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Description of the algorithm for finding the g* -th root of a.

1 Introduction

First, this sentence is created by machine translation.[1],[2] There may be some
strange sentences.

Primitive roots are not required for {(p —1) = g* xm (L =0)} and {k = L},
but are required for the other cases.

If the calculation requires a primitive root and the primitive root is not known,
use the Tonelli-Shanks algorithm.

2  Prerequisites
g = primitive root p = odd prime q = prime
p—1= qL X m
g(qu”) =a (modp) (k=L)

a=x@) (modp)
a(p‘;kl) =1 (modp) (L>0)

3 Function to find the g*-th root

31 k>1 L=0

q<p
(p—1)=gtxm=m (L=0)
¢"=a (modp)
s — function (1)
p=x; (modg)
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x1 X (g—1) =x (modg)
(x+1)72 =5 (modg)

(p—l)xs—|—qL B (p—1)><5+1
q(L—i—l) - q

Y =

7

a" =y (modp) a=y? (modp)

*=c (modp—1)

c

a“=y (modp) a Ey("/k) (modp)

32 k=L

||/\

(p—1)=q"xm

(k
pr-1
g(qun) =g (modr) {,‘[( g > =1 modp

s — function (2)
m=x; (modg)
x1 X (g—1) =x (modg)
xéq_z) =5 (modgq)

Moving method

2



=1 mv=mo+q"
a=x
#1  mv=mv

mv = ( moving distance )

Correction method
q*xn)

gl =a (modp)
ax g™ =a; (modp)
* =¢ (modtp)
a{ =ap (modp)
m = mov X i
g2 =hs (modp)
ay x hf =y (modp)

(g*th root) — function 3)

k
a=y" (modp)

¢ =y (modp)
hexy1 =y2 (modp) ... I Xyg g =yu (modp)

(5 _ ()

= =7 (modp) = gkth root
A=Yy =Yy o =g (modp) g th roo

33 k=L
(p-1) =g xm (k=L)

p—1
L

=a (modp) a(q =1 (modp)

gk xn)

gt

s — function  (2)

L (p=1) xs+q"
q(L—l—l)
o=ty = (Pq—L 1)
rt=c¢ (modt;)
=4 (modp
(g"th root) — function  (3)



4 Conclusion

We have created a calculation method, but unfortunately we do not have a theoretical
proof. So, in the case of huge prime numbers or special prime numbers, it may be
wrong.
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