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BTN Tid5:
0 g, A, 0
M = ,M =
(@) {g; BJ (@) {0 J

W, (Q) ArLLS et R A e

.
(Q) Minimize M(qo){j BJ =g,d+1d"Bd

t] [t
=X"X—A, <
Subject to M(ql){x} {x} X X=Ac<0

t? =1
Q) &M T Fiy#E:  Minimize M(q,)e X
M(q,) e X <0
l,eX =1
X >0,
rank(X) =1.
JITLATRATT S Hh (Q) Fyz il [ Ay «

(SP) Minimize M(q,)e X

Subject to

M(g,)e X <0
Subjectto  lgo® X =1
X>0,
10
H — es(n+l)o
st . {O O}
X . -1 0
AR, BATTLMEE A, =1, M(ql)z{0 I]
JTLh (Q) ARSI & . (SP)  Minimize M (q,) e X
-1 0
e X <0
o
Subjectto  lpp @ X =1
X >0

S S s SEDUMIm s iy X = (Xg, X, X, ) -

2.2.2 BRI
SRAFE 1] RS (SP) R 7 S B R



|I| E ﬂ Z§ iE -x.- E ﬁ http://www.paper.edu.cn

N H bR R B R ECE MR YER n, i LR R A
A = randn(n);
fori=1:n

for j=i+1:n

A 1)=A(L);

end
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A = randn(n);
fori=1:n
for j=i+1:n
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end
end
B = randn(n);
fori=1:n
for j=i+1:n
B(.)=B(i.j);
end
end
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HIAE A 5 1) BB () e AR, A5 34 obj_value 2,341 L% obj_value_1 i1 obj_value_2 nJ L)
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obj value 2. mi55ik(2.2.1) 15 20 ) I il 1K) et A s
A—error . #ixtiRzE, &R

A—error = obj _value_1-obj_value_2|
R—error . ARz, & XanH:

_ |obj _value_1-obj_value_2|

R —error = -
obj value 1 |
31 HPQ2)MHHELR

n a obj valuel obj valug2 A—error R—error o,
3 0 -1.37804 -1.37789 0.00001 0.0022
4 0 -1.06879 -1.06876 0.00011 0.0115
5 0 -0.64399 -0.64403 0.00004 0.0062
6 0 -1.42610 -1.42600 0.00010 0.0070
7 0 -1.70200 -1.70190 0.00010 0.0059
8 0 -3.01760 -3.01770 0.00010 0.0033
9 0 -7.15905 -7.15905 0 0
10 0 -7.90609 -7.90610 0.00001 0.0001
11 0 -2.72563 -2.72563 0 0
12 0 -2.12842 -2.12842 0 0
13 0 -2.83829 -2.83829 0 0
14 0 -2.74798 -2.74798 0 0
15 0 -8.82595 -8.82595 0 0
16 0 -9.54804 -9.54804 0 0
17 0 -8.53155 -8.53155 0 0
18 0 -11.47457 -11.47457 0 0
19 0 -11.40672 -11.40672 0 0
20 0 -10.67842 -10.67842 0 0
21 0 -10.76604 -10.76604 0 0
22 0 -11.18850 -11.18850 0 0
23 0 -12.86765 -12.86765 0 0
24 0 -13.47377 -13.47377 0 0
25 0 -13.85712 -13.85712 0 0
26 0 -13.53292 -13.53292 0 0
27 0 -10.82861 -10.82861 0 0
28 0 -14.62733 -14.62733 0 0
29 0 -14.07048 -14.07048 0 0
30 0 -13.76482 -13.76482 0 0
31 0 -17.99273 -17.99273 0 0
32 0 -12.84932 -12.84932 0 0
33 0 -16.47754 -16.47754 0 0
34 0 -14.10405 -14.10405 0 0
35 0 -14.71126 -14.71126 0 0
36 0 -15.56217 -15.56217 0 0
37 0 -18.70129 -18.70129 0 0
38 0 -18.77235 -18.77235 0 0
39 0 -13.32069 -13.32069 0 0
40 0 -12.87292 -12.87292 0 0
41 0 -16.15789 -16.15789 0 0
42 0 -20.84618 -20.84618 0 0
43 0 -17.88472 -17.88472 0 0
44 0 -16.58939 -16.58939 0 0
45 0 -16.47033 -16.47033 0 0
46 0 -19.11430 -19.11430 0 0
47 0 -17.05413 -17.05413 0 0
48 0 -19.05056 -19.05056 0 0
49 0 -17.41869 -17.41869 0 0
50 0 -22.40385 -22.40385 0 0
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K 3-1  IEAls UE SR A E 1 LA

N TRTERATT LR 2 A PR MR A 2.3.1 #3 B AR5 i in) R B A AR AT ALLRE (T
Kl 3-2), BTk LLH b el B0 RECERE RO B AR,  BASTYE 2.3.1 15 21 AR5 I m)
B E AR LA R AR B 2k, B EE 2.3.1 M40 iR ZE P 3ME, v %0
% 2.3.1 gz /T 1.0001, ZaXtiRZE 1 PIME ) 1.00027, Ff H4ax 1w 2= H br ki
B0 2R BOE R () AE R BN/ o PR DA b SEEG 25 BRAT T 0] LU I R 5 2.3.1 43 311 R —
DARAR 0] R S e A (R AR i Z2 AR5 70N, Gk 21 JLT-n) L (R L, DRI FRA T R e R 2
AR IR RATE KRR SLE 4, RO o DLARR KRS T%, SO EH
FH— TR a0 # 0, TRIANNIXIFARL NI, PrUAELER 2 HUE Ol R s n) 8 i St
S AR A Y I A ot 1) PR SR AR PR 565 — BTG 2% DRI M AR R i — IR A i 8 1) e A L
ARSI ROR



|I| E ﬂ Z§ iE -x.- E ﬁ http://www.paper.edu.cn

1.0003 : : : : : : : : :

FHAFRIE LR SHEm=LEMNE
1.0002 - L% 3% Eh{E i 19 {E =1.000027 ]
1.0001

_‘_'_,_,.,—'—'—"
-

ratio

0.99959

0.9995

Dggg?’ 1 | | 1 | | 1 1 |
0 5 10 15 20 25 30 35 40 45 a0

the dimension of X
K 3-2 BRI R
_1n-5
S F PR, TRk i S =10 e AR = R A 2 1 S R ]
T AR X A O ZValU8 LT ooty et 1 b S T 1 s 2, TR R X
S B TE 2 g SRR B ST (DL AR A, 75 AT Ao s g ORI —ValUue _ 2 g e

52 O] _value 15, 0b] _value _2 5 o veimpe, s Tpuak i, 275 i 1
Y 2 T R 2 O 5 55— )7 2 B 5 i B e 2 (L e
50 AN, T AL, W 3-2:
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% 3-2 PRIV P R Y S

n obj valuel obj value? A—error R—error (o,
3 -2.4824 -2.4824 0 0

4 -1.8342 -1.4021 0.4321 23.56%
5 -4.4781 -4.4781 0 0

6 -6.1231 -6.1231 0 0

7 -5.8816 -1.6208 4.2608 72.44%
8 -8.3032 -8.3032 0 0

9 -7.1825 -7.1825 0 0
10 -6.7392 -6.7392 0 0
11 -7.6866 -7.6866 0 0
12 -7.0112 -7.0112 0 0
13 -10.4580 -10.4580 0 0
14 -8.8765 -8.8765 0 0
15 -6.3248 -6.3248 0 0
16 -8.3328 -8.3328 0 0
17 -0.6358 -0.6358 0 0
18 -14.7458 -14.7458 0 0
19 -10.0677 -10.0677 0 0
20 -10.3814 -10.3814 0 0
21 -12.6114 -12.6114 0 0
22 -11.8449 -11.8449 0 0
23 -11.2662 -11.2662 0 0
24 -11.3620 -11.3620 0 0
25 -12.1161 -12.1161 0 0
26 -12.2222 -12.2222 0 0
27 -13.3907 -13.3907 0 0
28 -13.1583 -13.1583 0 0
29 -17.2629 -17.2629 0 0
30 -14.9473 -14.9473 0 0
31 -13.1550 -9.2009 3.9541 30.06%
32 -16.0706 -16.0706 0 0
33 -16.4704 -16.4704 0 0
34 -18.9023 -18.9023 0 0
35 -16.5130 -16.5130 0 0
36 -13.3098 -13.3098 0 0
37 -19.0420 -19.0420 0 0
38 -16.5440 -16.5440 0 0
39 -17.1839 -17.1839 0 0
40 -17.4017 -16.3393 1.0624 6.11%
41 -15.8990 -15.8990 0 0
42 18.7659 18.7659 0 0
43 -17.2345 -17.2345 0 0
44 -18.7331 -18.7331 0 0
45 -19.1202 -19.1202 0 0
46 -15.9977 -15.9977 0 0
47 -20.2692 -20.2692 0 0
48 -18.1447 -18.1447 0 0
49 -19.7878 -19.7878 0 0
50 -19.8653 -19.8653 0 0

T EEMAIEIL, FA TR 3-2 HP i scin Bdn 45 R LLER B, WK 3-3:
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3-3 PUERIDE P 1F 58 FA st S VU AR A Ak 5 DIC g 1) LA

HiP 3.5, FRATATLAA tH, SEHUPTER IO R 1 AL st (1 58— 3 70 3% A S Dt v L )
AR AT LA, AT Z IR SRR, B A Uk E AR A — 8 MU . BRI T
) FH (SDP)FZ 5ty 7 ¥ SR Al 9 R 0 J8L, AT T30 5 B R s P 2% st i A0 B I e X SR Dt i AL Py 2 B
AR T, IR BRAT S S A
3.2 BEHIA IR

I b NS A5 R, AT LU I FRATT R S SR AR A I U AR AR
(K)o X —/N5rp, BATR B FR FUE I 7 1 Rk

Sturm #1 Zhang " ELZ8AE I 1 (Q,) kAT IR (SP,) AL 5%H0, B (Q,) R AR i A1
(SP,) Iy fEARAE, DRI UE B S i A 28, HUTRIE ] i E (2.3.0) 321 — ik
Pk [ B fe A 5 (SPL) A (A 22 AR o
FERAshi . (SP) Minimize M(q,)e X

o
e X <0,
0 1
Subject to o ® X =1,
X >0,
LR B H R AR -

0
B X7 (SP) et fie, ARRLAHRS I HIR-Th Yo, Y, S e

L(x!y):M(qo)'x+y1|: (I):|'x_yo(loo'x_1)_s°x
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HI(KKT) s sige i s, X Ay, yr, S dill 2 F Fedl:

. -1 0
S =M(Qo)+y1{o I}_yoloozol
(3-1)

. J=1 0 .
Y: >0, yl{ 0 |:|° X =0, (3-2)
S"eX =0, (3-3)
IOOOX*=0, (3-4)

-1 0 N
|: }OX <0. (3-5)

0 1

VX RN EBIE S, X = (X, X0) , FHERAT R e XX i &
PEA(B-1)- 2N (@-B) LRI AT, A1 - R DL 18 -

-1 0| . .
f51E 1: {0 I}X <0, HEVE 221X = X;

WEM: 1) EB-1)5H xTx, Kik(E-1)or.

T A AT Y, =0, BRI (G2)

H1 ST e X" =S e(xg,% -+, X,) =0, W &1 X ,i=0,---,n & S" & TN, W
ST ex'x =0, KILRE-3)H.

@) X=xx"=XXg e Xoy =1, HIA(E-4)k0rs

-1 0

(5) EE?.[O I}X*so, F)TLJ.[_Ol ﬂo(xoxg+8)so

-1 0
T B>0,HB IS ATHE SICHENAE, Fﬁu{o I}BZO,

-1 0
Fﬁu{o I}xoxg <0, Pt (3-5)Hr,

AR R A0 T R A AT LUK X = XX = X Xg BORRA—, BRI X 2 SR — v I it

L
-1 0 .

EE 2: {0 I}-x =0, AXE-1)AX(3-3)rTH FIFETELAE, (3-4)F1(3-5)th

IR GAFENIUE, AT TFRARAEAEE T, mEE 2.3.10 43 H 145 55 2 X (E-2) /Pl .
‘ -1 0] . .1 ) -1 0] . .

&L 2.3.1 AT 42Y. 0 | ®XoX, =0, x=x;, UL, 0 1 o xx' =0T,

DA 2K (3-2) T

-1 0] .. -1 0
é{o I:|.X0X0T < O, ﬁ‘aﬂ‘ﬁ@iﬁxﬁﬁi?ﬁ%{o I}xxT =0, HIkE-2)H%
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%A
gr bk, Sk 2.3.1 530045 E X2 X (3-1)-(3-5), Rt al Ik B b5 E S R

3.3 BRI
R R AR, S n OB, AT LA AR R R S R, B R A,
1715 L R T bR R 00 2R R S B LR ), PR b B LA S P R R

3.4 EFHREX

ARFRIFARAE T — - 1E 52 BRI 10 R £ A SR AR T 440 R A a8 ) B 8 X 44 o
A5 MR 1 S0 10— A b R 7 4, O L E A AR A A 0 s by e s e D52 i B
BB AR B 22 R (KN, IR B JLF 7T L2 S T R

4 REgERE

ARSI T BT ISR R 1P R — DA T~ 1 R A st SR A 5 2% B
A T HER IR, R AT A R, KRR T TR BT, AR
IMRIOSCRE T, AR SREXT AT € MR S . Sturm A1 Zhang KRL— 20k 7
VI G ST T A A T UM 1E R R 2 TR RIER AR, S b T Al 3~ 1 R SR A A5 At 1
R JBAL, - Sturm A1 Zhang AOER] EAR eI PERY, RIVAAEE IS FAERT 1l 2 i T LA
B L RORS WA (B WT 4 1 — MR R F BRI S T IERIAEE, JATHIE T
] L 1 S TR il ) AL TR AL o L SE R SR AR S FRATTRES ERS
FERLS AW 2 A0, JF HAUE S5 R R B e S A R

EASCINIRSS T AR A1 DL - IR AR st R ik, X P Bk il
D AR st ) PR A Dt il AL ) e AR I AT A AR, OB R e ORI AR
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COMPUTING QUADRATIC OPTIMIZATION

PROBLEMS BY SDP RELAXATION

Fan Lijun, Ai Wenbao
Department of Optimization and Control, Beijing University of Post and Telecommunications,
Beijing, PRC, (100876)

Abstract

Trust region method is a kind of the most important and effective humerical methods for nonlinear
programming. As we know, the key in each iteration for the trust region method is to solve a trust
region subproblem, which is a kind of quadratic optimization problem. Strum and Zhang proved that
we can obtain a solution of a trust region problem using Semidefinite Programming(SDP) relaxation
and matrix rank-one decomposition technique. Although the proof presented by Strum and Zhang is
constructive, how to give a simple and practical decomposition is yet a problem. In this paper, we
present a simple and practical matrix decomposition, based on the Sturm and Zhang’s work. We prove
that this decomposition is correct and effective in theory. The preliminary numerical results show that
the method is effective. Furthermore, we use the similar method to solve constrained trust region
subproblems (usually named as two-ball problem). The preliminary numerical results show that the
method is effective for 95 % of instances.

Keywords: trust region method; trust region subproblem; SDP relaxation; quadratic optimization
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