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1. ����

�'!�()�  �!�"*+

min f0(x)

s.t. f(x) = (fi(x), i ∈ I) ≤ 0, I = {1, 2, · · · , m},
(1.1)

"� f0, fi, i ∈ I : Rn → R #$,#-!, "#.$%/ X = { x ∈ Rn| f(x) ≤ 0}. "�
x ∈ X , %&'�!$ I(x) = { i ∈ I| fi(x) = 0}, % gi(x) = ∇fi(x), i ∈ {0} ∪ I.
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gi(x
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F xk ∈ X #J2*+@, ^f'BCD115NT&'$ I0
k ⊇ I(xk), 8- gI0

k
(xk) &

eE.

�FGH
>I (1) f<gU> ε = εk−1 > 0, "� εk−1 > 0 #O$*+@5� xk−1 %BCD1

D15!U>.

>I (2) �) 15 ε- &'�!$ I(xk, ε) 89, gI(xk,ε)(x
k)

L � I(xk, ε) = { i ∈ I| − ε ≤ fi(x
k) ≤ 0}, gL(xk) = (gi(x

k), i ∈ L). (2.2)

>I (3) h L = ∅ 1 det[gL(xk)T gL(xk)] ≥ ε, f εk = ε, I0
k = L, k; V;, f ε := ε/2 J

7>I (2).

�BCD187Æ 2 #K, 9, (ai(x
k, ε), i ∈ I0

k) = (ni(x
k) − ερI0

k
(xk)g0(xk), i ∈ I0

k) "
�_g! ε ∈ [0, 1] &eE, ])9, (‖gi(x

k)‖ai(x
k, ε), i ∈ I0

k) = (gi(x
k) − ερI0

k
(xk)‖gi(x

k)‖
g0(xk), i ∈ I0

k) "�_g! ε ∈ [0, 1] ,#&eE!. /.^*H, %

ρk = ρI0
k
(xk), R0

k = gI0
k
(xk), AJ(xk, ζ) = (gi(x

k) − ζ‖gi(x
k)‖g0(xk), i ∈ J), ζ ∈ [0, ρk].

>? 3. SG@X$ I0
k #�BCD115!, ij"�_g! J ⊆ I0

k 8_g ζ ∈ [0, ρk],

9, AJ (xk, ζ) ,#&eE!.

/.^l91%!HC()4, )JK=BCD1!6H4-.

>? 4. [8] SGBF (A1) &W, % xk)[0

1C1 @ g !TD
(1)Tj
/T5>1 Tf
85.9999 0 TD
(@)Tj
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HQ A

>I 0. (<g>): nKU>: α ∈ (0, 1
2 ), β ∈ (0, 1), τ ∈ (2, 3), ν ∈ (0, 1), ε−1, ν1, ν2 > 0,

4J/!6> M . F2<gR: <g@ x0 ∈ X , "762, H0. f k := 0.

>I 1. (154%$): (1) fU> ε = εk−1, �BCD115 I0
k -@5!LMU> εk.

(2) a (2.6),(2.5) - (2.7) MN31 u(xk), ω(xk, u(xk)) (-4%$ Ik. h ω(xk, u(xk)) =

0, ; xk /*+ (1.1) ! KKT @, k.

>I 2. � (2.1) 31 ρk = ρI0
k
(xk), ba)J!. cSU> ζk

ζk =

{
ρ0, h k = 0;

min{ρk, ‖dk−1,0‖ν1 + ‖v̄k−1‖ν2 , ζk−1}, h k > 0.
(2.8)

>I 3. 31)JE4.5+!o6/ (dk0, λk0
Ik

)

(LS1) Mk

(
d

λ

)
=

(
−g0(x

k)

0

)
,"� Mk =

(
Hk Ak

AT
k 0

)
, Ak = AIk(xk, ζk).

>I 4. 31S)E4.5+!o6/ (dk, λk
Ik

)

(LS2) Mk

(
d

λ

)
=

(
−g0(x

k)

vk

)
,

"� vk = (vk
i , i ∈ Ik), v̄k = (v̄k

i , i ∈ Ik),

vk
i =

⎧⎪⎨
⎪⎩

λk0
i , h λk0

i < 0;

−fi(x
k), h λk0

i fi(x
k) < 0;

0, "Æ,

v̄k
i =

⎧⎪⎨
⎪⎩

λk0
i , h λk0

i < 0;

λk0
i fi(x

k), h λk0
ii ( � k0;
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� 1. 1%!*+55�*]`=a dk = 0 !no, SG6g=a dk = 0, 1%f`%
*+)p, 0DSG μk < 0, 1%fLM�60E KKT @. /LhM#6no!=a, b[

f" ζk qr6i, JU31.5+ (LS1) N (LS2).

� 2. 41%!>I 5 �7`@p4EXY(is>d tk = 1 #VGjeY, hjeY,

;`:31>I 6 �!t6.< d̃k (->I 7 �!gXY, ])L6>VX310.

/LMu.^, )JK=.5+ (LS1)-(LS3) ! jW .

(LS1) ⇐⇒
⎧⎨
⎩

Hkdk0 +
∑
i∈Ik

λk0
i (gi(x

k) − ζk‖gi(x
k)‖g0(xk)) = −g0(x

k),

(gi(x
k) − ζk‖gi(x

k)‖g0(x
k))T dk0 = 0, i ∈ Ik.

(2.13)

(LS2) ⇐⇒
⎧⎨
⎩

Hkdk +
∑
i∈Ik

λk
i (gi(x

k) − ζk‖gi(x
k)‖g0(x

k)) = −g0(xk),

(gi(x
k) − ζk‖gi(x

k)‖g0(xk))Tdk = vk
i , i ∈ Ik.

(2.14)

(LS3) ⇐⇒
⎧⎨
⎩

Hkd̃k +
∑
i∈Ik

λ̃k
i (gi(x

k) − ζk‖gi(x
k)‖g0(x

k)) = 0,

(gi(x
k) − ζk‖gi(x

k)‖g0(xk))T d̃k = −ψk − ϑk − fi(x
k + dk), i ∈ Ik.

(2.15)

^.5+ (1.2) �!U> ηk
i = ζk‖gi(x

k)‖, i ∈ Ik, %7KZ cki 4�V!.5+�2m�V.

4BF (A1) ), )J!7Æ&W.

>? 6. E4.5+(LS1)-(LS3) !F>9, Mk Eqv.

klkD1, �]Sa9, Mk !r9,#Zb/ M−1
k =

(
Ck Bk

BT
k −D−1

k

)
, "�

Dk = AT
k H−1

k Ak, Bk = H−1
k AkD−1

k , Ck = H−1
k − H−1

k AkBT
k .
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L), �� dk �= 0, � (2.18) #K (dk0, vk) �= (0, 0), �#ZP (2.9) WK (1) &W.

(2) "� i ∈ I(xk), � I(xk) ⊆ Ik - (2.9) #K vk
i ≤ 0. �" 1 #K dk−1 �= 0, ZP

(2.18) � (dk−1,0, vk−1) �= (0, 0), V� (2.9) hK (dk−1,0, v̄k−1) �= (0, 0). ZP (2.8) � ζk > 0.

w0, � (2.14) !e#0  (-Z9 (1) hK gi(x
k)Tdk = ζk‖gi(x

k)‖g0(xk)Tdk + vk
i ≤

ζk‖gi(x
k)‖g0(x

k)Tdk < 0, i ∈ I(xk).

>? 9. 1% A #42!, ^"�_M=!6> t, gXY (2.12)  m&W.

3. <=WXYZ[\

h1% A 4@ xk `LM, ;�>I 1,4 -7Æ 7 #K*+@ xk #*+ (1.1) ! KKT

@. /*:44J!SE)1%15!`s@& {xk} R4n@#*+ (1.1) ! KKT @, :

;L6>BFS):

(A2) 1% A 15!@& {xk} �a.

(A3) R4E06Y> a 8 b 8- a‖y‖2 ≤ yTHky ≤ b‖y‖2, ∀y ∈ Rn, ∀k.

>? 10. [8] (1) 0& {ρk}, {u(xk)} 8 {ζk} �a.

(2) 0& {M−1}
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^ dk−1,0 → 0, v̄k−1 → 0, k ∈ K. pq {xk} !�a4, �nBF xk−1 → x∗, k ∈ K, �7Æ

8(1) - (2.9) #K,

g0(xk−1)T dk−1 = −(dk−1,0)T Hk−1dk−1,0−
∑

λk−1,0
i <0

(λk−1,0
i )2+

∑
λk−1,0
i fi(xk−1)<0

λk−1,0
i fi(x

k−1) → 0.

b�7Æ 11 hK, x∗ #*+ (1.1) ! KKT @, u(x∗) #@5! KKT I$.

_` B. h ζ∗ > 0, ;J k _M/D� ζk ≥ 1

2
ζ∗. )JBF (x∗, u∗) #0& {(xk, u(xk))}

!_6n@. !�O I0
k 8 Ik #o2�R$ I !$$(-7Æ 10(2), R4`s@X$$ K

8-

I0
k ≡ I0, Ik ≡ I ′, (xk, u(xk)) → (x∗,u

x
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!�O0& {f0(x
k)} #kc)O!, b% lim

k∈K
f0(xk) = f0(x

∗), �#� lim
k→∞

f0(xk) = f0(x∗).

w0, f k ∈ K % k → ∞, " (3.6) K'R#- −αt∗c ≥ 0, #N α > 0, t∗ > 0 - c > 0 @w

p. ]) (3.1) &W, b�7Æ 11 K x∗ # KKT @, #NBFwp.

�F, BF ū∗ #@5� x∗ ! KKT I$, ;� I(x∗) ⊆ I0 #K ū∗
I\I0 = 0 - g0(x∗) +

R0∗ū∗
I0 = 0. w0, ū∗ = Tc
(=0)Tj
/T3 21801 Tm
1 T3121(.)]TJ
/6.9738 0 0 6.9738 89.88 660.1801 Tm
(�)TTf
.4 1 Tf
9.9626 0 0 9.9626 163.08 656.5801 Tm
(= T8F1 1 Tf6f
0.12 0 0 -0.12 119.88 671.5801 Tm
(B)T891 1 Tf6f
0.12 0 0b0 9.9626 207.0003 686.4601 Tm
0.03/F1 1f6f
0.12 0 00 TD
(x)Tj
/F13 1 Tf
6.9738 0 0 6.9738 464.16 675.1801 Tm
(�)21
/T4 1 Tf
9.9626 0 0 9.9626 203.28 671.5801 Tm
0 Tcj
/3c
(,¯)Tj
/F7 1 T16
9.263 00 0 6.9738 89.88 660.1801 Tm
(�)T22
/F2 1 Tf
9.9626 .9738  0 9.9626 163.08 656.5801 Tm
(= 232(=0)Tj
/T3 21801 0 TD
(� 247.08 686.4601 Tm
(#)Tc
(23 21Tj
/T3 21801 (@)Tj
/T2 1 Tf
5Tf
991 Tf
171.999*+0 9.9626 278.1603 671.5801 Tm
(,)3
(I)21Tj
/T3 218013 1 01/T4 1 T(1)-7.2(.1)-7.2(0 T-0.12 257.8803 671.5801 Tm
0 9
/F/T2 1/T5 1 Tf
86 0 TD
 0 9.9626 231.24 671.5801 Tm
0.031 1 8T2 1/T5 1 Tf
86  Tf
0.12 0 0 -0.12 257.8803 671.5801 Tm
0336
(I)1 1f6f
0.12 0 71.999@"0 9.9626 231.24 671.5801 Tm
0.03f6f23 6 1/T5 1 Tf
86 0 TD
 -0.12FF1 1 Tf93 95571.58093 955711 TfF7 124.3f
86  Tf Tf
TD
4 -0.12 92.76 671.5801 Tm
(�)T.03/F59.9124.3f
865T4 1 T<=WcZ[\def)-1Tf  0 Z)-1Tf  [)-1Tf  0  -0.12 123.720-9j
/
9.4 I)1 f
6.9738 /F�x
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o 1 pq A rstuv

Prob n, m Code niter nf0 nf final-f0 w-set

Svanberg-10 10, 30 FSLE 36 227 258 15.731517 6

SSLE 25 193 176 15.731517 6

ALGO A 24 187 166 15.731517 6

Svanberg-30 30, 90 FSLE 101 777 864 49.142526 22

SSLE 54 663 610 49.142526 22

ALGO A 51 621 578 49.142526 21

Svanberg-50 50, 150 FSLE 108 881 968 82.581912 38

SSLE 76 1004 954 82.581912 38

ALGO A 69 683 721 82.581912 38

Svanberg-80 80, 240 FSLE 190 1666 1835 132.749819 61

SSLE 163 1456 1623 132.749820 61

ALGO A 157 1371 1511 132.749820 60

Svanberg-100 100, 300 FSLE 178 1628 1782 166.197171 77

SSLE 167 1698 1653 166.197172 77

SSLE 152 1534 1597 166.197170 75

Svanberg-500 500, 1500 FSLE 402 4020 4407 166.197171 398

SSLE 378 3648 3966 166.197171 396

ALGO A 354 3376 3628 166.197170 390

�'Iu@! [14–16]�!y/zM1z,#(k5�R$*+wO��/,b%*+$
>@";X. �Z 1 #(z=, N FSLE, SSLE@w, �'1% ALGO A {�|:!>RZa. R

-@=!#, 1%-$*+&:./}0E4.5+, ��#}0E4.5+{�@V!F>
9,, ])310@";=. v?, >I 5 �!@p4EXY"�VX310S}L;/!%
', 4�X*+�#&Æ!. �F, 1%�!U>;X, h�cS, >R@sZ:�'IN=!
1%{�EY:!Q24, 4'�./�/(V!*+.
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A NEW TYPE FEASIBLE QP-FREE ALGORITHM FOR

INEQUALITY CONSTRAINED OPTIMIZATION

Han Daolan

(College of Science, Guangxi University for Nationalities, Nanning 530006, China )

Jian Jinbao

(College of Mathematics and Information Science, Guangxi University, Nanning 530004, China )

Zhang Qinfeng

(Computer Science Department, Guangxi Economic Management Cadre College,

Nanning 530007, China)

Abstract

In this paper, a new feasible QP-free algorithm for solving the nonlinear optimization

problems with inequality constraints is presented. It reserves all the advantages of previous

algorithms, and the interesting features of the algorithm are summarized as follows: (1) At
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each iteration, only three systems of linear equations with the same coefficient matrix need

to be solved, which decreases largely the amount of computations; (2) A feasible descent

direction can be obtained by solving only one system of linear equations, while the previous

algorithms need to solve one linear system to get a feasible direction and another one to

obtain a descent direction, and an improving direction is obtained by doing a convex combi-

nation; (3) The iteration points are all feasible without requiring to be strictly interior points;

(4) The exploratory line search is introduced to the algorithm, and the computational cost

can be further reduced; (5) The parameters in the proposed algorithm are few, and some

numerical results illustrate that the proposed algorithm is efficient and stable.

Keywords: constrained optimization, QP-free algorithm, system of linear equations,

global convergence, superlinear convergence
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