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Non-linear least squares problem =

Rx] =0

Given: F:DCcR"—R"™, mmneN, m>n.

Find: x* e D: x* =argmin _,®(x), D(x):= %”F(X) ||§ . (8.7.0.7)
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$7 2. Gavss-Newton Method

Idea: Local linearization of F: ~ F(x) ~ F(y) + DF(y)(x —y)
> Leads to a sequence of linear least squares problems
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argmin || F(x)
x€R"

argmin||F(xo) +D F(xo)(x = xo) |l ,
x€R"

(®) i
A := DF(xp) € R"™" [ Jachiy]
b:= —F(xy) + DF(xg)xo € R™ .

is approximated by
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(#) & argmin|Ax — b|
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Gauss-Newton iteration (under full-rank assumption (8.7.0.9))

Initial guess  x'*) € D

XD =B g g argminHF(x(k)) ~ DF(X(k))XH '
XER” 2
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C++ code 8.7.2.2: Template for Gauss-Newton method

(8.7.2.1)

2 |template <class Function, class Jacobian>
s |VectorXd gn(const Eigen::VectorXd &init , Function & &F, Jacobian &&J,

double rtol = 1.0E—6, double atol = 1.0E—8) {
(k)

5 Eigen:: VectorXd x = init; // Vector for iterates X

6 // Vector for Gauss-Newton correction §
Eigen:: VectorXd s = J(x).householderQr () .solve(F(x)); //

8 X =X — 8§,

9 // A posteriori termination based on absolute and relative tolerances
while ((s.norm() > rtol_x x.norm()) & & (s.norm() > atol)) { //

11 s = J(x).householder@fY) .solve (F(x)); // —= UVLLIY L\SQ

12 X =X — 8§,

13 }

14 return x;
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Fx. §7249 (M- lineary ﬁ'//f% &Fa/m%)

F/r/fzfnéﬁ ](\Ul')dﬁrﬁﬂj 1(\/)({ X, /)(3/5) = Xt 6')(3‘6
> Ovedetemiped,  NVILSE  Fl) = 0
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X1+ xoexp(—x3ty) — 1
F: RP— R" , F(x):= -

| X1 T X2 exp(_x3tm) — Ym
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4 initial value (1.8, 1.8, 0.1)T (red curves, blue curves)
4 initial value (1.5,1.5,0.1)T (cyan curves, green curves)
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8.7 3. Trost Region Methed
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Idea: damping of the Gauss-Newton correction in (8.7.2.1) using a penalty term

-+DF@“U4F minimize Wxﬂ )~ D F(x

instead of HP(x(k)
A

H + Alls|i2,

where A > 0 is a penalty parameter.

5 (et =2_<(/C|— E

S:= argmm”P

zcR™
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Npemal equations

2
~ D F(x®)z| %A llzll3

(DP(x(k))TDF
o= <

(x®y+ /\1) s = — DF(x®)F(x®) . (8.7.3.2)

HepiicHes .

—= 0 apx"ox



NumCSE@ETHZ

-t

el U aunhon

§

7

)
J

3

/

( /




NumCSE@ETHZ




NumCSE@ETHZ




NumCSE@ETHZ




