Priklady na faktorizaciu

Obsah

[1 SquareFreeDecomp)| 1
2 MultiLift 2
13  Berlekamp| 2
@ ComputeDegree| 3
o IraceMap| 4
6 PowerCompose| 6
[7  IterComputeDegree| 7
[8 FrobeniusMap| 10

1 SquareFreeDecomp

Priklad: Nech f je reprezentovana polynémom v zépise:

[0 0O0OO0OO01O0O0O0O0OO0OO0 4]

potomu (square-free) polyndmy f budt:

[[[1 0O0O0O0O0O0OO0 47 11 [[0 17 511

kde ako vidime polynémy

[1 000O0O0O0O0 4] a [0 1]

st square-free, ale este prvy z nich nie je ireducibilny, ¢iZe sa s dalsimi

funkciami bude faktorizovat na:

[[[1 020 2] 11 [[1 O -2 0 2] 1]



2  MultiLift

Priklad: Nech f je reprezentovana polynémom:
[100000O0O0O0O0OO0 1]

vektor a, ktory reprezentuje faktory £ modulo p je:
[[1 0OO0O0C1] [1 00010001711

Nech f je typu 2Z_pX, pricom p=2 a vektor a bol ziskany faktorizaciou
f modulo 2. A posledny potrebny parameter e nech je rovné 3. Potom
vysledok A z hore uvedenych parametrov bude:

[[10OO0O0C1] [1 0007000171

Poznamka: Dand funkcia vyZaduje, aby bolo nastavené modulo p pre vek-
tor a.

zz_p::init (p)

3 Berlekamp

Priklad:
Nech £je[100000000000 1] v GF3, potom faktorizovany polyném £
bude mat nasledujtice faktory: [[[2 1 1]3][[2 2 1]3]].

#include <NTL/zz_pX.h>

#include <NTL/zz_pXFactoring.h>
#include <NTL/pair_zZzZX_long.h>
#include <conio.h>

NTL_CLIENT

int main ()
{
272 p;
77_pX f;

vec_pailr_ZZ_pX_long factors;

cin >> p;
27_p::init (p);

cin>>f;

berlekamp (factors, £,0);
cout<<factors;

getch();

return 1;



4 ComputeDegree

#include <NTL/zz_pX.h>

#include <NTL/zz_pXFactoring.h>
#include <NTL/pair_ZzzX_long.h>
#include <conio.h>

NTL_CLIENT

int main ()

{
long 1i;
27 p;
Z27Z_pX f,h;

vec_pailr_ZZ_pX_long factors;

cin >> p;
27_p::init (p);
cin>>f;

Canzass (factors, £,0);
cout<<factors<<endl;
cin>>h;

h=h%f;
i=ComputeDegree (h, f);
cout<<ij;

getch();

return 1;

}

Poznamka: Ak faktory polynému f st mnohondsobné alebo nie st rov-
nakého stupnia ndvratova hodnota funkcie bude deg (f). Inak spolo¢ny
stupen irreducibilnych faktorov.

Priklad1:

p: 2

f: [1 000 O0OO0OO0OO0OO0OO0O0O0 1]
factors: [[[1 11 41 [[1 1 11 471]
h: [0 0 1]

i: 12

Priklad2:

p: 11



f: [1 00 0000O0O0O0OO0O

factors: [[[10 8 1] 11 [[10
[[10 2 17 171 [[10

h: [0000O0O0O0O0OO0O0 1]

i: 2

5 TraceMap

#include <NTL/ZZ_pX.h>

#include <NTL/ZZ_pXFactoring.h>
#include <NTL/pair_ZzX_long.h>

NTL_CLIENT

int main()

{

long d;

27 p;

Z272_pX F,h,w,a;
vec_pair_7Z_pX_long factors;

cout<<"Zadaj prvocislo reprezentujuce pole!:

cin >> p;
Z7_p::init (p);

cout<<"Zadaj polynom f"<<endl;

cin>>F;

long n deg (F) ;

cout<<endl<<"Stupen polynomu ’'F’

PowerxXMod(h, p, F); // h

cout<<endl<<"Polynom ’"h’ je:

random(a, n); // generate a

cout<<endl<<"Polynom ’'a’ je:
TraceMap (w,a,n,F,h); // w =
cout<<endl<<"Polynom ’'w’ Jje:

cout<<w;

cout<<endl<<"Stupen polynomu ’'w’

cout<<deg (w) ;

h

1]
3 11 11 [[10 5 171 1]
6 1] 1] [[10 9 171 111
"<<endl;
je: "<<n<<endl;
"p 5 F

"<<h<<endl;

random polynomial of degree < n

"<<h<<endl;
ata"pt...+ " {p"{n-1}} mod F;

"<<endl;

je: "<<endl;



return 1;

}

Priklad 1

Zadaj prvocislo reprezentujuce pole!:

2 //p

Zadaj polynom f

[1 1 1] //F

Stupen polynomu 'F’ je: 2 //d = deg(F)

Polynom ’"h’ dje: [1 1] //h = h"p % F

Polynom "a’ je: [1 1] //n&dhodne vygenerovany polyndm stupna < n
Polynom ’'w’ Jje: //w = a+ta"p+...+ 7 {p"{n-1}} mod F;

[]
Stupen polynomu ’'w’ Jje:
-1

Z vysledku funkcie usudzujeme 50 percentnou pravdepodobnostou, Ze polyném
F je ireducibilny, lebo je deg(w) <= 0.

Priklad 2

Zadaj prvocislo reprezentujuce pole!:

2 //p

Zadaj polynom f

[1 0 1] //F

Stupen polynomu ’'F’ Je: 2 //d = deg(F)

Polynom "h’ je: [1]

Polynom ’a’ dje: [1] //h = h'p % F

Polynom ’'w’ Jje: //ndhodne vygenerovany polyndm stupna < n
[1 1]

Stupen polynomu 'w’ Jje: //w = a+a’p+...+ {p"{n-1}} mod F;
1

Z vysledku funkcie usudzujeme 50 percentnou pravdepodobnostou, Ze polyném
F nie je ireducibilny, lebo deg(w) > 0.



6 PowerCompose

#include <NTL/ZZ_pX.h>
#include <NTL/ZZ_pXFactoring.h>
#include <NTL/pair_ZzzX_long.h>

NTL_CLIENT

int main ()

{

long d;

27 p;

ZZ2_pX F,h,w;

cout<<"Zadaj prvocislo reprezentujuce pole!: "<<endl;
cin >> p;
Z27_p::init (p);

cout<<"Zadaj polynom F"<<endl;
cin>>F;

long n = deg(F);
cout<<endl<<"Stupen polynomu ’'F’ Jje: "<<n<<endl;

PowerXMod (h, ZZ_p::modulus(), F); // h = h"{ZZ_p::modulus ()}
cout<<endl<<"Polynom "h’ je: "<<h<<endl;

PowerCompose (w, h, n, F); // w = x"{p"n} mod F
cout<<endl<<"Polynom ’'w’ je: "<<endl;
cout<<w<<endl<<endl;

if(IsX(w))

cout<<"F Jje ireducibilny!";
else

cout<<"F nie je ireducibilny!";

return 1;

}

Priklad 1:

Zadaj prvocislo reprezentujuce pole!:
2 //p
Zadaj polynom F //F

[1 1 1]



Stupen polynomu 'F’ je: 2 //deg (F)
Polynom "h’ je: [1 1]

Polynom ’'w’ Jje: //w = X" {g~d} mod f
[0 1]

Kedze w = x, polyném F je ireducibilny.
Priklad 2:

Zadaj prvocislo reprezentujuce pole!:
2

Zadaj polynom F

[1 0 1]

Stupen polynomu ’'F’ je: 2
Polynom "h’ je: [1]

Polynom ’'w’ Jje:
(1]

KedZe w = 1, polyném F nie je ireducibilny.

7 IterComputeDegree

#include <NTL/ZZ_pEX.h>

#include <NTL/ZZ_pXFactoring.h>
#include <NTL/ZZ_pEXFactoring.h>
#include <NTL/pair_ZZ_pEX_long.h>

NTL_CLIENT

int main ()
{

long i, r;
27 p;

cout<<"Zadaj prvocislo reprezentujuce pole!: "<<endl;
cin >> p;
27_p::init (p);

// h = h"{ZZ_p::modulus ()}

o)
i)

F



727_pX P;
BuildIrred (P, 2); //vygeneruje ireducibilny polynom stupna 2
cout<<P<<endl;

27_pE::init (P);

g=27Z_pE::cardinality();

r=to_long (q) ; //kardinalita pola bude p~2
cout<< r <<endl;

/////1. pripad - vygenerovany polynom F\\\\\\\\

Z7_pEX F,h, 11,12;
//vygeneruju sa 2 ired. polynomy rovnakeho stupna
// a vypocita sa ich sucin

BuildIrred(il, 3);
cout<<endl<<"Ired. poly. 1l: "<<endl<<il<<endl<<endl;

BuildRandomIrred (i2,1il);
cout<<endl<<"Ired. poly. 2: "<<endl<<i2<<endl<<endl;

mul (F,11,12);
cout<<endl<<"Sucin il a i2: "<<endl<<F<<endl<<endl;

CanZass (factors, F, 0);
cout<<endl<<"Faktory su: "<<endl<<factors<<endl<<endl;
PowerxMod (h, r,F) ;

cout <<endl<< h <<endl;
i=IterComputeDegree (h,F);

//otestovanie nami vytvoreneho polynomu,
//ci vracia spolocny stupen ired. polynomov

cout<<endl<<i;

cout<<endl<<endl;

/////2. pripad - lubovolny polynom F\\\\\\
cout<<"Pri nahodne vygenerovanom F"<<endl<<endl;
random (F, 5);

cout<<endl<<"Polynom F"<<endl<<F<<endl<<endl;

SetCoeff (F,5);
cout<<endl<<F<<endl;



CanZass (factors, F, 0);
cout<<endl<<"Faktory su: "<<endl<<factors<<endl<<endl;

PowerXMod (h, r,F) ;
cout <<endl<< h <<endl;

i=IterComputeDegree (h,F);
//otestovanie lubovolneho polynomu co vracia

cout<<endl<<i;
return 1;

}
Priklad 1:

p: 2
P: [1 1 1] //ireducibilny polyndém 2-ho stupna
kardinalita je: 4

Kardinalita je p®9(").

F:[[1] [0 1] [1 1] [] [0 1) T[] [11]]

polyném F je 2% + (a)z* + (a + 1)2? + (a)z + 1

factors: [[[[1]1 (11 [1 (111 11 [(C(1] (1 11 [1 (111 111
ktorého faktory st: (23 + 2 + 1) a (23 + (e + 1)z + 1)!

h modulo F: [[] [1 []1 [] [1]]

h mod Fjez*
a nakoniec navratovd hodnota funkcie je 3, ¢o je stupen ireducibilnych
polynémov polynému F.

Priklad 2:

E; ?1 1 1] //irreducibilny polyndém 2-ho stupta
kardinalita je: 4

Kardinalita je ples(P),

(1] (0 1] (1 1] [1 1] [] [1]]

polyném F je 2° + (a + 1)a3 + (o + 1)2? + (a)x + 1

factors: [[[[O 1] ([1]] 1} ([([([O 1] [O 11 [11] 1] [[[1 1]



ktorého faktory st: (z + a)!, (2% + (a)z + @)l a (z + (o + 1))?
(01 01 01 [1 [11]

h mod Fjex?
anakoniec navratovad hodnota funkcie je 5, ¢o je stupen vstupného polynému
F, kedZe ireducibilné faktrory st rdzneho stupiia a jeden faktor je viacndsobny.

8 FrobeniusMap

#include <NTL/GF2EX.h>

#include <NTL/GF2XFactoring.h>
#include <NTL/GF2EXFactoring.h>
#include <NTL/pair_GF2EX_ long.h>
#include <conio.h>

NTL_CLIENT

int main()
{
long gj;
vec_pailr_ GF2EX_long factors;

GF2X P;
BuildIrred(P, 2);
cout<<P<<endl;
GF2E: :init (P);

GF2EX F, h;

random (F, 5); \\generuje polyndm F stupna < 5

SetCoeff (F,5); \\nastavi 5-ty koeficient polyndému F na 1
FrobeniusMap (h,F) ;

cout<<endl<<h;

getch();

return 1;

Priklad:

P: [1 1 1]

Pjea? +z+1

F 3-ho stupna: [[0 1] [0 1] [] [1 17]

F 3-ho stupiia: je (a+1)2® + (a)r + «

10



monicky F Stvrtého stupna:

([0 1]

monicky F:jez* + (a+1)z°+ (a)z +

h: [[0 1] [0 1] [] [1 1]]

ahje (a+1)z3 + (@) + a.

11

(0 1]

[]

(1 1]
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