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Recursive Reduction of Series for Multiple-precision
Evaluation and Its Application to Pi Calculation
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A multiple-precision constant 7 of N digits is so far calculated by sum of series in O(N' 2)
computation time as well as by using iterational algorithm in O(N(log N )2) time. In this
paper, we first prove that the series for 7 calculation can be represented as a product of 2 x 2
matrices, and then propose a fast algorithm for calculating sum of series in O(N(log N)3)
time by recursively reducing the adjacent matrices. Using this algorithm, computation time
of sum of series becomes comparable to that of iterational algorithm, and experimental re-
sults on calculating 32,000 to 530 million digits of 7 have shown that the sum of series using

Dec. 1999

Chudnovskys formula is computed faster than the iterational algorithm using Gauss-Legendre

algorithm.
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Table 1 Formulas for 7w calculation by series (upper) and iterational algorithms (lower).
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Table 2 Formulas for m and e calculation in matrix form.

7 = 16 arctan(1/5) — 4 arctan(1/239)
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Fig.1 An example of w = 6 arcsin(1/2) calculation by using the matrix from.
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Table 3 Computation time of one million digits of =

and e.
AR AFE | ERE
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Fig.2 Computation time of one million digits of 7.
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108f Gauss-Legendre Algorithm -+~
Chudnovskys Formula —

time(sec)

6 7 8 9
10 digits1 0 10 10
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Gauss-Legendre DAXD 1L#)
Fig.3 Comparison of computation time between Chud-

novskys formula and Gauss-Legendre algorithm.
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Table 4 Computation time of 7 and e on machine (ii).

AR 104 7347 | 5.3 f&H7
(43) (FgR)
Chudnovskys 1.33 75.05
Gauss-Legendre 2.01 88.77
HEABOE e 0.56 12.63

SHEREOBERE, F}41C 104 FHTE 5.3 KD E
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Table 5 Theoretical complexity of 7 calculation.

220 4 226 47
Chudnovskys | 121F(2%0) | 169F(226)
Gauss-Legendre | 194F(220) | 244F(226)

2755, ERORTHE N &2V #+BET I, ER
_E Chudnovskys #A3? /7% Gauss-Legendre D2
REIVFHEEOETHATH 5. 2L EBOFER
ML, FHT25MEBON-F Y27 EFESLERE LD
TRICKELKETLOT, MEDELE BT HZ
LIEE TRV,

—7%, EBRICBVT 1 BHFL LOFET Chud-
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HEREOET % Wi 5 FEIIoWTL, BERE
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AFEL, BFIRBIC L 2EFETFETH 5 I 5)
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29,
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