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Gkδk ≈ γk, 2Rk ≈ δk
TGkδk..77 δk

TGkδk ≈ Qk, �b Qk = θkδk
Tγk + 2(1 − θk)Rk, Rk = fk+1 − fk − gk

Tδk, ∀θk ∈ R.
.K
7\J8iTS�i� � Bk+1 G�
/X&DG Hesse NR�Pd � Bk+1xm
δk

TBk+1δk = Qk, ∀θk ∈ R. (2.1), (2.1) 0
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.^E1<j��m{) x̄ = xk+1, x = xk, δ = x̄ − x, B̄ = Bk+1, B = Bk, R = Rk, γ =

γk, θ = θk, Q = Qk. xYt` 1 �T
B̄ = B + uvT, (2.2)BV�l u, v ∈ Rn.69xm (2.2)0INR7�=Ii6X�C$" � B̄ �xm#w	a�

B̄δ = αδ, (2.3)�bA α 6= 0, 6 (2.1) # (2.3) 0W
α = Q/δTδ, (2.4);`

B̄δ = Qδ/δTδ. (2.5)D vTδ 6= 0 ,�6 (2.2) # (2.5) 07 u = 1
vTδ

( δ
δTδ

Q − Bδ), F6 (2.4) 0� u [)

u = (αI − B)δ/vTδ, (2.6)A$ (2.2) 0HG` 1 �T}0

B̄ = B +
1

vTδ
(αI − B)δvT, (2.7)
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< u 
��94D αδTδ − δTBδ 6= 0 ,�['HZ,` 1 �T}0
B̄ = B +

(αI − B)δδT(αI − B)T

αδTδ − δTBδ
. (2.8)'w=uV}m�T}0 (2.8) 0I�
4B	�:� 2.1 ( B ∈ L(Rn), u, δ ∈ Rn, � vTδ 6= 0, I6 (2.8) 0V-I B̄ 4!ZkW

min{B̂ − B‖F |B̂δ = αδ} Ib$q4>�Pd ‖ · ‖ �2 Frobenius gA�!�X4��T}0 (2.8) 0<G}yI!m�$4!��VNRITV6R	�a4[�GUA	/b4z αδTδ − δTBδ = 0 ��SZZ���E^AZ'K!jV�
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(αI − B0)δv
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B2 =
1

2
(B1 + B1

T).#7eqe2 (2.7) 0[)-�TNR�o
B2j+1 = B2j +

1

vTδ
(αI − B2j)δv

T, vTδ 6= 0,

B2j+2 =
1

2
(B2j+1 + B2j+1

T), j = 1, 2 · · · .
(2.9)67�u�['V}6 (2.9) 0V-I {Bj} 7$!{ B̄:

B̄ = B +
1

vTδ
[(αI − B)δvT + vδT(αI − B)T] −

1

(vTδ)2
vδT(αI − B)TδvT (2.10)�xm (2.1) # (2.5) 0� (2.10) 0
Z,` 2 �T}0�q v = δ � 6 (2.4) 0� (2.10) 0['�-

B̄ = B + Q
δδT

(δTδ)2
+

δTBδ

(δTδ)2
δδT −

BδδT

δTδ
−

δδTB

δTδ
. (2.11)%) z = 1

δTδ
δ − 1

δTBδ
Bδ, I (2.11) 0[�2


B̄ = B + Q
δδT

(δTδ)2
−

BδδTB

δTBδ
+ (δTBδ)zzT.69 zTδ = 0, �&0q�$~.''A Φ �OH}0!xm (2.1) # (2.5) 0�67m{HG$nP7D$A θk, Φk IZ,` 2 �T}0

Bk+1 = Bk −
Bkδkδk

TBk

δk
TBkδk

+
Qk

(δk
Tδk)2

δkδk
T + Φk(δk

TBkδ)zkzk
T, (2.12)�b ∀θk ∈ R , Φk ≥ 0, zk =

δk

δk
Tδk

−
Bkδk

δk
TBkδk

. , (2.12) 0
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Bk+1 �1Z,TV�>� 69 Φk(δT

k Bkδk) ≥ 0, Q.NRITSZJ-��℄�V}}0 (2.12) b B̄k+1 =

Bk + QkδkδT
k /(δT

k δk)2 − BkδkδT
k Bk/(δT

k Bkδk) . B̄k+1 �1TV%[�3-&�[5 Bk n>
 Bk = LkLT
k , Z ∀y ∈ Rn,y 6= 0, q ck = LT

k y, dk = LT
k δk, I7w|kt!K0-g

yT(Bk −
BkδkδT

k Bk

δT
k Bkδk

)y = cT
k ck −

(cT
k dk)2

dT
k dk

≥ 0,

yT(Qk

δkδT
k

(δT
k δk)2

)y = Qk

(yTδk)2

(δT
k δk)2

≥ 0,�K�!\,-g�� yTB̄k+1y > 0, % B̄k+1 
TVNR�% f 4$^℄ÆA�IZ θk ∈ [0, 1], l7 Qk > 0.f*G�SuI��ÆA4$�ÆA�.7�V"( λk 6 Goldstein ?I�V�%�V β ∈ (0, 1/2),α ∈ (1/2, 1), �H λk, .Xxm
αλkgT

k dk ≤ f(xk + λkdk) − fk ≤ βλkgT
k dk, (2.13)�K/O

αgT
k δk ≤ fk+1 − fk ≤ βgT

k δk. (2.14)3-&� Goldstein ?I (2.14) 0l��V Rk > 0. .
% gT
k dk < 0, 6 (2.14) 0[X4

−(1 − α)gT
k δk ≤ Rk = fk+1 − fk − gT

k δk ≤ −(1 − β)gT
k δk. (2.15)69 α ∈ (1/2, 1), ;&0[W Rk > 0.�`�%.#2 Goldstein |HM!℄��V Rk > 0 `!��V Qk > 0. C$"Inp�}� . Qk > 0 -g�℄�

θk(δT
k γk − 2Rk) > −2Rk (2.16)[' θk X- δk, Rk, γk IÆA�) tk = −2Rk

δT

k
γk−2Rk

, > (2.16) 0HGwo�V θk I�I B.�I B:

1) % δT
k γk − 2Rk > 0, I θk > tk. 7,� θk ∈ (tk, +∞).

2) % δT
k γk − 2Rk < 0, I θk < tk. 7,� θk ∈ (−∞, tk).

3) % δT
k γk − 2Rk = 0, I� θk ∈ (−∞, +∞) .6/
 2.2 I=u�% B0 Z,TV�� θk �&>�I���I6a Broyden nl��\�T}0&)INR�o {Bk} 4TVZ,I�.7℄ gk 6= 0, I gT

k δk < 0, ; (2.14) 0['X4K
&)I�o {fk} l4CTw6I�67E4�>kW (1.1) 0Ia Broyden nl��\K
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3 ,�{"�&�4}� 3.1 % f(x) G Rn &a:h�[a�7w��F
" L = {x|f(x) ≤ f(x0)} 7��Ia Broyden nl��\K
�OZ�t k 7 gk = 0, �O7
lim

k→∞

inf ‖gk‖ = 0. (3.1)>� )w�" K = {1, 2, · · ·}, %ZO7I k 7 gk 6= 0, 'wV} (3.1) 0�-g�2eV
V}�.( (3.1) 0!-g�I<GTA ε > 0, .HZO7I k, 7 ‖gk‖ ≥ ε > 0.G7Y3w�6K
!�X4� gT
k δk < 0 l-g�;`K
&)IÆA�o {fk} CTw6�86 f(x) 7w��.7^4D k → ∞ ,�7 fk+1 − fk → 0.( L∗ 4Æ
F
" L Iq��℄"�69a Broyden nl��\K
4w6K
��!���o {xk} ⊂ L∗. .7<G8iho {xk}, (k ∈ K1 ⊂ K), D k → ∞ ,�7 ‖δk‖ =

‖xk+1 − xk‖ → 0.6 f(x)Ih�	[W�Z<X}0IÆAho {fk}K1
,)7 fk+1−fk → 0(k → ∞, k ∈ K1).6R`KV0[H fk+1 = fk + gT

k δk + ◦(‖δk‖), 94�D k → ∞ ,�
fk+1 − fk

gT
k δk

→ 1. (3.2)p$j|�Z ∀k ∈ K, 6 Goldstein ?I (2.14) 07 fk+1 − fk ≥ αgT
k δk, %

fk+1 − fk

gT
k δk

≤ α < 1. (3.3)70< (3.2) 0y^�;` (3.1) 0-g�
4 *?,�
0�K
I-K���m{ZK
C�m$VIAZ7��AZ=��}K
47�I�'wKfbT�$A Φk = 0. 'K=�2� 4.1.

1.[10] min f(x) = 2x2
1 + x2

2 + 2x2
3 − x1x3 − x1x2 + 3x1 + 2x2 + x3.

2.[11] min f(x) = 5x2
1 + 7.5x2

2 + 10x2
3 + 2x1x2 + 4x2x3 + x1x3 + ex1+x2+x3 .

3. min f(x) = x4
1 + x1x2 + (1 + x2)

2. � 4.1Kf x0 k1 k2 xk fk

1. (-1.0, -1.0, -1.0) 13 5
(-1.5, -2.0, 1.0) 11 9 (-1.307692, -1.653846, -0.576923) -3.903846

2. (-1.0, 1.5, -0.5) 13 3
(1.0, -1.0, -1.0) 4 3 (-0.075419, -0.039118, -0.031607) 0.927170

3. (0.0, 0.0) 8 5
(-10.0, -10.0) 17 14 (0.695884, -1.347942) -0.582445
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Global Convergence of Similar Quasi-Newton Method for Nonconvex

Unconstrained Optimization Problems

CHEN Lan-ping, JIAO Bao-cong, WANG Wan-liang
(Department of Mathematics, Capital Normal University, Beijing 100037, China )

Abstract: In this paper, we propose a similar quasi-Newton update with two parameters for nonconvex
unconstrained optimization problems, and prove that the method with Goldstein line search converges
globally.

Key words: unconstrained optimization; similar quasi-Newton methods; global convergence.


