SEEFRLIEE void inv(const MAT &A,MAT &iR);

vold matmul (MAT &C,const MAT &4, const MAT &B); |”_‘$§EEE$ HUIEFE[E RAMGS o AR =
//FE R LLAE E
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. LB R BT 2
vold LS LDL(VEC &X,const MAT &A,const VEC &b);

/I EFAFFEAFBcholesky Bt ES/ =@, nAHFIEEEE

[/ fvoid LS hous (VEC &x,const MAT &A,const VEC &b);

// E=TF HouseholderZF ¥R R 5 HT — I 7] B ELIE = 5] 21

vold LS MGS( VEC &x,const MAT &R, const VEC &b);

/ /BT E IEBIGram-Schimdt JEZEA SRR & /) —Ffe o] S Bl iE 7E 18] £
vold LS hous( VEC &x,const MAT &R,const VEC &b);

//1least square solution or general linear equation

vold uptri(const MAT &A,const VEC &b,VEC &x);

[/ F=RAEEAFEITE

vold lowtri (const MAT &4, const VEC &b, VEC &x);

[/ F=REEAFEITE

vold downtri(const MAT &&, const VEC &b, VEC &x);
A — I

volid lagrange (const VEC &x,const VEC &y, const VEC &xx,VEC
//lagrange interp

vold rot mat (MAT &Rmat,double angle,char axID):;
//rotation matrix

double robustweight (double wv,double sigma);

TEMuiE: http://202.127.29.4/astrodynamics/course.php
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