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A root finding algorithm of a polynomial over finite fields

Changhan Kim, Kwangsuk Suh, Okyeon Yi
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Abstract

A root finding of polynomials over finite fields is an interesting old problem in number
theory. We give a root finding algorithm based on Berlekamp's and Rabin's algorithms., and

it's efficient implementation using Mathematica
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278 & 6. (Deterministic root finding algorithm)

Input: F(x)e GF(q)[x], g=p".
Output: e GF(q) | F(a)=0.

D). f0)=F(), x-0)% Axszn Sx=3
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2+ 378 & 10. (Probabilistic root finding algorithm)

Input:F(x) e GF(q)[x], g=p", p:odd prime
Output:GF(g)*ell & F(x)9 & «a
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GF(q)% °l

a,+a,x+a.x+...+a,x", a,€ GF(gq)& a,,

a,..., a,} & Jepdoh

4.1 &3elF 6ol 2% dPA s}

1) GF(2)[x}/(1+x+x*+x"+x') ol A] 1053}
Saha) F(x)7h

[x+x+x7+x%, I+x'+x7, x'+x*+x +x°,
l+x4x2+x '+ x40+ x°, T+x+x7+x 427,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0, 0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0, 0, ¥+’ +x%+x7+x", T+x+x+x ' +x5+ x40,
X+x x4 a7+ xt, THxt+x®, at+xt+xt
X+x2Hx x4, T+x+x+xt+xt, T+x0+x0,

x+x+xt+x7, 1}
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2) GF(13)/(2+x*+x")ellA] 1452}2] 33kl F(x)

x4+xt, x+x'+xt, Lex+x’+xt, x'+x'+x?, 1,
l+x, x*, 1,1,0,0,0,0,0,0,0, 0,0, 0,
0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0, 0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,2,3,4,x,0,0,0,0,
0,0.0,0,0,0,1,0,0,0,1,1,1, 1,1,
0,0,2,0,x,x,1,1,0,0,0,1,2,0,09,
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1,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 42 4317 ZE 10& o] 83 AP Az
1,0,0, 11 0,1}

[+ ‘}.‘ " I~ " z}.©
91 _—L:__% 11+12x+4xl°]‘;}-. \_.z'“ GF(P) "’] ] ‘] }'T7]-plé-]:} “}‘
chghalg Hushe 28 Toplch
** - Rabin® sl Z, #: Ayl dyeEEH @9 =
F&A | GFQ[x)/Q2+2x+x) | GF(S)[x)/(d+x+x") GF(13)[x)/2+xY) GF(23)[x]/(1+x)
=4 ** #it *k Hit ** ## *k HH#
1 934.84 79.95 753.37 52.84 24.6 4.99 219.7 19.22
2 568.00 58.5 574.08 134.96 615.3 2.47 513.01 47.68
3 989.98 299.57 1570.1 64.48 571.48 2.53 416.72 7.2
4 1642.2 1944.5 | 1564.32 | 123.87 76.07 48.11 445423 | 4379.27
5 1014.64 | 486.48 | 1588.91 | 457.99 144.12 61.68 450.55 152.2
6 1666.4 | 530.64 | 659.17 46.47 390.03 58.6 553.76 97.99
7 119.21 21943 | 727.27 | 260.13 86.94 70.96 598.63 | 368.77
8 706.06 3365.4 | 1078.27 | 761.92 675.21 28.83 2896.88 | 142.04
9 497.95 1516.6 | 8247.55 | 402.05 414.8 112.49 679.87 | 32593
10 499.82 317.03 | 14849.72 | 7231.27 | 42447 88.87 1961.44 | 439.08
5.4 & = U S
S3A e Ay & = [1] D. Copersmith, “Finding a small root of
Berlekamp®] @me}&& ohata] F(x)e &3 a univariate modular equation”
A GF()S 258 (xx, F())E ol fshel Erocrypt'96, pp. 155-165(1996).
ol o1& 7 TES FIle dxe|Folvh [21 D.E. Knuth, “The art of computer
Tt F3HA1Y WA STt BeolAH (xv- programing”, 2nd, Addison-Wesley,

x, F(x))& AAbs=d AZHE 40 HE
vl el 3& ol&3ld ce GF(p), f.(x)
=(F(x), Tr(x)-c), deg(f(x))>0% F3tA &
o2, 420 A9} o] Ry Ao AAL A
7He <33 4 glgler. 28]31 Mathematica
of WA oaA] dak-g #8317 ¢t
polynomial basis& ]88t #3tA & Al-&-31o
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