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1 " #
� G = (V, E) ����������� n = |V | ����� wij ��� eij ���� 

! vi, vj �������� wij = 0. ���"#$%� � !� V %��&!� S, S̃,  
'�(!%)" S, S̃ #�� eij �� wij ���"�� |S| = |S̃|, �

(P)

⎧⎪⎪⎨⎪⎪⎩
max

∑
i∈S, j∈S̃

wij

s.t. |S| = |S̃|
$!�� x ∈ {−1, 1}n, � ! vi ∈ S, � xi = 1, *%� xi = −1. � W = [wij ], &'∑

i∈S, j∈S̃

wij =
∑
i<j

wij
1 − xixj

2

=
1
4

∑
i,j

wij(1 − xixj)

=
1
4
xT
(
Diag(We) − W

)
x,

"#� Diag(x) ��' x �(#�+�(�")(#� 0 ��*� C = 1
4

(
Diag(We) − W

)
�� Laplace �*� e ��$ 1 � n %���% (P) $�+&'()

(IP)

⎧⎪⎪⎨⎪⎪⎩
max xTCx

s.t. eTx = 0

x ∈ {−1, 1}n.

(1.2)

*  *!,-+,"#.,$-�.//��"#01.,-
0.12/2003-12-01, 0021.12/2006-04-21.
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� X = xxT, %''3���"#$%�456674 [1]

(SDP1)

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

max C · X
s.t. (ei eT

i ) · X = 1, i = 1, 2, · · · , n
(e eT) · X = 0

X � 0,

"# X � 0 �� X �455�*� ei ��7 i &(#� 1 � n %�8&���56
A · B = tr(ATB), tr(A) �� A �'�&( A � n )+8�*� B, C � n )9*�%9&
7: A · BC = AB · CT.

���"#$%()�8&*:�9+:,()�";-:,;.</<#;<0=�
=��>=� NP >) [1] , " P ?$+ NP �?1�?@"@2A()�B>A?�3B
CC�?@4Æ�B>A?�5DCC@*D�()�ABC69��EF����"#$
%()�5DCC"E%�7+458966'3���DE Frieze � Jerrum[2] GF:@

2A()� 0.651 5DCC�"G7HH Ye[3] ;�4589669CGF:@2A()�
0.699 5DCC� Halperin � Zwick I<+F()�45896674J=K�?$A'
3:EF�G�Æ� 0.7016 � 0.7024 5DCC [4] . Xu � Han[5] H+;�F>�9C�?
8I+���"#$%()I:C6�"'3�@(LJÆ+ Halperin � Zwick �9C�
F>�9CJ�;�M!CC@2�"#$%()�458966�M!CC@2#K8
74589()K4;L�>?N;L@2"87�4589() [2,6] . MNAGF:LO
P89CC@2458966()�O':?M�L( [7,8] . LOP89CC�8)CC�
NBCNM!CCM@�?�B@O�P!�DQ;LP'3()��:2�>QECC?
�B>A?�CC� Liu +�"Q()GF:8RF5IR�%Æ9�CC�>ACC?
R+@2SSG"TSU�9+:,() [8].

+ (SDP1) ?8I66�%'3''�RT�6674

(SDP2)

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

max C · X
s.t. (ei eT

i )·X ≤ 1, i = 1, 2, · · · , n
(e eT)·X ≤ 1

X � 0

(SDP3)

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

max C·X
s.t. (ei eT

i )·X = 1, i = 1, 2, · · · , n
(e eT)·X ≤ 1

X � 0

TVWXU (SDP2) I<VU%2$�V,�8&LOP8974�GF:8R%Æ9
�CC@' (SDP2) ��:2�WI<����*X='3 (SDP3) �8&W:2�YH;
� 0.699 ZI[X9C+ (SDP3) �W:2?Æ[X�'3:F()�8&5D2�"�Y
\Z#�]AUA9C[ Ye-0.699 5DCC?ÆK4�@(�:Y#N^'�2PNJKL
;Z\�>"]Æ?�H]A�CC:_`+ Ye-0.699 5DCC�[87\< 50 ?�?�



782 a b M 3 ^ � 3 27 N

"SO` 4 ]�[87\< 200 ?� Ye-0.699 5DCCE+M@?_��CPC�]A�C
C%%5^]C�EG%Q�]A�CC"?��M@� �HB:+ Ye-0.699 5DCC�

2 `$%&aÆ'()*+
� Sn

+ [ Sn
++ %)�� n %455�*�55�*��+�RS&'5T�

b, 1 (SDP2) @"U� r ��:2 X∗, � r U_&'cV r(r + 1) ≤ n + 1.

5T7:_WV [7]. X5 X∗ �() (SDP2) ��:2�56&'`�
r∗ = min{rank(X∗)},
r = max{r ≥ 0 : r(r + 1) ≤ n + 1}.

_Y; r∗ ≤ r ≤ n, ++ScU� r ��* X ∈ Sn
+, @"8&�* V ∈ Rn×n, U_

X = V V T, "# V �H n − r &�(#J� 0. ^' (SDP2) $��&'�VULOP89
74

(NLP1)

⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩

max C·(V V T)

s.t. (ei eT
i )·(V V T) ≤ 1, i = 1, 2, · · · , n

(e eT)·(V V T) ≤ 1

V ∈ Rn×r

&d (NLP1) �8&YZ�LOP89()�� (NLP1) �%Æe�d��'>]Aa
F@2 (NLP1) �%Æ9�CC�WX56&'[�

f : Rn×r �→ R, f(V ) = C·(V V T),

gi : Rn×r �→ R, gi(V ) = ei eT
i ·(V V T) − 1, i = 1, 2, · · · , n,

gn+1 : Rn×r �→ R, gn+1(V ) = e eT·(V V T) − 1.

&'[� f(V ) "! V �eb� G = 2CV, [� gi(V ) "! V �eb� ∇gi(V ) =
2(ei eT

i )V, i = 1, 2, · · · , n, [� gn+1(V ) "! V �eb� ∇gn+1(V ) = 2(e eT)V .
X5�* V k � (NLP1) �7 k &c�!�" V k !�%Æ9�%'I<@2&'#W

89'3�

(QP)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

max t − u

2
D·D

s.t. −Gk·D + t ≤ 0

(ei eT
i )·(V k(V k)T

)− 1 + 2(ei eT
i )V k·D + t ≤ 0, i = 1, 2, · · · , n

(e eT)·(V k(V k)T
)− 1 + 2(e eT)V k·D + t ≤ 0

Q\ u �K+ 1 �[ n ;]�5�� t ∈ R × Rn×r.
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b, 2 X� (tk, Dk) � (QP) ��:2�� Dk 	= 0, % Dk d� (NLP1) "! V k �%

ÆHf9��
- (tk, Dk) � (QP) ��:2�E+ t = 0, D = 0 � (QP) �8&%Æ2�� Dk 	= 0, ^

'; −u
2 Dk·Dk < 0, ^ tk − u

2 Dk·Dk ≥ 0, ef tk ≥ u
2 Dk·Dk > 0. fg� −Gk·Dk + tk ≤ 0,

^'; Gk·Dk > 0, � Dk � (NLP1) "! V k �Hf9��
'7 Dk �8&%Æ9��+ δi > 0, i = 1, 2, · · · , n + 1, ]A;

gi(V k + δiD
k) = (ei eT

i )·(V k + δiD
k)(V k + δiD

k)T − 1

= (ei eT
i )·V k(V k)T − 1 + 2δi(ei eT

i )V k·Dk + δ2
i (ei eT

i )·Dk(Dk)T,

gn+1(V k + δn+1D
k) = (e eT)·(V k + δn+1D

k)(V k + δn+1D
k)T − 1

= (e eT)·V k(V k)T − 1 + 2δn+1(e eT)V k·Dk + δ2
n+1(e eT)·Dk(Dk)T.

� (ei eT
i )V k·Dk ≥ 0, � δi < 1, �U_ δ2

i (ei eT
i )·Dk(Dk)T < tk. %d;

gi(V k + δiD
k) < (ei eT

i )·(V k(V k)T
)− 1 + 2(ei eT

i )V k·Dk + tk ≤ 0;

� (ei eT
i )V k·Dk < 0, O δi U_ 2δi(ei eT

i )V k·Dk + δ2
i (ei eT

i )·Dk(Dk)T < 0, 2'

0 < δi ≤ −2(ei eT
i )V k·Dk

(ei eT
i )·Dk(Dk)T

.

%d; gi(V k + δiD
k) ≤ 0.

gT�� (e eT)V k·Dk ≥ 0, O δn+1 U_ δn+1 < 1 ^ δ2
n+1(e eT)·Dk(Dk)T < tk. ;

gn+1(V k + δn+1D
k) < (e eT)·(V k(V k)T

)− 1 + 2(e eT)V k·Dk + tk ≤ 0

� (e eT)V k·Dk < 0, O δn+1 U_ 2δn+1(e eT)V k·Dk + δ2
n+1(e eT)·Dk(Dk)T < 0, 2'

0 < δn+1 ≤ −2(e eT)V k·Dk

(e eT)·Dk(Dk)T
.

%d; gn+1(V k + δn+1D
k) ≤ 0.

O δ = min {δi, i = 1, 2, · · · , n + 1}, dU_ gi(V k + δDk) ≤ 0, i = 1, 2, · · · , n + 1. E+
(NLP1) �%Æe�d��^' Dk �8&%Æ9��@_'7�

E+ (QP) %�4O�h�@2K4`>�]AI<@2"+�89a'3 (QP) ��
:2�"+�89&'

(DQP)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min
1
2u

‖ − λ1G
k +

n+1∑
i=2

λi(2 ei−1 eT
i−1)V

k + λn+1(2 e eT)V k‖2
F

−
n+1∑
i=2

λi

(
(ei−1 eT

i−1)·V k(V k)T − 1
)− λn+2

(
(2 e eT)(V k(V k)T) − 1

)
s.t.

n+2∑
i=1

λi = 1, λi ≥ 0, i = 1, 2, · · · , n + 2
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Q\ ‖ A ‖F �� A � Frobenius g��E+() (QP) �d#W89�E+�FT%d
(DQP) i�8&d#W89()�@2A()@";L�B>A?�CC [9,10]. I<@2
(DQP) '3F()�2�;&'5T�

b, 3 (1)(QP) @"�:2 (tk, Dk).
(2)(QP)@"�:2 (tk, Dk)[�b[@"�* P k ∈ Rn×n '^h! λk

i , i = 1, 2, · · · , n+
2, U_''cVDc

a)
n+2∑
i=1

λk
i = 1, λk

i ≥ 0, i = 1, 2, · · · , n + 2,

b) λk
1(−Gk·Dk + tk) = 0,

c) λk
i+1

(
(ei eT

i )·V k(V k)T − 1 + 2(ei eT
i )V k·Dk + tk

)
= 0, i = 1, 2, · · · , n,

d) λk
n+2

(
(e eT)·V k(V k)T − 1 + 2(e eT )V k·Dk + tk

)
= 0,

e) P k = −λk
1Gk +

n+1∑
i=2

λk
i (2 ei−1 eT

i−1)V
k + λk

n+2(2 e eT)V k,

f) Dk = − 1
u

P k,

g) tk =
1
u
‖P k‖2

F −
n+1∑
i=2

λk
i

(
(ei−1 eT

i−1)·V k(V k)T − 1
)− λk

n+2

(
(e eT)·V k(V k)T − 1

)
,

h) − Gk·Dk + tk ≤ 0,

i) (ei eT
i )·V k(V k)T − 1 + 2(ei eT

i )V k·Dk + tk ≤ 0, i = 1, 2, · · · , n,

j) (e eT)·V k(V k)T − 1 + 2(e eT)V k·Dk + tk ≤ 0.

(3) h! λk
i , i = 1, 2, · · · , n + 2 U_ a), b), · · · , j) Dc[�b[=� (DQP) �2�

- _WV [11].
;�5T 3 #�@_ e), f) %@' (NLP1) " V k !�%Æ9� Dk . E5T 2 �7:<

<%d�� Dk 	= 0, %@" δ > 0, U_ gi(V k + δDk) ≤ 0, i = 1, 2, · · · , n + 1.
� δi ≥ 0, @2$A gi(V k + δDk) = 0, i = 1, 2, · · · , n + 1. '3

δi =
−(ei eT

i )V k·Dk +
√(

(ei eT
i )V k·Dk

)2 − ((ei eT
i )·V k(V k)T − 1

)(
(ei eT

i )·Dk(Dk)T
)

(ei eT
i )·Dk(Dk)T

,

δn+1 =
−(e eT)V k·Dk +

√(
(e eT)V k·Dk

)2 − ((e eT)·V k(V k)T − 1
)(

(e eT)·Dk(Dk)T
)

(e eT)·Dk(Dk)T
.

O
δ = min {δi, i = 1, 2, · · · , n + 1}. (1)

b, 4 � Dk 	= 0 �E (1) ^O� δ 85�%Æ! V k "9� Dk �3BhiIR�
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- SO h > 0, %
f(V k + hDk) = C·(V k + hDk)(V k + hDk)T

= C·V k(V k)T + 2hCV k·Dk + h2C·Dk(Dk)T.

56[� ϕ : R �→ R, ϕ(h) = f(V k + hDk), % ϕ′(h) = 2CV k·Dk + 2hC·Dk(Dk)T.
E Dk �%ÆHf9�%d 2CV k·Dk > 0. C � Laplacian �*�^' C � 0, %

C·Dk(Dk)T ≥ 0. [ h > 0, ; ϕ′(h) > 0, ϕ(h) ��iHf[��E δ �OC%d δ �U_
V k + δDk %Æ��"IR�5T'7�

'>]AaF%Æ9�CC�PCIj�
Ij 1 X5 V 0 � (NLP1) �8&jj%Æ2� ε �dK�5^�� u = 0.5

n , k = 0;
Ij 2 PC[� f " V k �eb Gk = 2CV k;
Ij 3 @2#W89 (QP) �+�74 (DQP). E5T 2 #�cV e), f) '3 V k �%

ÆHf9� Dk;
Ij 4 PC ‖Dk‖F , � ‖Dk‖F < ε, %kG� V ∗ = V k e�B@�!k*%VIj 5;
Ij 5 E (1) �9CO' δ, � V k+1 = V k + δDk, k = k + 1, VIj 2.

3 ./0%1
'>aFCC�lfP7:�
b, 5[5] X5 A, B ∈ Sn

+, %;&'@_Dc
λmin(A) tr(B) ≤ A·B ≤ λmax(A) tr(B),

Q\ λmin(A), λmax(A) %)���* A ��KmkY��"mkY�
b, 6 "VU%Æ9�CC#;&'@_Dc

λmin‖V k+1 − V k‖2
F ≤ f(V k+1) − f(V k)

≤ n
1
2 λmax(C)‖V k+1 − V k‖ + λmax(C)‖V k+1 − V k‖2

F .

- E+ V k+1 = V k + δDk, %%'
f(V k+1) − f(V k) = C·(V k + δDk)(V k + δDk)T − C·V k(V k)T

= 2δCV k·Dk + δ2C·Dk(Dk)T

= 2CV k(V k+1 − V k) + C·[(V k+1 − V k)(V k+1 − V k)T].

E5T 2 �5T 4 %' 2δCV k·Dk ≥ 0, δ2C·Dk(Dk)T ≥ 0, gh5T 5 %'

f(V k+1) − f(V k) ≥ C·[(V k+1 − V k)(V k+1 − V k)T
]

= λmin(C)‖V k+1 − V k‖2
F ,

fghV [7] %'

f(V k+1) − f(V k) ≤ n
1
2 λmax(C)‖V k+1 − V k‖ + λmax(C)‖V k+1 − V k‖2

F .
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5T'7�
b, 7 &("VU%Æ9�CC# ‖Dk‖ < ε ?Dc�%[ k → ∞ ?�V k+1−V k → 0,

�CClf+() NLP1 �8&n5! (KKT !).
- ED+V [8] #5Tl�7:9C�
E5T 7, ;&'@_Dc�
b, 8 +Scjj! V 0 '^3bB@ ε > 0, VU%Æ9�CCl" [ nλmax(C)

ε2λmin(C)

]
&c

�IMmG�Q\ [ nλmax(C)
ε2λmin(C)

]
��?\<

nλmax(C)
ε2λmin(C) �5n��

- ED+V [8] #5T 7 �7:9C�
b, 9 &( Dk = 0, %"! V k m�@" µk

i ∈ Rn+1, U_
2CV k = 2

n∑
i=1

µk
i (ei eT

i )V k + 2µk
n+1(e eT)V k,

µk
i

(
(ei eT

i )·V k(V k)T − 1
)

= 0, i = 1, 2, · · · , n,

µk
n+1

(
(e eT)·V k(V k)T − 1

)
= 0, µk

i ≥ 0, i = 1, 2, · · · , n + 1

Dc�� V k � (NLP1) � KKT !�
- &( Dk = 0 �E5T 3 �@_ h) %' tk ≤ Gk·Dk = 0, fg� tk ≥ 0, ^'%'

tk = 0. E@_ f) %' P k = −uDk = 0. E@_ e) %'

P k = −λk
1Gk +

n+1∑
i=2

λk
i (2 ei−1 eT

i−1)V
k + λk

n+2(2e eT)V k = 0

� λk
1 	= 0 �� µk

i = λk
i+1

λk
1

, i = 1, 2, · · · , n + 1, %' 2CV k = 2
n∑

i=1

µk
i (ei eT

i )V k +

2µk
n+1(e eT)V k. E5T 3 �@_ c), d) %'

µk
i

(
(ei eT

i )·V k(V k)T − 1
)

= 0, i = 1, 2, · · · , n,

µk
n+1

(
(e eT)·V k(V k)T − 1

)
= 0, µk

i ≥ 0, i = 1, 2, · · · , n + 1.

� λk
1 = 0, %; n+1∑

i=2

λk
i (2 ei−1 eT

i−1)V
k + λk

n+2(2 e eT)V k = 0, $A��[ V k IMi�'

n+1∑
i=2

λk
i

(
(2 ei−1 eT

i−1)V
k·V k

)
+ λk

n+2((2 e eT)V k·V k) = 0.

EHA�5T 3 �@_ g) %'

tk =
1
u
‖P k‖2

F −
n+1∑
i=2

λk
i

(
(ei−1 eT

i−1)·V k(V k)T − 1
)− λk

n+2

(
(e eT)·V k(V k)T − 1

)
= −

n+1∑
i=2

λk
i

(
(ei−1 eT

i−1)·V k(V k)T − 1
)− λk

n+2

(
(e eT)·V k(V k)T − 1

)
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= −
n+1∑
i=2

λk
i (ei−1 eT

i−1)V
k·V k − λk

n+2(e eT)V k·V k +
n+2∑
i=2

λk
i

=
n+2∑
i=2

λk
i =

n+2∑
i=1

λk
i .

E5T 3 �@_ a) %' tk =
n+2∑
i=1

λk
i = 1, [F^7: tk = 0 jn�% λk

1 	= 0. 5T'7�
E5T 9, "%Æ9�CC#�o� ‖Dk‖F < ε I�8&mGcV�"# ε > 0 �3b

B@�CCl�" (NLP1) � KKT !mmG�'>aFCC$klfP�8&p%cV�
b, 10 � V k � (NLP1) � KKT !��

Sk =
n∑

i=1

µk
i (ei eT

i ) + µk
n+1(e eT) − C, µk

i ≥ 0, i = 1, 2, · · · , n + 1,

� Sk � 0, % Xk = V k(V k)T � (SDP2) �$k�:2�
- E+ V k � (NLP1) � KKT !�E5T 9 '

2CV k = 2
n∑

i=1

µk
i (ei eT

i )V k + 2µk
n+1(e eT)V k, µk

i ≥ 0, i = 1, 2, · · · , n + 1,

��[ V k IMi�'3

2CV k·V k =

(
2

m∑
i=1

µk
i (ei eT

i )V k + 2µk
n+1(e eT)V k

)
·V k,

fE5T 9 %'

n∑
i=1

µk
i

(
(ei eT

i )V k·V k − 1
)

+ µk
n+1

(
(e eT)V k·V k − 1

)
= 0,

�;
n∑

i=1

µk
i (ei eT

i )V k·V k + µk
n+1(e eT)V k·V k =

n+1∑
i=1

µk
i ,

%'

CV k·V k = C·V k(V k)T = C·Xk =
n+1∑
i=1

µk
i .

X� X � (SDP2) �Sc%Æ2�E X � 0, Sk � 0, %' Sk·X ≥ 0, fg� Sk =
n∑

i=1

µk
i (ei eT

i ) + µk
n+1(e eT) − C, %'

( n∑
i=1

µk
i (ei eT

i ) + µk
n+1(e eT) − C

)
·X ≥ 0, �

C·X ≤
( n∑

i=1

µk
i (ei eT

i ) + µk
n+1(e eT)

)
·X.
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f X � (SDP2)�Sc%Æ2�%;
( n∑

i=1

µk
i (ei eT

i )+µk
n+1(e eT)

)
·X ≤

n+1∑
i=1

µk
i , � C·X ≤

n+1∑
i=1

µk
i = C·Xk, %' Xk = V k(V k)T � (SDP2) �$k�:2�5T'7�

4 2o345a67&
++ (SDP2) ��:2 Xk = V k(V k)T, l%'3 (SDP3) �8&W:2�'>]AaF

e Xk = V k(V k)T '3 (SDP3) �W:2�9C�
� xi0i0 = max{xii|xii 	= 1, i = 1, 2, · · · , n}, "# i0 �� X = V k(V k)T ?� 1 �+�(#

��"Y^"Æq�l� xi1i1 = min{xii|xii 	= 1, i = 1, 2, · · · , n}, "# i1 �� X = V k(V k)T

?� 1 �+�(#��KY^"Æq�l�� Y1 = X + R, "#

R =

⎛⎜⎜⎜⎜⎜⎜⎝
· · · i0 · · · i1 · · ·
· · · · · · · · · · · · · · ·
· · · 1 − xi0i0 · · · xi0i0 − 1 · · ·
· · · · · · · · · · · · · · ·
· · · 1 − xi0i0 · · · xi0i0 − 1 · · ·
· · · · · · · · · · · · · · ·

⎞⎟⎟⎟⎟⎟⎟⎠ ,

% Y1 #+�(?� 1 �(#O`:8&�E+ R � 0, 1−xi0i0 +xi1i1 ≤ 1, ^' Y1 � (SDP2)
�%Æ2� C·Y1 ≤ C·X , prH>�9C�l%q38& Y , "+�OHK+ 1 �(#JB
� 1 &�U_ Y � (SDP2) �%Æ2�� C·Y ≤ C·X . � Y #+�OH?� 1 �o&(#�
yi0i0 , ��* R

′
�7 i0 &+�(#� 1−yi0i0 , ")(#J�m� n )9*�� X∗ = Y +R

′
,

% X∗ e� SDP3 �W:2�
7+ (SDP3), i%'3���"#$%()� 0.699 5DCC�np7:_QV [12]. '

3 SDP3 �W:2 X∗ H�;�V [12] � 0.699 ZI[X9C+ X∗ ZI[X�s%'3�
��"#$%()�8&4Æ�5D2�

5 89:;
;� AMD Athlon �I� Matlab6.1 t<�+ZI��uLvw���%)�CC 1 �

CC 2 @2���"#$%()�^'��Y@(� 1 �� 2 ^�

� 1 xr����o�	���yp�
n 	� 1 �qz� 	� 1 Æqs�rr (s) 	� 2 �qz� 	� 2 Æqs�rr (s)

10 47.75796 0.06200 47.75796 0.04699

20 168.63262 0.21800 168.63262 0.11000

30 402.59497 0.46900 402.59497 0.17200

50 1097.46959 2.31300 1097.40702 0.56200

70 2140.09953 7.50000 2140.13888 2.23400

90 3474.18947 18.62500 3476.39716 4.51600

100 4347.09892 22.18700 4347.34077 6.12500

150 9520.35971 88.922000 9533.19937 19.01600

200 16698.02900 289.359000 16668.70918 55.95400
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� 2 xt�����o�	���yp�
n 	� 1 �qz� 	� 1 Æqs�rr (s) 	� 2 �qz� 	� 2 Æqs�rr (s)

300 // // 37298.5046 197.8900

400 // // 64296.5591 211.1230

500 // // 10135.8995 232.1570

600 // // 14507.0494 258.1250

700 // // 2140.13888 283.4210

800 // // 3476.39716 310.2320

900 // // 4347.34077 342.1132

1000 // // 9533.19937 376.1600

1100 // // 16668.70918 417.1150

1200 // // 22075.78113 479.1123

1300 // // 25995.09437 542.3210

1400 // // 32547.39762 672.3570

"#CC 1 ��;� Ye[3] � 0.699 ZI[X9C@'F()�2�CC 2 ��I<%Æ9
�CCPC (SDP2) , '3"�:2�;�7 4 t#�9C'3 (SDP3) �5D2�YH�V
[12] � 0.699 ZI[X9C'F()�W:2�

� 1 �� 2 ��YsZ�:��RCC'3�W:2�PNL;:_�Z\�>"]
Æ?�HCC:_:+CC 1. m)[87\< 50 ?�?�"SO` 4 ]�[()87\<
200 ?�CC 1 E+M@?_��CPC�CC 2 %%5^]C�"M@� 256M ��IH
�"NB@23 1400 %��*`��^'CC 2 "?��M@� �HJB:+CC 1.

'>�u!� Ginaldi vttu�<v rudy uD��"Qqw()�%�E 800 3
3000 �E+;�]A;vM@� 256M ��I?NB@287"+ 2000 �()�^']A
e#xO:87� 800 �J&CuI�@2���"#$%()�Cu�V [7] ;np�w
w�E+4589M!CC�kvP�" PC IH�Csx�^'y&F:;�]A�9C
'3�@(�Q� 3.

� 3 	��x

�� ����� 	� 2 �qz� 	� 2 Æqs�rr (s) 	� 2 �z{y{
G01 800 9921 140.5780 10−5

G02 800 9940 163.9840 10−5

G03 800 9952 171.6410 10−5

G10 800 293 249.9059 10−5

G11 800 144 153.5780 10−5

G12 800 96 74.1870 10−5

G13 800 138 144.8430 10−5

G14 800 2607 444.8430 10−5

G15 800 2725 1006.2350 10−5

G16 800 2687 934.0630 10−5

"� 3 #�E+ Ye � 0.699 ZI[X9C" PC IH?NB@287� 800 �()�
^'y;�VU%Æ9�CC'3:()�PC@(�^']A�9C�@2���"#
$%()�8&;L�CC�
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A FEASIBLE DIRECTION ALGORITHM FOR MAX BISECTION

VIA LOW-RANK FACTORIZATION

Mu Xuewen Liu Hongwei Liu Sanyang

(Department of Applied Mathematics, Xidian University, Xi’an 710071)

Abstract Based on the semidefinite programming relaxation of max Bisection, a feasible
direction algorithm is given to solve the relaxation. Coupled with the 0.699 randomized method,
the approximate solution of max Bisection is obtained. Furthermore, its convergent result
is given. The numerical experiment shows that the algorithm can solve the max Bisection
efficiently.

Key words Max bisection problem, semidefinite programming relaxation, feasible direc-
tion, randomized method.


