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Abstract

In this paper, we present a sequence quadratic semidefinite programming (SSDP) algorithm for
nonlinear semidefinite programming. At each iteration, the search direction is determined by
solving two semidefinite programming sub problems; by introducing a distance function, a merit
function is constructed for line search. Under some appropriate conditions, any accumulation
point of iterative point sequence is either an infeasible stationary point, or a KKT point of the
problem.

Keywords

Nonlinear Semidefinite Programming, SSDP Algorithm, KKT Point, Global Convergence

JELe it E MK —1 I 2 BB ECE

kM, R4

IR R S G BR R, T M
Email: jianlingli@126.com

Weks HiA: 20184F4H 12H; FHHEM: 20184F4H21H; KA HH: 20184F4H28H

HE

AR T — RIS 2 R B P 5] IR 2 R (SSDP) Sk . HIEBUGA BT REM A2
T ) R AR R T s L S R R ACRIE R R TAREBR, W AER SRR, &
HBRBEAT, SEBRSEIRBRATRER, BUE] B RHKKT .

CERAER .

SCEG| SO, RS AREEE M — S 4RI SRR D] B #e i, 2018, 7(4): 456-465.
DOI: 10.12677/aam.2018.74056


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2018.74056
https://doi.org/10.12677/aam.2018.74056
http://www.hanspub.org

M, ERAEFY

K §Eia
ekt e MR, SSDPHEYE, KKTE, &RksitE

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5]
AR A N AR LR M2 @ UK (NLSDP):

][l

min  f(x)
st. A(x)=<0, 1)
h(x)=0

Serh, BT R SR, A R 5™ A(x): R - R™ RIESTHELL, S™ TR m, Brs BIEREH
WAL . A(X) =07 B A (x) WAFRH U IR

R A TR BORF) . R A 2T 2 ORI, JLSC[L]-[6]. F#3— Yeht
il (SQPYFLHE SR ARAL Gk P BRI A F 2 —, — B AR LML SQP Sk B AR ERY I
Bt T RABAEL PN 51Vt ) (SSDP) L. Correa il Ramirez [7]48 il it R if— />
VK BRI T P 07 TS TSR0 BT TR ) SSDP Jrik. (£ — R MBS A1
T EW] T SRR AR SR . {H %S0 AT 7 A 0 T R AT

ASCEM BB B RS, Rt — /M0 SSDP S, WA A I TR A
o PERMEITANT I ERAE N
o WIAIER, I BRI EMCE R BT A
o AESEARAE RSB B R AT RE AL SRS ) KKT A
2. W3k

TER™ A mxnAEBERIRYE S, ST (ST, ) A REBCEE S ()R ey, 87 (ST )

BT B 60 (SUR R 44 . 18 NLSDP (0.) 17424 S.
RS LL: A TAERHARE A=(a;)eR™, B=(b;)eR™, XA, BHIKH

(AB):=Tr(BTA)=2.> ab;,

m
=1 j=1

oo Tr(o) AR ST
3 F AR () R > R™ , FRA14 HHIEHA A
oh(x) - oh(x)

0X, OX,
Dh(x) = : : . (1.1
oh, (x) ah, (x)
X, OX,,

DOI: 10.12677/aam.2018.74056 457 IR Esid


https://doi.org/10.12677/aam.2018.74056
http://creativecommons.org/licenses/by/4.0/

HRME, ERAEFY

X T AR PR R AL A R —> R™™ , 5NN AR5 808 2% R U 1 x AR 5277 7]

D/I(X):(aﬁl(x)'m,@/l(x)] |
0%, oX,
st S 4 5T x, MRS X TAER A =(0, 0,0, <R DA(x)0 S
p
DA(x)d = 3g, ZA) (12)
i=l aXi

HRWH TV IR >S™ & L HVy=Y" yV, VyeR", HV eS™(i=12-n), WK
:S™ S R" KN

*

v
V'Z=((V,2), (v, ) VZ eS™.
NLSDP (0.1)f Lagrange %7 L:R" xS™ xR™ — R & XN
L(%,AV)=f(x)+(4(x),A)+Dh(x)"v. (1.3)
EX12[7: SHFFrExeR", HHFEAeS™veR™, fHfF
Vf (x)+D.A(x) A+Dh(x) v=0, (1.42)
(A(x),A)=0,A=0,4(x)<0,h(x)=0, (1.4b)

JUFR x 4 NLSDP (0.1)f—/~ KKT £(, #K(A,v) AL Lagrange &7
ByeR,zeR™ K =R x{0}..,, EX
HIEE
z 0

ol

ﬁ@ St KBRS, Sl i R

AR TR R R e e OE AT

0,(x)=f(x)+aP(x), (1.5)
Hrp P (x) B FUE X
P(x)= dis’[[(/11 ('1“(4)((;))]‘ K}, (1.6)

AR P(x) =024 HAX x A NLSDP (0.1) AT £

NTHIZA SR fi# NLSDP (0.1)F) SSDP Bk B4R L IR

HEA

2% a,>0,6,0¢€(01), >0, EBWLEEN A X° e R FIBIUGEHEFE B, =E, (HALFE). & k=0
ST L SRARUTF VK52 BT 129 LSDP (X)), ki {d*, 2!, 25

DOI: 10.12677/aam.2018.74056 458 IR Esid


https://doi.org/10.12677/aam.2018.74056

M, ERAEFY

min  z,+|z,|
s.t. A(xk)+D,4(xk)d-_<zlEm1,
h(xk)+ Dh(xk)d =1,

(L.7)
2,20,
o<1
Hr g, o m-Bir Az, D
A(x):=inf { dist A(A(X)+DA(x)d) K ||[[d] <1t =P(x). (1.8)
h(x)+ Dh(x)d

¥ 2,2, RN 0, HA(X)=0, MSELIE, H0HLE 2,
BB 2: 4 d NITF U LRT (TS QSDP (X' ) ) iR AR i
min Vf(x")Td+%dTBkd
s.t. A(xk)+ DA(xk)d < 2/E, . (1.9)
h(xk)+Dh(xk)d:z‘2‘,
Fd¥ =0, WEEEIE: w0, HHRs,
B3 (FHTSH NS M a,, FH R0 F
., #Q(X o) <—(d") Bd¥,
L= T T (1.10)
%1 =) VE(X) dk+(kdk) Bkdkﬂh, -
-A(x")
ﬂEPQ(xk,ak)::Vf(xk)Tdk+akA(xk)o
BR] 4 (IFEID KL, 5‘3{1,0,02,...} FHs 2 T 2 I R

0, (x +td“)<0, (X)+AQ(x, a,). (1.11)
BS: 4 x0T =x vt d*, FIHEHEH T R EH B AN EEH B, REBE 1.
¥E2.0: LSDP(x*)(L7) HB A ARA 1 d* mTREASME —, SATS AR IIHE AT D(x") .

¥ 2.2: QSDP(x*)(1.9) ity KKT %&1EN

VE (x) d* +B,d* + D.A(x) A, +Dh(x*) v =0, (1.2a)
A(x*)+DA(x)d" < ZE,, (1.12b)
h(x*)+Dh(x*)d" =z}, (1.12c)

A, =0, Tr(Ak (4(x)+DA(x)d* —zlkEml))=o. (1.12d)

vE 23: B 3 M(1.10)REW ORUE T 2 500 S F 2 A AR . FL b, o AT E R, W
Vi (x) d*+(d*) B,d*

()

Q(x e, )>—(d*) B  WHd o, <

< Oy o

DOI: 10.12677/aam.2018.74056 459 IR Esid


https://doi.org/10.12677/aam.2018.74056

HRME, ERAEFY

N A G, SRt e R A AT AT R s e 8] [9], BT Sudh HARLR M
SE MK NLSDP (0.1) AN AT 4T A8 5 R 5E Lo
FEX 1.3: KA NLSDPO.)FIAAIAT i, #F

dis{{@(/z( )+D,4(x)d)]
h )

MR X 9 NLSDP (0.1) A A AT A2 5E £
ASCHTAR W H AR

Al: B (X),h(x) AT A (X) RZELE AT
A2: fAAEIESL a fla 1§15

inf

a|d|* <d"B,d <a|d|*,vd eR".

A3: HEE A FEERER ST {xk} PEER i
Ad: SHEEM X eS, Mangasarian-Fromovitz £ 5 Ji (MFCQ) Sz, Bl
1) Dh(X) 7%k

2) FlEAEEIEd=(d,.d,) eR", {3

BIEE 1L FHEB -3 O, (X RMEE A LR AT, d* e Ry QSDP(X)(1.9) Myt A, M
JiTISHCP (X d*) i R A 3R
P’(xk;dk)SA(xk)SO.
HE— B0, 45 A(X) =0 H x* /& NLSDP (0.1)HI/R 1747 £, 1] x* /& NLSDP (0.1)f— /MR il 47 £ 4o
WER: B d*eD(x), M

dist

=

(ﬁi(ﬂ(xk% DA(xk)d)]

h(xk)+ Dh(x")d

I 7 ) U g K Taylor e 5k
Pr(xk : dk>

DOI: 10.12677/aam.2018.74056 460 IR Esid


https://doi.org/10.12677/aam.2018.74056

TR, BEFS
dist_ ﬂi(A(Xkerdk)) K —P(xk)
_ h(x* +pd*)
:LLn(]) _ -
ol [AlA0) (P ) > )}K p(e)
_ h(x)+ pDh(x*)d* +
:LLn(]) _ -
it A(A(x )+pA(xk)—pA(x )+p(D,4(xk)dk)+o(p))J . —P(x")
_ h(x*)+pDh(x*)d* +o(p)
:|p|2’(]) -
dist[ka))wi(«zr(xk) DA )a")-pi (4 <xk>)+o<p>JK]P(xk>
i h(Xk)+ph(Xk) (xk)+pDh( )dk+0(p)
<inf | dist [ﬂi(A(Xk)+D“4(Xk)d)] K]||d||<1 —dist AlA()) K]
h(x)+Dh(x")d h(x*)
IimM
+dist . o(p) K
P20 p
a().
e doonr, al| 2A0)RAC)) L HAACON T it 2 4 (L8) T 72
’ h(x*)+Dh(x*)d h(x*)
A(X<) <0, PHBEEE A LLESI TR AP (X5 d ) <A(X) <0

5 A(X) =0, BEIFE Xy NLSDP (01N iT 47 &1, HIAS I A7 R #4105 SUA1 x* 4 NLSDP (0.1) 1)
AFATRGE /o ERE DL ERTR 5l L5 1R 1510E. O

BIH 1.2 #HEK 1~3 Kor, Bk R LIET X,
NLSDP (0.1)F9— KKT £,

UER: #00RLET D BR 1, L AR ATAT R SE S 1 5 ST X & NLSDP (0.0) IR AT A7 R5E . #5751
LR TR 2, AR A" =0/ QSDP (X" )(L9) MALILAR, ¥4 d* =0 A(L12) T

I x* B2 NLSDP (0.1) AT 47EaE i, B2

Vf(x")+ D.A(Xk)*[\k-i-Dh(Xk)TVk =0, (1.13a)

A(x) = 4E,, (1.13b)

h(xk): z5, (1.13¢c)

DOI: 10.12677/aam.2018.74056 461 N et


https://doi.org/10.12677/aam.2018.74056

KA,

%

R

A, =0, TdA,L4(ﬂ)—ﬁEm»=O. (1.13d)
FHAEW 2 =0,25 =0 . (JRIE)# Apr, W |z]+|2]>0, Warm x ARwira. &%
(0.2 ((x*)),h(x)) 2 LSDP( VL7) TR,

2|4 0))
, h(xk)
%1 d =0 A2 QSDP(X*)(L9) T 4T MR ). Ptk 2f =0,25 =0, #§ 7 =0,25 =0 fRA(L13) AT 41 X* 2
NLSDP (0.1)7— KKT £,

HEFONLBIE, Bk AR 1-2 RAAE, WA A HEHARL0)TH Q(X ) <0, Kk, £
R QAL TPAT, MIEIEL A REEM. O

3. £

TET 51 HE 1.2, AT P ORGBEE AR TG A { X 43 T AKAIER {X* | 2R 282 NLSDP (0.1)
AT AT RE A, 502 NLSDP (0.1 —A KKT A5,

BIE 21 W 14 BT, (XCPREMEE A PERSTL HTSHa, > x — X WX A
NLSDP(0.1) [ — A AT F5E Ao

SR P EWT {d" | A S - o LSDP (X )(L.7) mr st |d| <1 248 d* & QSDP (X )(1.9) 7T 47 %
R FRATT AT LAAS 3

$ett g, (A(x1)) = max (0,2, (A ()} o SUERSELES B 1 AL, B ‘| B

Z

VE (x) d* 2 (x) Bt < v (x) d* 4 2(d") Bad,
A, hmEREERE 2, F
Vf(xk)Tdk+2(k ) B,d" < “Vf “”dk“ Hdk”a<M+
AJTHEAMRERE 2, A
vi (x) d* +%(dk)T B,d" = [Vt (x| Jo |+ afa*|
> M, a*+afa ]

Dk PR T Bl B (0K} R R B @ oo W T2 B A R (L0) 7T
V(%) d*+(d¥) Bd*

BT oo T SLGA | (X)) A {d* 0 bk AT A(X) BT 0, st

kK _A(Xk) e
Wi, M« 1 SO S S HIER TR TR A(X ) > A(X) =0, B X ARAAFA. FIGEY X A
ANHTAT R
r(1.12a) 7] &1

DOI: 10.12677/aam.2018.74056 462 IR Esid


https://doi.org/10.12677/aam.2018.74056

M, ERAEFY

N (2.1)
__ZdikTr[Ak 6“465(‘ )J—(VK)T Dh(x*)d* —(d*)' B,d*
A (1.12b) A] %0
—Tr[Ak {idf a/zaffk)B :—Tr(Ak (DA(xk)d")) :Tr(Ak (A(x)- zlkEm)). 2.2)

H(2.1), (2.2), &4 (1.13c)" Al

Tr(Ak (/l(xk)—zkEm))—(Dh(xk)d")T %

Sk = —A(Xk)
AA) o b
P(x") ilk
< 1 Ay (A(X)=2En, lITe(A,)
B A(A(xk)—zlkEml) h(x*)-z v
h(x*) -z}
Tr(A,)
=l

&5 & 5 28 o 915

T g, B X AR 17 22 (A0 X 9 NLSDP (O.)FFT 7 A6,
\'

& 4, AI%1 MFCQ 7E X Abor . LT SCHR[10] 7 e #E 5.1 (AIERE, Al %0 QSDP(X*,B*)(l.Q) ] KKT
FT R4 QRIFEAARM. EEEIA, AV v HAV eQ, FI{A} V] RA 0. B
G5ty A(X)=0, H5E BN Xy NLSDP (0.1 AN AT {7 R s O

BT 518 2.1, £ NI ATHE AR o <40, SETTSHNE R AX(1.10), AIf501 R
AL

51 2.2 B 1~4 ROL. WIAFE AR Bk, » SRRk >k, » #H o =, 2a>0. FETF|
22, fE NI, AR—BE, BXag =ak=12,-

B 2.1 i 1~4 BT, x*i‘yﬁ?%AFiE‘JﬂE?ﬁu{xk} AL E AR A, B X —x, U x5k
7 NLSDP(0.1) ) —MA T AT R € &, Bl NLSDP (0.1)—/> KKT xi.

EBA: ANkt & X" A2 NLSDP (0.0) AN il 47885 2, FIHPEIES x™ 52 NLSDP (0.1) [ —A4
KKT fi. BEiEZ X A2 NLSDP (0.1) AN i T4 s, T

d*—%-0.
SET 1Exjiﬁdk7KL>0, MFFLEHE R D >0 L MEREK c K, #53d"—5d", H
||d|| >b>0. (2.3)

DOI: 10.12677/aam.2018.74056 463 IR Esid


https://doi.org/10.12677/aam.2018.74056

NTHEREIE B 53 A 3 5 o
a) IEMAFE 1 >0, 113 t:=inf{t keK'} >0

0, (x +td*) = f (x* +1d") + adist

< f(xk)+adist

+at]inf dist— %(A(Xk)JFDA(Xk)d)}K

I h(xk)+Dh(xk)d

(xk)+t ( )dk+atA( ) o(t)
=0(x)+1Q(x" @) +o(t),

0,(x +1d*)-0(x* )- BQ(x*,a) <(1- B)1Q(X*, ) +0(t),
g2y Q(x o) <—(d¥) Bd* UK (23)TAIQ(X @) < -0.5(d") B.A" <0, Pk ke K’ 74 KRt 77

0, (X +1d*)-0(x*) - BQ(x*, &) <~0.5(1- B)t(d") B.d” +o(t) <O. (2.4)
HIEATRIAA(E t >0, 115 t=inf{t keK'} >0
b) T t =inf {t, keK} >0, HFHTE.

AR LA TR {0, (X )} AT 16, (X )= £ (x)+aP(x )= £ (X ) LAE { £ (<)} s ik
Ao, (X ) A F R Bk{0, (X )| st & k(e K)o, XHQ2A)HI
-0.5ab’ St >0,
AT A BRI limd* =0 BEMIKId" =0, ¥ d” =07 A QSDP(x',B.)(1.9) iy KKT %fF, #

Vf (x')+DA(X') A +Dh(x) v =0, (2.52)
A(X) < ZE,, (2.5b)

h(x)=1z, (2.5¢)

A0, (2.5d)

Tr(A*(A(x*)— zl*Eml)) -0, (2.5¢)

.o % s et e .. L z
TE z Az, Y08 0. ]RAEE, BARAL, GHTX AT, W|7(>0

ZZ
ANEAT RSN A(x*) =0, # X NARATRE &, FIE. B 2 M 2, ¥9°8 0. K 2 =0, 25 =0 RN (2.5) B 1 X
A NLSDP (0.1)f) KKT 5. O

. G5ty d” N LSDP (X" ) 1 —

DOI: 10.12677/aam.2018.74056 464 IR Esid


https://doi.org/10.12677/aam.2018.74056

M, ERAEFY

4, B5RIE

ASCHR T A S AN UE FE R L R A AR Ze M e IR — A 4 R US Sy SSDP Sk 2 TRkt
RN IE B PP 1) — O G2 R AR S P~ LR 1), 3l SR ™ A A R T ), 2 R AR
R RS 7 T R #E MFCQ SFIEANZRAE T, IR T S RE R VEA 2 RSl -

EHEWH

AR 2K 3 AR FE 42 (No. 11561005), [ 74 H 48K 5 (No. 2016GXNSFAA380248) %1 ) «

SE

[1] Ben-Tal, A, Jarre, F., Kocvara, M., Nemirovski, A. and Zowe, J. (2000) Optimal Design of Trusses under a Noncon-
vex Global Buckling Constraint. Optimization and Engineering, 1, 189-213. https://doi.org/10.1023/A:1010091831812

[2] Fares, B., Noll, D. and Apkarian, P. (2002) Robust Control via Sequential Semidefinite Programming. SIAM Journal
on Control and Optimization, 40, 1791-1820. https://doi.org/10.1137/S0363012900373483

[3] Kocvara, M. and Stingl, M. (2004) Solving Nonconvex SDP Problems of Structural Optimization with Stability Con-
trol. Optimization Methods and Software, 19, 595-609. https://doi.org/10.1080/10556780410001682844

[4] Jarre, F. (2000) An Interior Method for Nonconvex Semidefinite Programs. Optimization and Engineering, 1, 347-372.
https://doi.org/10.1023/A:1011562523132

[5] Fares, B., Apkarian, P. and Noll, D. (2001) An Augmented Lagrangian Method for a Class of LMI-Constrained Prob-
lems in Robust Control Theory. International Journal of Control, 74, 3702-3706.
https://doi.org/10.1080/00207170010010605

[6] Nishimura, R., Hayashi, S. and Fukushima, M. (2012) Semidefinite Complement Arit Reformulation for Robust Nash
Equilibrium Problems with Euclidean Uncertainty Sets. Journal of Global Optimization, 53, 107-120.

[7] Correa, R. and Ramirez, H. (2004) A Global Algorithm for Nonlinear Semidefinite Programming. SIAM Journal on
Optimization, 15, 303-318. https://doi.org/10.1137/S1052623402417298

[8] Burke, J.V. and More, J.J. (1988) On the Identification of Active Constraints. SIAM Journal on Numerical Analysis, 25,
1197-1211. https://doi.org/10.1137/0725068

[91 Dunn, J.C. (1987) On the Convergence of Projected Gradient Processes to Singular Critical Points. Journal of Optimi-
zation Theory and Applications, 55, 203-216. https://doi.org/10.1007/BF00939081

[10] Burke, J.V. and Han, S.P. (1989) A Robust Sequential Quadratic Programming Method. Mathematical Programming,
43, 277-303. https://doi.org/10.1007/BF01582294

L%
Hans X
KRR R BB R 7 2\

1. FTFFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THIFIRMEESE: [ISSN], H AT ISSN: 2324-7991, R £

2. FTFFENIE TR http://cnki.net/
e« BRSCEk A" BEN, I NSCEERRE, RIR A

hEE S http://www.hanspub.org/Submission.aspx
HATFIIEAS : aam@hanspub.org

DOI: 10.12677/aam.2018.74056 465 IR Esid


https://doi.org/10.12677/aam.2018.74056
https://doi.org/10.1023/A:1010091831812
https://doi.org/10.1137/S0363012900373483
https://doi.org/10.1080/10556780410001682844
https://doi.org/10.1023/A:1011562523132
https://doi.org/10.1080/00207170010010605
https://doi.org/10.1137/S1052623402417298
https://doi.org/10.1137/0725068
https://doi.org/10.1007/BF00939081
https://doi.org/10.1007/BF01582294
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:aam@hanspub.org

	A New Globally Convergent Algorithm for Nonlinear Semidefinite Programming
	Abstract
	Keywords
	非线性半定规划一个新的全局收敛算法
	摘  要
	关键词
	1. 引言
	2. 算法
	3. 全局收敛性
	4. 结束语
	基金项目
	参考文献

