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Algorithm 1 Solving 2> =a mod p
Require: a:integer and p:prime

if p =2 then

return a

end if

Take s > 1 and an odd number d with p — 1 = 2°d

Take z € Z s.t. 2" #Z1 mod

M s

R« ot

t + a?
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while M # 0 do
Take the least i € {1,...,s — 1} such that 2 =1 mod p
p o 2N
M <1
c+ b2
R+ Rb
t+ tb?

end while

return R
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Algorithm 2 Solving 2> =a mod p

Require: a:integer and p:prime
if p = 2 then
return a
end if
if a”> #1 mod p then
return Error
end if
Take z € {1,...,p— 1} s.t. P %1 mod p
apow <—p—1
zpow <+ 0
while apow is even do
apow  apow /2
zZpow — zpow /2
if a®PoWz#Po% £ 1 mod p then
zpow  zpow + (p — 1)/2
end if
end while
apow + (apow + 1)/2
zZpow 4 zpow /2

return q%Pov zzpPow
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Algorithm 3 Solving 2" =a mod p

Require: a:integer and p:prime
Take s > 1 and a number d s.t. p — 1 = r°d and ged(d, q) =1
Take hs.t. th=1 mod d
Take z € Z s.t. 2" Z1 mod
M s
R« a"
t e grh-1
R
while M # 0 do
Take the least i € {1,...,s — 1} such that "' =1 mod p
Take m € {0,...,p— 1} sit. ¢ (z(pfl)/’“)m =1 modp
b
M 1
c b
R+ Rb™
t < tb™"
end while

return R
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Algorithm 4 Solving 2" =a mod p

Require: p:prime, r:prime s.t. r|p — 1, and a:integer s.t. o =1 mod P
Take z € {1,...,p— 1} s.t. P %1 mod p
Take s and d s.t. p— 1 =r®d and ged(r,d) =1
Take h s.t. rh=1 mod d
apow « (rh — 1)r®
zpow 0
while apow =0 mod r do
apow — apow/r
zpow < zpow/r
if @ z#Po% £ 1 mod p then
Take m € {0,...,p — 1} s.t. (a®°%22Pw) . (:(P=D/")™ =1 mod p
zpow  zpow +m(p — 1)/r
end if
end while
apow <+ (apow + 1)/r
zZpow <+ zpow/r

return q%Pov z*pPow
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Algorithm 5 Solving 2" =a mod p

Require: a:integer, r:positive integer, p:prime
if o(»—1/eed(p=17) £ 1 mod p then
return ‘a is not an r-th residue.’
end if
T4 a
if ged(p — 1,7) = 1 then
Take v s.t. vr=1 modp-—1
return zv
else
Take v s.t. v - (
T+ a
end if
Take primes ¢1,...,q st. ged(p—1,7) =q1-¢2- - qu
forie{1,...,l} do
x < Solve_Root_prime(z, g;, p)

m)zl mod p—1

end for

return z
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