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MK (Semidefinite Programming, SDP) #2414 MK (Linear Programming, LP) [#)
— R SRR LI R KA AN, 2 08 R A0 A2 20 R AR X RREE B 1) 477 56 4B
TEE” BN, K BARBRER R (/) A /. 751 e RN, Ze MRkl o — ot
%] (Convex Quadratic Programming, CQP)+ —Fr#E Ll (Second-order Cone Programming,
SOCP) Z& il [l @8 vl B VE sk e X . F b e, e RIE R oAl . #d0ie . 41
AU CL R Tl TR TSV 2 U B AT 2 R, B b, 2 SRt ot 2L R 1R
KAETTE b, VRN RE R E R, J8 R AT 2RI P9 s ) 3202 e k) .
TEHE b, AR O AR R, #UE B SR A e R 1) 0 A 8 iz — B (B N A
VEIPSAT I H 75 25 P2 B B AR — B AIG nT AT A, e 43 Gl R 7% B 4 — X B A 4wl
AT AR AR e, SO E B2 N RURE I AR Pk A K B R B PR IS B, IXAEAR KARFE IR
i1l 1 FCAE AR i 250 v 1 2

ARGy AR (Variational Inequalities, VIP) A AR E 5 LRI A0k (1) — A~ B Z 0 2 B
5y, 1 H B S He BUE R ) B A RS R 2R MR L ARZR MR R A B ) S 2
Aoy AN RFR I B, 36248 3 AN S5 5 il R ) SR A S T A8 3+ TLAE R S TR 24
F5 SRR, Pang F1 Chan 7E3CHR [4] H A28 1 A48 43 AN S5 X vl 0t 110 v S LWL sl ik
FEAREL VKA 15, AR 72 (R ME Jacobi 77%) 4. 20 42 90 4E4X,
A 2 3R T BRI R Sk B sl g B 2R - B s Sk I SEARSR H T f se  ) —
BB J71%: 16 RF5 3R T R 58 BRI 1 e e 1 26 R 5 2 M X AR AR AN U AN 1
FR B FCNCAR LSRR ) AR RS FEA0 e BRI R S e 1 26 A, 3R 8 T — P 5
125 B AR MR 1) R A A R SN I 5y AN S X, 7R AR 73 AN S5 200 2 5 1 RN Lipschitz
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EEWE : ZFEWERE L FRRHE SIS I E (20132121110009); H K H AR E & RITES

(11326224); 1L T84 E T HEEZBITHH (L2012105).
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ELERIRTHR T, SR T — MBI AR B S0 R 8 R 1P, 308 3 i S0 96 E A ST 4R
A JEE I 2 A i) AL SR A RTAT 1.

2 [EEERYER
HREMNA (2.1) P HIARAE U 52 R i BB 2K (2.2) Fross (0 H0 1]

min C - X,
st. (A, X)=b,i=12-m, (2.1)
X >0,
max bly,
st. ATy+8=0C, (2.2)
yeR™ S >0,

HAp iR C A € RV, X e S FoRM MR, X -0 o X NRIEER-RE, “7 2R
Frobenius W, CX = Tr (CX) = Y. Ci; X;; FAME CX ik,

ij=1
b= (b17b27 U 7bm)T e R™

NETER] m 4EF&.
P MR R (2.1) AU R (2.2) A AR 7S 2 26 AF I T

A X =b;, X=0,i=1,2,---,m,

;%&+5:Cﬁgx (2.3)
XS =0,

PALIRARPE 26 (2.3) AR/ AREE R, FI AR AN 555 SDP i) AUk AT SR fif.
2.1 THARER

EX 2.1 00 % C A BRYERR R ) i FE 2 L T4, WUl F : € — R, AHMERI
x € C, 3R x* € C 15 FRIE AL
F(z*)'(z —2*) > 0,Vz € C, (2.4)
MR (2.5) NARFAEX I, 1l VIP(Q, F).
Noor fE3CHR [10] 98 L ik A8 7p ALK 22 58 SCHES ™ 358 Hilbert 7510, 45 40 F %€
X.
ENX 2.2 19 3% H N5 Hilbert 250, HAFNEH (-, ), 3EH0EH ||-[,Q ¢ H A—AE2H
MR, W F o H — H, SHEER v e Q, Kue Q, fii TR IE G
(F(u),v—u) >0,Yv € Q. (2.5)

EX 2.3 % H NSL Hilbert 250, F : H — H ~—WU,
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(1) EAHERN w0 € Q, WA (F(u) — F(v),v —u) > 0 K, WK F 76 Q 1R EIm0.
(2) EAMEEM u,0 € Q, TLE 7 > 0, fif

(F(u) = F(0),0 —u) = 7llu—of

FGOZ, WIRR FAE Q bsm B, o 7 SRR Jymiist FR) s 5o 4
(3) HXHMERER u,v € Q, f77E L > 0, {15

[F(u) = F(v)| < Lflu—wvll,

MIFR F LE Q b Lipschitz 48, KA L % FREAELST F [#) Lipschitz 7 %4
EX 2.4 & QN Hilbert 6] H E—JE N, WA Q C H, e —rRuwC H,
WRALE 2 C Q, 115
I = ull = min o — ]
R z /& u £E Q BRI, 1L 2 = Polul.
2.2 FEMXCIRE AL
F A E R R (2.1) BRI (2.2), EEHAA AR S 5N

max by,
st. ATy+8S=0C, (2.6)
yeR™

MM (2.3) SEER AR E A AT R A

AlX:bZ,Zzl,Q, ,m,

Z yLAZjC7
=T (2.7)
i=1

X0,y € R™.

E A RYERR A1 R x R BRI ARFITEE, A4 v = (X, )T, WXHEEW
Uy = (Xl,y1)T, U = (X2,y2)T, /T'_E'XWB:{\‘ <U1,U2> = X1 . X2 + leyg, mﬂﬂﬂﬁtljﬁﬂiﬁ%ﬂjﬁ‘]
EECHN ||ul| = VX - X +yTy, H vec(X) FRRFERE X BIZRIRIZF FINGUT 1 %32 i n?
Y )

HAEREE MY BRAS B  AT— AN WFRAERE A iTLS R A = WTDW g, K W i
IEXZHBE, D NSHABE. 2 X d; = Dy, df = max{d;,0}, d; = min{d,;,0}, MiH d , d; &
BINXHARE DY, D FIGHAIeR, W

A=WI'D*'W+wWT'D W,

SEH PA] = WIDW &R0 A 72 57 EIIERRE, P[A] = WD~ W %&5nt
FRHIFE A 75 PST EROTERCH 12, 7604 LB B — AN BB EMR 19 W FAL%
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Flve R x R flweQ, A
[ Po (u) = Po (v)|| < [lu— o], Yu,v € Q,
(v—Pqo(v),Py(v)—w)>0.
T H ) 51PN E B AL T L AMA SR SR AR AR R T R TR SR 55 AR
51321 AeS",Be S, WH (A, B)=0 4045 AB=0.
EIR2.104 X0 e 87, 8%€ 87, # X080 =0 K HEY
E(X%) = X° - Ps:[X° - 8%, E(X° =0.
E BN 4 X = X0 - SO, T VXT = X, WEM FAER
<X — Py [X], X" = Py [X]> <0, (2.8)
GE
12 (x°)|" < (B (x°).5°). (2.9)
I Psn [ X0 — 8% € S, M2 X08° = 0.
FH 5 HE 2.1 ATl
(X°, 8% =0,
X (Psn [X° — 8°],8%) >0 133
(E(X°),8%) <o, (2.10)
A% (2.9) AT (2.10), 58] B(X°) = 0.
R B BE(X°) =0, 338 X° = Psn [X°— 8% € S}
X% - 8% = Psy [X° - S°] + Psy [X° - 87 (2.11)
FRAL, TS 2
§° = —Psp [X° - 8°] € 87, (2.12)
i
<X° —§°— Pgy [X°— 8], X — Pgy [X" —50]> <0.
VX € Sy #0r, MR AMAEXPHE L X0 = Psr [ X0 - S°), RE| VX € ST,
(X - X° 8% >0. (2.13)
AL )P, X =0e 87 Ml X =2X°c ST &t X 153
(X0, 8% =0. (2.14)

FREGH 2.1 53] X°8° =0.
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B 2.2 Wu=(X,y)" €Q, MamfLrtszft (2.7) 50T REE RSN

u=Pg[u—(Mu+q), (2.15)

=1 C

sy = | A X 7q:< b)#ﬁ—snxﬁn
A, X

iE RAHEA A (2.3) 0T

X:PSK[X_SL m
A;- X =b;, X = Por[X = (= 2, i + O],
SyAi+S=C, T Ai-X=b,
oy X0,y € R™

X0,y e R™

X = Psi[X — (= > y:iAi + O],

i=1
& A - X S u=Pylu— (Mu+q)].
y=Pan |y | - |-

A, X

T2 SDP s A PER SR T30 (2.15) HIZR 7> ANSE IR, B LUK ~F 5 A0 ) fme 10 A
il R, T DU ISR AR 4 AR5 (2.15) SEER, BEREAR UL IZAR S R ik, 7T A R A 3R
5 SDP RS UM, 104 A SC R $ Y QR II A Mo B VA g R 2% 1 i

3 FEMRIBBIEIMEEE L

VL RIGAR 4 AN A SLIF AT SRR, anesid 19, Wiener-Hopf 527k i% AR
Iy O8] ol e s JRI ) SR A AR A AR SN TE UG, ﬁ%%%%‘]ﬁﬁf’@}*qﬁfﬁ
TN FOEAT SR AR, (H R AESKARI, SR ICGEARHA T 0 HM IR, TR AR IEA IR B AR
VI(Q, F) WAME R 52 B Korpelevich $&H, A BEZ N T Hem s Bk FR g RR
7 V2B FT AR 190 3@ i A AR R 80— AN B R v AR AR 5 B R ) A e )
It H, fIRABEZAE 2004 3 T — Rl ALAE T AN B SR A Bk 1201 ARSI IE A IR R
ANHR I BT ¢ X3 45 U SR 1 ) S 4 T AR AT I A B AN R SR DA R IR Y % (]
R TE, B AR AN B R SR AR Y e BRI i) L, AE R OB AP R e SR ZE R e, PRUEFE
BRI SE.

3.1 FEMKIBIPIEIMGE E XA

AT (2.15), SDP jil A S5 4 B A0 o — A 8 SCAE A BRZE R IR 5 18] o, 7 A
&;%Q St x R™ AR 73 AN ]

Ju* € Q, (v —u)TF(u*) > 0,Yv € Q,
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F(U)ZMU+q= i=1 = AT 0

m vecT A,

— iAi"—C —AT
2y , A , Mz( 0 )
A-X-b

vecT A,,

B F(uw) B AT F(uv) %4 H Lipschitz 4k BV22, AR SCgb &4 B SVE, Mg
JE PR DX I 2 23 1], W B g e 2 as e b, WA SR R R, 5 37 I 40 5 7 AR
FHRLRR . ST 45 20T A6 P Sk B 1) SE BT AR

BB AEL=1,>0,0<u<v<1,0<p<1l,0<y<2,uecQ,k=0.

B2 TR T A

—k+1
)

"t = Poluy, — BF(u")], e(u”,By) =u—u
k1

He(uk,ﬁk)H<€, u* =a"

=, SN 3.

SRS 4 1= G [Pt — 740 |/l 80, % e < v, 381

d(u, B) = e(uF, By) — BelF(ub) — F(@+Y)),
O = YBre(u, B)Td(u", B) /|| d(u®, B)||"-

B 4 KL Hy,
Hy = {F(u)| (F(u*) = 7 F (u*) — g(ub), g(u"*) — g(u?)) < 0},
AR L Hy

F(2*) = Py, (F(u*) — 3B F (u*)),
akF(yk) —ek 7, )
BrF(zk) 7 Bl

Yk = min{

o ap F(y)—e® e fk
# gren - > pery BIE

b = akF(yk) - ’YkﬂkF(xk)v

TR — MRS
F(u"*?) = Pe(F(2Y)).

FB5 47 e(F(ub), 3,) =0, i
u* = uFtt = F7HPo(F(2%)}.
BNk =k+1, ¥, 1
3.2 HUERXK

S IR P RO G5 0 A — ST B D R (ETTP). A9 T i SV
AT, 75 Matlab2012 HHRIT 5, 75 Intel(R), Pentium(R), Core(TM) i7-3520M CPU,
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2.9GHz, 4.00GB WA7, Windows 7 #1E R48 i AT HUE S5, S0 HER, N T 5406
SR AN 58 LRI B SDP packuser W A SIS 45 AT Eufe 23240 sz 40 %
B, Z0E M ) A 0

25 e —NMRRIE E AR C, 3k

max ely,
s.t. C — Diag(y)>0,
y =0,

H i Diag(y) Rl R y X AITRBBINN AR, e RONTGREN 1 MFIHE. Tter
FETR R n) I R RE AR B e A 4 R R ERIE IR L, CPU-time 7R 58 BT 5 Fr 75 22
BT A], BAAT s, [ RIERBEI n = 4 F n = 180, ¢ = 10~* AfFIEUEN]. FELH 7 KM SDP
] {3 R AC VBN CPU 50 [a] 45

R BESIR A R B

BN E S ASCE
Iter CPU-time (s) Iter CPU-time(s)
182 0.38 170 0.31
) 239 1.051 213 1.011

246 1.237 222 1.156

10 340 6.710 301 6.124

20 602 21.164 579 17.698

100 1156 83.889 987 79.667

110 1497 112.371 1249 101. 215
120 1559 176.524 1387 158.434
150 1632 327.286 1465 315.115
180 1716 703.125 1579 689.476

R 20 BE SIS A R AL

PR APS A
" TTter CPU-time (s) TIter CPU-time(s)
189 0.41 170 0.31
) 244 1.313 213 1.011
256 1.391 222 1.156
10 353 6.867 301 6.124
20 626 24.171 579 17.698
100 1179 88.304 987 79.667

110 1534 118.356 1249 101. 215
120 1592 180.604 1387 158.434
150 1680 345.257 1465 315.115
180 1823 710.005 1579 689.476
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R 1M 2 32 TSR E R ] R RS BREARIR BN CPU TS 1], i
SE RN A IR L, ASCEREFERR 5y, OB TH RN, REFe 70 P IR Bt s e, o
FIWAE/N. T Y, FERE L ERAR R MG DL, A SCHE S (K 8RIE B 2 SR AR SR g 5 HLR
[ RN 32 AT T BE LU N U SRR 22, IEARIR ] R/, RRISAT I R, 5 A0 B B3
b, ASSCIRA RS AR REORUZ AT I TR S0, MEME SIS R T LU Y, 42 HH A B2t e ML
Kl i) L) SR g2 T AT (1.

4 Z5ig

ARSI TSR AR 52 FRI 10 R R e A D SR AR 7 ANAE S, 8738 7 A4 s B
fipts R S TRV B BRAEAS 1R], 4 Y T — AN SR e R il AL A 413 AR E B0 JRAE
SR 2 FEAS LU P DX B R T S 1 I R A a2 8] B0, AR5 R 5K BR
FHEAD KR T, 0 7 IS AR R, 30 o B S0 2% SR SR A~ 5 B T
— AT I, SR RIS V2 A0 A R AR, R IR AN AN ] R A R A
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A PROXIMAL EXTRAGRADIENT ALGORITHM FOR
SEMIDEFINITE PROGRAMMING

YU Dong-mei, GAO Lei-fu, ZHAO Shi-jie, YANG Pei

(Research Institute of Optim. and Decision, Liaoning Technical University, Fuxin 123000, C’hina)

Abstract: In this paper, we present a proximal extragradient algorithm for solving

semidefinite programming probem. The optimality conditions for semidefinite programming are

transformed into variational inequality problem. Under the premise of variational inequality

monotone and Lipschitz continuous, half-space contains the original projection area is constructed,

generated points sequence is approaching the solution of variational inequalities, such that the

projection of the solution process is simplified. The algorithm is applied to educational evaluation

questions, and numerical results show that the proposed method is feasible for solving large-scale

semidefinite programming problem.

Keywords: semidefinite programming (SDP); variational inequalities; subgradient half

space; extragradient algorithm
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