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min f(x),
s.t. gi(x) ≤ 0, i ∈ {1, · · · , m}.

(1)Yu x ∈ Rn, �\ f, gi ∈ Cr(r > 2).� Ω = {x|gi(x) ≤ 0, i = 1, · · · , m} � (1) ?$2~	 Ω0 = {x|gi(x) < 0, i = 1, · · · , m} �
(1) ?>℄$2~	 I(x) = {i|gi(x) = 0, i = 1, · · · , m} � (1) ?�r�~�klC x∗ ∈ Ω | (1) ?���\e x∗ 0 Abadie b�i℄%-�KF5e y∗ ∈ Rm

+ w>
(x∗, y∗) D}

∇f(x) + ∇g(x)y = 0,

Y g(x) = 0, g(x) ≤ 0, y ≥ 0,
(2)Yu Y = diag(y). $� (2) #� (1) ? K-K-T $�zE��B�
�klC (x∗, y∗) D} (2),KF# x∗ � (1) ? K-K-T C� y∗ � Lagrange&z�kl f , gi |�o��KF K-K-T CD|�V�C�e� [1] q [2](K	 [3],[4],[5]) u�Æ,5�X� Brouwer �GC!�qX�iw!�?�?	Q�#�~s�?MCQ (Combined Homotopy Interior Point Method,�# CHIPUQ),P(5Qx�
��e2�
&nI5�?<�?5e4q7S��04�e� [6],[7] � [8] u�`,5`�X�iw!�?S�b��?UQ (Aggregate Constraint Homotopy, �# ACH UQ) q6l CHIP UQ�Z�emQx�
�PQx�
q�x�
&nI5�?<�?5e4q�04�$|�emQx�
&�B`*xCe$2~?E^z~u�ePQx�
q�x�
&��??fg8BE/[wSp�E�*��Æ)L�N2��\QT�e� [9] u�`,5:Ev�X�iw!�?�?UQ��\eÆm?�
&nI5�?<�?5e4q�&Æ#": 2006-03-12��1!: k�{g#={� (10671029)
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|�e�?Spo�O�|�`?!�o?�uFA!�D}\�
|�^/?��� [2] q [9] ?[P�Æ�Æ,G��~s�?Q (Boundary Moving Homotopy Method,�# BMH UQ), eÆm?�
&nI5�?<�?5e4q�04�^PQx�
��x�
&?6l CHIP UQ,���?fgiI��\�B`*xC|$2~?MC�N2G��~s�?UQ�6l CHIP UQ�mQx�
&? CHIP UQq ACH UQ�\QT�eÆ�u#GwTk&�q�
��$(� 5eo� g̃(x, t) : Rn × [0, 1] → Rm w>&H?�
%-�
(A1) g̃(x, t) ∈ Cr(r > 2);

(A2) g̃(x, 0) = g(x);

(A3) L\hL? t ∈ [0, 1], Ω(t) |X��~�\ Ω0(t) X&	
(A4) LhL? t ∈ [0, 1], x ∈ ∂Ω(t), {∇xg̃i(x, t)|i ∈ I(x, t)}|lI-?��kl5e vi ≥ 0,w>

∑

i∈I(x,t)

vi∇xg̃i(x, t) = 0 (3)%-�KF�X vi = 0(i ∈ I(x, t)), Yu ∇xg̃(x, t) �{ g̃(x, t) L x ?J�
(A5) Ω(1) D}Qx�
��LhL? x ∈ ∂Ω(1),

{

x +
∑

i∈I(x,1)

vi∇xg̃i(x, 1)|vi ≥ 0
}

∩ Ω(1) = {x}. (4)Yu
Ω(t) = {x ∈ Rn|g̃i(x, t) ≤ 0, i = 1, . . . , m} , Ω0(t) = {x ∈ Rn|g̃i(x, t) < 0, i = 1, . . . , m} ,

∂Ω(t) = Ω(t) \ Ω0(t), I(x, t) = {i|g̃i(x, t) = 0, i = 1, · · · , m} .�`� (2), fgG��~s�?�
H(x, y, t) =

(

(1 − t) (∇f(x) + ∇xg̃(x, t)y) + t(x − x(0))

Y g̃(x, t) − tY (0)g̃(x(0), 1)

)

= 0, (5)Yu Y = diag(y), Y (0) = diag(y(0)), (x(0), y(0)) ∈ Ω0(1) × Rm
++.L\`F? x(0) ∈ Ω0(1), y(0) ∈ Rm

++, H(x, y, t) ?9C~�� H−1(0), �
H−1(0) =

{

t ∈ (0, 1], x ∈ Ω(t), y ∈ Rm
+ : H(x, y, t) = 0

}

. (6)�� q f, gi ∈ Cr(r > 2) (i = 1, . . . , m), g̃(x, t) D}�q�
�Sp H W (5) FM�iL�u�X? x(0) ∈ Ω0(1), y(0) ∈ Rm
++, �?Sp H ?9C~ H−1(0) �nE�4 (x(0), y(0), 1),P?X�hvb* Γ, Γ?:EK?})C�� (x∗, y∗, 0) ?1z�Yu (x∗, y∗) | (2) ?��5 iInI�0|��H (x, y, x(0), y(0), t)��3?SpH ?liq�W!�y? SardF+�L�u�X? x(0) ∈ Ω0(1), Y (0) ∈ Rm

++, 0|��H (x, y, t) ��3?�?Sp H ?liq�2t�WPn�F+� H ?9C~ H−1(0) u�nE�4 (x(0), y(0), 1) ,P?hvb* Γ.; (x∗, y∗, t∗) � Γ ?:EK?})C�i5eC7 {(x(k), y(k), tk)}+∞

k=1, w> (x(k), y(k), tk) →

(x∗, y∗, t∗), \D}
(1 − tk)

(

∇f(x(k)) + ∇xg̃(x(k), tk)y(k)
)

+ tk(x(k) − x(0)) = 0, (7)
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Y (k)g̃(x(k), tk) − tkY (0)g̃(x(0), 1) = 0, (8)KFsXH&�v_($OPs�
(i) t∗ ∈ [0, 1], x∗ ∈ Ω(t∗), y∗ ∈ Rm

+ , ‖y∗‖ = +∞;

(ii) t∗ = 1, x∗ ∈ Ω(t∗), y∗ ∈ Rm
+ , ‖y∗‖ < +∞;

(iii) t∗ ∈ (0, 1), x∗ ∈ ∂Ω(t∗), y∗ ∈ Rm
++, ‖y∗‖ < +∞;

(iv) t∗ ∈ (0, 1), x∗ ∈ Ω(t∗), ‖y∗‖ < +∞, \5e i ∈ {1, · · · , m} w> y∗

i = 0;

(v) t∗ = 0, x∗ ∈ Ω, y∗ ∈ Rm
+ , ‖y∗‖ < +∞.W H(x, y, 1) = 0 sXE^9b (x(0), y(0)), _( (ii) �$OPs�W Γ ?.94H�U'

(8), #Gp=_( (iii) q (iv) �$OPs�l (i) Ps�iW (8) p;\�; y∗

i = +∞ t�
g̃i(x

∗, t∗) = 0, � i ∈ I(x∗, t∗), 4O I(x∗, t∗) X&�� x∗ ∈ ∂Ω(t∗). &HZ2v_(�A (i).89 1. t∗ = 1. WU' (7), X
∑

i∈I(x∗,1)

(1 − tk)y
(k)
i ∇xg̃i(x

(k), tk)

= −(1 − tk)
(

∇f(x(k)) +
∑

i/∈I(x∗,1)

y
(k)
i ∇xg̃i(x

(k), tk)
)

− tk(x(k) − x(0)). (9)W (9) ZKX})��q�
 (A4) p�; i ∈ I(x∗, 1) t� (1 − tk)y
(k)
i X��N2�Wq

vi = limk→∞(1 − tk)y
(k)
i 5e�i vi ≥ 0.; k → +∞ t�U' (9) 2K�t})><

∑

i∈I(x∗,1)

vi∇xg̃i(x
∗, 1) = −x∗ + x(0).l ∀i ∈ I(x∗, 1)  X vi = 0, i x∗ = x(0), : x∗ ∈ ∂Ω(1), O x(0) ∈ Ω0(1), EM�jA><

vi ≥ 0 (i ∈ I(x∗, 1)), \�e�9�j[^�q�
 (A5) EM�89 2. t∗ ∈ [0, 1). �U' (9) k+�
∑

i∈I(x∗,t∗)

y
(k)
i ∇xg̃i(x

(k), tk)

= −
(

∇f(x(k)) +
∑

i/∈I(x∗,t∗)

y
(k)
i ∇xg̃i(x

(k), tk)
)

−
tk

(1 − tk)
(x(k) − x(0)). (10)�Wq

λi = lim
k→+∞

y
(k)
i

‖y
(k)
I ‖

, i ∈ I(x∗, t∗)5e�Yu y
(k)
I |W y

(k)
i (i ∈ I(x∗, t∗)) �f%?.3�i λi ≥ 0 (i ∈ I(x∗, t∗)), \ ‖λ‖ = 1.U' (10) �Z2K�.H ‖y

(k)
I ‖, �; k → +∞, $>

∑

i∈I(x∗,t∗)

λi∇xg̃i(x
∗, t∗) = 0.j^�q�
 (A4) EM��s_1 1 q 2, �I (i) �OPs�
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�B` Ω D}Qx�
�OsB` Ω(1) D}Qx�
 (A5), �s8B ΩO4E^D}Qx�
?~s (�k�~) .91�md (;f�e1�m'u�Q)��li4 (A4). l Ω ÆrD}Qx�
�i g(x, t) ≡ g(x) �$). j^�
�Qx�
m>N�O�Z [7] � [8] u?PQx�
q�x�
&?6l�?u?[wSp?fg�Æ�?b�1�iIv(�:��N�sB` x(0) ∈ Ω0(1), ~;: Ω(1), $HdEa*?~s�?UQB` x(0) ∈ Ω0 ?)t���-0�
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Boundary Moving Combined Homotopy Method for Nonconvex

Nonlinear Programming

YU Bo1, SHANG Yu-feng2

(1. Dept. of Appl. Math., Dalian University of Technology, Liaoning 116024, China;
2. Teaching and Research Section of Mathematics, Aviation University of Air Force, Changchun 130022, China )

Abstract: A new homotopy method, called boundary moving combined homotopy method, for solving
nonconvex programming is given, and the existence and convergence of the homotopy path is proved
under some weak conditions. The homotopy is easier to be constructed than the modified combined
homotopy under quasi-normal cone condition and pseudo-cone condition. Moreover, it need not to
choose the start point inside the interior part of the feasible set, so the method is more convenient to be
implemented than the modified combined homotopy method as well as the combined homotopy interior
point method and the aggregate constraint homotopy method under weak normal cone condition.

Key words: Nonlinear programming; nonconvex programming; homotopy method.


