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1 ( )
���������

min
x∈Rn

f(x), (1)

Æ� f(x) : Rn → R1 ���� �����
!�"#�$�%�� [1−9] �� �� (1) �&'���!("�� #!$)*%"

&�#�!$"��$�%+���� �$�%�����'(�������,)��
�*�-+���� #�$��$�%+��+.%& !,Æ

min qk(s) = f(xk) + gT
k s +

1
2
sTBks,

s.t. ‖s‖ ≤ �k.
(2)

Æ� s = x − xk, gk = ∇f(xk) �-"�� f(x) -#'$ xk �(�� Bk �-"�� f(x)
� Hesse .//Æ0)� �k ≥ 0 �$�%Æ1� ‖ · ‖ *2�%��$�&0 2- %��

* �31+��45 (10571106) Æ������',45 (Y040804) 2346(
-)�.*2007-09-14, -+5,)�.*2008-07-08.
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77�� �� (2)882-. Bk ����/�301./�%9 Bk ���30192
0:./�:�;"345�6+�� (2) �<� s∗, ;4 ‖B−1

k gk‖ ≤ �k, : s∗ = B−1
k gk;

4 ‖B−1
k gk‖ > �k, � ‖αB−1

k gk‖ = �k, 7 α = �k

‖B−1
k

gk‖ , :

s∗ = −αB−1
k gk = − �k

‖B−1
k gk‖

B−1
k gk.

58=9��301920:./ Bk �-"�� f(x) � Hesse .//Æ0)6:73#�
<=8>> [10] �9:0:;<;3���= Bk = diag(b1

k, b2
k, · · · , bn

k) ??
min ‖yk−1 − Bksk−1‖2, (3)

Æ� sk−1 = xk − xk−1, yk−1 = gk − gk−1. >8*<@ Bk �92./�?A bi
k -�2%@

A=B�;'� 0 < L ≤ bi
k ≤ L, ∀i = 1, 2, · · · , n. *=C'� %&��

min
L≤bi

k
≤L,i=1,2,···,n

‖yk−1 − Bksk−1‖2, (4)

;

min
L≤bi

k
≤L,i=1,2,···,n

n∑
i=1

(yi
k−1 − bi

ksi
k−1)

2. (4)′

 87� ∀i = 1, 2, · · · , n, # si
k−1 	= 0 8�4 L ≤ yi

k−1

si
k−1

≤ L, := bi
k = yi

k−1

si
k−1

; 4 yi
k−1

si
k−1

< L, :
= bi

k = L; 4 yi
k−1

si
k−1

> L �:= bi
k = L. # si

k−1 = 0 8�:= bi
k = L+L

2 .

>B=$�%+��,Æ*

min qk(s) = f(xk) + gT
k s +

1
2
sTBks,

s.t. ‖s‖ ≤ �k.
(5)

Æ� gk = ∇f(xk), Bk �301920:./�?? (4).
?@ACD@ED.Æ(A.�  #<� %���&"!$BF9EC<��D

BF�GG�HH�IC� 1980 I Grippo Lamparello % Lueidi[11] 0<;��J6�?@
AKCD@E�;EF αk ??

f(xk + αkdk) ≤ max
0≤j≤mk

f(xk−j) + βαk∇f(xk)Tdk, (6)

Æ� β ∈ (0, 1), 0 ≤ mk ≤ min{mk−1 + 1, M}, M �G2�?HJ��77�# mk = 0 8�
(6) ;* Armijio @ACD�<0� Zhang H C, Willian W Hager[12] IDEJL?@AKC
D@E��K�B max

0≤j≤mk

f(xk−j), J6EK�?@AKCD@E

f(xk + αdk) ≤ Ck + βα∇f(xk)Tdk, (7)

Æ�

Ck =

⎧⎪⎨
⎪⎩

f(xk), k = 0,

ηk−1Qk−1Ck−1 + f(xk)
Qk

, k ≥ 1.
(8)
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Qk =

{
1, k = 0,

ηk−1Qk−1 + 1, k ≥ 1.
(9)

NH ηk−1 ∈ [ηmin, ηmax], ηmin ∈ [0, 1) % ηmax ∈ [ηmin, 1] �I�K��<= Zhang H C LJ
6�?@A@E�Mo Jiangtao, Liu Chunyan, Yan Shicui[13] JK� ���<���� (1)
�$�%���M��OPC'NO%L��� n �./���� �M,���

>BN+.O@ !,Æ (5), <= Zhang H C LJ6�?@A@E�JK� ���
<���� (1) �$�%���P@P��� #!$)%���QK)!$"��0�B
Q+O@���(P)RQ=�M,��� �

2 * +
R+�� (5) � * sk, :-"��-R k E�3S&T)*

Are(sk) = Ck − f(xk + sk), (10)

,Æ (5) �QS&T)*
Pre(sk) = qk(0) − qk(sk), (11)

2RTB
ρk =

Are(sk)
Pre(sk)

=
Ck − f(xk + sk)
qk(0) − qk(sk)

, (12)

Æ� Ck D (8), (9) ST2�&UG6?@A$�%�� (NTR).
G2UU$ x0 ∈ Rn, �max > 0, �0 > 0, µ ∈ (0, 1), 0 < c1 < c2 < 1, c3 > 1, B0 = I,

ηmin ∈ [0, 1), ηmax ∈ [ηmin, 1], V k := 0, SET 1.
ET 1 L� gk, %9 ‖gk‖ ≤ ε, :V� x∗ = xk, 8:�SET 2.
ET 2 � $�%+�� (5) 7 sk.
ET 3 A0 (8), (9) SL� Ck, A0 (10), (11), (12) SL� ρk.
ET 4 V

xk+1 =

{
xk + sk, ρk ≥ µ,

xk, ρk < µ.
(13)

ET 5 AJ�k+1 %&V%9 ρk < µ,= �k+1 ∈ [c1‖sk‖, c2�k]; %9 ρk ≥ µ, ‖sk‖ < �k,
= �k+1 = �k; %9 ρk ≥ µ, ‖sk‖ = �k, = �k+1 ∈ [�k, c3�k].

ET 6 � �� (4) 7 Bk+1, U= ηk ∈ [ηmin, ηmax], V k := k + 1, SET 1.
0�� (NTR) WVBW [2, 3] �X'@P��@P%&WW�
,- 1 R sk ��� (5) � �4 gk 	= 0, :

�qk(sk) = qk(0) − qk(sk) > 0.

*79���&T)YX�WZ Cauchy $

sc
k = −τk

�k

‖gk‖gk, (14)



4 / 016-.�����	������������� 473

Æ�
τk = min

{ ‖gk‖3

�kgT
k Bkgk

, 1
}
. (15)

,- 2 0 Cauchy $ sc
k ??

qk(0) − qk(sc
k) ≥ 1

2
‖gk‖min

{
�k,

‖gk‖
‖Bk‖

}
. (16)

,- 3 R sk ��� (5) �YT �:

Pre(sk) ≥ 1
2
‖gk‖min

{
�k,

‖gk‖
‖Bk‖

}
. (17)

3 *+./0123
,- 4 R {xk} �D��X[�\YZ$Z�:(

fk+1 ≤ Ck+1 ≤ Ck, ∀k = 1, 2, · · · . (18)

4 i) 0 k ∈ I = {k : ρk ≥ µ}, D ρk ≥ µ, S (12) %WW 3 #

fk+1 ≤ Ck − 1
2
µ‖gk‖min

{
�k,

‖gk‖
‖Bk‖

}
. (19)

XD (8), (9) S% (19) S#

Ck+1 =
ηkQkCk + f(xk+1)

Qk+1

≤
ηkQkCk + Ck − 1

2µ‖gk‖min{�k, ‖gk‖
‖Bk‖}

Qk+1

= Ck −
1
2µ‖gk‖min{�k, ‖gk‖

‖Bk‖}
Qk+1

. (20)

XD (8) S#
Ck+1 − Ck =

fk+1 − Ck+1

ηkQk
.

XD (20) S#
fk+1 ≤ Ck+1 ≤ Ck, ∀k ∈ I. (21)

ii) 0 k ∈ J = {k : ρk < µ}, D��ET 4 # xk+1 = xk, ] fk+1 = fk. ^_@P
fk+1 ≤ Ck+1, ∀k ∈ J . �IY`[V

`[ 1 k − 1 ∈ I. =8D (21) # fk ≤ Ck. XD (8) S� (9) S% fk+1 = fk #

Ck+1 =
ηkQkfk + f(xk+1)

Qk+1
=

ηkQkfk+1 + f(xk+1)
Qk+1

= f(xk+1). (22)
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`[ 2 k − 1 ∈ J , =82R
K = {i : 1 < i < k, k − i ∈ I}.

%9 K = Φ, D��ET 4 #
f0 = fk−j = fk+1, j = 0, 1, 2, · · · , k − 1.

XD (8) S� (9) S#
Ck+1 = Ck = fk+1. (23)

%9 K 	= Φ, V m = min{i : i ∈ K}, :(
fk−j = fk = fk+1, j = 1, 2, · · · , m − 1. (24)

XD (8) S#
QkCk = ηk−1Qk−1Ck−1 + fk, k ≥ 1. (25)

[\Z0 (25) S�7

ηkQkCk + fk+1 =
m−1∏
i=0

ηk−iQk−m+1Ck−m+1 +
m−2∑
j=0

j∏
i=0

ηk−ifk−j + fk+1. (26)

XD K, m �2R%S (21), ( k − m ∈ I, Ck−m+1 ≥ fk−m+1. XD (24), (26) #

ηkQkCk + fk+1 ≥
m−1∏
i=0

ηk−iQk−m+1fk−m+1 +
m−2∑
j=0

j∏
i=0

ηk−ifk−j + fk+1

=
( m−1∏

i=0

ηk−iQk−m+1 +
m−2∑
j=0

j∏
i=0

ηk−i + 1
)
fk+1

= Qk+1fk+1. (27)

XD (8) S� (27) S7

Ck+1 =
ηkQkfk + f(xk+1)

Qk+1
≥ Qk+1fk+1

Qk+1
= fk+1. (28)

[= (22), (23) % (28) S# fk+1 ≤ Ck+1, ∀k ∈ J . D. Ck+1 � fk+1 % Ck �a<=�\=
Ck+1 ≤ Ck. \( fk+1 ≤ Ck+1 ≤ Ck, ∀k ∈ J . \= ∀k ( fk+1 ≤ Ck+1 ≤ Ck.

,- 5 ]Rbc* Ω0 = {x|f(x) ≤ f(x0)} (^�:��X[�$Z {xk} ⊂ Ω0.
4 DWW 4 R C0 = f0 7#<_]K�
����%9 xk+1 = xk + dk, :1 xk+1 *��]^�YZ$_%9 xk+1 = xk, :1

xk+1 *��?]^�YZ$�
,- 6 ]Rbc* Ω0 = {x|f(x) ≤ f(x0)} (^� {xk} �D��X[��\$Z�%

9 ∀k ( ‖gk‖ ≥ δ, δ ∈ (0, 1) *���: ∀k, N-?HJ� m d7 xk+m+1 ���]^�Y
Z$�

4 ([@�) ]RN- k0 d7 ∀m `( xk+m+1 �?]^�YZ$�;

ρk0+m < µ, m = 0, 1, 2, · · · . (29)
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D��ET 4 %ET 5 #
xk0+m+1 = xk, m = 0, 1, 2, · · · , (30)

]
�k0+m+1 → 0, m → ∞. (31)

\0a��� m, D f(x) �� �����S (30) % ‖sk‖ ≤ �k R Taylor ]`S#
|fk − f(xk + sk+m) − (qk+m(0) − qk+m(sk+m))|

=
∣∣∣1
2
sT

k+mBk+msk+m −
∫ 1

0

[g(xk + tsk+m) − g(xk)]Tsk+mdt
∣∣∣

≤ O(‖Bk+m‖�2
k+m) + o(�k+m). (32)

\B0a��� m, DWW 3, ‖gk‖ ≥ δ, (30), (31), (32) #
∣∣∣ fk − f(xk + sk+m)
qk+m(0) − qk+m(sk+m)

− 1
∣∣∣ ≤ O(‖Bk+m‖�2

k+m) + o(�k+m)
1
2δ min{�k+m, δ

‖Bk+m‖}
.

XD (31) R {Bk} ��^92)#

lim
m→∞

fk − f(xk + sk+m)
qk+m(0) − qk+m(sk+m)

= 1. (33)

ae�D (12), WW 4 % (29) #

ρk+m =
Ck+m − f(xk+m + sk+m)
qk+m(0) − qk+m(sk+m)

≥ fk − f(xk + sk+m)
qk+m(0) − qk+m(sk+m)

. (34)

\=# m a��8�D (33) % (34) R µ ∈ (0, 1) # ρk+m ≥ µ, =_ (29) Sbb�
5- 1 ]Rbc* Ω0 = {x|f(x) ≤ f(x0)} (^� {xk} �D��X[��\$Z�:

lim inf
k→∞

‖gk‖ = 0.

4 ([@�) ]R<_c]K�: ∃ �� δ > 0, δ ∈ (0, 1), d7

‖gk‖ ≥ δ, ∀k. (35)

&@
lim

k→∞
�k = 0. (36)

^_@P
lim

k→∞,k∈I
�k = 0. (37)

DWW 6 #� I ����\+*�0 k ∈ I, D (20) % (35) #

Ck+1 ≤ Ck −
1
2µδ min{�k, δ

‖Bk‖}
Qk+1

. (38)

DWW 4 # fk+1 ≤ Ck+1, ∀k, ] {Ck} ���@Ac`aZ�D]Rbc* Ω0 = {x|f(x) ≤
f(x0)} (^�WW 5 % f �� )#� {f} �(&^��\B {Ck|k ∈ I} �!$��\=

0 ≤ lim
k→∞,k∈I

1
2µδ min{�k, δ

‖Bk‖}
Qk+1

≤ lim
k→∞,k∈I

(Ck − Ck+1) = 0.
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\

lim
k→∞,k∈I

min{�k, δ
‖Bk‖}

Qk+1
= 0. (39)

D ηmax ∈ [0, 1) % ηk ∈ [ηmin, ηmax], [\Z0 (9) S#

Qk+1 = 1 +
k∑

i=0

i∏
m=0

ηk−m ≤ 1 +
k∑

i=0

ηi+1
max ≤

∞∑
i=0

ηi
max

=
1

1 − ηmax
. (40)

D (39) % (40) R {Bk} ��^92)# (37) ]K�
D�E@P lim

k→∞,k∈J
�k = 0. %9 J �(?*�:D (37) �f# (36) ]K�%9 J �

�?*�] k1 = {ik|k = 1, 2, · · ·} � J ���?+*??
ik = min{j|j ∈ J}, ik+1 = min{j ∈ J |j − 1 ∈ I, j > ik}, ∀k ≥ 1.

0 k ≥ 1, D ik �2R# ik − 1 ∈ I, D��ET 5 #
�ik

≤ c3�ik−1. (41)

XD k1 % ik �2R#� ∃ ?HJ� lk d7

ik + lk < ik+1 − 1, ik + l ∈ J, ∀ l = 0, 1, 2, · · · , lk.

V l
′
k = max{lk}, XD��ET 5 #

�ik+l ≥ �ik+l+1, ∀l = 0, 1, 2, · · · , l′k. (42)

D (37) #� �ik−1 → 0(k → ∞). XD (41) % (42) #
lim

k→∞,k∈J
�k = 0. (43)

\=D (37) % (43) # (36) ]K�&U@P2W�
D f �� ����� ‖sk‖ ≤ �k, ∀k, S (36) R Taylor ]`S#

|fk − f(xk + sk) − (qk(0) − qk(sk))|

=
∣∣∣1
2
sT

k Bksk −
∫ 1

0

[g(xk + tsk) − g(xk)]Tskdt
∣∣∣

≤ O(‖Bk‖�2
k) + o(�k).

(44)

DWW 3, (35), (44) #
∣∣∣fk − f(xk + sk)

qk(0) − qk(sk)
− 1

∣∣∣ ≤ O(‖Bk‖�2
k) + o(�k)

1
2δ min{�k, δ

‖Bk‖}
.

V k → ∞, XD (36) S#
lim

k→∞
fk − f(xk + sk)
qk(0) − qk(sk)

= 1. (45)
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D (12) RWW 4 #
ρk =

Ck − f(xk + sk)
qk(0) − qk(sk)

≥ fk − f(xk + sk)
qk(0) − qk(sk)

. (46)

Nb�# k a��8�D (45), (46) R µ ∈ (0, 1) #( ρk ≥ µ. XD��ET 5 #�0gca
��� k ( �k+1 ≥ �k, =_ (36) bb�@d�

4 d6312
78 1 f(x) � �� �����aZ {xk} !$. x∗, ] ∇2f(x∗) �92./�
78 2 ��X[�aZ {xk} R {Bk} ??

lim
k→∞

‖(Bk −∇2f(xk))sk‖
‖sk‖ = 0. (47)

5- 2 R {xk} �D��X[�aZ����??]R 1, 2, :aZ {xk} QK)!$
. x∗.

4 D]RYX 1 #� ∃M > m > 0 d7 ∀x ∈ Ω1 = {x|‖x− x∗‖ ≤ �}, � *��ce�
��

m‖z‖2 ≤ zT∇2f(x)z ≤ M‖z‖2, ∀z ∈ Rn. (48)

]N-a���9J� k0, d7 ∀k ≥ k0 ( xk ∈ Ω1. D�B2W#� ∀k ≥ k0 (
1
2
m‖xk − x∗‖2 ≤ fk − f(x∗) ≤ 1

2
M‖xk − x∗‖2, (49)

]

m‖xk − x∗‖2 ≤ ‖gk‖ ≤ M‖xk − x∗‖2. (50)

D (47) % (48) #�0a��� k > k0, Bk ??
1
2
m‖sk‖2 ≤ sT

k Bksk ≤ 2M‖sk‖2,

‖Bk‖ ≤ 2M. (51)

&@0a��� k > k0, ∃ �� c0 d7

qk(0) − qk(sk) ≥ c0‖sk‖2. (52)

73#�D (47) #�0a��� k > k0 (

‖(Bk −∇2f(xk))sk‖ ≤ 1
2
m‖sk‖. (53)

D (5), (53) #
0 ≤ qk(0) − qk(sk) = −gT

k sk − 1
2
sT

k Bksk

≤ −gT
k sk − 1

2
sT

k ∇2f(x)sk +
1
4
m‖sk‖2

≤ ‖gk‖ · ‖sk‖ − 1
4
m‖sk‖2.
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D=�7
‖gk‖ >

1
4
m‖sk‖. (54)

D (51), (54) %WW 3 R m < M #
qk(0) − qk(sk)

≥ 1
2
‖gk‖min

{
�k,

‖gk‖
‖Bk‖

}

≥ 1
2
· 1
4
· m‖sk‖min

{
‖sk‖, m‖sk‖

4‖Bk‖
}

≥ 1
8
m‖sk‖2 min

{
1,

m

8M

}
≥ 1

64M
· m2‖sk‖2. (55)

= c0 = 1
64M m2 > 0, \ (52) ]K�&@�# k a��8 ρk ≥ µ.

D�B2W#
fk − f(xk + sk) − (qk(0) − qk(sk))

=
1
2
sT

k (Bk −∇2f(xk))sk +
1
2
sT

k (∇2f(xk) −∇2f(xk + ζksk))sk,

Æ� ζk ∈ (0, 1). D {xk} �!$�# sk → 0(k → ∞), XD ∇2f(x) �� )R (47) S#
fk − f(xk + sk) − (qk(0) − qk(sk)) = o(‖sk‖2). (56)

XD (52), (56) #
∣∣∣fk − f(xk + sk)

qk(0) − qk(sk)
− 1

∣∣∣
=

∣∣∣fk − f(xk + sk) − qk(0) + qk(sk)
qk(0) − qk(sk)

∣∣∣ ≤ o(‖sk‖2)
c0‖sk‖2

. (57)

\=
lim

k→∞
fk − f(xk + sk)
qk(0) − qk(sk)

= 1. (58)

XD (12), WW 4 #
ρk =

Ck − f(xk + sk)
qk(0) − qk(sk)

≥ fk − f(xk + sk)
qk(0) − qk(sk)

. (59)

D (58), (59) #�# k a��8( ρk ≥ µ. \=D��#�0a��� k ($�%Æ1 �k

�`���;0a��� k,
�k ≥ α. (60)

MD]R 1 %2W 1 # lim
k→∞

‖gk‖ = 0, \=XD���ef# {Bk} �^92�\=(
lim

k→∞
‖B−1

k gk‖ = 0, ;

lim
k→∞

‖sk‖ = 0.
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XD�B2W#

gk+1 = gk + Bksk + (∇2f(xk) − Bk)sk +
∫ 1

0

[∇2f(xk + tsk) −∇2f(xk)]skdt

= (∇2f(xk) − Bk)sk +
∫ 1

0

[∇2f(xk + tsk) −∇2f(xk)]skdt.

XD ∇2f(x) �� )# ‖gk+1‖ ≤ ‖(∇2f(xk) − Bk)sk‖ + o(‖sk‖). ;

‖gk+1‖
‖sk‖ ≤ ‖(∇2f(xk) − Bk)sk‖

‖sk‖ +
o(‖sk‖)
‖sk‖ . (61)

XD (47), (61) #
lim

k→∞
‖gk+1‖
‖sk‖ = 0. (62)

XD (54) #
lim

k→∞
‖gk+1‖
‖gk‖ = 0.

D (50) #
0 ≤ m‖xk+1 − x∗‖

M‖xk − x∗‖ ≤ ‖gk+1‖
‖gk‖ . (63)

V k → ∞ 7

lim
k→∞

‖xk+1 − x∗‖
‖xk − x∗‖ = 0.

\ {xk} QK)!$. x∗.
9 1 D2W 2 �#�K��-�2YX&!(QK)!$hg�hf�0g)��d

�-"��% Hesse ./9:�-"��!("&�!$"��

5 :;<=
>eUhEBW [14, 15] �f��Q�A0 matlab hAia- PIII.933 gi#0>

B��Di�BjO�%9��� Bk 0 DFP jS/ BFGS jSj9��fh* DFPTR
% BFGSTR. ���= �0 = 0.1, �max = 2.8, µ = 0.1, c1 = 0.26, c2 = 0.63, c3 = 1.91,
ηmin = 0.19, ηmax = 0.89. ;&-Y�'� ‖∇f(xk)‖ ≤ 10−3 &�fG6L�<9�%98
i�. 600 j/FL�c6<9 (0 kk�), :0 ∗ ∗ ∗ ∗ ∗ lk�l 1 9l 5 �k�@lm
�n#9& 5 ��B�flkl� n=100, 1000, 5000, 10000, 20000 �XZ<9�

> 1[15]

f(x) =
n∑

i=1

fi(x)2, f2i−1(x) = (x2i − x2
i−1), f2i(x) = 1 − x2i−1,

UU$ x0 = (−1.2, 1,−1.2, 1, · · · ,−1.2, 1)T, <�$ xopt = (1, 1, · · · , 1)T, <�B f(xopt) = 0,
= L = 0.598, L = 112, �B<97l 1.
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� 1 � 1 ���	l
�� op	� opmm ���

47 0.0780 4.2086e − 007
57 0.2350 4.3170e − 007

NTR 62 0.6880 4.3280e − 008
63 2.3130 5.7154e − 007
63 5.7500 5.6412e − 007

50 0.8280 2.9983e − 009
82 512.6870 4.8686e − 007

BFGSTR ***** ***** *****
***** ***** *****
***** ***** *****

70 1.9690 2.4865e − 007
***** ***** *****

DFPTR ***** ***** *****
***** ***** *****
***** ***** *****

> 2[15] (n] Powell qj��)

f(x) =

n
4∑

i=1

[(x4i−1 + 10x4i−2)2 + 5(x4i−1 − x4i)2 + (x4i−2 − 2x4i−1)2 + 10(x4i−3 − x4i)4],

UU$ x0 = (3,−1, 0, 3, · · · , 3,−1, 0, 3)T, <�$ xopt = (0, 0, · · · , 0)T, <�B f(xopt) = 0, =
L = 0.396, L = 371.3, �B<97l 2.

� 2 � 2 ���	l
�� op	� opmm ���

84 0.1400 1.7397e − 008
222 1.2340 2.6836e − 005

NTR 106 2.5940 1.2044e − 006
357 18.5780 6.8079e − 005
110 11.5160 9.3101e − 007

179 2.2970 8.4473e − 006
***** ***** *****

BFGSTR ***** ***** *****
***** ***** *****
***** ***** *****

1076 19.7970 −1.9609e − 008
***** ***** *****

DFPTR ***** ***** *****
***** ***** *****
***** ***** *****

> 3[15] (n] Dixon qj��)

f(x) =

n
10∑

i=1

[
(1 − x10i−9)2 + (1 − x10i)2 +

10i−1∑
j=10i−9

(x2
j − xj+1)2

]
,
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UUB x0 = (−2,−2, · · · ,−2)T, <�$ xopt = (1, 1, · · · , 1)T, <�B f(xopt) = 0, =
L = 0.598, L = 381.5, �B<97l 3.

� 3 � 3 ���	l
�� op	� opmm ���

100 0.1400 4.7852e − 008
123 0.5150 3.6226e − 008

NTR 128 2.4680 6.5261e − 008
669 26.1250 3.5243e − 009
131 9.7190 3.4885e − 008

44 0.6090 1.6720e − 008
***** ***** *****

BFGSTR ***** ***** *****
***** ***** *****
***** ***** *****

52 1.4840 −6.1871e − 008
***** ***** *****

DFPTR ***** ***** *****
***** ***** *****
***** ***** *****

> 4[14] (n:��)

f(x) =
n∑

i=1

fi(x)2, fi(x) = n −
n∑

j=1

cosxj + i(1 − cosxi) − sin xi, i = 1, 2, · · · , n,

UUB x0 = ( 1
n , 1

n , · · · , 1
n )T, <�B f(xopt) = 0, = L = 0.598, L = 1000, �B<97l 4.

� 4 � 4 ���	l
�� op	� opmm ���

87 0.1400 1.7526e − 006
29 0.1710 3.3194e − 007

NTR 21 0.6720 9.7793e − 008
21 1.2650 5.4618e − 008
19 2.1100 3.5654e − 008

15 0.2180 4.7707e − 006
8 39.4530 2.2658e − 006

BFGSTR ***** ***** *****
***** ***** *****
***** ***** *****

29 0.6250 −1.3396e − 007
11 83.8440 −5.6193e − 007

DFPTR ***** ***** *****
***** ***** *****
***** ***** *****
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> 5[14] (Broyden n0:��)

f(x) =
n∑

i=1

fi(x)2, fi(x) = (3 − 2xi)xi − xi−1 − 2xi+1 + 1, i = 1, 2, · · · , n,

UUB x0 = (−1,−1, · · · ,−1)T, <�B f(xopt) = 0, = L = 0.801, L = 0.8254, �B<9
7l 5.

� 5 � 5 ���	l
�� op	� opmm ���

68 0.2960 2.3254e − 009
65 0.5630 1.4474e − 005

NTR 58 2.8910 1.2247e − 004
86 17.9220 7.9526e − 010
107 52.8440 1.6192e − 009

100 1.7660 5.4668e − 009
***** ***** *****

BFGSTR ***** ***** *****
***** ***** *****
***** ***** *****

101 2.9690 −5.6835e − 009
***** ***** *****

DFPTR ***** ***** *****
***** ***** *****
***** ***** *****

L�<9lPK�� (NTR) cF��M,�?A�o5�7���<� �ae-<
�B f∗ �L�Y�#�K��Y�r�-l�#�pql�]s`F�MYZ!�% CPU
8ir(]s`F�\=�� (NTR) �(P��Q=� �M,���
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A NON-MONOTONE TRUST REGION ALGORITHM

WITH SIMPLE QUADRATIC MODELS

SUN Qingying DUAN Lining CUI Bin

(School of Mathematics and Computational Sciences, China University of Petroleum,

Dongying 257061)

WANG Changyu

(College of Operations Research and Management, Qufu Normal University (Rizhao Campus),

Rizhao 276826)

Abstract A new non-monotone trust region algorithm with simple quadratic models
is proposed. Under certain conditions, the global and super-linear convergence properties of
this new method are proved. Numerical results show that the new algorithm is efficient, and
attractive for large-scale optimization problems.

Key words Unconstrained optimization, non-monotone trust region method, super-linear
convergence, numerical experiment.


