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Figure 4: Comparison of the CPU time (IBM

RS6000/540) to compute the reduced inductance mw

trix with and without a preconditioned.

A good approximation to (TfZA4~)- 1 that is eas-

ily computed can be derived by exploiting the fact

that the part of MZMt corresponding to nearby, and

therefore tightly coupled, meshes is computed explic-

itly. For each mesh i, the submatrix of MZMt corre-

sponding to all meshes near mesh i is inverted directly.

Then, the row of the inverted submatrix associated

with mesh i becomes the dh row of P. That this

preconditioned is effective is demonstrated in figure 4,

which compares the CPU time required to compute

the reduced inductance matrix with and without the

preconditioned for the example in the next section.

4 Results

In this section we demonstrate the accuracy and

computational efficiency of our multipole-accelerated

version of FASTHENRY. We consider a typical indus-

trial example, part of a 68-pin package, shown in Fig-

ure 5. Each pin consists of eight to ten conductor

sections. For an accuracy comparison, we discretized

each section into 2 x 2 filaments. This generated a

problem with 1368 branches for which MZMt is a

1061 x 1061 dense matrix. Note, using only four fil-

aments per section is hardly sufficient to model the

skin effect, though the coarse discretization does cre-

ate a problem which is small enough to make possible

an accuracy comparison between direct factorization,

GMRES, and multipol~accelerated GMRES.

For the example package, the mutual inductance

between pins 1 and 2 (labeled clockwise from the right)

is much larger than the mutual inductance between

Figure 5: Half of a pin-connect structure. Thirty-five

pins shown.

pin pair direct gmrea multipole

lto2 5.31870e+O0 5.31867e+O0 5.31403e+O0

1 to 18 3.68292e-02 3.68223*O2 3.71027e-02

Table 1: Comparison of the accuracy of the com-

puted inductance matrix entries between direct factor-

ization, GMRES with explicit matrix-vector products,

and the multipole-accelerated GMRES algorithm.

pins 1 and 18 which are perpendicular to each other

except for their vertical sections. To show that the

approximations used by the hierarchical multipole al-

gorithm are sufficiently well-controlled to make it pos-

sible to accurately compute the small coupling induc-

tances, consider the results in Table 1. The mutual

inductance between pins 1 and 18 is more than two or-

ders of magnitude smaller than the mutual inductance

between pins 1 and 2, yet the solution computed using

the multipole-accelerated algorithm is still within one

percent of the solution computed using direct factor-

ization.

To accurately model skin and proximity effects,

each conductor section in the pin-connect structure

should be divided into many more than 2 x 2 fil~

ments. As the discretization is refined, the size of

the problem will grow quickly, making the memory
and CPU time advantage of the multipole-accelerated

GMRES algorithm apparent (see figures 6 and 7). As
the graphs clearly indicate, the cost of direct factoriza-

tion grows like rn3, the cost of explicit GMRES grows

as m2, but the cost of multipole-accelerated GMRES

grows only linearly with m. In addition, the memory

requirement for multipole-accelerated GM RES algo-

rithm grows linearly with m, but grows like m2 for

either explicit GMRES or direct factorization. In par-

ticular, for a 10,000 filament problem, the multipole
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Figure 6: Comparison of the CPU time (IBM

RS6000/540) to compute the reduced inductance ma-

trix using direct factorization, GMRES, and GMRES

with with multipole acceleration.

accelerated algorithm is two orders of magnitude faster

than direct factorization, and uses an order of magni-

tude leas time and memory than explicit GMRES.
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Figure 7: Comparison of the memory required using

explicit matrix-vector products and using the multi-

pole algorithm.
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