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A New Solution Method for Absolute Value Equations
YONG Longquan

Department of Mathematics, Shaanxi University of Technology, Hanzhong 723001, Shaanxi Province, China

Abstract The absolute value equations come from linear programming, quadratic programming, bimatrix games and other problems, that
can all be reduced to a linear complementarity problem, which in turn is equivalent to absolute value equations. The solution of this kind
of equations is an NP-hard problem in its general form. In this paper, a new method for solving this kind of equations is presented. Firstly,
the existence and uniqueness theorem of the solution to absolute value equations problem is proven under the condition that the singular
values of A are greater than one. Based on the theorem, the solution is transformed into a general linear complementarity problem. Then
the mixed —integer linear programming method is applied to the linear complementarity problem. At last, some numerical examples are
given to indicate that the method is feasible and effective to absolute value equations problems. These results may play a key role in
solving this kind of equations.

Keywords absolute value equations problem; linear complementarity problem; mixed—integer linear programming

0 o
: NP-hard ,
Au-|u |=b (1) .
AeR™, u,beR", \u \ u s
(Absolute Value Equations, 1
AVE). (1] , 1 VxeR", x'Mx=0, MeR™
, (1) NP-hard ; [2].13] ; VxeR" x#0, x"Mx>0, M
, (1) .
; [4] ; 5] ,
(1) , “, , o
0 A ( AA , o
) 1, , 2 x eR",
o , x'(Mx+¢)=0, x =0, Mx+q=0, LCP(M, q) . M
: 2009-06-22
(09JK381)

s s s : yonglongquan@sohu.com

60 2010,28(5)

| - [ [



] jcmik

., LCPM, q) , 3 (MILP) a'=0,
1 A 1, AVESLCPM, g). (MILP) ,a=y=2=0 (i=1, 2, -, n) O,
z, 8) : (MILP) . (MILP)
A+Du-bT(A-Du-b1=0 s a'=0,
‘u‘:Au_b@{[_(Aui)bSJL(Aulzb Hle > (MLP) COSLCPM, @) . ¥
0<[(A+Du-b]L [(A-Du-b]=0 la O
A-n* o x=@A-Du-b, u=A-I @+ a0, x=yld O<d¥'<l-z. 0<
5. LCPM. ¢): dMxrqy<zi.  Zel0 1),  i=l,2, - n, xi=
¥(Mr+q)=0, x=0, Mx+g=0 0.  (M'+)=0.  .xX=yla LCPM.q) :
M=A+D(A-I)", q={(A+IYA-1)"-1}b. @0, ILCPMLg  x.
2 A L, M=(A+I)A- x=0 Mx+q=0, ¢=0. i=1,2, -, n,
n! o 1, (Ma+q)>0 .
A 1, A-I" ( i zi=(0’ (Matq)=0" a=minfa,, a, 1}, y=ax
lﬂfeéoA (A—I)f-’o, f{f’m 1A ,1’ w=min li x>0 | as=min m (Mx+q)>0 |, (y, z,
z#0 Z(A"A-T)z>0 . a) (MILP) , a=0 . , LCPM, q)
7' (A"A-Dz>0=7"A"Az+7'A"77"Az7'7>0= ’ a>0 °
(AN (A+D)z>0 2)
A1, z=A-Dv(z#0, v#0), ) 3 |
VA=) A-I)(A+D)(A-T)'v>0 A b Matla ’
VIA+D(A-I)'v>0 (Vv#0) ::finj?:n;?);
M=@+DA-Iy : lo=1rand(n:l);7
! A b bek, A=R"*R+n*eye(n);
AVE ; LA qiyizhi=svd(A);
’ ’ M=(A+eye(n))*(inv(A-eye(n)));
Lo LCPO. 4). S =((A-veye(n) ¥(inv(A—eye(u)-eye(n))*b;
LCPM, q) M=(A+D)A-I)"! , N .
o (71 )
: bek, : 1 n=4, AVE
AVE ‘ 55606 13000 16416 13506 |  [0.93547 |
SR _i1.3090 55839  1.3666 1.4722i b_io.9169oi
’ _i1.6416 1.3666 5.8784 15152 'io.41027i
i 113506 14722 15152 55904 |  0.89365 |
; M=A+D(A-I)", q=[(A+D@A-I)'-Ilb,  AVE
LCPM, gq),
2 [ 15356 -0.0865 -0.1289 -0.0873 | [ 0.2008 |
LCAM. q), o -0.0865  1.5223 -0.0814 -0.1152| | 0.2616 |
3 LCP(M. q), M=1-0.1289 00814 15084 01038 °|-0.0794
00873 -0.1152 —0.1038 1.5326 | | 0.2461 |
[maxa B
(MILP) {s. . 0sMy+aq<z, LINDO 12
Osy<e-z a'=1.000000, y"=[0.000000, 0.000000, 0.052639, 0.000000]"
| 0<a<l,ze{0, ). a>0, 2,
yeR,zeR, (MILP) LCP(M,q)
My x=y"/a’=[0.000000, 0.000000, 0.052639, 0.000000]"
2010,28(5)
4@7

61



] jcmik

62

4@7
" (Articles)
AVE u=(A-I)"(x+b)=(0.1420, 0.1287, ¢=[-0.0403 -0.0383 0.1215 0.0570 0.1015 -0.0329 0.1403]"
-0.0263, 0.1203)", .
2 n=6, AVE : x=[0.0337, 0.0323, 0.0001, 0.0003, 0.0001, 0.0280, 0.0001]"
8.9358 23046 2.8832 1.5353 0.9870 1.6445 AVE
2.3046  8.0871 2.0615 0.9165 0.8239 1.4191 u=(A-I)"'(x+b)=[-0.0167,-0.0160, 0.0591, 0.0274, 0.0493,

4| 28832 20615 93062 1.9610 0.9946 1.8416 ~0.0137, 0.0684]"

15353 09165 1.9610 7.7561 0.6860 1.4113 u lu |=Au-b, , u
0.9870 0.8239 0.9946 0.6860 6.5781 1.0147 0 n=9.10,55,100
1.6445 14191 1.8416 14113 1.0147 8.0167 , .

b=[0.84622 0.52515 0.20265 0.67214 0.83812 0.01964]"

M=A+I)(A-I)", g=[(A+DA-I"-Ib, AVE 4

LCPM. q), ,

13143 -00674 -0.0754 -0.0317 -0.0228 -0.0306 .

-00674 13277 -0.0463 -0.0064 -0.0212 -0.0339 ,

2| 00754 00463 13022 00542 -00200 -0.0385 .

-00317 -0.0064 -00542 13301 -0.0169 -0.0410

-0.0228 -0.0212 -0.0200 -0.0169 13780 -0.0364 (References)

-0.0306 -0.0339 -0.0385 -0.0410 -0.0364 13227 [1] Mangasarian O L. Meyer R R. Absolute value equations [J]. Linear

¢=[0.1743 0.0829 -0.0809 0.1657 0.2702 -0.1032]" Algebra and Its Applications, 2006, 419(2-3): 359-367.
i [2] Mangasarian O L. Absolute value programming [J]. Computational
LINDO Optimization and Aplications, 2006, 36(1): 43-53.

a'=1.000000, y"=[0.000000, 0.000000, 0.064488, 0.000000,

0.000000, 0.0798997"
a>0, 2

x=y"/a"=[0.000000, 0.000000, 0.064488, 0.000000,
0.000000, 0.079899]"
AVE
u=(A-I)'(x+b)=[0.0835, 0.0386, —-0.0322, 0.0795, 0.1330,
-0.03997"
3 n=7, AVE :
10.1442 25217 2.3477 1.2045 1.9963 2.2573 2.5824

2.5217 10.2734 2.5082 1.5538 2.1902 2.3805 2.1858

2.3477 25082 9.8818 0.8244 1.8700 2.1201 2.2052
A=| 1.2045 1.5538 0.8244 8.2503 0.9184 1.1839 1.0400
1.9963 2.1902 1.8700 0.9184 8.9551 1.5308 1.5065
22573 23805 2.1201 1.1839 1.5308 9.3628 1.9874
2.5824 2.1858 2.2052 1.0400 1.5065 1.9874 9.3329
b=[0.1897 0.1934 0.6822 0.3028 0.5417 0.1509 0.6979]"

M=@A+DA-I)", q=[(A+DA-I'-Tb,  AVE

LCPM. g).

1.2680 -0.0330 -0.0326 -0.0169 -0.0325 -0.0346 —-0.0496
-0.0330 12665 -0.0389 -0.0318 -0.0394 -0.0385-0.0291
-0.0326 -0.0389 1.2686 -0.0021 -0.0306 -0.0335-0.0370
M=|-0.0169 00318 -0.0021 12930 -0.0134 -0.0213 -0.0149
-0.0325 -0.0394 -0.0306 00134 1.2860 -0.0187-0.0171
-0.0346 -0.0385 -0.0335 00213 -0.0187 1.2819-0.0315
-0.0496 -0.0291 -0.0370 -0.0149 -00171 -0.0315 1.2853

2010,28(5)

[3] Mangasarian O L. Absolute value equation solution via concave
minimization[J]. Optim Lett, 2007, 1(1): 3-8.

[4] Mangasarian O L. A generlaized newton method for absolute value
equations|J]. Optim Lett, 2009, 3(1): 101-108.

[5] Mangasarian O L. Knapsack feasibility as an absolute value equation
solvable by successive linear programming [J]. Optim Lett, 2009, 3(2):
161-170.

[6] . [J]- , 1984, 27(6): 801-810.
Tong Wenting. Acta Mathematica Sinic, 1984, 27(6): 801-8 10.

7] : il
(7): 641-643.

Kou Shushun. Applied Mathematics and Mechanics, 1995, 16 (7): 641-
643.

, 1995, 16

[8] Kojima M, Megiddo N, Yoshise A. A unified approach to interior point
algorithms for linear complementary problem [C]. Lecture Notes in
Computer Science 538. Berlin: Springer—Verlag, 1991.

[9] Wright SJ. Aninfeasible—interior—point algorithm for linear complementarity
problems|J]. Mathematical Programming, 1994, 64: 29-51.

[10] : : : M.

, 2006.

Han Jiye, Xiu Naihua, Qi Houduo. Theory and algorithm to nonliear
complementary problem [M]. Shanghai: Shanghai Scientific & Technical
Publishers, 2006.

[11] Horst R, Pardalos P M. Handbook of global optimization[M]. Dordrecht:
Kluwer Academic Publishers, 1994.

[12] . LINDO/LINGO [M].
2005.
Xie Jinxing. Optimization, modeling and LINDO/LINGO softwar [M].
Beijing: Tsinghua University Press, 2005.

(s Km)




