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Simply Sparse Compression Matrix
to Solve Electromagnetic Method of

Moments Problems.
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1. Introduction
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2. Background

K ( ;A "75:

“Finding a good preconditioner to solve a given sparse linear system is often
viewed as a combination of art and science. Theoretical results are rare and some

methods work surprisingly well, often despite expectations”
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2.1. LU Decomposition in SuperNEC
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2.1.1. Solution of the matrix equation
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2.2. Iterative Methods and Preconditioners

2.2.1. Iterative Methods
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Figure 1: Flow Chart to Choose a Suitable Solution Method
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2.2.2. Preconditioners
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2.3.  Domain Decomposition Methods
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Figure 2: Pattern of a Simply Sparse Matrix. i.e. the location of non-zero elements are plotted.
(Matrix order = 8007)
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3. Code Optimisation for Specific Computer Hardware
using ATLAS

3.1. Introduction
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3.2. ATLAS summarised
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3.5.

Summary

problem type has no effect.
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4. BICGSTAB(L) method for SuperNEC Problems

4.1. Introduction
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4.3.

Conjugate Gradient Method
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X = iterates
r = residuals

p = search vector
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4.5. Conjugate Gradient Squared Method (CGS)
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4.6. Bi-Conjugate Gradient Stabilized Method
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4.7.  Bi-Conjugate Gradient Stabilized L. Method
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4.8. BICGSTAB in SuperNEC

« .7 "0 |

1/2(- 1! (
X

8 1M/2(- 1 !

Table 2: Convergence of BICGSTAB for different problems with various condition numbers
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Figure 11: Comparison of SuperNEC problems where the ratio of the imaginary and real eigen

values are shown.
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4.9.  Results for various Problems in SuperNEC
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Table 3: Varying L for different size problems with a range of condition numbers
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Table 4: Varying L for a problem with a large condition number (Hawk Aircraft)
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Figure 12: Convergence rates for a typical SuperNEC problem, varying L from 1 to 4 in
BICGSTAB(L). The condition number for this problem is 43.
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4.10. Chapter Summary
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S. Simply Sparse

5.1. Introduction
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5.2. Simply Sparse Summarised
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;T:=;D:";4:;D:"
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LU 8
67 65!

Figure 13: Simple Sparse Matrix T [5, p237]

Figure 14: Simply Sparse Matrix T permutation of the row and columns [5, p237]
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5.3. Simply Sparse Experimental Results
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Figure 15: Comparing LU Decomposition and Simply Sparse (807 to 8007 unknowns)
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6. Modified Simply Sparse Matrix as a Preconditioner
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6.1. Various Solution Methods Investigated

6.1.1. ILU (Incomplete LU factorization)
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6.1.2. Block Diagonal
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Figure 16: Graphic representation of a Block Diagonal Inclusion Method. 5 Blocks included on the

left and 20 blocks on the right

6.1.3. SIM/SOR
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6.2. Development of a New Preconditioning Matrix for
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Table 5: Varying the Preconditioning Multiplier for a problem with 807 unknowns (Simulation
stopped if iterations were greater than 10)

o y / .
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1w2(- 13,4 -, ( !
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Figure 17: Various density matrices. From top left to bottom right they are 30%, 20%, 10%, 5%, 2%
and 1%
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6.3.

Results
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6.3.1. Matrix Creation Times
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Cornpating Matrix Crestion Times
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Figure 18: Comparison of Matrix Creation Times
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6.3.2. Matrix Solution Times
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Figure 19: Comparison of Matrix Factorization/Solution times

Table 6: Comparing Preconditioned BICGSTAB(L) with optimised LU decomposition
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6.3.3. Total Times
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Figure 20: Comparing Total Run Times (i.e. Matrix Creation Time + Solution Time)
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Figure Al: Current basis function and sim on a four segment wire.
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Figure A2: Segments covered by the i" basis function.
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Figure BS: Absolute Error for the Problem with 5303 Unknowns
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B3. Conclusion
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Appendix C: Preconditioning Multiplier Study

C1. Introduction
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C2. Reasoning
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C3. Experimental results
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Table C1: Varying the Preconditioning Multiplier for a problem with 807 unknowns (Simulation
stopped if iterations were greater than 10)

o } /

ot ue# 67A#
Bt 9 62A
B ? 67A#
Bt " 6274
Bt " 6274
S " 67AH

Table C2: Varying the Preconditioning Multiplier for a problem with 2007 unknowns (Simulation
stopped if iterations were greater than 50)

o) % /

Gt U=# “GA=
Gt "6 “6A=
B A "6A=
B " "6A=

Table C3: Varying the Preconditioning Multiplier for a problem with 3607 unknowns (Simulations
stopped if iterations were greater than 20)

o b /
CHHHHHH U"# 595%
CHHHHHHH " 595%

C4. Conclusion
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Appendix D: Matrix Block Diagonal Inclusion Study

D1. Introduction
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Figure D1: Graphic representation of a Block Diagonal Inclusion Method. 5 Blocks included on the
left and 20 blocks on the right

D3. Experimental Results
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Table D1: Comparing the convergence rate of various problems by including more blocks on the
preconditioning matrix.

1 & |- E
3<d | %
- 7 # #AG = s
A # #5"A 97 "#6
6# # #676 $6 "H#6
C = # S 9$6 7"
9 # #HHS 6# = 675
$ # ##"6 66 =A "#6
- = # 59=9 6 A5 "H#6
9 # 555$ " 99 "#6
$ # T9A= ? 5% "#6

D4. Conclusion
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Appendix E: Interaction Distance Preconditioning with
BICGSTAB(L)

E1. Introduction
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Table E1: Experimental Results for interaction distance as a preconditioner to BICGSTAB(L)

« 7 - E
8 , h
6" H#? 6 2?7 # ##6
g 6 2% # ##6
25972 6 2?7 # ##6
77=5 6 W # ##6
6" #? " = # ##6
g " 25 # ##6
25972 " g # ##6
5A#7 " 665 # ##6
77=5 " 57 # ##6
6" #? ? 9A # ##6
g ? $# # ##6
25972 ? = # ##6
5A#7 ? B6A? # ##6
77=5 ? 2% # ##6
6"#? 5 A5 # ##6
g 5 "5 # ##6
25972 5 = # ##6
5A#7 5 6$7 # ##6
77=5 5 " # ##6
E3. Conclusion
- 6 3
Tl L1 2# !
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