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Tab. 1 Random symmetric nonnegative tensors B = (/’)Yl,m,1 )
b2411=0.082 2 03411 =0.026 3 b4211=0.082 2 b4311=0.026 3 04411 =0.003 0 01421 =0.082 2 b2221=0.114 0
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b1232="0.082 1
b2232=0.087 0
b3302=0.031 8
b4413=0.052 6
b4423=0.081 9
b2345=0.031 8
b1414=0.003 0
b1311=0.052 6
b1130=0.026 3

01144 =0.003 0

b1220=0.114 0
b2132=0.082 1
b3332=0.121 5
b3142=0.081 9
b1223=0.082 1
b2333=0.121 5
b2113=0.081 9
b2114=0.082 2
b1124=0.082 2
01131 =0.052 6

/)121,1 =0.025 4

b1322=0.082 1
b2232=0.087 0
b3132=0.031 8
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b2433=0.031 8
03243 =0.031 8
b2414=0.025 4
b1424=0.025 4
b2331=0.031 8
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b2122=0.114 0
b3332=0.121 5
b1332=0.031 8
b4312=0.081 9
b2223=0.087 0
b3233=0.121 5
01143 =0.052 6
b3114=0.026 3
03320 =0.031 8
b2431=0.081 9
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b1132=0.081 9
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b1142=0.082 2
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b 4141 =0.003 0
ba124=0.025 4
04130 =0.052 6

03144 =0.052 6

b3220=0.087 0
b2132=0.082 1
b1112=0.025 4
b4113=0.026 3
bu323=0.031 8
b1143=0.052 6
b13141=0.026 3
b4214=0.025 4
b4324=0.081 9
b4234=0.081 9

03244 =0.081 9
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Tab. 2 Symmetric tensors A = (a

)

) based on the tensor B

iligigiy

ipigigiy
a|||1:4.8998 u2111:70.0822 ng\11:70.0263 a12||:*0.0822 (1,131|:70.0263 u1111:70.0030 a1,121:70.0822
az01 = —0.114 0 @321 =—0.082 1 @321 =—0.082 1 ay121=—0.082 2 @21 =—0.0254 auz = —0.026 3 @z =—0.0821

a131 = —0.026 3 a3 = —0.052 6 ai2a1=—0.082 2 a1301=—0.026 3 @1441=—0.003 0 aziu1=—0.082 2 asu1=—0.0254

ajpn=—0.082 2 ai301=—0.026 3 @1441=—0.003 0 a2s1=—0.082 2 @211 =—0.0254 a3 =—0.0263 azi1=—0.052 6
a1 =—0.003 0 a1 =—0.0254 ay3,1=—0.0526 ayy2=—0.0822 as>=—0.114 0 a2312=—0.082 1 a3z2=—0.0821
a2 =—0.082 2 as2=—0.0254 aiz22=—0.114 0 ay322=—0.082 1 azi22=—0.114 0 @222,=4.899 8  @g320=-—0.087 0
asz122=—0.082 1 a3200=—0.087 0 @a1232=—0.082 1 az350=—0.082 1 as3,=—0.087 0 as330=—0.1215 a3y32=—0.031 8

a1232=—0.082 1 a232=—0.082 1 az3:=—0.087 0 as3332=—0.121 5 @a3432=—0.031 8 auzz2=—0.031 8 auu32=—0.081 9
are="—0.082 2 aiu2=-—0.0254 as32=-—0.031 8 azuz=—0.0819 a4is2=-—0.0254 as32=—0.0819 ais3=—0.026 3
az13="—0.082 1 as13=—0.026 3 au3="—0.052 6 ai205=—0.082 1 @az123=—0.082 1 @a223=—0.087 0 ass23=—0.1215
asze3="—0.031 8 a4323=—0.031 8 au23=—0.0819 as333=—0.121 5 az33=—0.031 8 aszz33=—0.121 5 @y4233=—0.031 8

a1143:*0.026 3 u1443:*0.052 6 a2343:*0.031 8 a2443:70.081 9 (13243:70.031 8 a_;_g_g_g:4.899 8 Ll4143:70.052 6

ay243=—0.0819 ai1214=—0.082 2 ai314=—0.026 3 ais14=—0.0030 az14=—0.082 2 az4s=—0.0254 a3z14=—0.026 3
aszne = —0.052 6 as1a1=—0.003 0 as1a=—0.0254 au314=—0.0526 a1124=—0.082 2 ausea=—0.0254 a3zz2a=—0.0318
aszize="—0.0819 au2a=-—0.0254 au324=-—0.0819 a1131=—0.026 3 aia34=—0.052 6 @az2331=—0.031 8 agi3a=—0.0819
aszsa="—0.031 8 au31="—0.052 6 @as30=—0.0819 a1144=—0.0030 @aio0a=-—0.0254 ai304=—0.0526 aguu=—0.0254

a2344:*0.081 9 u3144:70.052 6 a3244:*0.081 9 a4444:4.899 8

R3 HEISXHMOIPEE3LLLE
Tab. 3 Algorithm 1 is compared with algorithm 3.1 in Reference [ 9]

Ak HAE (k) CcUPBFE/s || H () || B{H Ak WA (k) CUP /s || H () || B9ME
SCHRCo ] Ak 3.1 7 0.158 4 3.1573e-07 AP EE 8 0.023 9 5.9422e-07

x4 HEIHEREE

Tab. 4 The iterative process of algorithm 1

AR AR
" Tk I HGo I Tk | Ho |l
O] L 3OD)

0 (0.709 400 0,0.754 700 0,0.276 000 0,0.679 700 )T 1.316 3 5 (0.775 324 9,0.600 577 4,0.538 544 9,0.802 225 DT 0.001 1

1 (0.842 230 7,0.697 481 1,1.242 378 9,0.913 229 9T 6.327 0 6 (0.775 350 1,0.600 652 8,0.538 973 6,0.802 259 5)T 9.292 8e-05
2 (0.794 216 7,0.651 927 3,0.840 643 9,0.830 473 NT  1.520 7 7 (0.775 348 1,0.600 646 7,0.538 940 0,0.802 256 7)1 7.427 1e-06
3 (0.780 552 9,0.615 707 9,0.622 814 9,0.809 236 1T 0.286 6 8 (0.775 348 3,0.600 647 2,0.538 941 8,0.802 256 9T 5.942 2e-07

4 (0.775 697 3,0.601 688 0,0.544 857 4,0.802 732 8)T 0.017 3

ASSCHR T — AN SR gk 3 5 5 B 2 0 D7 R B AR RS B R I LM B B T 5 R AY A R B AR AR
TSSO I e (L S 091 Ok B8 T T ) B S O BT R AT RO R RT AT R RO 45 R SR T AR SO B R Rk
JE A .



68 T IR IL K FIRCA RAF RO 2023 %

x5 EAEbLETHEZEI1NWKEHSHER

Tab. 5 Convergence results of the algorithm 1 under different b values

b Xy ITter | H(zw) |
(6.519 3;0.291 6;0.397 8;0.687 7)1 (0.748 7;0.290 9;0.332 6;0.364 7)1 7 8.326 9e-08
(0.519 3;4.291 6;1.397 8;0.687 7)1 (0.349 4;0.658 9;0.461 9;0.369 2)T 8 1.787 6e-07
(12.519 2;4.291 6;0.397 8;1.687 7T (0.927 4;0.665 85;0.368 4;0.500 4)T 13 1.945 7¢-07
(3.810 535.659 234.160 031.269 5)T (0.547 030.296 3;0.744 6;0.188 9T 10 8.288 8e-08
(14.672 635.015 9;8.730 8;0.820 2> (0.984 7;0.715 6;0.838 9;0.433 2)T 11 9.887 2e-08
(8.819 559.291 3;0.307 5;0.690 8) T (0.831 0;0.850 5;0.343 3;0.397 9T 8 1.103 6e-07
(9.229 2;8.943 1;—0.244 9;3.442 5)7 (0.845 4;0.839 8;0.212 8;0.618 7T 9 5.936 9e-07
(13.701 033.311 5;—0.087 1;—0.009 3)T (0.954 2;0.606 5;0.155 3;0.225 )T 8 6.732 3e-07
(5.307 4315.341 8;—0.055 3;13.961 4> (0.723 751.003 85;0.353 5;0.969 2)T 9 9.186 4e-07
s & X #

[1] MANGASARIAN O L,MEYER R R.Absolute value equations[ J].Linear Algebra Appl,2006.,419:359-367.

[2] PROKOPYEV O.On equivalent reformulations for absolute value equations[ J].Comput Optim Appl,2009,44:363-372.

[3] NOOR M A,IQBAL J,AL-SAID E.Residual iterative method for solving absolute value equations[ ]J]. Abstr Appl Anal,2012,21:121-129.

[4] NOOR M A,IQBAL J,KHATTRI S,et al. A new iterative method for solving absolute value equations[ ] ].Int J Phys Sci,2011,6:1793-1797.

[5] NOOR M A,IQBAL J,NOOR K I,et al.On an iterative method for solving absolute value equations[ J].Optim Lett,2012,6:1027-1033.

[6] DING W,WEI Y.Solving multilinear systems with M-tensors[]J].]J Sci Comput,2016,68:689-715.

[7] WANG X,CHE M, WEI Y.Neural networks based approach solving multi-linear systems with M-tensors[ ] ]. Neurocomputing,2019,351:33-42.

[8] LIX T,NG M K.Solving sparse non-negative tensor equations,algorithms and applications[ J].Front Math China,2015,10:649-680.

[9] LV C Q,MA C F.A Levenberg-Marquardt method for solving semi-symmetric tensor equations [ ]].] Comput Appl Math,2018,332:13-25.

[10] DU S,ZHANG L,CHEN C,et al. Tensor absolute value equations[ ]J].Sci China Math,2018,61:1695-1710.

[11] SONG Y,QI L.Tensor complementarity problem and semi-positive tensors[]].] Optim Theory Appl,2016,169:1069-1078.

[12] HUANG Z.QI L.Formulating an n-person noncooperative game as a tensor complementarity problem[ J].Comput Optim Appl,2017,66:557-576.

[13] LUO Z Y,QI L,XIU N H.The sparse solutions to Z-tensor complementarity problems[J].Optim Lett,2017,11:471-482.

[14] SONG Y.,YU G.Properties of solution set of tensor complementarity problem[]J].] Optim Theory Appl,2016,170:85-96.

[15] CHEN H,CHEN Y,LI G,et al. A semidefinite program approach for computing the maximum eigenvalue of a class of structured tensors
and its applications in hypergraphs and copositivity test[ J].Numer Linear Algebra Appl,2018,25(1):e2125.

[16] PROKOPYEV O.On equivalent reformulations for absolute value equations[ J].Comput Optim Appl,2009,44:363-372.

[17] CLARKE F H.Optimization and Nonsmooth AnalysisL. M].New York: Wiley,1983.

[18] DAN H,YAMASHITA N,FUKUSHIMA M.Convergence properties of the inexact Levenberg-Marquardt type under local error bound
conditions[ J].Optim Meth Soft,2001,17:605-626.

The inexact LM method for tensor absolute value equation

Ma Changfeng, Xie Yajun

(School of Big Data; Key Laboratory of Data Science and Intelligent Computing,

Fuzhou University of International Studies and Trade, Fuzhou 350202, China)

Abstract: In this paper, the tensor absolute value equations is reformulated into tensor complementary problem by in-
troducing complementary function. For the reformulated tensor complementary problem, an adaptive inexact Levenberg-Mar-
quardt (LM) algorithm is proposed. And convergence theorem of the algorithm is proved. Numerical experiments show that the
proposed algorithm is effective.

Keywords: tensor absolute value equation; inexact LM algorithm; convergence analysis; numerical experiment
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