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Numerical Algorithms for Solving the Optimal
PWM Problem on Multiple-Precision Arithmetic
with Theory of Orthogonal Polynomials

KeNICHI YADANI, ! KiNg1 KiMURAT!
and YOSHIMASA NAKAMURA !

The optimal PWM problem is the problem to find suitable PWM (Pulse
Width Modulation) waveform for arbitrary given waveform. The problem can
be reformulated as a problem to find all the zeros of an orthogonal polynomial.
In this report, we transform the problem of zeros to certain matrix eigenvalue
problems based on the theory of orthogonal polynomials and solve them with
multiple-precision computation. It is shown by numerical experiments that
an algorithm for solving a symmetric tridiagonal eigenvalue problem is better
than others with respect to both computation time and accuracy if the de-
gree of orthogonal polynomial is large under the multiple-precision arithmetic
environment.
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Fig.1 A given waveform f and the corresponding PWM waveform f
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Zero-point problem of an orthogonal polynomial
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Generalized eigenvalue problem
of Hankel matrices

Eigenvalue problem
of a Tridiagonal matrix
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Fig.2 Relationship of some matrix eigenvalue problems associated with zero-point problem of
orthogonal polynomials.
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Table 1 Growth of the condition number of A, B,T". These matrices derive from the test Problem
1 in Section 5.

n 5 15 25 35 45 55 65

cond(A) 1.83 x 10® 6.83 x 10’ 2.60 x 10'® 1.03 x 10%° 4.22 x 10%* 4.29 x 10®® 2.86 x 10°*
cond(B) 1.76 x 10 5.17 x 10'° 1.88 x 10™® 7.32 x 10%° 2.95 x 10%® 1.01 x 10%® 7.92 x 10°?

cond(T) 4.17 12.5 20.9 29.2 37.6 45.9 54.3

02 5000010000 00000%.500..07 0000 “2.499..9” 000000000000OOOO0O
oboooOoooooooo

Table 2 Computed values of r; for Problem 1 in Section 5. The digits following to “2.500...0” or

“2.499...9” are lost by casting the value to double-precision number while the information

is critical for computation.

r, represented as
double-precision
floating-point number

21 0.2499999999999953548373685682220301147742 0.24999999999999536
22 0.2500000000000010014805280393591930404663 0.250000000000001
23 0.2499999999999997840843631059594168515137 0.24999999999999978
24 0.2500000000000000465506427235568026686718 0.25000000000000006
25 0.2499999999999999899638471342413407012853 0.25

26 0.2500000000000000021637588323545211526881 0.25

27 0.2499999999999999995335012980356505204768 0.25

28 0.250000000000000000005754595569303416266  0.25

29 0.2499999999999999999783162889360820421496 0.25

30 0.2500000000000000000046749309182856146070 0.25

k r, to 40 decimal digits
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Fig.7 Computation time in Problem 2
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