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Divide-and-Conquer Algorithm for Sparse Polynomial Interpolation

DENG Guo-giang TANG Min LIANG Zhuang-chang

(Guangxi Key Laboratory of Cryptography and Information Security,Guilin University of Electrical Technology,Guilin, Guangxi 541004, China)

Abstract Sparse interpolation is widely used in quite different applications and areas of science and engineering. Its goal
is to recover the goal polynomial by taking advantage of the sparse structure of the polynomial and given discrete va-
lues. For polynomials with the large size,the current methods show high time complexity,because the size and the num-
ber of algebra operations are related to the number of terms and the total degree of the goal polynomials. For this rea-
son, this paper presented a divide-and-conquer algorithm for sparse polynomial interpolation over finite fields. The basic
strategy is to choose one of variables as the main variable and the coefficients are multivariate polynomials in other vari-
ables. In this way, the original polynomial interpolation is divided into a list of univariate polynomial interpolations and a
list of sub-polynomials with smaller size. The solution of the original problem is to merge these sub-polynomials. To im-
plement the divide-and-conquer strategy for the sparse polynomial interpolation, this paper designed four sub-algo-
rithms: univariate polynomial interpolation based on early termination strategy,univariate polynomial interpolation with
a prior knowledge of the total degrees of the polynomial,the determination of the number of terms of the polynomial via
Hankle matrix determinant,and Ben-Or/Tiwari’s algorithm with an upper bound of the number of terms. In numerical
experiments,the performance of the new algorithm is compared with that of Zippel’s algorithm, Ben-Or/Tiwari’s algo-
rithm and Javadi/Monagan’s algorithm. Extensive experiments show that the new algorithm is much faster than other
three algorithms. The experimental data demonstrate that the use of divide-and-conquer and early termination strategy
not only eliminates some priori knowledge of the total degree and the number of terms of the goal polynomials,but also
decomposes a large number of higher order algebra operations into smaller ones. Therefore, the bottleneck of the large-
scale multivariate polynomial interpolation problems is effectively solved.
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Fig. 1 Example of black box interpolation
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64 0.351 12.250 24.055 35.136
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Table 6 Number of probes on Benchmark 2 (n=5,d=30)
t MIDC BT M Zippel
4 31 10 48 527
8 55 18 96 868
16 100 34 192 1860
32 235 66 384 3286
64 541 130 768 6324
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