NTL
Number Theory Library



Zdroje

» http://www.shoup.net/ntl/
- Download, Dokumentacia

» http://147.175.106.2/Tim6Download

- Dokumentacia v slovencine - stiahnut 4. verziu

.


http://www.shoup.net/ntl/
http://147.175.106.2/Tim6Download

NTL

» C++ kniznica, podporujuca pracu s:
> Celymi / redlnymi ¢islami l'ubovolnej dizky

- Kone¢nymi poliami GF(p), GF(pk)
> Okruhmi polynémov nad Z[x], GF(p)[x], GF(p*)[x]

- Vektormi, maticami nad Z, R, GF(p), GF(p¥)




NTL

» Obsahuje implementacie viacerych uzitocnych
algoritmov:
- Euklidov algoritmus, rozsireny Euklidov algoritmus
CRT, Jacobiho symbol
Faktorizacie polynomov nad Z, GF(p), GF(pX)
Maticové algoritmy (GEM, inverzia, ...)
Implementacia LLL algoritmu

Testovanie prvociselnosti, generovanie
ireducibilnych polyndmov, interpolacia,...
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NTL - instalacia (Unix)

» http://www.shoup.net/ntl/doc/tour-
unix.html

» V Unix-e odporucam (tak ako autor kniznice)
pouzivat aj kniznice GMP a gf2x

.


http://www.shoup.net/ntl/doc/tour-unix.html
http://www.shoup.net/ntl/doc/tour-unix.html
http://www.shoup.net/ntl/doc/tour-unix.html

NTL - instalacia (Windows)

» Od verzie 11.x.x Je potrebny kompilator s
podporou C++11

» Napr. TDM-GCC obsahujuci GCC/G++ 5.1.0,
http://tdm-gcc.tdragon.net/download

» Pripadne priamo nejake IDE, napr.
Code::Blocks s GCC/G++,
http://www.codeblocks.org/downloads/26
a tam vybrat verziu s MinGW



http://tdm-gcc.tdragon.net/download
http://tdm-gcc.tdragon.net/download
http://tdm-gcc.tdragon.net/download
http://www.codeblocks.org/downloads/26

TDM-GCC : Download =g Download binary P8l [T RychleAlgoritmy - Oddelenie ~/ntl-staging/ntl-11.0 Dupdated +

«)> C Q ® www.codeblocks.org/downloads/26 @ o O 1Y QO eblocks process terminated with status = & n @

£} Najoblibenejiie Akozadat B Suggested Sites @ Web Slice Gallery @ Previous

Main Please select a setup package depending on your platform:
* Windows XP / Vista / 7/8.x / 10

* Home « Linux 32 and 64-bit
« Features « Mac 0S X
* Screenshots
« Downloads NOTE: For older OS'es use older releases. There are releases for many OS version and platforms on the Sourceforge.net page.

o Binaries

o Source NOTE: There are also more recent nightly builds available in the forums or (for Debian and Fedora users) in Jens' Debian repository and Jens' Fedora repository. Please note that we consider nightly builds to be stable, usually.

o SVN
« Plugins NOTE: We have a Changelog for 17.12, that gives you an overview over the enhancements and fixes we have put in the new release
* User manual
e Licensing
mibauatons l["[./ Windows XP / Vista/ 7/ 8.x / 10:

Quick links .
File Date Download from
« FAQ
o Wiki codeblocks-17.12-setup.exe 30 Dec 2017 FossHUB or Sourceforge.net
* Forums
« Forums codeblocks-17.12-setup- dmin_exe 30 Dec 2017 FossHUB or Sourceforge.net
mobile
5 Sr; " ) deblocks-17.12: tup.zip 30 Dec 2017 FossHUB or Sourceforge.net
 Ticket System .
« Browse SVN Icodeblocks~17A12m|ngw-setup.exe 30 Dec 2017 FossHUB or Sourceforge.net I
2 i;)wse SWN codeblocks-17.12mingw-nosetup.zip 30 Dec 2017 FossHUB or Sourceforge.net
codeblocks-17.12mingw_fortran-setup.exe 30 Dec 2017 FossHUB or Sourceforge.net




NTL - instalacia (Windows)

» Dalej stiahnut NTL pre Windows (aktudlne je
najnovsia verzia 11.3.2 ku 02/04/2019

» AvSak na starsich IDE / verziach GCC je
mozno vhodnejsia verzia 10.5.0 (posledna
verzia pred 11.x.x)

» Archiv rozbalit do nejakého adresara



https://www.shoup.net/ntl/WinNTL-11_3_2.zip
https://www.shoup.net/ntl/WinNTL-11_3_2.zip
https://www.shoup.net/ntl/WinNTL-11_3_2.zip

NTL - instalacia (Windows)

» ,Your code will be much snappier, and your
quality of life will be much better."”

» Postup pre ,instalaciu“ NTL
> 1) Stiahnut
2) Vytvorit statickd kniznicu
- 2.1) zo zdrojovych kodov z adresara ,src”
- 2.2) Nastavit cestu k hlavickovym siborom v ,include”

(0]

o

3) Prilinkovat staticku kniznicu k programu
4) Taktiez nastavit cestu k hlavickovym stborom
5) pridat makro NTL_CLIENT

o

o]



http://www.shoup.net/ntl/doc/tour-win.html
http://www.shoup.net/ntl/doc/tour-win.html
http://www.shoup.net/ntl/doc/tour-win.html

NTL - vytvorenie statickej knizn
v prostredi Code::Blocks

L AJ

Vytvorime novy projekt typu ,Static Library”

¥ Start here - CodeBlocks17.12
|Fnle| Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocks Settings

Empty file Ctrl-Shift-N b b= g2 b7 4
= Open... Ctrl-0 Class...
Open with hex editor Project...
Open default workspace UG Targete,
Recent projects » )
: File...
Recent files »
Custom...
Import project % From template...
(& Savefile Ctrl-8 Nassi Shneiderman diagram
[Z4 Savefile as..,
Sawve project
Sawe project as,,,

ICe



NTL - vytvorenie statickej kniznice
v prostredi Code::Blocks

| Ne open source, Cross-piatorm Ve

'/')

T et Aoy P
New from template X
l Category: [<AII categories > v] [ P ]
pUlld Taldels
H T |
Files ou @" "\‘; LY 2 Cancel it
Custom OpenCV OpenGL PowerPC QT4 (shared)
User templates project project Project project
m SDL, S)_L)n the Day
QT4project QTSproject SDL project SDL2 project
L I\ - 1
‘_)TL/ Lle Smartwin
) e
SFML project STLport  Sharedlibrary  SmartWin
Mgplication project
— =
Sy K
j ‘?_J Ynew as
) ) (@) Large icons
Win32GUI  wxWidgets =20
project project -« | ) List
TIP: Try right-Gking an item
1, Select a wizard type first on the left
2. Select a spedific wizard from the main window (filter by categories if needed)
3. Press Go

i —_



NTL - vytvorenie statickej kniznice
v prostredi Code::Blocks

Static library

Please select the folder where you want the new project
to be created as well as its title.

Project title:
ntl_lib <
Folder to create projectin:

C:\Users\vB\Downloads\WinNTL-11_3_2\ntl_lib E]<

Project filename:
ntl_lib.cbp

Resulting filename:
C:\Users\VB\Downloads\WinNTL-11_3_2'\ntl_lib\ntl_lib\n

" Code::Blocks

The open source, cross-platform IDE

w feature

Meno projektu

Vytvorit adresar pre projekt

[ < Back “ Next > ] [ Cancel




NTL - vytvorenie statickej knizn
v prostredi Code::Blocks

Code::Blocks v projekte vytvori subor main.c - ten zmazeme

L AJ

¥ main.c [ntl_lib] - Code:Blocks 17.12
File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBl

FeE@ I UMB[QARG P $ © B oo = HL
i | BRI <] RN e biD
—gt_— x| | mainc X |
4| Projects | Symbols | Fies b 1
) Workspace 2
-5 ntllib 3
=8 Sources 4
L) 5
Save main.c WK,
Close main.c
Open with »

Remove file from project I

Format this file (AStyle)

s t SampleAddInt(int il, int i2)
Reparse this file

Build file return il + i2;
Clean file
Options » i

i id SampleFunctionl ()
Properties...

int SampleFunction2 ()

ce



NTL - vytvorenie statickej kniznice
v prostredi Code::Blocks

Nasledne do projektu pridame vSetky subory z adresara ,src” kniznice
NTL 5 [ntl_lib] - Code:Blocks 1712

File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins DoxyBlocl
CEBA I AMB|ARG > SO Db )@ >
e [ NREBRIF S| <[ @R biD |
Management X
< Pro;écts Symbols Fdes )

O iorpa 1
M= Save project
Close project

Add files... I
iles recursively...

Remove files...

Find file...

Project tree

Add new virtual folder...
Format this project (AStyle)
Reparse this project

Build

Rebuild
Clean

Build options...
Open Project Folder in File Browser

Properties...
‘




NTL - vytvorenie statickej knizn
v prostredi Code::Blocks

L AJ

ce

X

@C—)v’ JL » VB » Stazenésoubory » WinNTL-1132 » WinNTL-1132 » src

Usporadat v

7 Oblibené polozky [—
2] Naposledy naviti

B Plocha

4§ StaZené soubory

4 Knihovny
@ Dokumenty
J’ Hudba
[=| Obrazky
B Videa

1M pocitac

€ sit

v ] 4y ‘ [ Prohledat: src

Nova slozka

2 Nazev polozky . Datum zmény Typ Velikost
‘ || BasicThreadPool.cpp 2.4.201912:26 Soubor CPP 1 kB'
||| ctools.cpp 2.4.201912:26 Soubor CPP 5kB|
‘ |_| FacVec.cpp 2.4.2019 12:26 Soubor CPP 2kB|
||| FFT.cpp 2.4.201912:26 Soubor CPP 91 kB |
|| fileio.cpp 2.4.201912:26 Soubor CPP 3kB|

£ ||| G_LLLFP.cpp 2.4.201912:26 Soubor CPP 33 kB|
|| G_LLL_QP.cpp 24.201912:26 Soubor CPP 46 kB |
||| G_LLL RR.cpp 2.4.201912:26 Soubor CPP 28 kB|
|| G_LLL_XD.cpp 2.4.201912:26 Soubor CPP 28 kB |
||| GetPID.cpp 2.4.201912:26 Soubor CPP 1kB|
||| GetTime.cpp 2.4.201912:26 Soubor CPP 1kB|

= |[] 6GF2.cpp 2.4.201912:26 Soubor CPP 1kB|

« |L]GF2E.cpp 2.4.201912:26 Soubor CPP 7kB|

Nazev souboru: "BasicThreadPool.cpp” "ctools.cpp” "FacVec.cpp” "FFT.cpp” "fileio.cpp” "G_LLL_FP.cpp" "G_ ~ {AII files (*.%)

=y 0 @

)

[ Otevrit Iv] [ Storno ]

P

P

i




NTL - vytvorenie statickej kniznice
v prostredi Code::Blocks

Dalej musime nastavit cestu k hlavickovym (*.h) siborom a nastavit
kompilator na verziu C++11 (pre verziu NTL 11.x.x) cez ,Build
options...”

¥ [ntllib] - Code:Blocks 1712
File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+ Plugins
CeB@ ¥ tmalQAR Qbf%@![oebugf -l

i | OB R iitll‘*<|_l_l|\\ o oD
“Mmagement X |
4Pro;ects Symbol FI P

O Workspace
r‘l

Save project
g Close project
Add files...

Add files recursively...
Remove files...

Find file...

Project tree
Add new virtual folder...

Format this project (AStyle)
Reparse this project
Build

Rebuild
Clean

Build options...
Open Project Folder in File Browser
Properties...

| HNF.cpp
i ] lip.cpp
T ran




NTL - vytvorenie statickej kniznice
v prostredi Code::Blocks

Zmeny budeme robit pre Release verziu kniznice (ten isty postup sa da
pouzit aj pre Debug verziu) - tu nastavime kompilator na C++11 -
tento krok vynechat pre verziu 10.5.0 a menej

Project build options =S |[i_&.|

ntl_lib Selected compiler

G GCC Compiler v

Compiler settings iLinker settings | Search directories I Pre/post build steps I Custom variables ] "Make"” commands |

Policy: [Append target options to project options ']

Compiler Flags [Other compiler options | Other resource compiler options l #defines |

B General A |

Have g++ follow the coming C++0x (aka c++11) ISOC++ Ianguage stan []

—

NOTE: Right-chck to setup or edit comp|ler ﬂags

| ok || cancl




NTL - vytvorenie statickej kniznice
v prostredi Code::Blocks

... A tu cestu k hlavickovym suborom

: Pro;ect build options o o s R
ntl_lib Selected compiler
~Debug | GNU GCC Compiler -
‘- Release

re/fost build steps I Custom variables | "Make® oommandsl

2




NTL - vytvorenie statickej kniznice
v prostredi Code::Blocks

Tie sa nachadzaju v adresari ,include“ kniznice NTL.

Project build options o |[@] =
ntl_lib Selected com(’ Vyhledat slozku
i-Debug
i GNU GCC C
e [ ecc cg 2
Compiler settil fom variables | “Make" commandsl
W[ 4 | ntllib
. ntl_lib
Policy: (4 4 |, WinNTL-11.32 v
: ., doc S5 4
|, GetPID 2 n
. GetTime i

Slozka:

Vytvorit novou sloiku] [ OK ] [ Storno




NTL - vytvorenie statickej kniznice
v prostredi Code::Blocks

POZOR!!! Vkladajte cestu tak, aby koncila ,include®, NIE ,include/NTL" !l

Project build options o (2]
ntl_lib Selected compiler
+Oebng | GNU GCC Compiler -
i Release

| Compiler settings I Linker settings | Search directories | Pre/post build steps | Custom variables | "Make™ commands I

Compiler annker lResource compiler]

Policy: [Append target options to project options V]

L
e

‘ Edit | | Delete ‘ Copy to...

o [ concel |




NTL - vytvorenie statickej kniznice
v prostredi Code::Blocks

Nasledne uz len nastavime aktualne nastavenie projektu na Release a
vyberieme moznost Build, ktora vytvori statickd kniznicu

¥ [ntl_lib] - Code:Blocks 17.12
File Edit View Search Project Build Debug Fortran wxSmith Tog o1,
CeB@ <3 dmaQAR; 0»@@ [Release

e | P RBRE B a9 Q] e o —

Management X‘
4| Pro;ects Symbol FI ’,

| O wor kp -
7'I

- Save project
Close project

Add files...
Add files recursively...
Remove files...

Find file...

Project tree
Add new virtual folder...

Format this project (AStyle)
Reparse this project

Build
—TTE

Clean

Build options...
Open Project Folder in File Browser
Properties...

| HNF.cpp ”I
‘e 1 lin.con




NTL - vytvorenie statickej kniznice
v prostredi Code::Blocks

Vysledna kniznica (subor s koncovkou .a) je v prislusShom podadresari
projektu bin/Release

E= EoR =<~
S p——

(_J®| L | VB » Staienésoubory » WinNTL-1132 » ntilib » ntlfib » bin » Release v | 42 || Prohledat: Release P
Usporadat v Zahrnout do knihovny ¥ Sdilets v Nova slozka g= ~ [ @
7 Oblibené polozky Nazev polozlew Datum Zzmeny Tvp Velikost

=] Naposledy navitiver ‘ | libntl_lib.a 24.201912:40 Soubor A 3926 kB |

B Plocha

& Stazené soubory

4 Knihovny
5| Dokumenty
@ Hudba
-y Obrézky




NTL - vytvorenie programu v
prostredi Code::Blocks s NTL

Vytvorime obycajnu konzolovu aplikaciu vyuzivajucu NTL

'

New from template ("

EESS e — = — . =

Projects Category: [<AII categories> ,] I Go ]
Build targets

DT © R % : |
Custom S ARDUIND > o

ARM Project  AVR Project Arduino Code::Blocks
Project plugin

g2 & 0 ]

D application Direct/X Dynamic Link
project Library

e S R !

Empty project FLTK project Fortran DLL Fortran
application

L@ GLEW GLUT View as
al G G @ Large icons

Fortran library GLFW project GLUT project GTK+ project @ List

User templates

m

—| TIP: Try right-clicking an item T

1. Select a wizard type first on the left
2. Select a spedific wizard from the main window (filter by categories if needed)
3, Press Go

M




NTL - vytvorenie programu v
prostredi Code::Blocks s NTL

Ako jazyk zvolime C++

Console application @

& Console




NTL - vytvorenie programu v
prostredi Code::Blocks s NTL

Rovnakym sposobom ako pri vytvarani statickej kniznice zmenime ,Build
options..." nového projektu (konzolovej aplikacie)

B main.cpp [ntl_app] - Code:Blocks 17.12

File Edit View Search Project Build Debug Fortran wxSmith Tools Tools+

A I URBAR G P S O Roease

o | MR R oR i piD

Management X

I—l main.cpp X |

4| Projects iSMJ,Hfi il 1 #include <iostream>
o Workspace Z
@, nt S = < g namespace std;
EIB ave proje
Close project main()

Add files... pout << "Hello world
Add files recursively... return 0;
Remove files...
Find file...
Project tree 4

Add new virtual folder...
Format this project (AStyle)
Reparse this project

Build
Rebuild

Clean

| Build options...

Open Project Folder in File Browser

L

Properties...




NTL - vytvorenie programu v
prostredi Code::Blocks s NTL

Znovu - ak pouzivame verziu NTL od 11.x.x, tak zmenime nastavenie

kompilatora na C++11 —--- staci pre verziu Release aplikacie (ak nechceme
vytvarat Debug verziu) -—-- pre NTL 10.5.0 a menej vynechame tento krok
F Project build options = Hﬂj[é]
ntl_app Selected compiler
gzlt:;ie [ GNU GEC Compiler v

Compiler settings | Linker settings | Search directories | Pre/post build steps | Custom variables | "Make® commands |

Policy: {Append target options to project options V]

Compiler Flags | Other compiler options | Other resource compiler options | #defines |

B General

Have g++ follow the C++11 ISO C++ language standard [-std=c++11]

Have g++ follow the coming C++0x (aka c++11) ISO C++ Ianguage stan []

NOTE: nght-dlck to setup or edit compller ﬂags




NTL - vytvorenie programu v
prostredi Code::Blocks s NTL

Znovu je nutné nastavit cestu aj k hlavickovym stiborom --- nezabudnut na to,
ze musi koncit ,\include®

ﬁ:- : % N 5e % ../.
Project build options o Lo
nt_app Selected compiler
D | GhU GCC Compiler v
----- Release

| Compiler settings | Linker settings | Search directories | pre/post build steps | Custom variables | Make™ commands |

Compiler lLinker I Resource compiler |

Policy: [Append target options to project options v]

B
&

Edit Delete | Clear Copy to...

[

o] [canea ]




NTL - vytvorenie programu v
prostredi Code::Blocks s NTL

NavysSe, musime teraz nastavit cestu k statickej kniznici, ktord sme vytvorili!

' Project build opfibns =5 = | <]
ntl_app Selected compiler
g (a0 G compier -]
Ty
Policy: [Append target options to project options ,]

Link libraries: Other linker options:




NTL - vytvorenie programu v
prostredi Code::Blocks s NTL

NavysSe, musime teraz nastavit cestu k statickej kniznici, ktord sme vytvorili!

Project build options o3 =
ntl_app Selected compiler
e | GNU GCC Compiler v
‘- Release

Compiler settings | Linker settings | Search directories | Pre/post build steps | Custom variables | "Make® commands |
Policy: | Append targgms
Add library

Link libraries: File:

z)

ker options:

OK

Edit Delete Clear =

| Copy selected to... |

ok J[ concel




NTL - vytvorenie programu v
prostredi Code::Blocks s NTL

Kniznica sa nachadza v adresari s projektom statickej kniznice v podadresari

\bin\Release |
il s Choose library to link .
"
4 Uv ; VB » Stazenésoubory » WIinNTL-11 3 2 » ntl_lib » ntl_lib » bin » Release v | 5 I Prohledat: Release pe |
g
1  Uspofadat v Nova slozka =~ b @
¢ Oblibené polozky i Nazev polozky Datum zmeény Typ Velikost
i Naposledy naviti | §| | | libntl_lib.a 2.4.201912:40 3926 kB |
Bl Plocha
4 Stazené soubory
s+ Knihovny
5] Dokumenty E
@' Hudba
[=| Obrazky
B Videa
1M Poéitac
€ sit L
Nazev souboru: libntl_lib.a v [Library files (*.a, *.s0, *.lib, *.dyl v]
[ Otevrit |v] [ Storno ]

i —_




NTL - vytvorenie programu v
prostredi Code::Blocks s NTL

Teraz by uz malo byt vSetko nastavené pre pouzitie kniznice NTL. NapiSeme

program v jazyku C++ s pouzitim NTL, skompilujeme a pedavame-s-opekanymi
zemiakmi— spustime vyslednu aplikaciu.

¥ main.cpp [ntl_app] - Code:Blocks 1712
File Edit View Search Project Build Debug Fortran _wxSmith Tools Tools+ Plugins [

reB@ <3 unaAn;o ] ok DB

a | PREBRISS| |2 S BuildandrunEaiv—”—

I 5
s x[_lmain-cpp X |

4| Projects | Symbols | Fies b 1 $include <NTL/ZZ.h>
O Workspace 2
- Mg ntl_app 3 NTL_CLIENT
B- B Sources 4
...... j main. cpp 5 int main()
6 |JH¢
7 ZZ a;
8 Z2Z b;
9 ZZ Cj
cin >> a;
ein >> Db;
c = a*b;
cout << c << endl;
I return 0;




NTL - vytvorenie programu v
prostredi Code::Blocks s NTL

2 upozornenia:
1. Kazdy ,#include” musi zac¢inat ,NTL/“, napr. #include<NTL/ZZ.h>
pre pristup k suboru ZZ.h (v ktorom su funkcie a datové typy pre celé cCisla)
2. Nezabudnut na makro NTL_CLIENT
¥ main.cpp [ntl_app] - Code:Blocks 17.12
File Edit View Search Project Build Debug Fortran_wxSmith Tools Tools+ Plugins |

B8 ¢ UhaAR;F [Release -JE

e PREBBRIS $|I***<|__JL_J|%Bundandrunk

Management X |mam£pp x[
‘471 Projects | Symbols | Files P 1
) Workspace 2
=¥ ntl_app 3
B- B Sources 4
...... J main. cpp 5 int main()
6 [«
7 2Z a;
8 ZZ b;
9 ZZ c;
10 ein »» a
11 ein >> Db
12 c = aeh2
13 cout << c << endl;
14 return 0;
i5 :
16 =




NTL - ukazky

» Celé cCisla- datovy typ Z7

» Polyndmy nad Z - datovy typ ZZX
» Okruh Z, - datovy typ ZZ_p

» Polynomy nad Z, - ZZ_pX

» Rozsirenie Z,/f(x) - ZZ_pE

» Polynomy nad Z,/f(x) - ZZ_pEX

» p hemusi byt prvocislo, f(x) nemusi byt
ireducibilny




#include<NTL/ZZ.h> //pre datovy typ ZZ
NTL_CLIENT

int main()
{
/7 a,b,c; //premenne typu ZZ (velke cele cislo)
cin >> a; //nacitanie a z klavesnice
cin >> b; //nacitanie b z klavesnice
c = a*b; //do c priradime sucin a*b
cout << ¢ << endl; //vypis c na obrazovku

return O;




#include<NTL/ZZ.h>

#include<NTL/ZZ_p.h> //pre datovy typ ZZ_p (cele cisla modulo cislo p)
NTL_CLIENT

int main()

{

ZZ p;

cin >> p; //nacitanie p z klavesnice

p = conv<ZZ>(3); //natvrdo zadane v kode a predchadzajuca hodnota sa prepise
/] conv<T>(x) robi konverziu hodnoty x do datoveho typu T

ZZ_p::init(p); //vytvorenie okruhu modulo p pomocou funkcie init
ZZ_p a,b,c; //premenne a,b,c su teraz cele cislamodulo p

cin >> a; //nacitame a z klavesnice
cin >> b; //ak nacitame vacsie cislo ako p, automaticky sa zmoduluje

c =a*b; //vsetky operacie su modulo, aj nasobenie
cout << ¢ << endl;
return O;




int main()
¢ Polynom nie je ireducibilny
ZZ p::init(conv<ZZ>(3)): Qkrun B

ZZ pX polynom;
while (1)
cin >> polynom;
if (IterIrredTest (polynom))

cout << "Bolvnom Jj& ixsducikilny"<< endl;
else

cout << "Bolvnom Ris is ixsducikilny" << endl;

return

[2 1 1] je NTL reprezentacia polyndbmu 2 + x + x?
[2 0 1] je NTL reprezentacia polyndmu 2 + x2

Nad okruhom Z; je prvy polyndm ireducibilny, druhy nie!




include<NTL,

#include<NTL/ZZ

NTL CLIENT

int main()

ZZ_p::init(conv<ZZ>(3]];
ZZ pX polynom;
while (1)

cin >> polynom;

if (IterIrredTest (polynom))

cout << "Bolvnom is irsducikilny"<< endl;

break;

} Vytvorime rozsSirenie Z;

else

N LR R G R ™ % el pomocou ireducibilneho
polyndmu 2 + X + x?

ZZ pE::init (polynom); <—
ZZ pE prvok ZZ pE;

random (prvok ZZ pE); NahOd ne Vygene rovany
cout << prvok ZZ pE << endl; # | C:\Users\VB\Downloads\WinNTL-11_3_2\ntl_app\nt|

Po— prvok tohto okruhu

Polynom je ireducibilny

return  0; (1 3] zvyskov je T + 2*x




Taktiez je v NTL implementovany inkrementacny algoritmus na vypocet
CZV (CRT = Chinese Remainder Theorem)

& = v~ T =] V& & -
T acdw Al KWUTNNL o ~o

NTL CLIENT

int main|() -
I # | C:\Users\VB\L
Z2Z A,P;
conv<ZZ>(2):;
conv<ZZ>(3);

A
P

CRT(A,P,5,7):

A

cout <
CRT (A,P,21,5):

cout << A << endl;
cout << P << endl;

<< endl;

return




NTL - ukazky

» Pre pracu s okruhmi charakteristiky 2 existuje
samostatny datovy typ GF2

» GF2, GF2X, GF2E, GF2EX

» Jeho pouzitie umoznuje efektivnejsiu pracu,
ako pri pouziti ZZ_p, ktory by sa inicializoval
hodnotou 2.




#include<NTL/GF2.h>
#include<NTL/GF2X.h>
#include<NTL/GF2E.h>
#include<NTL/GF2EX.h>

NTL_CLIENT
int main()
{
GF2X polynom;
cin >> polynom; / /nacitame polynom
GF2E::init(polynom); / /okruh zvyskov nad GF(2) po deleni zadanym
/ /polynomom
GF2E x; / /prvok rozsirenia

cout << "Zadajte prvok x" << endl;

cin >> X; //napr [0 1] je prvok “x”, [0 1 1] je “X + x?”
cout << "Vypis i-tych mocnin x" << endl;

for (inti =1;i < (1<<deg(polynom)) ; i++)

{

cout << i << 7,

}

return O;

<< power(x, i) << endl;




NTL - ukazky

» Kazdy datovy typ reprezentujuci polyndomy
ma implementované faktorizacné algoritmy

» LZXFactoring, ZZ_pXFactoring,
ZZ_pEXFactoring

» GF2XFactoring, GF2EXFactoring




NTL - nahodny generator

» 1) Inicializacia NTL generatora - SetSeed

» 2) Generovanie potrebnych nahodnych
hodnot - GF2, GF2E, GF2X, ...

» 3) Generovanie nahodnych ireducibilnych
polynomov je vo ,Factoring” hlavickovych
suboroch - GF2XFactoring, atd..




NTL - ukazky

» Vektory, Vec<T>, vec_T

- Vektory prvkov su vo vseobecnosti deklarované ako
Vec<T>, kde T je prislusny datovy typ, t.j.
Vec<GF2>, Vec<ZZ>, Vec<GF2EX>, atd..

- Rovnako funguje aj konvencia vec_T (pozor na
velké/malé pismena - Vec<T> vs. vec_T)

» Vektory vektorov, Vec<Vec<T>>, vec_vec_T
- vec_vec_GF2, vec_vec_ZZ, vec_vec_ZZ_p, atd.
» Matice, Mat<T>, mat_T

- mat_GF2, mat_GF2E, mat_ZZ, atd.
- Vznikaju konverziou vec_vec_T




Sustava linearnych rovnic

» Napr. nad GF(2)
» X1 + X2 +x3 =0
» X1 + X3 =1

» X2 + X3 =1

» Pre GF2, GF2E rieSi NTL sustavy x*A = b,
resp. A*X = b podla poradia argumentov
metody solve.




Sustava linearnych rovnic

int main()

vec_vec GF2 wvec _wvec A;
vec_GF2 wvec b;

mat GF2 mat A;

GF2 det;

vec GF2 riesenie;

cout << "Zadajte maticu
vec_vec A;
cout << "Zadaite vekLoxr

> vec b;

# | C:\Users\VB\Downloads\WinNTL-11_3_2\nt|_app\nt|_app\bi

Zadajte maticu A:
[[1 1 1101 6 11[68 1 111
Zadajte vektor h:
6111

Riesenie sustavy A*»x = b
[1 1 81




Datovy typ ,pair”

» pair_GF2X_long, pair_GF2EX_long, atd'.
» Vyuzivaju sa pri faktorizacii, napr.
faktorizacia polynomu

[1T100001 1]
1 + X+ x0+x7=(1+x+ x%)?(1+x)?

[ 1] 310 1 1] 2]]

T.j. faktor (1 +x) 3-nasobny a (1+x+x?2)
2-nasobny




Datovy typ ,pair”

int main()

Ki
GF2X polynom;
vec_pair GF2X long faktory;

cout << "Zadalke Reivnem na fakkerizagiuw: " << endl;
cin >> polynom;

CanZass (faktory, polynom);

cout << "Faktory zadaneho RRIVANR S naseknostami: " << endl;
cout << faktory << endl;

r

(X C:\Users\VB\Downloads\WinNTL-11_3_2\ntl_app\ntl_app\bin\Release

return 0O: Zadajte polynom na faktorizaciu:
(11060008111

Faktory zadaneho polynomu s nasobnostami:
CCC1 11 31 [[1 1 11 211




Hint pre zaciatochikov

» Vo vlastnych funkciach vyuzivajucich NTL
odovzdavajte argumenty vzdy odkazom!




