Szamitogépes szamelmélet

Jarai Antal

Ezek a programok csak szemléltetésre szolgalnak

» 1. A primek eloszlasa, szitalas
» 2. Egyszeru faktorizalasi modszerek
» 3. Egyszeru primtesztelési modszerek

Vv 4. Lucas-sorozatok

> restart; with(numtheory);
| Glged, bigomega, cfrac, cfracpol, cyclotomic, divisors, factorEQ, factorset, 4.1)

fermat, imagunit, index, integral_basis, invcfrac, invphi, issqrfree, jacobi,
kronecker, \, legendre, mcombine, mersenne, migcdex, minkowski, mipolys,
mlog, mobius, mroot, msqrt, nearestp, nthconver, nthdenom, nthnumetr,
nthpow, order, pdexpand, ¢, w, pprimroot, primroot, quadres, rootsunity,

safeprime, o, sq2factor, sum2sqr, -, thue]

V 4.1. Definicio.

> a:=-3; b:=2; for n to 10 do [(aAn-bAn)/(a-b),aAn+bAn]; od;
a.=-3

b:=2
[1,-1]
[-1, 13]
[7,-19]
[-13, 97]
[55, -211]
[-133, 793]
(463, -2059]



[-1261, 6817]
(4039, -19171|
[-11605, 60073 ] (4.1.1)

> 4.2. Megjegyzés.
V 4.3. Példa.

> a:=(1+sqrt(5))/2; b:=(1-sqrt(5))/2; for n to 10 do [expand(
(aAn-bAn) /(a-b)) ,expand(aAn+bAn)]; od;

[55, 123] 4.3.1)

V 4.4. Rekurzio szamolashoz.

> #
# This procedure calculate the Lucas sequence terms
# [U[n],VI[n],U[n+1],V[n+1]]. If the parameter N also given
# then the calculations are done mod N. Here U[nh]l=aAn-bAn)/(a
-b)
# and V[n]=aAn+bAn, where a,b are the roots of xA2-Px+Q=0.
#

TucasUV:=proc(n,P,Q,N) local L,B,1i,Qk;
B:=convert(n,base,2);

Qk:=1;

if nargs=3 then



L:=[0!2!1!P];
for i from nops(B) to 1 by -1 do
if B[1]1=0 then

L:=[L[1]1*L[2],L[2]A2-2*Qk, L[3]1*L[2]-Qk,L[4]1*L[2]-P*Qk];

Qk:=QkA2;
else
L:=[L[3]1*L[2]1-Qk,L[4]1*L[2]-P*Qk,L[3]1*L[4],L[4]A2-2*Q*
Qkl;
Qk:=QkA2*Q;
fi;
od;
else

L:=[0,2 mod N,1,P mod N];
for i from nops(B) to 1 by -1 do
if B[i]=0 then
L:=[L[1]1*L[2] mod N,L[2]&A2-2*Qk mod N,\
L[3]1*L[2]-Qk mod N,L[4]*L[2]-P*Qk mod N];
Qk:=Qk&A2 mod N;
else
L:=[L[3]1*%L[2]-Qk mod N,L[4]1*L[2]-P*Qk mod N,\
L[3]1*L[4] mod N,L[4]&A2-2%Q*Qk mod N];
Qk :=Qk&A2%*Q mod N;
fi;
od;
fi; L end;
lucasUV:=proc(n, P, Q, N)
local L, B, i, Qk;
B:= convert(n, base, 2);
Qk:=1;
if nargs = 3 then
L:=10,2,1, P
forifrom nopS(B) by —-1toldo
if B[ i] = 0 then
L:=[1[1]*1[2],
L[2]r2 —2%Qk, L[3]*L[2] — Qk L[4]*L[2] — P*QK];

Qk := QkA2
else
L:=[L[3]*L[2] — Ok, L[4]*L[2] — P* QK
L[3]*1[4], L[4]Ar2 — 2+ Q* QK];
Qk:= QkA2*Q

end if

(4.4.1)



end do

else

L:=[0, mod(2, N), 1, mod(P, N)|;
forifromnops(B) by —1to 1 do
if B[i] = 0 then
L:=[mod(L[1]*L[2], N), mod(L[2] & 2 —2*Qk, N),
mod(L[3]*L[2] — Qk, N), mod(L[4]*L[2] — P*Qk, N)|;
Qk:= mod(Qk &\ 2, N)
else
L:=[mod(L[3]*L[2] — Qk,
N), mod(L[4]*L[2] — P*Qk, N), mod(L[3]*L[4], N),
mod(L[4] &\ 2 —2*Q*Qk, N)|;
Qk:= mod(Qk & 2*Q, N)

end if
end do
end if;
L
end proc
> #
# This procedure calculate the Lucas sequence terms
# [VIn],VIn+1]]. If the parameter N also given
# then the calculations are done mod N. Here V[n]=aAn+bAn,
# where a,b are the roots of xA2-Px+Q=0.
#

lucasV:=proc(n,P,Q,N) local L,B,1i,Qk;

B:

=convert(n,base,2);

Qk:=1;
if nargs=3 then L:=[2,P];

for i from nops(B) to 1 by -1 do
if B[i]=0 then
L:=[L[1]A2-2*Qk,L[2]1*L[1]1-P*Qk]; Qk:=QkA2;
else
L:=[L[2]*L[1]1-P*Qk,L[2]A2-2*Q*Qk]; Qk:=QkA2*Q;
fi;
od;

else L:=[2 mod N,P mod N];

for i from nops(B) to 1 by -1 do
if B[i]=0 then



L:=[L[1]&A2-2%Qk mod N,L[2]*L[1]-P*Qk mod NJ]; Qk:=Qk&A2

mod N;
else

L:=[L[2]*L[1]-P*Qk mod N,L[2]&A2-2*Q*Qk mod N]; Qk:=

Qk&A2%Q mod N;
fi;
od;
fi; L end;
lucasV:=proc(n, P, Q, N)
local L, B, i, Qk;
B:=cvnven(n,ba&12);
Qk:=1;
if nargs = 3 then
L:=[2,PL
forifromnops(B)by —1to 1do
if B[ i] = O then
L:=[L[1]A2 —2*Qk, L[1]*L[2] — P* QK]
Qk := QkA?2
else
L:=[L[1]*L[2] — P* QK
[[2]A2 — 2% Q* QKl;
Qk:= QkA2*Q
end if
end do
else
L:=[mod(2, N), mod(P, N)|:
forifromnops(B) by —1to 1do
if B[ i] = O then
L:=|mod(L[1] & 2 — 2*Qk, N),
mod(L[1]*L[2] — P*Qk, N)|;
Qk := mod(Qk &\ 2, N)

else

L:=[mod(L|1]*L[2] — P*Qk, N), mod(L[2] &2 — 2*Q*

N)J;

(4.4.2)



Qk:= mod(Qk & 2*Q, N)
end if
end do
end if;
L

end proc

» 4.5. Feladat.

» 4.6. Megjegyzés.
» 4.7. Definicio.

» 4.8. Tétel.

V¥ 4.9. Feladat.

> #
# This procedure do primality test for the odd number n
# using the set S of all factors of n+l and the Lucas
# sequence corresponding to the roots of xA2-Px+1.
#

naiveplustest:=proc(n::posint,S::list(posint),P::1integer)
local D,q,L;
D:=PA2-4; modp(D,4); if %=2 or %=3 then RETURN(FAIL) fi;
igcd(2*D,n);
if %<>1 then
if %<n then RETURN(false) else RETURN(FAIL) fi;
fi;
if jacobi(D,n)<>-1 then RETURN(FAIL) fi;
L:=lucasUv(n+1,P,1,n);
if L[1]<>0 or L[2]<>2 then RETURN(false) fi;
for q in S do
L:=lucasUv((n+1)/q,P,1,n);
if L[1]=0 and L[2]=2 then RETURN(FAIL) fi;
od; true end;
nah@phmumtzlmocbﬁpoﬂnt&iﬂmﬁpoﬂnﬂ),Rjnwgaﬂ

localD, g, L;
D:=PA2 — 4;
modp(D, 4);

(4.9.1)



if % =2or % =3 then
RETURN (FAIL)
end if;
igcd(2*D, n);
if "% <>1 then
if "% < nthen
RETURN (false)
else
RETURN (FAIL)
end if
end if;
if numtheory.-jacobi(D, n) <> —1 then
RETURN (FAIL)
end if;
L:=lucasUv(n+1,P 1, n):
ifI[1]<>0 or I[2]<>?2 then
RETURN( false)
end if;
forginSdo
L:=lucasUV((n+1) /g, P 1, n);
ifI[1]=0 and L[2] =2 then
RETURN (FAIL)
end if
end do;
true

end proc

> naiveplustest(7,[2]1,3);
true (4.9.2)

> #
# This procedure do primality test for the odd number n
# using the set S of all factors of n+l. Try all Lucas
# sequences with Q=1 and P 1in interval II.
#

naiveplustests:=proc(n::posint,S::1ist(posint),II::range



(integer))
local r,P;
for P from op(1,II) to op(2,II) do
r:=naiveplustest(n,S,P);
if r<>FAIL then RETURN(r) fi;
od; FAIL end;
naiveplustests := proc(m:posint, S:(list( posint) ), IF:(range(integer)))  (4.9.3)

localr, P,
for Pfrom op(l, II)to op(Z, II)do

r:= naiveplustest(n, S, P);

if r<> FAIL then
RETURN(r)
end if
end do;
FAIL
end proc
> naiveplustests(7,[2],1..2); naiveplustests(7,[2],1..3);
FAIL
true (4.9.4)

» 4.10. Lucas-tipusu teszt.
V 4.11. Feladat.

> #
# This procedure do primality test for the odd number n
# using a large enough set S of factors of n+l and the Lucas
# sequence corresponding to the roots of xA2-Px+1.
#

plustest:=proc(n::posint,S::list(posint),P::integer)
local D,q,L; if n=1 then RETURN(false) fi;
D:=PA2-4; modp(D,4); if %=2 or %=3 then RETURN(FAIL) fi;
igcd(2*D,n);
if %<>1 then

if %<n then RETURN(false) else RETURN(FAIL) fi;
fi;
if jacobi(D,n)<>-1 then RETURN(FAIL) fi;
L:=lucasUvV(n+1,P,1,n);
if L[1]<>0 or L[2]<>2 then RETURN(false) fi;
for g in S do



L:=TucasUV((n+1)/q,P,1,n);
1QCd(L[2]_2! L[]-] !n) ’
if %<>1 then
if %<n then RETURN(false) else RETURN(FAIL) fi;

fi;
od; true end;
plustest := proc (1::posint, S::(list( posint) ), P:integer) (4.11.1)
localD, g, L;
ifn=1 then
RETURN ( false)
end if;
D:=PA2 — 4;
modp(D, 4 );
if % =2or % =3 then
RETURN (FAIL)
end if;
igcd(Z"‘D, n);

if "% <>1 then
if "% < nthen
RETURN false)
else
RETURN (FAIL)
end if
end if;
ifnunnheory—jacobﬂ[%
n) <> —1 then
RETURN (FAIL)
end if;
L:=lucasUv(n+1,P 1, n):
ifI[1]<>0 or I[2]<>?2 then
RETURN( false)
end if;
forginSdo
L:=lucasUV((n+1)/q, P 1, n);



igcd(L[Z]-—-Z,L[lL n):
if "% <>1 then
if "% < nthen
RETURN false)
else
RETURN (FAIL)
end if
end if
end do;
true

end proc

> plustest(7,[2],3);
true (4.11.2)

> #
# This procedure do primality test for the odd number n
# using a large enough set S of factors of n+l. Try all Lucas
# sequences with Q=1 and P 1in interval II.
#

plustests:=proc(n::posint,S::list(posint),II::range(integer))
local r,P;
for P from op(1,II) to op(2,II) do
r:=plustest(n,S,P);
if r<>FAIL then RETURN(r) fi;
od; FAIL end;
plustests:= proc(n:posint, S:(list(posint) ), IF:(range(integer))) (4.11.3)

localr,

P,

for Pfromop(1, IT) to op(2, 1) do
ri= plustest( n S P)
if r<> FAIL then

RETURN(r)
end if
end do;
FAIL

end proc



> plustests(7,[2],1..2); plustests(7,[2],1..3);
FAIL

true (4.11.4)

V 4.12. Feladat.

> #
# This procedure do primality test for the number h¥*2An-1
# with n>1 and odd h<2An using the Lucas sequence
corresponding
# to the roots of xA2-Px+1.
#

specplustest:=proc(h: :posint,n::posint,P::1integer) local D,L,
N;
if h>=2An then error "first parameter is too large",h fi;
if type(h,even) then error "first parameter have to be odd",h
fi;
if n<2 then error "second parameter is too small",h fi;
N:=h*2An-1;
D:=PA2-4; modp(D,4); if %=2 or %=3 then RETURN(FAIL) fi;
igcd(2*D,N) ;
if %<>1 then
if %<n then RETURN(false) else RETURN(FAIL) fi;
fi;
if jacobi(D,N)<>-1 then RETURN(FAIL) fi;
L:=lTucasUV(N+1,P,1,N);
if L[1]<>0 or L[2]<>2 then RETURN(false) fi;
L:=lucasUV((N+1)/2,P,1,N);
if L[1]<>0 then RETURN(false) fi;
if L[2]<>N-2 then
if L[2]=2 then RETURN(FAIL) else RETURN(false) fi;
fi; true end;
specplustest := proc( h:posint, n::posint, P:integer ) (4.12.1)

localD, L, N;
if2An <= h then

error "first parameter is too large", h
end if;
if type(h, even) then

error "first parameter have to be odd", h
end if;
ifn < 2 then



error "'second parameter is too small", h
end if;
N:=h*2An—-1;
D:=PA2 — 4;
modp(D, 4 );
if % =2or % =3 then
RETURN (FAIL)
end if;
igcd(Z *D, N);
if "% <>1 then
if "% < nthen
RETURN (false)
else
RETURN (FAIL)
end if
end if;
if numtheory:- jacobi(D,
N) <> —1 then
RETURN (FAIL)
end if;
L:= IucaSUV(NJr 1,P 1, N);
ifI[1]<>0 or I[2]<>?2 then
RETURN( false)
end if;
L:=lucasUV(1/2*N+1/2, B, 1, N);
ifI[1]<>0 then
RETURN( false)
end if;
if [[2] <>N — 2 then
ifL[2] = 2 then
RETURN (FAIL)

else



RETURN (false)
end if
end if;
true

end proc

> specplustest(1,3,3);
true 4.12.2)

> #
# This procedure do primality test for the number h*2An-1
# with n>1 and odd h<2An. Try all Lucas sequences with Q=1
# and P in interval II.
#

specplustests:=proc(Ch: :posint,n::posint,II::range(integer))
local r,P;
if h>=2An then error "first parameter 1is too large',h fi;
if type(h,even) then error "first parameter have to be odd",h
fi;
if n<2 then error '"second parameter is too small",h fi;
for P from op(1,II) to op(2,II) do
r:=specplustestCh,n,P);
if r<>FAIL then RETURN(r) fi;

od; FAIL end;
specplustests := proc( h:posint, r::posint, IF:(range(integer) ) ) (4.12.3)
localr, P,

if2An <= h then

error 'first parameter is too large", h
end if;
ﬁ%ype(h,even)then

error "first parameter have to be odd", h
end if;
ifn < 2 then

error 'second parameter is too small", h
end if;
for Pfromop(1, II) to op(2, II) do

r:= specplustest(h, n,

P);

if r<> FAIL then



RETURN(r)
end if
end do;
FAIL

end proc

> specplustests(1,3,1..2); specplustests(1,3,1..3);
FAIL

true (4.12.4)

» 4.13. Szamtestek.

» 4.14. Tétel.

» 4.15. Riesel-teszt.

» 4.16. Kovetkezmény.
V 4.17. Feladat.

> #
# This procedure calculate aAh+aA(-h) for a unit a=r+s¥*sqrt
(D
# with norm 1. Here r,s rational numbers, D must be a square

# free integer. A1l computations are done mod N.
#

rieselsetup:=proc(r,s,D,h,N) local P,a;

a:=r+s*sqrt(D);

P:=r+s*sqrt(D)+(r-s*sqrt(D)) /(rA2-sA2%*D);

if not type(P,integer) then ERROR(a+1l/a, "not an integer )

fi;
TucasVCh,P,1,N)[1]; end;

rieselsetup:=proc(r, s, D, h, N) (4.17.1)
local P, g;

a.=r+ S"“sqrt(D);

P:=r+s*sqrt(D) + (r — s*sqrt(D) ) / (rA2 — sA2*D);

if not type(P, integer) then
ERROR(a+ 1/ a, “not an integer")

end if;



lucasV(h, P 1, N)[1]
end proc

V 4.18. Feladat.

>
A procedure above for primality testing of h¥*2An-1
with n>1 and odd h<2An for which h not divisible by 3.

H o W

rieselsqrt3:=proc(h::posint,n::posint) local 1i,v,N;
if h>=2An then error "first parameter 1is too large',h fi;
if type(h,even) then error "first parameter have to be odd",h
fi;
if modp(h,3)=0 then error "first parameter is a multiple of
3",h fi;
if n<2 then error '"second parameter is too small",h fi;
N:=h*2An-1; if modp(N,3)=0 then return false fi;
v:=rieselsetup(2,1,3,h,N);
for i to n-2 do v:=vA2-2 mod N od;
evalb(v=0); end;

rieselsqrt3:= proc( h:posint, n:posint) (4.18.1)

locali, v, N;
if2An <= h then

error "first parameter is too large", h
end if;
if type(h, even) then

error "first parameter have to be odd", h
end if;
if modp( h,
3) =0 then

error 'first parameter is a multiple of 3", h
end if;
ifn < 2 then

error 'second parameter is too small", h
end if;
N:=h*2An—-1;
if modp(N, 3) = 0 then



return false

end if;

v:=rieselsetup(2, 1, 3, h, N);

foriton — 2do
v:=mod(vA2 — 2, N)
end do;
evalb(v=0)
end proc

> #
# Some tests.
#

test:=proc() local h,n;

for h in {1,5,7} do

for n from 4 to 20 do

print(isprime(h*2An-1) ,rieselsqrt3(h,n))

od
od end;
test := proc( )

local h, n;
forhin{1, 5, 7}do

fornfrom4to20do

print(isprime( h*2An — 1), rieselsqrt3(h, n))

end do
end do

end proc

> test(Q);

false, false
true, true
false, false
true, true
false, false
false, false
false, false
false, false
false, false

(4.18.2)



true, true
false, false
false, false
false, false
true, true
false, false
true, true
false, false
true, true
false, false
false, false
false, false
true, true
false, false
true, true
false, false
true, true
false, false
true, true
false, false
false, false
false, false
true, true
false, false
false, false
false, false
true, true
false, false
false, false
false, false
true, true

false, false



false, false
false, false
false, false
false, false
false, false
false, false
true, true
false, false
false, false

false, false (4.18.3)
V 4.19. Feladat.
> #
# This procedure use iteration v<-vA2-2 starting with v=aAh+
aA-h

# where the quadratic unit a=r+s*sqrt(D) is given for the
# primality testing of h*2An-1. Here n>1 and h<2An is odd.
#

riesel :=procCh,n,r,s,D) local N,v,1i;
if h>=2An then error "first parameter 1is too large',h fi;
if type(h,even) then error "first parameter have to be odd",h
fi;
if n<2 then error '"second parameter is too small",h fi;
N:=h*2An-1;
v:=rieselsetup(r,s,D,h,N);
for i to n-2 do v:=vA2-2 mod N od;
evalb(v=0); end;
riesel:=proc(h, n, r, s, D) (4.19.1)
localN, v, i,
if2An <= h then
error "first parameter is too large", h
end if;
ﬁ%ype(h,even)then
error "first parameter have to be odd", h
end if;

ifn < 2 then



error "'second parameter is too small", h

end if;
N:=h*2An—1;

v:= rieselsetup(r, s, D, h, N);

foriton — 2do
vi=mod(vA2 — 2, N)

end do;

evalb(v=10)
end proc
> #
# Some tests.
#

test:=proc() local h,n;

for h in {1,5,7} do

for n from 4 to 20 do

print(isprime(h*2An-1) ,riesel (h,n,2,1,3))

od
od end;
test :=proc( )

local h, n;
forhin{l, 5, 7}d0

fornfrom4to20do

print(isprime(h"“Z/\n — 1), riesel(h, n 2, 1, 3))

end do
end do

end proc

> test();

false, false
true, true
false, false
true, true
false, false
false, false
false, false
false, false

(4.19.2)



false, false
true, true
false, false
false, false
false, false
true, true
false, false
true, true
false, false
true, true
false, false
false, false
false, false
true, true
false, false
true, true
false, false
true, true
false, false
true, true
false, false
false, false
false, false
true, true
false, false
false, false
false, false
true, true
false, false
false, false
false, false

true, true



false, false
false, false
false, false
false, false
false, false
false, false
false, false
true, true
false, false
false, false
false, false (4.19.3)

V 4.20. Feladat.

> #
# This procedure find units having the form (k+1¥*sqrt(D))A2/r
# with small integers k,1 and r=kA2-1A2*D 1in the
# quadratic extension of the rationals with sqrt(D).
# D must be a square free integer. The numbers with |k|,|1|<=
B
# are tested. We remark that taking -r instead of r we get an
# other unit. The 1ist of all [k,1,r] is given back.
#
findunit:=proc(D,B) local k,1,r,a,b,n,L;
L:=[1;
for k from 0 to B do
for 1 from -B to B do
r:=kA2-1A2%D;
if r<>0 then
a:=(kA2+1A2%D) /r; b:=2*%k*1/r;
if D mod 4=1 then n:=aA2-a*b-bA2%*(D-1)/4
else n:=aA2-D*bA2 fi;
if n=1 and +igcd(k,1,r)=1 then L:=[op(L),[k,1,r]] fi
fi
od
od; L end;
findunit:= proc(D, B) (4.20.1)

localk [ r, a, b, n, L
L:=[];
for kfromOto Bdo



forIfrom —Bto Bdo
v:= kA2 — IN2*D;
ifr<>0 then
a:= (kA2 +172*D) |,
b:=2*k*l/r,
ifmod(D, 4) = 1 then
n:=ar2 —a*b—1/4*br2*(D —1)

else
n:=anh2 —D*bA2
end if;
ifn=1 and igcd(k, I
r) =1 then
= [op(L), [k 1 r]]
end if
end if
end do
end do;
L
end proc

> for d in {2,3,5} do print(findunit(d,5)) od;
[[o,-1,-2], [0, 1,-2], [1, -5, -49], [1, -4, -31], [1, -3, -17], [1, -2, -7],

1,-1,-1}, [1,0, 1], [1,1,-1), [1,2,-7], [1, 3,-17], [1, 4, -31], [1,
-49], [2, -5, -46], [2, -3, -14], [2, -1, 2], [2, 1, 2], [2, 3, -14], [2,
| 3

[
5 -1,
5,-46], [3, -5, -41], [3, -4, -23], [3,-2,1], [3,-1, 7], [3, 1, 7], [3, 2,

1], [3,4,-23], [3, 5, -41], [4, -5, -34], [4, -3, -2], [4, -1, 14], [4, 1,
14], [4, 3, -2], [4, 5, -34], [5, -4, -7], [5,-3, 7], [5, -2, 17], [5, -1,
23], [5, 1, 23], [5,2,17], [5, 3, 7], [5, 4, -7]]

[lo,-1,-3], [0, 1,-3], [1, -5, -74], [1, -4, -47], [1, -3, -26], [1, -2, -11],
[1,-1,-2], [1,0,1],[1,1,-2], [1,2,-11], [1, 3, -26], [1, 4, -47], [1,
5,-74], [2,-5,-71], [2,-3,-23], [2,-1, 1], [2, 1, 1], [2, 3, -23], [2,
5,-71], [3, -5, -66], [3, 4, -39], [3, -2, -3}, [3, -1, 6], [3, 1, 6], 3, 2,
-3], [3, 4, -39], [3, 5,-66], [4, -5, -59], [4, -3, -11], [4, -1, 13], [4, 1,



13], [4, 3, -11], [4, 5, -59], [5, -4, -23], [5, -3, -2], [5, -2, 13], [5, -1,
22, 15, 1, 22], [5, 2, 13], [5, 3, -2], [5, 4, -23]]
[[0,-1,-5],[0,1,-5], [1, 0, 1]] (4.20.2)

V 4.21. Lucas-Lehmer-teszt a Mersenne-szamokra.

> #
# This procedure do Lucas-Lehmer-test for Mersenne
# numbers M[n]=2An-1. The exponents are taken from
# the 1ist L. The result is the sequence of the
# for which M[n] is prime.

#
Tucaslehmer:=proc(L::1Tist(posint)) local n,M,1i,vi,nL;
nL:=[];

for n in L do vi:=4; M:=2An-1;
for i to n-2 do vi:=modp(vi&Ar2-2,M) od;
if vi=0 then nL:=[op(nL),n] fi;

od; nL end;
lucaslehmer:= proc( L:(list( posint) ) ) (4.21.1)
localn, M, i, vi, nL;
nL:=};
forninLdo
Vi:=4;
M:=2An—1;

foriton — 2do
vi:=modp(Vi& 2 — 2, M)
end do;
ifvi= 0 then
nL::z[op(nL),
n]
end if
end do;
nL

end proc

> Mersenne:=[2,3,5,7,13,17,19,31,67,127,257]; lucaslehmer
(Mersenne) ;
L:=[1$1=2..257]; lucaslehmer(L);
Mersenne:=[2, 3, 5,7, 13,17, 19, 31, 67, 127, 257]



(3, 5,7, 13,17, 19, 31, 127]
L:=[2,3,4,5,6,78,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
113,114, 115,116,117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127,128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, 171, 172,173, 174, 175, 176, 177, 178, 179, 180, 181, 182,
183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196,
197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210,
211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224,
225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238,
230, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252,
253, 254, 255, 256, 257
[3,5,7,13,17, 19, 31, 61, 89, 107, 127] (4.21.2)

» 4.22. Feladat.

V 4.23. Valosziniiségi teszt.
>

V 4.24. Feladat.

> 1interface(verboseproc=2);
1 (4.24.1)

> print( isprime’);
proc(n) (4.24.2)
option
remember, system,
Copyright (c) 1993 Gaston Gonnet, Wissenschaftliches Rechnen, ETH
Zurich. All rights reserved.,,



local btor, nr, p, r,

if not type(n,

'integer') then
if type(n, 'numeric') then

error"argument must be an integer"
else
return 'isprime( n)'

end if

end if;

ifn < 2 then
false

elifmember(n,

‘isprime/w‘) then
true

elifiged(2305567963945518424753102147331756070,

n) <>1 then
false

elifn < 10201 then
true

elifigcd(
849696948923341811053233990918734996592606258664893)\
273661154542634220389327076939090906947730950913750)\
978691711866802886149933382509768238672298373796296)
306675767413112673657893644078815718696989373063311)
306647862044862494925732402262739543736363903875260)\
816675866125595683463069722044751229884822222855006)
268378634251996022599630131594564447006472069662175)\
0477244528915927867113, n) <>1 then
false

elifn < 1018081 then
true

else



return gmp._ iSprime( n)
end if

end proc

» 4.25. Megjegyzés.

» 4.26. Williams p+1 modszere.

» 4.27. Lemma.
V 4.28. Feladat.

>

This procedure is Williams' p+1 method for factorization of

is the parameter for the Lucas sequence. Calculation of

P
s
goes up to V_k!. The result is the factor found;
gcd is calculated after m steps.

HHHE<HID HH

williams:=proc(n::posint,P::integer,k: :posint,m: :posint)
local g,x,1,j; x:=P;
for i from 2 by m to k do
for j from i to i+m-1 while j<=k do
x:=lucasV(j,x,1,n)[1];
od;
g:=igcd(x-2,n);
if g>1 then RETURN(g) fi;
od; igcd(x-2,n) end;

williams := proc(n::posint, P:integer, k:posint, m::posint) (4.28.1)

local g, x, i, j;
x:=P
forifrom2 by mto kdo
for jfromitoi+ m — 1 whilej <= kdo
x:=lucaSVTj,x,1,n)[1]
end do;
g:=igcd(x——2,n);
if1 < g then
RETURN(g)



end if

end do;
iged(x — 2, n)
end proc
> williams(25852,3,10,1); williams(999863%999883%999907,3,1000,
1; 4
999907

» 5. Alkalmazasok

» 6. Szamok és polinomok

» 7. Gyors Fourier-transzformacio

» 8. Elliptikus fliggvények

» 9. Szamolas elliptikus gorbéken

» 10. Faktorizalas elliptikus gorbékkel
» 11. Primteszt elliptikus gorbékkel

» 12. Polinomfaktorizalas

» 13. A szita modszerek alapjai

» 14. Az AKS teszt

(4.28.2)



