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AHOTAIILA

B mumniomHii poOOTI TOCTIKYEThCS MpobiieMa (hakTOpU3aIii MUTAX YUCE.
B nanuii yac mUpOKO MOMIMPEHUNA MeToJA MU@PYBAaHHS 3 BIAKPUTHM KIHOYEM
RSA, a Takox neski anropuTMu 1udpoBOro miAnMUcy, 0a3yrOThCs HA MPAKTUYHIN
TPYAOMICTKOCTI  pimeHHs 3anadl  (QaxTtopuszamii. ICHyBaHHS  KJIACHYHOTO
AITOPUTMY, 10 BUPINIYE 3a7a4y (pakTopu3allii 3a MoaiHoMIaJIbHUM Yac, 3MyCHJIO O
MOBHICTIO BigMoBHTHCA Bii RSA B MailOyTHHOMY, 1 CKOMIPOMETYBAIO O BEIUKY
KUIBKICTh BX€ ICHylouux cucteM. OpHak, caMuid IIBUJIKHA aJTOPUTM
dbaxTopu3allii JOBUILHUX HATypaJIbHUX YHCEN, BIIOMHI Ha ChOTOIHINIHIA JICHB,
Mae CyOEKCIOHEHIIAJIbHY OLIIHKY Yacy poOOTH.

MeTo1o JaHOTO AUIUIOMHOTO IMPOEKTY € — BUBYEHHS ICHYIOUHX CYYaCHHUX
anropuTMmiB  (akTopu3aiii BEIMKUX IIJIUX YHCEN, a TaKoX peaizaiis
po3pobaeHoro QS-anropuTMy y BUTIISAII KOMI'TOTEPHOT POTPaMH.

B poGoTi mpencraBieHo OIS Cy4acHUX alrOpUTMIB (akTopu3allii MiIuX
Yyucell 3 EKIMOHEHIIAIBHOI0 Ta 3 CYOEeKIMOHEHIIAIbHOK CKJIAIHICTIO. PearnizoBaHo
0a30BUi METOJ] KBaJpaTUYHOTO pemrera MoBoto C#. Po3pobieno QS — anroputm

It ynces MepceHna.



AHHOTALIA

B nunnomHuoit pabote uccnemayercs npodiema GakTopr3aluy HEebIX YUCEIL.
B Hacrosiee BpeMsi HIIMPOKO pacHpoCTpaHEeH METOo] MHU(GPOBAHUS C OTKPBITHIM
KItouoM RSA, a Takxke HEKOTOpbIe alrOpUTMbI IUPPOBON MOJNUCH, OCHOBAHHbIE
HAa  TMPAKTUYECKOW  TPYAOEMKOCTH  pelleHus  3afaud  (aKTOpU3ALINH.
CyuiecTBoBaHME  KJIACCMYECKOTO  aJIrOpUTMa, KOTOPBIM  pemiaeT  3ajady
dakTopuzanuy 3a MOJIMHOMHUAIBHOE BpEMs, 3aCTaBHIIO OBl MOJHOCTHIO OTKA3aThCs
or RSA B Oyaymiem, u CKOMIIPOMETHPOBAIO Obl OONBIIOE KOJUYECTBO YXKE
cyuiecTByromux cucreM. OpHako, caMblii OBICTPBIA aIrOpUTM (HaKTOPHU3ALUU
IIPOU3BOJIBHBIX HATYpPAJbHBIX YHCEJ, WU3BECTHBI Ha CErOAHSIIHUA JEHb, UMEET
CYyOEKCITOHEHIIMATIbHYIO OLIEHKY BPEMEHHU PaOOTBHI.

[lenpr0  aHHOrO  JUIJIOMHOTO  TPOEKTa  SBISETCA —  W3Y4YEHHUE
CYILIECTBYIOIIMX COBPEMEHHBIX aJTOPUTMOB (aKTOpH3aluu OOJBIIMX LEIbIX
yucesl, a TaKkKe peanusauus paspaboraHHoro QS-aiaroputMa B BHIE
KOMITBIOTEPHOU MPOTPAMMBI.

B paGorte mpeactaBieH 0030p COBPEMEHHBIX aJTOPUTMOB (HaKTOPU3AINH
LENbIX 4YHCeJl C EKINOHEHUUAIbHOW M C CYOEKINOHEHLUHUATbHOW CIIOXKHOCTBIO.
Peanu3oBano 0a30BbIi METOA KBaJipaTUYHOTO pemiera Ha si3bike C #. Pa3paboran

QS - anroput™ 115 yrcen MepceHHa.
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ANNOTATION

The given diploma paper investigates the problem of integers’ factorization.
At present, the widespread public key encryption method RSA, as well as some
digital signature algorithms are based on practical work content of factorization
task. The existence of classical algorithm, solving the factorization task, would
make us renounce the RSA later on, and compromise the great number of pre-
existing systems. However, the fastest factorization’s algorithm of any natural
numbers, which is well- known today, has subexponential estimation of working
hours.

The object of given diploma project is the investigation of modern present
factorization algorithms of great integers, as well as realization of developed QS-
algorithm as computer programme.

This diploma paper describes the review of modern factorization algorithms
of integers with exponential and subexponential complication. The basic quadratic
sieve method in the language of C# is realized. The QS - algorithm for Mersen’s

numbers is developed.
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I[HEPEJIIK CKOPOYEHb, YMOBHUX [TO3HAYEHb TA TEPMIHIB

N MHOKHHA HATYPaJIbHUX YHCEIT

Z KIJIBbIIE [IIJINX YUCET

(a—| I1J1a YaCTHHA 3BEepXy, TOOTO HaiiMeHIe N € Z, 171 IKoro N> a

a=b(mod c) a - b minuThes Ha ¢ B pO3MIIHYTOMY KUTBIT (LLJTUX YrcelT a0
MHOTOYJICHIB)

a = b(mod c) a - b He ginuTHCA Ha C

a€EA a — eJIeMEHT MHOKHUHH A

) MIOPOXKHSI MHOXKHHA

const sAKa-HeOyAb JOJIaTHS MOCTIHHA

O (f(n)) CKJIQJIHICTh aJITOPUTMY, O3HAYAE, 1110 31 301IbIIICHHM

napamMeTpa n, 4ac poooTu aliropuTmy Oyze 3poCTaTu He
IIBU/IIIE, HIK Jeska KOHCTaHTa, TOMHOKeHa Ha f (1)

exp (X) e", ne e - unciuo Einepa
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BHUCHOBOK

VY naniil poOOTI MU PO3TISHYIM Cy4yacHI alropuTMu (hakTopH3arli IMiaux
grces. TakuM YMHOM, MOKHa 3pOOWTH HACTYITHI BHUCHOBKH: ISl (hakTOpH3aIii
HaTYpaJIbHUX YHCEN ICHYe JOCUTh Oarato cmocoOiB, alie e 3aBAaHHs JalleKO He
TpHUBiaJIbHE, 1 IOCUTH 3aTPaTHE B IUIaH1 Yacy, MPo 1€ TOBOPUTH OIlIHKA CKJIAJIHOCTI
aNropuTMIB (haKTOpU3aIlii.

B po60Ti aeTanbpHO po3TisaaBcs anropuT™ dakTopu3aiii mmx arcen — QS-
metoa. CrienianbHo OyJsia CTBOpEHA KOMIT IOTEpHA Mporpama, ska peaiizyBaia 1en
aITOPUTM, a caMe€ METOJ  KBaJapaTHuHOro pemera MoBoio C#, a Takox
po3polbieHo Ta peanizoBano QS — anroputMm (akTopuzamii s yncena MepceHa;
BUKOHAHI OOYMCIIIOBAIbHI €KcriepuMeHTH. HaBejeHi cTparerii, siki JO3BOJSIOTH

HOJIIMIINTH €(EKTUBHICTh METOAY KBaJapaTUYHOTO PEIIETA.
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JOAATOK

[Iporpamua pearizariisi anrOpuTMiB

QS - anropurm

Knac HCSRAIgorithm

using System;
using System.Numerics;

namespace QuadraticSieve

{

class HCSRAlgorithm

{

private Random random;

public HCSRAlgorithm(int seed)

{

}

public bool Composite (BigInteger

{

random =

if (n == || n

new Random(seed) ;

== 3)

return false;

BigInteger m =

if (m == 0)

ns% 2;

return true;

BigInteger nl = n - 1;

BigInteger r =
long s = 0;

BigInteger n2 =

for (int i = 1;

{
BigInteger
BigInteger

nl;
n - 2;
i <= t; i++)

a = RandomRange (2,
BigInteger.ModPow (a,

Y

n,

int t)

nz);

r,
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if (y !'= 1 && y !'= nl)
{
int §J = 1;
while (j <= s && y != nl)

{
y = BigInteger.ModPow(y, 2, n);

if (y == 1)
return true;

J++;
}

if (y !'= nl)
return true;

}

return false;

}

public int Jacobi (BigInteger a, BigInteger n)
{
if (a == 0)
return 0;

if (a == 1)
return 1;

int e = 0;

BigInteger al = a;

BigInteger quotient = al / 2;
BigInteger remainder = al % 2;

while (remainder == 0)
{
et+;
al = quotient;
quotient = al / 2;
remainder = al % 2;
}
int s = 0;
if (e % 2 == 0)
s = 1;
else

{
BigInteger mod8 = n % 8;

if (mod8 == | | mod8 == 7)
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s = +1;
if (mod8 == | | mod8 == 5)
s = -1;

BigInteger mod4d = n % 4;

BigInteger ald = al % 4;

if (mod4 == 3 && ald == 3)
s = -s;

BigInteger nl = n % al;

return s * Jacobi(nl, al);

}

public BigInteger RandomRange (
BigInteger lower, BigInteger upper)

{
if (lower <= long.MaxValue && upper <= long.MaxValue

&& lower < upper)

{
BigInteger r;

while (true)

{
r = lower + (long) (((long)upper -

(long) lower) * random.NextDouble())

if (r >= lower && r <= upper)
return r;

}
BigInteger delta = upper - lower;

byte[] deltaBytes = delta.ToByteArray():;
byte[] buffer = new byte[deltaBytes.Length];

while (true)
{
random.NextBytes (buffer) ;

BigInteger r = new BiglInteger (buffer) + lower;

if (r >= lower && r <= upper)
return r;

}

public BigInteger SquareRootModPrime (
BigInteger a, BigInteger p)
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// returns square root of a modulo p if it exists 0

otherwise

{

long e = 0, r, s;

BigInteger b = 0, bp = 0, g = p
BigInteger pl = p - 1, t X

= O,

// p-1=2"e * qwith g odd

m=qg % 2;
while (m == 0)
{
q=9q/ 2;
m=q9g % 2;
e++;

// find generator

int jac = 0;
do
{
n = RandomRange (1, pl);
jac = Jacobi (n, p);
} while (jac == -1);
z = BigInteger.ModPow(n, g, p);
y = z;
r = e;
x = BigInteger.ModPow(a, (g - 1)
b = (((a * x) $p) * x) % p;
b (a * x) % p;
while (true)
{
if (b == || b == pl)

return x;

s = 1;

bp = BigInteger.ModPow (b,

S++;
} while (bp != 1 && bp
if (s == r)

return O;

14

1, m n
0, v =0, z=0;

2, p);

(long)Math.Pow (2,

'= pl && s < r);



72

t = BigInteger.ModPow (y, (long)Math.Pow (2, r - s
- 1) 14 p) 7
y = (t *t) $ p;
x = (x *t) % p;
b= (b *vy) % p;
r = s;
}
}
}
}
Knac LinearAlgebra
using System.Threading.Tasks;
namespace QuadraticSieve
{
class LinearAlgebra
{
public void KernelOverZ2 (int m, int n, int[] d, sbytel,]
M, ref int r)
{
sbyte D;
int i, j, k, s;
int[] ¢ = new int[m];
r = 0;
for (1 = 0; i < m; 1i++)
cli] = -1;
for (k = 0; k < n; k++)
{
for (3 = 0; j < m; J++)
if (M[j, k] !'= 0 && c[j] == -1)
break;
if (J < m)
{
D = -1;
M[3, k] = -1;
for (s = k + 1; s < n; s++)
M[J, s] = (sbyte) (D * M[]j, s]);
for (1 = 0; i < m; 1i++)
{
if (1 != 3)
{
D = M[1i, kI;
M[i, k] = 0;
for (s = k + 1; s < n; s++)
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M[i, s] = (sbyte) ((M[i, s] + D *

}
Kmnac MainForm

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Diagnostics;

using System.Numerics;

using System.Windows.Forms;

namespace QuadraticSieve
{
public partial class MainForm : Form
{
private int result, t;
private long BO = 10000000;
private BackgroundWorker bw;
private BigInteger N, n;
private QuadraticSieve dgs;
private Stopwatch sw;
private List<long> times;
private List<FactorExpon> lfe;

public MainForm()

{

InitializeComponent () ;

}

private void buttonl Click(object sender, EventArgs e)

{
try

{

//long BASE = (long)numericUpDownl.Value;
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// int expon = (int)numericUpDown2.Value;
//BigInteger add = Horner (textBoxl.Text);
t = (int)numericUpDownb5.Value;

N = n = BigInteger.Parse (textBox3.Text);
bw = new BackgroundWorker () ;
bw.WorkerSupportsCancellation = true;
bw.DoWork += Bw_ DoWork;
bw.RunWorkerCompleted += Bw RunWorkerCompleted;
gs = new QuadraticSieve(l, t, BO);
bw.RunWorkerAsync () ;
while (!bw.IsBusy) { }
buttonl.Text = "Cron";

}

catch (Exception ex)

{

MessageBox.Show (ex.ToString (), "Warning",
MessageBoxButtons.OK,
MessageBoxIcon.Warning) ;
}
}

private void Bw RunWorkerCompleted (object sender,
RunWorkerCompletedEventArgs e)
{

TimeSpan ts = sw.Elapsed;

string text = string.Empty;

textBox2.Text += "N = ";

textBox2.Text += N.ToString() + "\r\n\r\n";

if (result == -=2)
{
MessageBox.Show ("Umuciyo 3aHanTo Mmane",
"TlonepenxeHHa",
MessageBoxButtons.OK,
MessageBoxIcon.Warning) ;

}

else if (result == -1)
{
MessageBox.Show ("AJITOPUTMY He BIOAJIOCA 3HaAUTU
baxTop", "lonepemxeHHa",
MessageBoxButtons.OK,
MessageBoxIcon.Warning) ;

}

else if (result == 0)
{
MessageBox.Show ("Umucyio npocTe, BBemiThb iHmEe
uycnao", "IllorimomyieHHsa",
MessageBoxButtons.OK,
MessageBoxIcon.Information) ;

}
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else if (result == 1)

{

MessageBox.Show ("Uucio He NOBHiCTIO dakTOPM30OBAHO

", "IlloBimomneHuda",
MessageBoxButtons.OK,
MessageBoxIcon.Information) ;

}

else if (result == 2)

{

MessageBox.Show ("Uucno noeHicTio daxkTopm3oBaHo",

"IloBigomneHuda",
MessageBoxButtons.OK,
MessageBoxIcon.Information) ;

}

if (lfe.Count > 0)
{

// selection sort the factors into ascending

order
textBox2.Text += "PesynabTarT: ",
textBox2.Text += "\r\n\r\n";
for (int i = 0; 1 < 1lfe.Count - 1;
{

for (int j =i + 1; j < 1lfe.Count;

{

if (1lfe[i].factor > 1fe[j].factor)

{

FactorExpon temp = lfe[i];
1fe[i] = 1fe([j];
1fe[j] = temp;

for (int i = 0; i1 < 1lfe.Count; i++)

{

textBox2.Text += 1fe[i].factor.ToString();

if (1fe[i] .expon > 1)

textBox2.Text += " ~ " +1fe[i].expon ;

textBox2.Text += "\r\n";

}

textBox2.Text += "\r\n";

if (result == 1)



76

textBox2.Text += "Composite Residue" + "\r\n";

textBox2.Text += n.ToString () + "\r\n\r\n";

text += "Uac BuxoHaHHa " + "\r\n\r\n";
text += ts.Hours.ToString("D2") + ":";
text += ts.Minutes.ToString("D2") + ":";
text += ts.Seconds.ToString("D2") + ".";

text += ts.Milliseconds.ToString("D3") + "\r\n\r\n";

if (times.Count == 4)

{
text += "Prime creation milliseconds = ";
text += times[0].ToString() + "\r\n";
text += "Multitasking milliseconds =";
text += times[1l].ToString() + "\r\n";
text += "Linear algebra milliseconds = ";
text += times[2].ToString() + "\r\n";
text += "Final phase milliseconds =";

text += times[3].ToString() + "\r\n";

textBox2.Text += text + "\r\n\r\n";
buttonl.Text = "daxkTopuzysatu";

private void Bw_ DoWork (object sender, DoWorkEventArgs

{

times = new List<long>();

1fe = new List<FactorExpon> () ;

sw = new Stopwatch()

sw.Start () ;

result = gs.Sieve(ref n, ref times, ref 1fe);
sw.Stop () ;

private void button2 Click(object sender, EventArgs e)

{

textBox2.Text = string.Empty;

private void textBoxl TextChanged(object sender,

EventArgs e)
{

private void textBox2 TextChanged(object sender,

EventArgs e)
{
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Kiac QuadraticSieve

using System.Collections.Generic;
using System.Diagnostics;

using System.Numerics;

using System.Threading.Tasks;

namespace QuadraticSieve
{
public struct FactorExpon
{
public BigInteger factor;
public int expon;

public FactorExpon (BigInteger factor,
{

this.factor = factor;

this.expon = expon;

}

class QuadraticSieve

{
private sbytel[,] e = null;
private sbytel[,] Vv null;
private int t, tl;
private long BO;
private HCSRAlgorithm hcr;
private LinearAlgebra hcl;
private SievePrimes sp;
private Stopwatch sw;
private List<long> primes;

public QuadraticSieve (
int seed, int t, long BO)
{
tl =t + 1;
e = new sbyte[tl, t];
v = new sbyte[tl, t];
this.t = t;
this.BO = BO;
hcr = new HCSRAlgorithm(seed);
hcl new LinearAlgebral);
sp new SievePrimes{();
sw = new Stopwatch();
sp.Sieve (B0, ref primes);

public struct PrimeExpon

int expon)
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public int prime;
public int expon;

public PrimeExpon (int prime, int expon)
{

this.prime = prime;

this.expon = expon;

}

private BigInteger Sqgrt (BigInteger n)
{
if (n == 0)
return 0;

BigInteger r = Sqgrt(n >> 2);
BigInteger r2 = r << 1;
BigInteger s = r2 + 1;

if (n < s * g)
return r2;

else
return s;

}

private bool CompositeFactor (
BigInteger factor, ref BigInteger n, ref
List<FactorExpon> lfe)
{

FactorExpon fe = new FactorExpon() ;

if ('hcr.Composite (factor, 20))
{

n /= factor;
fe.factor = factor;
fe.expon = 1;
1fe.Add (fe) ;

if (n == 1)
return true;

if ('hcr.Composite(n, 20))
{

fe.factor = n;

fe.expon = 1;
1fe.Add (fe) ;
n=1;

return true;

}

return false;
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}

// factor is composite try trial division on factor
BigInteger root = Sqgrt (factor);

0; 1 < primes.Count; i++)

for (int 1

{

long p = primes[i];

if (p > root)

return false;
if (factor % p == 0)
{

int exp = 0;

do

{
expt++;
factor /= p;
n /= p;

o)

} while (n % p == 0);

fe.factor = p;
fe.expon = exp;
lfe.Add (fe) ;

if (n == 1)
return true;

if ('hcr.Composite(n, 20))
{

fe.factor = n;

fe.expon = 1;
lfe.Add (fe) ;
n=1;

return true;

if (factor == 1)
return false;

}

return false;

}

public struct State

{
public int i0, il, number;
public BigInteger m, n;
public List<int> p;
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public List<BigInteger> la, lb;
public List<List<PrimeExpon>> lpel;

public State(
int 10, int i1, int number,
BigInteger m, BigInteger n,
List<int> p)

this.i0 = 1i0;
this.il = 11;

this.number = number;
this.m = m;
this.n = n;

this.p = p;

la = new List<BigInteger>();

1b = new List<BigInteger>();

lpel = new List<List<PrimeExpon>> () ;

}

public void FactorTask (object o)
{
int num = 0;
BigInteger x = 0;
HCSRAlgorithm hc = new HCSRAlgorithm (1) ;

State s = (State)o;
for (int 1 = s.10; i <= s.il; i++)
{

if (1 == 1)

{

x = 0;
}
else if (1 % 2 == 0)

else
{

x = -1 / 2;
}
BigInteger xm = x + s.m, b = xm * xm - s.n;
List<PrimeExpon> lpe = new List<PrimeExpon> () ;
int result = -1;

BigInteger tb = b, tsb;
PrimeExpon pe new PrimeExpon () ;

if (b==0|] b==1 1] b == -1)
result = -1;
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else
if (tb < 0)

tb = -tb;
pe.prime = -1;
pe.expon = +1;
lpe.Add (pe) ;

tsb = Sgrt(tb);

for (int j = 1; result == -1 && J <
s.p.Count; j++)

int exp = 0;
BigInteger g = s.pl[jl;

if (g > tsb)
{
result = 0;

}

else 1if (tb % g == 0)
{
do
{
expt++;
tb /= q;
} while (tb % g == 0);

pe.prime = (int)qg;
pe.expon = exp;
lpe.Add (pe) ;

if (tb == 1 || 'hc.Composite (tb,
20))

result = 1;

}

if (result == 1)

{
s.la.Add (xm) ;
s.lb.Add (b) ;
s.lpel.Add (1lpe) ;
num++;

if (num == s.number)

{



}
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return;

int Sieve (

ref BigInteger n,
ref List<long> times,
ref List<FactorExpon> 1lfe)

//
//
//
//
//

if

if

resutns -2
returns -1
returns O
returns 1
returns 2

(n <= 100)
return -2;

number is too small

algorithm failed to find factor
number is probably prime

number was not completely factored
number was completely factored

('hcr.Composite(n, 20))

return 0;

bool done = false;
int count = 0,
int number =1 + tl1 / 4;

object block

List<int> p =
List<BigInteger> la = new List<BigInteger>();
List<BigInteger> lb = new List<BigInteger> () ;
List<BigInteger> ff = new List<BigInteger>();

State[]
Task[] tasks =

SW.

Start () ;

while (!done)

{

states

result = -1;

new object();
null;

= new State[4];
new Task[4];

p = new List<int>();

p.Add (-1) ;

for (int 7
{

= 0; !done && j < primes.Count; j++)

BigInteger g = primes[]];

if (hcr.Jacobi(n, gq) == 1)

{

p.Add ((int)q) ;
done = p.Count == t;

if ('done)
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BO += 1000000;
primes = new List<long>();
sp.Sieve (B0, ref primes);

}

sw.Stop () ;
times.Add(sw.ElapsedMilliseconds) ;

BigInteger m = Sgrt(n), x = 0;

states[0] = new State( 1, 10000000, number, m,

states[1l] = new State (10000001, 20000000, number, m,

states[2] = new State (20000001, 30000000, number, m,

states[3]
sw.Restart () ;

for (int j = 0; J < 4; Jj++)

{
tasks[]j] = new Task(FactorTask, states[]]):
tasks[j].Start();

}

Task.WaitAll (tasks);
// merge data from the four tasks

for (int j = 0; count < tl && J < 4; J++)
{
State s = states[]];

if (s.la.Count != number)
return -1;

for (int k = 0; count < tl && k < s.number;

{
la.Add(s.lalk]);
l1b.Add(s.1lb[k]);

for (int 1 = 0; 1 < t; 1++4)
e[count, 1] = v[count, 1] = 0O;

List<PrimeExpon> lpe = s.lpellk];
for (int 1 = 0; 1 < t; 1++)

{
int g = s.pl[l];

new State (30000001, 40000000, number, m,

k++)
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for (int u = 0; u < lpe.Count; u++)
{

PrimeExpon pe = lpe[u];

if (g == pe.prime)

{
el[count, 1] = (sbyte)pe.expon;
v[count, 1] (sbyte) (pe.expon %

break;

}

count++;

}

sw.Stop () ;
times.Add(sw.ElapsedMilliseconds) ;

int r
]

0;
int][ =

d new int[t];

sw.Restart () ;

hcl.KernelOverZz2 (tl, t, d, v, ref r);
sw.Stop () ;
times.Add(sw.ElapsedMilliseconds) ;
sw.Restart () ;

BigInteger X = 1;

for (int k = 0; k < tl; k++)
{

X = (lalk] * X) % n;
}

for (int k
{

Il
(@)
~
AN
+
o
+
+

int dk

Il
(O
o

if (dk >= 0)
{
BigInteger Y = 1;

for (int j = 0; J < t; Jj++)
{
if (e[dk, 31 % 2 != 0)
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BigInteger XmY = (X - Y) % n;

if (XmY != 0 && XmY != 1)
{
BigInteger factor =
BigInteger.GreatestCommonDivisor (XmY, n);

if (factor > 1 && !ff.Contains (factor))

{
ff.Add (factor) ;

if (CompositeFactor (factor, ref n,
ref 1fe))

result 2;

(]
)
0
[en
—
o
Il
—

}

sw.Stop () ;
times.Add(sw.ElapsedMilliseconds) ;
return result;

Kiac SievePrimes

using System.Collections.Generic;

namespace QuadraticSieve

{

class SievePrimes

{

public void Sieve(long B0, ref List<long> primes)

{

// Sieve of Eratosthenes
// find all prime numbers
// less than or equal BO

bool[] sieve = new bool[BO + 17;
long ¢ = 3, i, inc;

sieve[2] = true;



for (i = 3; 1 <= B0O; i++)
if (1 % 2 == 1)
sieve[li] = true;
do
{
i =c * ¢c;
inc = ¢ + c;
while (1 <= BO0)
{
sieve[li] = false;

i 4+= inc;

c += 2;

while (!sieve[c])
ct+;
} while (c * ¢ <= BO0);

if (primes == null)
primes = new List<long>();

for (1 = 2; i <= B0O; i++)
if (sievel[i])
primes.Add (1) ;
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QS — anropuT™ 3 BUKOPUCTAHHAM 4ucea MepceHHa

Kitac MainForm

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Diagnostics;

using System.Numerics;

using System.Windows.Forms;

namespace MersenQuadraticSieve
{
public partial class mersen : Form
{
private int result, t;
private long BO = 10000000;
private BackgroundWorker bw;
private BigInteger N, n;
private MQuadraticSieve gs;
private Stopwatch sw;
private List<long> times;
private List<FactorExpon> 1lfe;

public mersen|()

{

InitializeComponent () ;

private BigInteger Horner (string s)
{

bool negative;

int first;

BigInteger result;

if (s[0] == '-")
{
negative = true;
first = 1;
}
else 1if (s[0] == '+")
{
negative = false;
first = 1;
}
else
{
negative = false;

first = 0;
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result = new BigInteger ((int) (s[first] - '0"));

for (int i = first + 1; 1 < s.Length; i++)
result = 10 * result + (int) (s[i] - '0");

if (negative)
result = -result;

return result;

private void buttonl Click(object sender, EventArgs e)

{

try
{

long BASE = (long)numericUpDownl.Value;
int expon = (int)numericUpDown2.Value;
BigInteger add = Horner (textBoxl.Text);
t = (int)numericUpDownb5.Value;
N = n = BiglInteger.Pow (BASE, expon) + add;
bw = new BackgroundWorker () ;
bw.WorkerSupportsCancellation = true;
bw.DoWork += Bw DoWork;
bw.RunWorkerCompleted += Bw RunWorkerCompleted;
gs = new MQuadraticSieve(l, t, BO);
bw.RunWorkerAsync () ;
while (!bw.IsBusy) { }

}

catch (Exception ex)

{
MessageBox.Show (ex.ToString (), "Warning",

MessageBoxButtons.OK,

MessageBoxIcon.Warning) ;

}

}

private void Bw RunWorkerCompleted (object sender,
RunWorkerCompletedEventArgs e)

{

"Warning",

TimeSpan ts = sw.Elapsed;
string text = string.Empty;
textBox2.Text += "N = " ;

textBox2.Text += N.ToString () + "\r\n";
if (result == -2)
{

MessageBox.Show ("Umucjo nyxe maje s posriasany",

MessageBoxButtons.OK,

MessageBoxIcon.Warning) ;

}
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else if (result == -1)
{
MessageBox.Show ("AITopuTMy He BIOaJIOCh 3HaMTU
baxTop", "Warning",
MessageBoxButtons.OK,
MessageBoxIcon.Warning) ;

}

else if (result == 0)
{
MessageBox.Show ("Umucno gaBiasgeTcsa npocTtmuMm",
"Information",
MessageBoxButtons.OK,
MessageBoxIcon.Information) ;

}

else if (result == 1)
{
MessageBox.Show ("Umciio He MOBHICTO
baxTopmsosano", "Information",
MessageBoxButtons.OK,
MessageBoxIcon.Information) ;

}

else if (result == 2)
{
MessageBox.Show ("Uucno noBHicTiO dakTopm3oBaHo",
"Information",
MessageBoxButtons.OK,
MessageBoxIcon.Information) ;

}

if (lfe.Count > 0)
{

// selection sort the factors into ascending
order

for (int i = 0; i < 1lfe.Count - 1; i++)

for (int j =i + 1; j < 1lfe.Count; j++)
{
if (1fe[i].factor > 1fe[j].factor)
{

FactorExpon temp = 1lfe[i];
1fe[i] = 1fel]];
1fe[j] = temp;

for (int i = 0; 1 < 1lfe.Count; i++)
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textBox2.Text += 1fe[i].factor.ToString()

if (lfe[i] .expon > 1)
textBox2.Text += " ~ " + 1fe[i] .expon;

textBox2.Text += "\r\n";
}

textBox2.Text += "\r\n";

if (result == 1)

{
textBox2.Text += "Composite Residue" + "\r\n";
textBox2.Text += n.ToString() + "\r\n\r\n";

"w.rumw,
.

text += ts.Hours.ToString("D2") + ;
text += ts.Minutes.ToString("D2") + ":";
text += ts.Seconds.ToString("D2") + ".";

text += ts.Milliseconds.ToString("D3") + "\r\n\r\n";

if (times.Count == 4)

{

text += "Prime creation milliseconds = ";
text += times[0].ToString() + "\r\n";
//text += "Multitasking milliseconds =",
//text += times[1].ToString() + "\r\n";
text += "Linear algebra milliseconds = ";
text += times[2].ToString() + "\r\n";

text += "Final phase milliseconds =";

text += times[3].ToString() + "\r\n";
}

textBox2.Text += text + "\r\n\r\n";
buttonl.Text = "daxTopuzysatu";

private void Bw_DoWork (object sender, DoWorkEventArgs

{

}

times = new List<long>();

1fe = new List<FactorExpon> () ;

sw = new Stopwatch()

sw.Start () ;

result = gs.Sieve(ref n, ref times, ref 1fe);
sw.Stop () ;

private void button2 Click(object sender, EventArgs e)

{

}

textBox2.Text = string.Empty;
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EventArgs e)
{

}

private
EventArgs e)

private
EventArgs e)
{
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void textBoxl TextChanged(object sender,

void numericUpDown5 ValueChanged(object sender,

void label4 Click(object sender, EventArgs e)

void textBox2 TextChanged(object sender,
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