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Efficient Solution of Electromagnetic Response for Composite
Structures Based on High-Order M-HODLR Algorithm
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Abstract:  This paper addresses the issue of low computational efficiency in solving electromagnetic responses for
multiple right-hand sides in metal-dielectric composite structures by proposing an efficient and stable direct solver algo-
rithm. First, based on the M-HODLR framework, strategies for grouping basis functions and constructing the M-HODLR al-
gorithm suitable for metal-dielectric composite structures are investigated. Subsequently, high-order electromagnetic model-
ing is integrated into the proposed M-HODLR algorithm for such structures, significantly reducing the number of unknowns
while ensuring high solution accuracy, thereby effectively improving computational efficiency. Finally, to address the basis
function grouping issue in high-order electromagnetic modeling, a grouping strategy based on clusters of high-order basis
functions is developed. By reordering the basis functions across different layers and incorporating aggregation operations,
upward aggregation for metal-dielectric composite problems within the M-HODLR framework is achieved. The proposed
M-HODLR algorithm with high-order electromagnetic modeling significantly accelerates the solution of electromagnetic re-
sponses for metal-dielectric composite structures. Theoretical analysis and numerical examples validate the effectiveness of
the proposed method.
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Figure 1 Metal-dielectric composite structure under

plane wave illumination
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1 95 160 190 320/134 832 11/186 21 189.795 673.056 6 18.68 69.888
2 6 648 52 476/37 136 8/700 1236.56 101.867 3 3.52 18.405
3 3264 58 521/43 041 8/794 1701.18 120.040 2 4.11 28.818
F2 ZNARREMRATENERHEHBITERER
Table 2 Computational information for the three-medium block structure using different order basis functions
WrEL | TULIEHITEL | DOFs/(J/M) ERRIRIZAE | BEIEls | SRERRls | IR s A7 IHFE/(CBytes)
1 91392 182 784/182 784 11/300 26 518.60 416.21 2127.03 54.272
2 5712 45 696/45 696 8/600 1020.73 61.07 327.70 12.954
3 2556 46 008/46 008 8/600 1098.98 64.33 337.28 18.317
BEAFOUAR SR - R S IANLE R FEEIRE N 0.5 B, JEiF 721 R . W T8, JEA

¥ RCS, Z L AMLEK 3.953 m. % 1.203 m. 5 0.56 m,
HAHLE K PEC, THLE K ¢, = 3.4 B4 LSS, W& 12 fr
INo FE 6.0 x 10° Hz B M T | 43 51 2% J& HH Fl VV 1)
A B, 76 05 A0 F- T N T TE A PLRY B RCS, SR

HLAY R THIHE S BN 18 265 /4~ it T DU TE JC 2 A1 610 i
=ML E . 2R ks Boe e APLE 1)
HL % I, SR A T 228 534 4> J A1 68 898 S M, it
297 4321 DOFs. TEAGFIH iz AR SCHE 9 5 B
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Figure 10 Schematic diagram of survey line simulation for

three-medium block structure
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Figure 12 Simulation model of the metal-dielectric composite drove
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