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t. In this paper the new Se
ant type method for nonlinear least squaresproblems is presented. We study the 
onvergen
e of the proposed method underhypothesis that the divided di�eren
es of �rst order satisfy the generalized Lips
hitz
onditions. We obtain the radius of 
onvergen
e ball, the uniqueness ball of thesolution and rate of 
onvergen
e of the method. Similar results under the generalizedH�older 
onditions are also presented. The results of numeri
al experiments, thatrepresent the 
onvergen
e analysis of Se
ant type method are given.1. Introdu
tionLet us 
onsider the nonlinear least squares problem:�nd
min f(x) :=

1

2
F (x)T F (x), (1.1)where m ≥ n, residual fun
tion F : R

n → R
m is nonlinear by x.For solving problem (1.1) we introdu
e the iterative Se
ant type method

xn+1 = xn − (AT
n An)−1AT

n F (xn), n = 0, 1, ..., (1.2)where An = F (xn, xn + αn(xn−1 − xn)), F (x, y) is the divided di�eren
e of �rst order forfun
tion F (x) on the points x and y, αn ∈ [0, 1] and {αn} is nonin
reasing sequen
e, x−1and x0 are given.In parti
ular, when αn = 1 from (1.2) we re
eive the Se
ant method [8℄, and when
αn = 0 
lassi
 Gauss-Newton method [5℄.In papers [3, 4, 10℄ the Newton, Gauss-Newton and Se
ant type methods are studi-ed under the hypothesis that the derivative operator satis�es the generalized Lips
hitz
onditions, that is some integrable fun
tion is used instead of Lips
hitz 
onstant. Thegeneralized Lips
hitz 
onditions for divided di�eren
es are presented in [7℄ where theSe
ant method for solving nonlinear operator equations in Bana
h spa
e is studied.In this work we study the 
onvergen
e of the Se
ant type method (1.2) for nonlinearleast squares problems under generalized Lips
hitz 
onditions. Let us note that Lips
hitz
ondition with 
onstant is the parti
ular 
ase of the generalized Lips
hitz 
ondition. Wehave shown, that under proper 
hoi
e of parameter αn method (1.2) 
onverges faster thanthe Se
ant method, namely with rate 1 + p. We have obtained the radius of 
onvergen
eof the method. Similar results under the generalized H�older 
ondition are also presented.We have also 
arried out numeri
al experiments, that represent the 
onvergen
e analysisof Se
ant type method (1.2).
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ON A SECANT TYPE METHOD FOR NONLINEAR LEAST SQUARES 1132. De�nitions and auxiliary lemmasWe state the de�nition of the divided di�eren
e of �rst order for operator F [1℄.De�nition 2.1 Let x, y are two �xed points in Eu
lidean spa
e R
n. The bounded linearoperator F (x, y), that maps from R

n into R
m, is 
alled the divided di�eren
e of �rst orderfor operator F on the points x and y, if it satis�es the following equality

F (x, y)(x − y) = F (x) − F (y). (2.1)In the 
ase, when x = y we take that F (x, x) = F ′(x), where F ′(x) is the Ja
obian matrixof nonlinear operator F on point x.Lips
hitz 
ondition in region D ⊂ R
n for the divided di�eren
es of �rst order has theform

‖F (x, y) − F (u, v)‖ ≤ L(‖x − u‖ + ‖y − v‖), (2.2)where x, y, u, v ∈ D, L is Lips
hitz 
onstant.But L in Lips
hitz 
onditions does not have to be a 
onstant, it also 
an be somepositive integrable fun
tion. In this 
ase 
ondition (2.2) 
an be written in the form [7℄
‖F (x, y) − F (u, v)‖ ≤

∫ ‖x−u‖+‖y−v‖

0

L(z)dz, (2.3)where x, y, u, v ∈ D. Condition (2.3) is 
alled the generalized Lips
hitz 
ondition thathave the L average.Let R
m×n is the set of all m× n matrixes A. Denote by A† the pseudoinverse matrixby Moore-Penrose to A and, if A has full 
olumn rank, then A† = (AT A)−1AT .Lemma 2.2 [9, 11℄ Assume that A, E ∈ R

m×n, B = A + E, ‖A†‖‖E‖ < 1, rank(A) =
rank(B), then

‖B†‖ ≤ ‖A†‖
1 − ‖A†‖‖E‖ , (2.4)and if rank(A) = rank(B) = min{m, n}, we 
an obtain

‖B† − A†‖ ≤
√

2‖A†‖2‖E‖
1 − ‖A†‖‖E‖ . (2.5)Lemma 2.3 [3℄ Assume that A, E ∈ R

m×n(m ≥ n), B = A+E, ‖EA†‖ < 1, rank(A) =
n, then rank(B) = n.Lemma 2.4 [3℄ Let

h(t) =
1

tα

∫ t

0

L(u)uα−1du, α ≥ 1, 0 ≤ t ≤ r, (2.6)where L(u) is positive integrable fun
tion and monotoni
ally nonde
reasing in [0,r℄. Then
h(t) is nonde
reasing with respe
t to t.3. Convergen
e of method (1.2)Theorem 3.1 Let F : R

n → R
m is 
ontinuous in region D ⊆ R

n. Assume that:1) problem (1.1) has solution x∗ in region Ω(x∗, r) = {x ∈ D : ‖x−x∗‖ < r} and thereexists F
′

(x∗) and it has full 
olumn rank;



114 S.M. SHAKHNO, O.P.GNATYSHYN AND R.P. IAKYMCHUK2) in region Ω(x∗, r) fun
tion F (x) has the divided di�eren
e of the �rst order F (x, y),whi
h has full 
olumn rank and satis�es Lips
hitz 
ondition with the L average :
‖F (x, y) − F (u, v)‖ ≤

∫ ‖x−u‖+‖y−v‖

0

L(z)dz, (3.1)where x, y, u, v ∈ Ω(x∗, r) and L is nonde
reasing;3) r satis�es inequality
β

∫ r

0 L(z)dz

1 − β
∫ 2r

0
L(z)dz

+

√
2αβ2

∫ 2r

0 L(z)dz

r(1 − β
∫ 2r

0
L(z)dz)

≤ 1. (3.2)Then method (1.2) 
onverges for all x−1, x0 ∈ Ω su
h, that ρ(x−1) ≤ ρ(x0) and
‖xn+1 − x∗‖ ≤ q1

ρ(x0)
‖xn−1 − x∗‖‖xn − x∗‖ + q0‖xn−1 − x∗‖; (3.3)where

ρ(x) = ‖x − x∗‖; α = ‖F (x∗)‖; β = ‖[F ′(x∗)
T F ′(x∗)]

−1F ′(x∗)
T ‖ (3.4)and values

q0 =

√
2αβ2

∫ (2−α0)ρ(x0)+α0ρ(x−1)

0
L(z)dz

ρ(x−1)(1 − β
∫ (2−α0)ρ(x0)+α0ρ(x−1)

0 L(z)dz)
;

q1 =
β

∫ (1−α0)ρ(x0)+α0ρ(x−1)

0
L(z)dz

1 − β
∫ (2−α0)ρ(x0)+α0ρ(x−1)

0 L(z)dz

(3.5)are less than 1.Proof. Let 
hoose arbitrary x−1, x0 ∈ Ω, where r satis�es (3.2), then qi(i = 0, 1), determi-ned by (3.5), are less than 1. In fa
t, by the monotoni
ity of L with lemma 2.4 fun
tion
1
t

∫ t

0 L(z)dz is nonde
reasing by t. Then we have
q0 =

√
2αβ2

∫ (2−α0)ρ(x0)+α0ρ(x−1)

0 L(z)dz((2 − α0)ρ(x0) + α0ρ(x−1))

ρ(x−1)(1 − β
∫ (2−α0)ρ(x0)+α0ρ(x−1)

0
L(z)dz)((2 − α0)ρ(x0) + α0ρ(x−1))

≤
√

2αβ2
∫ 2r

0
L(z)dz

2r2(1 − β
∫ 2r

0
L(z)dz)

((2 − α0)ρ(x0) + α0ρ(x−1))

≤ (2 − α0)‖x0 − x∗‖ + α0‖x−1 − x∗‖
2r

< 1;

q1 =
β

∫ (1−α0)ρ(x0)+α0ρ(x−1)

0
L(z)dz((1 − α0)ρ(x0) + α0ρ(x−1))

(1 − β
∫ (2−α0)ρ(x0)+α0ρ(x−1)

0
L(z)dz)((1 − α0)ρ(x0) + α0ρ(x−1))

≤ β
∫ r

0 L(z)dz

r(1 − β
∫ 2r

0
L(z)dz)

((1 − α0)ρ(x0) + α0ρ(x−1))

≤ (1 − α0)‖x0 − x∗‖ + α0‖x−1 − x∗‖
r

< 1.



ON A SECANT TYPE METHOD FOR NONLINEAR LEAST SQUARES 115Denote: An = F (xn, xn + αn(xn−1 − xn)), A∗ = F
′

(x∗) = F (x∗, x∗). Then, under theassumptions of theorem, we obtain estimate
‖[AT

∗ A∗]
−1AT

∗ ‖‖An − A∗‖ ≤ β
∫ ‖xn−x∗‖+‖xn+αn(xn−1−xn)−x∗‖

0
L(z)dz

≤ β
∫ (2−αn)‖xn−x∗‖+αn‖xn−1−x∗‖

0 L(z)dz

≤ β
∫ 2r

0
L(z)dz < 1, ∀xn−1, xn ∈ Ω(x∗, r).By lemmas 2.2 and 2.3, and fa
t, that An has full 
olumn rank, taking B = F (xn, xn +

αn(xn−1 − xn)), A = F (x∗, y∗), E = B − A we obtain
‖[AT

n An]−1AT
n‖ ≤ β

1 − β
∫ ‖xn−x∗‖+‖xn+αn(xn−1−xn)−x∗‖

0 L(z)dz
, ∀xn−1, xn ∈ Ω(x∗, r);

‖[AT
n An]−1AT

n − [AT
∗ A∗]

−1AT
∗ ‖ ≤

√
2β2

∫ ‖xn−x∗‖+‖xn+αn(xn−1−xn)−x∗‖

0 L(z)dz

1 − β
∫ ‖xn−x∗‖+‖xn+αn(xn−1−xn)−x∗‖

0
L(z)dz

.Using (1.2), we 
an write
xn+1 − x∗ = xn − x∗ − [AT

nAn]−1AT
nF (xn) = [AT

n An]−1AT
n (An(xn − x∗)

−F (xn) + F (x∗)) − [AT
nAn]−1AT

n F (x∗) + [AT
∗ A∗]

−1AT
∗ F (x∗).Hen
e,

‖xn+1 − x∗‖ ≤ ‖[AT
nAn]−1AT

n‖‖An − F (xn, x∗)‖‖xn − x∗‖
+‖[AT

∗ A∗]
−1AT

∗ − [AT
n An]−1AT

n‖‖F (x∗)‖

≤ β
∫ ‖xn+αn(xn−1−xn)−x∗‖

0
L(z)dz

1 − β
∫ ‖xn−x∗‖+‖xn+αn(xn−1−xn)−x∗‖

0
L(z)dz

‖xn − x∗‖

+

√
2αβ2

∫ ‖xn−x∗‖+‖xn+αn(xn−1−xn)−x∗‖

0
L(z)dz

1 − β
∫ ‖xn−x∗‖+‖xn+αn(xn−1−xn)−x∗‖

0
L(z)dz

.Taking n = 0 above, we obtain
‖x1 − x∗‖ ≤ (q1 + q0)‖x0 − x∗‖ < ‖x0 − x∗‖ < r.Hen
e, x1 ∈ Ω(x∗, r). It follows that (1.2) 
an be 
ontinued an in�nite number of ti-mes. By mathemati
al indu
tion, all {xn}n≥0 belong to Ω(x∗, r) and ρ(xn) de
reasesmonotoni
ally. Thus, for all n = 0, 1, ..., we have

‖xn+1 − x∗‖ ≤ β
∫ (1−αn)ρ(xn)+αnρ(xn−1)

0 L(z)dzρ(xn)

1 − β
∫ (2−αn)ρ(xn)+αnρ(xn−1)

0 L(z)dz

× (1 − αn)ρ(xn) + αnρ(xn−1)

(1 − αn)ρ(xn) + αnρ(xn−1)

+

√
2αβ2

∫ (2−αn)ρ(xn)+αnρ(xn−1)

0 L(z)dz((2 − αn)ρ(xn) + αnρ(xn−1))

(1 − β
∫ (2−αn)ρ(xn)+αnρ(xn−1)

0
L(z)dz)((2 − αn)ρ(xn) + αnρ(xn−1))

≤ β
∫ (1−α0)ρ(x0)+α0ρ(x−1)

0 L(z)dz((1 − αn)ρ(xn) + αnρ(xn−1))ρ(xn)

((1 − α0)ρ(x0) + α0ρ(x−1))(1 − β
∫ (2−α0)ρ(x0)+α0ρ(x−1)

0
L(z)dz)

+

√
2αβ2

∫ (2−α0)ρ(x0)+α0ρ(x−1)

0
L(z)dz((2 − αn)ρ(xn) + αnρ(xn−1))

((2 − α0)ρ(x0) + α0ρ(x−1))(1 − β
∫ (2−α0)ρ(x0)+α0ρ(x−1)

0
L(z)dz)

≤ q1

ρ(x−1)
ρ(xn−1)ρ(xn) + q0ρ(xn−1);

(3.6)



116 S.M. SHAKHNO, O.P.GNATYSHYN AND R.P. IAKYMCHUKSo, inequality (3.3) is true. �Corollary 3.2 Order of 
onvergen
e of iterative pro
ess (1.2) in the 
ase of zero residualis equal 1 +
√

5

2
.So, the rate of 
onvergen
e of method (1.2) is not less than the rate of 
onvergen
e ofSe
ant method for arbitrary αn.4. The uniqueness ball for the solution of problem (1.1)In this se
tion we present investigation of the uniqueness ball for the solution ofproblem (1.1). The proof is 
arried out on the example of appli
ation of method (1.2) forsolving problem (1.1).Theorem 4.1 Let x∗ satis�es (1.1), F (x) is 
ontinuous in Ω(x∗, r). Moreover, F (x) hasthe divided di�eren
e of �rst order, and F

′

(x∗) = F (x∗, x∗) = A∗ has full 
olumn rank,whi
h satis�es generalized Lips
hitz 
ondition with the L average:
‖F (x, y) − F (x∗, x∗)‖ ≤

∫ ρ(x)+ρ(y)

0

L(z)dz, (4.1)where x, y ∈ Ω(x∗, r), ρ(x) = ‖x − x∗‖ and L is nonde
reasing. Let r satis�es inequality
β

∫ r

0

L(z)dz +
αβ0

r

∫ 2r

0

L(z)dz ≤ 1, (4.2)where α and β are determined in (3.4),
β0 = ‖[AT

∗ A∗]
−1‖. (4.3)Then problem (1.1) has unique solution x∗ in Ω(x∗, r).Proof. Let x0 ∈ Ω, x0 6= x∗ is also a solution (1.2). Then we have

[AT
∗ A∗]

−1AT
0 F (x0) = 0. (4.4)Hen
e,

x0 − x∗ = x0 − x∗ − [AT
∗ A∗]

−1AT
0 F (x0) = [AT

∗ A∗]
−1AT

∗ (A∗(x0 − x∗)

−F (x0) + F (x∗)) − [AT
∗ A∗]

−1AT
0 F (x0) + [AT

∗ A∗]
−1AT

∗ F (x0)

= [AT
∗ A∗]

−1AT
∗ (A∗ − F (x0, x∗))(x0 − x∗) + [AT

∗ A∗]
−1(AT

0 − AT
∗ )F (x0).Under assumption (4.1) we obtain

‖x0 − x∗‖ ≤ ‖[AT
∗ A∗]

−1AT
∗ ‖‖A∗ − F (x0, x∗)‖‖x0 − x∗‖

+‖[AT
∗ A∗]

−1‖‖AT
0 − AT

∗ ‖‖F (x0)‖
≤ β

∫ ρ(x0)

0
L(z)dzρ(x0) + αβ0

∫ 2ρ(x0)

0
L(z)dz.Sin
e L(u) > 0, it follows from lemma 2.4 that 1

tα
∫ t

0
L(u)uα−1du is monotoni
 nonde
reas-ing by t. Then, taking into a

ount (4.2) we get

‖x0 − x∗‖ ≤ β
∫ ρ(x0)

0 L(z)dzρ(x0) +
αβ0

ρ(x0)

∫ 2ρ(x0)

0 L(z)dzρ(x0)

< β
∫ r

0
L(z)dz‖x0 − x∗‖ +

αβ0

r

∫ 2r

0
L(z)dz‖x0 − x∗‖

≤ ‖x0 − x∗‖.This is in 
ontradi
tion with our assumption. Thus, it follows that x0 = x∗. �



ON A SECANT TYPE METHOD FOR NONLINEAR LEAST SQUARES 1175. CorollariesLet us 
onsider the traditional approa
h to study of method (1.2), whi
h is based onthe fa
t that, divided di�eren
es of the �rst order satisfy Lips
hitz 
ondition (2.2). Bytaking L to be a 
onstant, the following 
orollaries are obtained under theorems 3.1 i 4.1.Corollary 5.1 Suppose that1) x∗ satis�es (1.1), fun
tion F (x) is 
ontinuous in Ω(x∗, r), there exist Ja
obian matrix
F ′(x∗) and it has full 
olumn rank;2) in region Ω(x∗, r) fun
tion F (x) has the divided di�eren
e of the �rst order F (x, y),whi
h has full 
olumn rank and satisfy Lips
hitz 
ondition:

‖F (x, y) − F (u, v)‖ ≤ L(‖x − u‖ + ‖y − v‖), (5.1)where x, y, u, v ∈ Ω, L is positive number;3)
r =

1 − 2
√

2αβ2L

3βL
, (5.2)where α, β are determined in (3.4)Then method (1.2) 
onverges for all x−1, x0 ∈ Ω su
h that ρ(x−1) ≤ ρ(x0), where

α, β, ρ(x) are determined in (3.4). For
q0 =

√
2αβ2L((2 − α0)‖x0 − x∗‖ + α0‖x−1 − x∗‖)

‖x−1 − x∗‖(1 − βL((2 − α0)‖x0 − x∗‖ + α0‖x−1 − x∗‖)
;

q1 =
βL((1 − α0)‖x0 − x∗‖ + α0‖x−1 − x∗‖)

1 − βL((2 − α0)‖x0 − x∗‖ + α0‖x−1 − x∗‖

(5.3)inequality (3.3) holds.Corollary 5.2 Suppose that1) x∗ satis�es (1.1), fun
tion F (x) is 
ontinuous in Ω(x∗, r), there exist Ja
obian matrix
F ′(x∗) and it has full 
olumn rank;2) in region Ω(x∗, r) fun
tion F (x) has the divided di�eren
e of the �rst order F (x, y),and it has full 
olumn rank and satis�es Lips
hitz 
ondition:

‖F (x, y) − F (x∗, x∗)‖ ≤ L(‖x − x∗‖ + ‖y − x∗‖), (5.4)where x, y ∈ Ω and L is positive number;3)
r =

βL

1 − 2αβ0L
, (5.5)where α, β, β0 are determined in (3.4) and (4.3).Then problem (1.1) has unique solution x∗ in Ω(x∗, r).



118 S.M. SHAKHNO, O.P.GNATYSHYN AND R.P. IAKYMCHUK6. Convergen
e analysis under H�older 
onditionWe have studied the lo
al 
onvergen
e of method(1.2) under generalized Lips
hitz
onditions. We have also proved that sequen
e xn generated by method (1.2) 
onverges toa solution x∗ of problem (1.1) superlinearly. In this se
tion we will study the 
onvergen
eof method (1.2) under generalized H�older 
ondition in the 
ase, when αn = O(‖xn−x∗‖).Theorem 6.1 Let F : R
n → R

m is 
ontinuous in region D ⊆ R
n. Suppose, that:1) problem (1.1) has solution x∗ in Ω(x∗, r) = {x ∈ D : ‖x − x∗‖ < r} and there existthe Ja
obian matrix F

′

(x∗) and it has full 
olumn rank;2) in region Ω(x∗, r) fun
tion F (x) has the divided di�eren
e of �rst order F (x, y),whi
h has full 
olumn rank and satis�es H�older 
ondition with 0 < p ≤ 1:
‖F (x, y) − F (u, v)‖ ≤

∫ ‖x−u‖p+‖y−v‖p

0

L(z)dz, (6.1)where x, y, u, v ∈ Ω(x∗, r) and L is nonde
reasing;3) r satis�es inequality
β

∫ rp

0
L(z)dz

1 − β
∫ 2rp

0 L(z)dz
+

√
2αβ2

∫ 2rp

0
L(z)dz

1 − β
∫ 2rp

0 L(z)dz
≤ 1. (6.2)Then method (1.2) 
onverges for all x−1, x0 ∈ Ω su
h that ρ(x−1) ≤ ρ(x0) and

‖xn+1 − x∗‖ ≤ q1
(1 − αn + O(1)ρ(xn−1))

p

γp
0

‖xn − x∗‖p+1

+q0
1 + (1 − αn + O(1)ρ(xn−1))

p

ρ(x0)p + γp
0

‖xn − x∗‖p,

(6.3)where α and β are determined in (3.4), γ0 = ((1 − α0)ρ(x0) + α0ρ(x−1)) and values
q0 =

√
2αβ2

∫ ρ(x0)p+γ
p

0

0
L(z)dz

1 − β
∫ ρ(x0)p+γ

p

0

0
L(z)dz

; q1 =
β

∫ γ
p

0

0
L(z)dz

1 − β
∫ ρ(x0)p+γ

p

0

0
L(z)dz

(6.4)are less than 1.Proof. By theorem 3.1 it is easy to see that
‖xn+1 − x∗‖ ≤ β

∫ γp

n

0
L(z)dz‖xn − x∗‖

γp
n(1 − β

∫ ρ(xn)p+γ
p

n

0 L(z)dz
γp

n

+

√
2αβ2

∫ ρ(xn)p+γp

n

0 L(z)dz

(ρ(xn)p + γp
n)(1 − β

∫ ρ(xn)p+γ
p

n

0 L(z)dz)
(ρ(xn)p + γp

n)

≤ β
∫ γ

p

0

0
L(z)dz‖xn − x∗‖

γp
0 (1 − β

∫ ρ(x0)p+γ
p

0

0
L(z)dz)

γp
n

+

√
2αβ2

∫ ρ(x0)
p+γ

p

0

0 L(z)dz

(ρ(x0)p + γp
0 )(1 − β

∫ ρ(x0)p+γ
p

0

0
L(z)dz)

(ρ(xn)p + γp
n)

= q1
(1 − αn + O(1)ρ(xn−1))

p

γp
0

‖xn − x∗‖p+1

+q0
1 + (1 − αn + O(1)ρ(xn−1))

p

ρ(x0)p + γp
0

‖xn − x∗‖p,



ON A SECANT TYPE METHOD FOR NONLINEAR LEAST SQUARES 119where γn = ((1 − αn)ρ(xn) + αnρ(xn−1)). So (6.3) holds. �It follows from (6.3) that in the 
ase of null residual in the solution (α = 0) value
q0 = 0 and rate of 
onvergen
e of the iterative pro
ess (1.2) is equal 1 + p. If p = 1, that
orresponds with Lips
hitz 
ondition, we obtain the quadrati
 
onvergen
e as in Gauss-Newton method and it is higher than in Se
ant method ((1 +

√
5)/2). At the same timethe amount of evaluations per one iteration are equal both in method (1.2) and Se
antmethod.7. Numeri
al experimentsIn this se
tion, we apply the studied above iterative Se
ant type method (1.2) to solvesome test examples, proposed in [6℄, and 
ompare the 
onvergen
e behavior of this methodunder di�erent values of parameter αn. As αn ∈ [0, 1], we will 
arry out evaluations withbound values of parameter,that is αn = 1 (Se
ant method) and αn = 0 (
lassi
al Gauss-Newton method), with 
onstant values αn from a unit interval and taking αn as a variablevalue.In evaluations we use the Eu
lidian norm ‖x‖ =

√

∑n
i=1 x2

i , and 
al
ulate the elementsof the divided di�eren
e matrix as
F (x, y)i,j =

Fi(x1, ..., xj , yj+1, ..., yn) − Fi(x1, ..., xj−1, yj , ..., yn)

xj − yj

,

i = 1, 2, ..., m, j = 1, 2, ..., n

(7.1)The auxiliary initial approximations we evaluate as x−1 = x0 +10−4. We �nd the solutionwith a

ura
y ε = 10−8. And in tables we denote that ∆xn = ‖xn − xn−1‖.In the following tables 1-3 we present the results of numeri
al experiments. The
omparison is 
ondu
ted by the number of iterations performed to �nd the solution witha given a

ura
y.Tabl. 1. The number of iterations to re
eive the solution of test problems under the 
onstant values αnExample αn0 0.2 0.4 0.6 0.8 1Rosenbro
k fun
tion 2 3 3 3 3 3Wood fun
tion 51 56 60 65 69 74Powell singular fun
tion 12 13 13 14 19 16Box-3D Fun
tion 6 6 7 7 7 8Freudenstein and Rothfun
tion 30 12 21 57 29 19Kowalik and Osbornefun
tion 10 10 12 21 20 16
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eive the solution of test problems under the variable values αnExample αn

10−2∆xn 10−4∆xn

∆xn, if∆xn < 1,
1

∆xn

, if∆xn ≥ 1Rosenbro
k fun
tion 3 2 3Wood fun
tion 51 51 53Powell singular fun
tion 12 12 13Box-3D fun
tion 6 6 6Freudenstein and Roth fun
tion 13 19 9Kowalik and Osborne fun
tion 10 15 11Let us present more detailed results for Box-3D fun
tion (n = 3, m = 15) underdi�erent values of αn.Tabl. 3. Box-3D fun
tion residual at ea
h of the iterationsIterations αn = 0 αn = 1 αn = 10−2∆xn1 9.77530447E-02 9.77323734E-02 9.77323734E-022 6.28363713E-03 2.24070118E-02 8.68229361E-033 8.79598795E-05 1.93329610E-03 1.60820273E-044 2.63517737E-08 8.33557862E-05 9.89442135E-085 2.79495793E-15 5.37082031E-07 4.14185366E-146 2.41542623E-29 1.64970794E-10 6.97021661E-277 3.36221280E-168 2.13441781E-25The above presented results in tables show that under su

essful 
hoi
e of parameter
αn the proposed method (1.2) 
onverges faster than Se
ant method and often pra
ti
allyis not worse than the Gauss-Newton method. Moreover, unlike the Gauss-Newton method,this method does not demand the analyti
ally set derivatives.8. Con
lusionIn this paper for solving the nonlinear least squares problem the iterative Se
ant typemethod is proposed. It is proved that pro
ess, generated by this method 
onverges and thesuperlinear order of 
onvergen
e is established. It is studied the lo
al 
onvergen
e of the ofthe proposed method under generalized Lips
hitz 
onditions and under H�older 
onditions.On the basis of the 
arried out theoreti
al studies, pra
ti
al 
al
ulations and 
omparisonof the results it 
an be argued that the proposed modi�
ation with the su

essful 
hoi
eof parameter αn prevails the 
lassi
 Se
ant method. The studied method is the e�e
tivemethod for solving the nonlinear least squares problems.
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