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ABSTRACT

We present a square root algorithm in F, which generalizes Atkin’s square root algorithm [9] for finite field
F, of ¢ elements where ¢=5 (mod8)and Kong et al.’s algorithm [11] for the case ¢=9 (mod16). Our algorithm
precomputes ¢ a primitive 2°-th root of unity where s is the largest positive integer satisfying 2°lg—1, and is
applicable for the cases when s is small. The proposed algorithm requires one exponentiation for square root

computation and is favorably compared with the algorithms of Atkin, Miiller and Kong et al.
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Table 1. Atkin’s algorithm when ¢=5 (mod8) [9]

Input: A square a in Fq

Output: = satisfying z° =a in Fq

q—>5
. b (2a) 8
. i< 2ab’
. x<—ab(i—1)

. Return =z
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Table 2. Miiller’s algorithm when ¢=9 (mod 16) [10]

Input: A square a in Fq

Output: z satisfying 2> =a in F,
q—1

L b (2a) *
2. Find randomly d satisfying —b=mn(d)

q—9
u < (2ad?) 1°

i—2u’d%a

z<—uda(i—1)

S kW

Return x

2.3. Kong 52| &1z|

o

Table 3. Kong et al.’s algorithm when ¢=9 (mod 16)
[11]

Input: A square a in F,

Output: 2 satisfying 2° =a in F,

-9
b (2a) ¢
i< 2ab%, re—i
if r=—1 then
x<«ab(i—1)

else

2

AN A e

Find a quadratic nonresidue d
q=9

7. ue—bd

8. i 2u’d’a

9. z<—uda(i—1)

10. end if

11. Return zx
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Table 4. ¢=5(mod8) ¥ o A= AFZ Lz

I\

Input: A square c in Fq

Output: z satisfying z°> =c in F,
4=5
8

b—c
C b’
. if (=1, then z <cb

. else then x < cbé

. Return =z

Table 5. ¢=9(mod16) & o] Ak AlF Lz

I\

Input: A square c in Fy

Output: = satisfying 2> =c in F,
1. b%c%

2. (b’

3.if (=1, then = < cb

4. else if (=—1 then x < cb&”
5. else if & =( then z < b€

6. else then z < cb¢

7. Return z

o\

Table 6. ¢=17 (mod32) & o} Ak AlFg &Lz

Input: A square c in Fq

Output: z satisfying 2> =c in F,
q—17
32

b<c
Ccb?

. if (=1, then z < cb

else if (=—1 then x < cb¢'
else if &' =( then x < cb&®
else if &' = then x < b€’
else if & =( then z < cb¢’
else if &= then z < cb¢®
else if &= then z < b€
10.else then x < cb¢

11.Return =z
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Table 7. number of necessary exponentiations in square
root algorithms

§=2 Atkin[9] Table 4
no. of exp. 1 1
s=3 Miiller Kong[11] Table 5
[10]
no. of exp. 2 1.5 1
s=4 Table 6
no. of exp. 1
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