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Blom. cpp, AU H M Brownian B3 & BN FEFET, HiFER 72 OpenCV fE,

#include<stdio.h>
#include<cstdlib>
#include<opencv2\opencv.hpp>
#include "RNG.hpp"

#pragma warning(disable:4996)

const int imgSize = 600;

const int textHeight = 18;//height for ONE LINE of status bar draw on output
const int updateBarPosPeriod = 50;//same of movie output inteval

double barlen = 17.0;//Length of the green indicator of the bar

double Dx = 0.99, Dy = 0.01, Dtheta = 3e-2;//D 1

double windowScale = 5;//how much pixels 1 unit length correspond to
//fading coef (0->complete dispear after 1 single step 1->always here)

const double fadingMult = 0.99;

int MOVIE WRITING ENABLED = 0;

const std::string outputMoviePath = "out.avi'";
const uint64 t DEFAULT SEEDO = 15000034LL;
const uint64 t DEFAULT SEED1 = 434343LL;

//Transform cord to the pixel to draw on
inline int cordToPixelX (double x) {

return (int) (x*windowScale + imgSize / 2);
}
//Notice OpenCV imshow is UPSIDE-DOWN!
inline int cordToPixelY (double y) {

return (int) (imgSize / 2 - y*windowScale);

void move (double& x, double& y, double& theta, RNG& rng);

int main (void) {
RNG rng;
double currTheta = 0;
double currX = 0;
double lastX = currX;
double currY = 0;
double lastY = currY;
int timeStep = 0;
char statusString[200];
uint64 t seedl = DEFAULT SEEDI1;
//Image Buffer
cv::Mat oBuffer (imgSize + 2 * textHeight, imgSize, CV_8UC3, cv::Scalar(0, O,
cv::VideoWriter* outputVideoWriter = NULL;

//I0
printf ("Use default settings? [Y]/N\n");
if (getchar() == "'N'") {
getchar () ;
printf ("Dx?");
scanf ("51£f", &Dx);
getchar () ;
printf ("Dy?");
scanf ("s1f", &Dy);
getchar () ;

0));
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printf ("Dtheta?");
scanf ("%1£", &Dtheta);

getchar () ;
printf ("Window scale?");
scanf ("%1£f", &windowScale);

printf ("Bar length?'");
scanf ("%1£f", &barLen);
printf ("seedl?");
scanf ("%11d", &seedl);
getchar () ;
}
else {
getchar () ;
}
barLen /= windowScale;//adjust the bar according to the window scale
rng.setSeed (DEFAULT SEEDO, seedl);
printf ("Need video output? (Y/[N])\n");
if (getchar() == 'Y') {
//Asking for video output (MOVIE WRITING ENABLED initialized to 0£0O
MOVIE WRITING ENABLED = 1;
outputVideoWriter = new cv::VideoWriter (outputMoviePath, -1, 30, cv::Size(imgSize,
imgSize + 2 * textHeight), true);
}
if (MOVIE WRITING ENABLED) ({
if (!'outputVideoWriter->isOpened())
{
printf ("Output video could not be opened\n");
return -1;

}
cv::namedWindow ("Display", cv::WINDOW AUTOSIZE) ;
//Put static label on output image
//this line won't be changed in futher steps
oBuffer (cv::Rect (0, imgSize, imgSize, textHeight)) = cv::Scalar (25, 25, 25);
sprintf (statusString, "DX:%.2e DY:%.2e DT:%.2e¢ WS:%.2f Ssl:%11d", Dx, Dy, Dtheta,
windowScale, seedl);
putText (oBuffer, statusString, cv::Point (0, imgSize + textHeight - 3), cv::
FONT HERSHEY PLAIN, 1.2, cv::Scalar (250, 250, 250), 1, 8, false);
//stop when the particle reached the edge...
//not giving it chance to come back :)
while (cordToPixelX (currX) && cordToPixelX (currX) < imgSize&&cordToPixelY (currY)
&& cordToPixelY (currY) < imgSize) {
//Draw the path
cv::line (oBuffer, cv::Point (cordToPixelX (lastX), cordToPixelY (lastY)),
cv::Point (cordToPixelX (currX), cordToPixelY (currY)), cv::Scalar (255, 255, 255));
//1f we need output now...
if (! (timeStep%updateBarPosPeriod)) {
oBuffer (cv::Rect (0, 0, imgSize, imgSize)) *= fadingMult;
//Updating the DYNAMIC status bar
//The static bar is not changed

oBuffer (cv::Rect (0, imgSize+ textHeight, imgSize, textHeight)) = cv::Scalar (25,
25, 25);
sprintf (statusString, "TS:%5d XP:%3.5f YP:%3.5f TH:23.5f RUN", timeStep, currX,

currY, currTheta);

putText (oBuffer, statusString, cv::Point (0, imgSize + 2 * textHeight - 3), cv::
FONT HERSHEY PLAIN, 1.2, cv::Scalar (250, 250, 250), 1, 8, false);

//draw the nano bar

cv::line (oBuffer, cv::Point (cordToPixelX (currX - barLen / 2 * cos(currTheta)),
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cordToPixelY (currY - barLen / 2 * sin(currTheta))),

107 cv::Point (cordToPixelX (currX + barLen / 2 * cos(currTheta)), cordToPixelY (
currY + barLen / 2 * sin(currTheta))), cv::Scalar (0, 255, 0));

108 }

109 cv::imshow ("Display", oBuffer);

110 cv::waitKey (1) ;

111 if (MOVIE WRITING ENABLED&& ! (timeStep%updateBarPosPeriod)) {

112 outputVideoWriter->write (oBuffer);

113 }

114 lastX = currX; lastY = currY;

115 //Simulate!

116 move (currX, currY, currTheta, rng);

117 timeStep++;

118 }

119 printf ("Done\n'");

120 //Drawing status bar

121 oBuffer (cv::Rect (0, imgSize + textHeight, imgSize, textHeight)) = cv::Scalar (25, 25,
25) ;

122 sprintf (statusString, "TS: 3.5 YP:%3.5f TH:%3.5f STOP", timeStep, currX,

currY, currTheta);
123 putText (oBuffer, statusString, cv::Point (0, imgSize + 2 * textHeight - 3), cv::
FONT HERSHEY PLAIN, 1.2, cv::Scalar (250, 250, 250), 1, 8, false);

124 cv::imshow ("Display", oBuffer);

125 if (MOVIE WRITING ENABLED) {

126 outputVideoWriter->write (oBuffer);

127 outputVideoWriter->release () ;

128 }

129 cv::waitKey (0) ;

130 cv::destroyWindow ("Display");

131 return 0O;

132 || }

133

134 || void move (double & x, double & y, double & theta, RNG & rng)
135 || {

136 //movement in body frame

137 double bodyFrameMovX = Dx*rng.normalGen () ;

138 double bodyFrameMovY = Dy*rng.normalGen () ;

139 //doing cord transform

140 x += bodyFrameMovX*cos (theta) - bodyFrameMovY*sin (theta);
141 y += bodyFrameMovY*cos (theta) + bodyFrameMovX*sin (theta);
142 //random walk of theta

143 theta += Dtheta*rng.normalGen () ;

144 || }

R B R()ENMEELTITERFARE
Bimainl.cpp, AHFELR ()& X AR R B £ .

#include<stdio.h>
#include<cstdlib>
#include<cmath>
#include<vector>
#include<deque>
#include "RNG.hpp"

© 00 3 O U W=

#pragma warning(disable:4996)

—_
o

//No matter how many particles used in simulation
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//0nly the 1st one is used for autocorrelation function calculation

const int PARTICLE NUM = 1;

const int TIMESTEP MAX 100000000
const int OUTPUT INTEVAL = 500000;
const int MAX AUTOCORR CALC LEN = 3000;

//output separation (eg.getting C(2),C(4),C(6)...C(3000) if set to 2)

const int AUTOCORR CALC INTEVAL = 1;

const char xPosOutFile[] = "xpos.csv'";

const char yPosOutFile[] = "ypos
const char angOutFile[] = "thetapos.csv'";

const char xCorrFuncOutFile[] =

const char yCorrFuncOutFile[] =

"

const char angCorrFuncOutFile[] = "angcorr.csv'";

double Dx 9.9;
double Dy = 1.0;
double Dtheta = 0.05;

RNG& rng);

const uint64 t DEFAULT SEEDO = 15000034LL;
const uint64 t DEFAULT SEED1 = 434343LL;
void move (double xPos|[], double yPos[], double theta[], int numParticle,
int main (void) {
FILE* xPosOutFilePointer = fopen (xPosOutFile, "w'");
FILE* yPosOutFilePointer = fopen(yPosOutFile, "w");
FILE* angOutFilePointer = fopen (angOutFile, "w'");
FILE* xCorrFuncOutFilePointer = fopen (xCorrFuncOutFile, "w'");
FILE* yCorrFuncOutFilePointer = fopen (yCorrFuncOutFile, "w'");
FILE* angCorrFuncOutFilePointer = fopen (angCorrFuncOutFile, "w'");
RNG rng;
//Recording the recent steps of the particles using deque
std: :deque<double> lastStepsOflstParticleX;
std: :deque<double> lastStepsOflstParticleY;
std: :deque<double> lastStepsOflstParticleCosTheta;
double XPOS[PARTICLE_NUM] = { 0 };
double yPos[PARTICLE NUM] = { 0 };
double theta[PARTICLE NUM] = { 0 };
double xCorrSum[MAX AUTOCORR CALC LEN] = { 0 };
double xSgSum = 0;
double xSum = 0;
double yCorrSum[MAX AUTOCORR CALC LEN] = { 0 };
double ySgSum = 0;
double ySum = 0;
double cosThetaCorrSum[MAX AUTOCORR CALC LEN] = { 0 };
double cosThetaSgSum = 0;
double cosThetaSum = 0;
int timeStep = 0;
int nCorrSum = 0;
for (int nCorrPushed = 0; nCorrPushed < MAX AUTOCORR CALC LEN; timeStep++) {
double cosThetaO = cos(theta[0]);
//1f we need output here?
if (! (timeStep%AUTOCORR CALC INTEVAL)) ({
lastStepsOflstParticleX.push back(xPos[0]);
lastStepsOflstParticleY.push back(yPos[0]);
lastStepsOflstParticleCosTheta.push back(cosThetal);
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nCorrPushed++;

//updating the sum

xSum += xPos[0];

xSgSum += xPos[0] * xPos[0];

ySum += yPos[0];

ySgSum += yPos[0] * yPos[0];

cosThetaSum += cosThetal;

cosThetaSgSum += cosThetal * cosThetal;

//Run serveral steps without giving the output of corr func (not yet calced)
//and of course no need to poping elements from the deque

if (! (timeStep%OUTPUT INTEVAL)) ({

printf ("Ts%d\n", timeStep);
fprintf (xPosOutFilePointer, "%d,", timeStep);
fprintf (yPosOutFilePointer, "%d,", timeStep);
fprintf (angOutFilePointer, "%d,", timeStep);
for (int n = 0; n < PARTICLE NUM; n++) {
fprintf (xPosOutFilePointer, "%.16f%c", xPos[n], (n < PARTICLE NUM - 1) 2 ', '

\nt);

"

fprintf (yPosOutFilePointer, 5. 16f

~n

, yPos[n], (n < PARTICLE NUM - 1) ? ','
\n');
fprintf (angOutFilePointer, "%.16f%c", thetaln], (n < PARTICLE NUM - 1) 2 ', '

ACRF

}
move (xPos, yPos, theta, PARTICLE NUM, rng);

//Run,Record and Pop front from here
for (; timeStep <= TIMESTEP MAX; timeStep++) {
double cosThetaO = cos(theta[0]);
if (! (timeStep%AUTOCORR CALC INTEVAL)) {
for (int n = 0; n < MAX AUTOCORR CALC LEN; n++) {
xCorrSum[n] += xPos[0] * lastStepsOflstParticleX[MAX AUTOCORR CALC LEN - n -
117
yCorrSum[n] += yPos[0] * lastStepsOflstParticleY[MAX AUTOCORR CALC LEN - n -
177
cosThetaCorrSum[n] += cosThetal * lastStepsOflstParticleCosThetal
MAX_AUTOCORR CALC LEN - n - 1];
}
nCorrSum++;

//Remove the earliest record and put the most recent one 1in
lastStepsOflstParticleX.pop front();
lastStepsOflstParticleY.pop front();
lastStepsOflstParticleCosTheta.pop front ()
lastStepsOflstParticleX.push back (xPos[0]);
lastStepsOflstParticleY.push back(yPos[0]);
lastStepsOflstParticleCosTheta.push back (cosThetal);

’

}

xSum += xPos[0];

xSgSum += xPos[0] * xPos[0];

ySum += yPos[0];

ySgSum += yPos[0] * yPos|[0];

cosThetaSum += cosThetal;

cosThetaSgSum += cosThetalO * cosThetal;

if (! (timeStep%OUTPUT INTEVAL)) {
printf ("Ts%d\n", timeStep);

"

fprintf (xPosOutFilePointer, "%d, ", timeStep);
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fprintf (yPosOutFilePointer, "%d,", timeStep);
fprintf (angOutFilePointer, "%d,", timeStep);
for (int n = 0; n < PARTICLE NUM; n++) {

fprintf (xPosOutFilePointer, "%.16f%c", xPos[n], (n < PARTICLE NUM - 1) 2 ', '
"\n');

fprintf (yPosOutFilePointer, "%.16f%c", yPos[n], (n < PARTICLE NUM - 1) 2 ', '
Nt

fprintf (angOutFilePointer, "%.16f%c", thetal[n], (n < PARTICLE NUM - 1) 2 ', '
Nt

//flush the file streams for people eager to get early result
fflush (xPosOutFilePointer); fflush(yPosOutFilePointer); fflush(angOutFilePointer
)

fprintf (xCorrFuncOutFilePointer, "%d,", timeStep);
fprintf (yCorrFuncOutFilePointer, "%d,", timeStep);
fprintf (angCorrFuncOutFilePointer, "%d,", timeStep);

for (int n = 0; n < MAX AUTOCORR CALC LEN; n++) {
double xAvg = xSum / timeStep;
double yAvg = ySum / timeStep;

double cosThetalAvg = cosThetaSum / timeStep;
//Calculating the corr func

double xCorr = (xCorrSum[n] / nCorrSum - xAvg*xAvg) / (xSgSum / timeStep -
XAVg*xAVQ) ;

double yCorr = (yCorrSum[n] / nCorrSum - yAvg*yAvg) / (ySgSum / timeStep -
YAVg*yAvVg) ;

double cosThetaCorr = (cosThetaCorrSum[n] / nCorrSum - cosThetaAvg*cosThetaAvg
) / (cosThetaSgSum / timeStep - cosThetaAvg*cosThetalAvg) ;

fprintf (xCorrFuncOutFilePointer, "5.16f%c", xCorr, (n < MAX AUTOCORR CALC LEN
- 1) 2 ", " "A\n");

fprintf (yCorrFuncOutFilePointer, "5.16f%c", yCorr, (n < MAX AUTOCORR CALC LEN
- 1)y 2 ', '\n");

fprintf (angCorrFuncOutFilePointer, "%.16f%c", cosThetaCorr, (n <
MAX_AUTOCORR CALC LEN - 1) 2 ',' : '\n');

}
fflush (xCorrFuncOutFilePointer); fflush (yCorrFuncOutFilePointer); fflush(
angCorrFuncOutFilePointer) ;
}
move (xPos, yPos, theta, PARTICLE NUM, rng);
}
fclose (xPosOutFilePointer) ;
fclose (yPosOutFilePointer) ;
fclose (angOutFilePointer) ;
return 0;

void move (double xPos[], double yPos[], double theta[], int numParticle, RNG& rng)
{
//movement in body frame
double bodyFrameMovX;
double bodyFrameMovY;
for (int i = 0; i < numParticle; i++) {
double cosThetal cos (thetal[i]);
double sinThetal = sin(thetal[i]);
bodyFrameMovX = Dx*rng.normalGen () ;

bodyFrameMovY = Dy*rng.normalGen () ;

//doing cord transform
xPos[1] += bodyFrameMovX *cosThetal - bodyFrameMovY*sinThetal;
yPos[1i] += bodyFrameMovY *cosThetal + bodyFrameMovX*sinThetal;
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168 //random walk of theta

169 theta[i] += Dtheta*rng.normalGen () ;
170 }

171 || }

R C R()ENMEEXER T EREFRD
Bimain2.cpp, AHHELR () X AR S £ R .

1 || #include<stdio.h>

2 || #include<cstdlib>

3 || #include<cmath>

4 || #include<vector>

5 || #include<deque>

6 || #include<omp.h>

7 || #include "RNG.hpp"

8

9

10 || #pragma warning (disable:4996)

11

12 ||const int PARTICLE NUM = 5000000;//num of particles used in simulation

13 || const int TIMESTEP MAX = 20000;//limit of thimesteps

14 || const int OUTPUT INTEVAL = 1;

15

16 || const char OutFile[] = "out3e-2m.csv";

17

18| //D 1

19 ||double Dx = 0.99;

20 || double Dy = 0.01;

21 ||double Dtheta = 3e-2;

22

23 ||const uint64 t DEFAULT SEEDO = 15000034LL;

24 || const uint64 t DEFAULT SEED1 = 434343LL;

25

26 || void move (double xPos[], double yPos[], double theta[], RNG rng[], int numParticle);

27

28 || double cosThetaCorr (double theta[], double initCosTheta[], int numParticle);

29

30 || int main (void) {

31 FILE* OutFilePointer = fopen (OutFile, "w");

32 double xSgAvg, ySgAvg, thetaSgAvg, xSgAvgcos2t, xSgAvgcos2tUnCor, ySgAvgcos2t,\

33 ySgAvgcos2tUnCor, xySin2tm2, xySin2tm2UnCor, nonGaussianPara;

34 RNG rngInit;

35 rngInit.setSeed (DEFAULT SEEDO, DEFAULT SEEDI);

36 double *xPos = new double[PARTICLE NUM];

37 for (int n = 0; n < PARTICLE NUM; n++) {

38 xPos[n] = 0;

39 }

40 double *yPos = new double[PARTICLE NUM];

41 for (int n = 0; n < PARTICLE NUM; n++) {

42 yPos[n] = 0;

43 }

44 double *theta = new double[PARTICLE NUM];

45 double *initCosTheta = new double[PARTICLE NUM];//for theta(0)s

46 for (int n = 0; n < PARTICLE NUM; n++) {

47 theta[n] = rnglnit.gen()*2*M PI;//uniform distribution of initial angle from 0 to
2pi

48 initCosTheta[n] = cos(thetal[n]);//prepare the cos (theta(0))s
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}
RNG *rngs = new RNG[PARTICLE NUM];
//Generating seeds
//use the generated random number from rngs as seeds
for (int n = 0; n < PARTICLE NUM; n++) {
long long int seedl, seed2;
//make sure the generated seeds are non-zero
//otherwise always try next one
while (! (seedl = rngInit.rawGen()));
while (! (seed2 = rngInit.rawGen()));
rngs[n] .setSeed (seedl, seed2);
}
int timeStep = 1;
for (; timeStep <= TIMESTEP MAX; timeStep++) {
//Simulate!
move (xPos, yPos, theta,rngs, PARTICLE NUM);
//if we need output now...
if (! (timeStep%OUTPUT INTEVAL)) {
printf ("TS%d\n'", timeStep);
fprintf (OutFilePointer, "%d,%.16f\n",timeStep, cosThetaCorr (theta, initCosTheta,
PARTICLE NUM)) ;
fflush (OutFilePointer) ;

}

fclose (OutFilePointer);

delete[] xPos, yPos, theta, initCosTheta;
return O;

//the general simulation code (using OpenMP)
void move (double xPos[], double yPos[], double theta[],RNG rng[],int numParticle)
{
#pragma omp parallel for
for (int i = 0; 1 < numParticle; i++) {

//movement in body frame
double cosThetal = cos(thetalil]
double sinThetal = sin(thetali]
double bodyFrameMovX = Dx*rng[i
double bodyFrameMovY = Dy*rng[i

//doing cord transform

)
)

] .normalGen () ;
] .normalGen () ;

xPos[1] += bodyFrameMovX *cosThetal - bodyFrameMovY*sinThetal;

yPos[i] += bodyFrameMovY *cosThetal + bodyFrameMovX*sinThetal;
//random walk of theta

theta[i] += Dtheta*rng[i].normalGen();

//subrotine used for calc of <u x(0)u x(t)>
double cosThetaCorr (double theta[], double initCosTheta[], int numParticle)
{

double cosThetaCorrSum = 0.0;
#pragma omp parallel for reduction (+:cosThetaCorrSum)

for (int n = 0; n < numParticle; n++) {

cosThetaCorrSum += cos(theta[n])*initCosThetal[n];
}

return (cosThetaCorrSum / numParticle);
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i D Hthgit 2t EEFRE
Bimain3.cpp, AHHER )& X AR R S £,

#include<stdio.h>
#include<cstdlib>
#include<cmath>
#include<vector>
#include<deque>
#include<omp.h>
#include "RNG.hpp"

//kill stupid CRT security check of Visual C++
#fpragma warning(disable:4996)

const int PARTICLE NUM = 2500000;//num of particles used in simulation
const int TIMESTEP MAX 20000; //1imit of thimesteps
const int OUTPUT INTEVAL = 1;

const char OutFile[] = "outbe-2m.csv'";
//D 1

double Dx = 0.99;

double Dy = 0.01;

double Dtheta = 5e-2;

const uinté64 t DEFAULT SEEDO = 15000034LL;
const uint64 t DEFAULT SEEDl = 434343LL;

void move (double xPos[], double yPos[], double theta[], RNG rng[], int numParticle);

void calc(int time, double x[], double y[], double theta[], int numParticle, \
double & xSgAvg, double & ySgAvg, double&thetaSgAvg, double & xSgAvgcos2t, doublesg
xSgAvgcos2tUnCor, \
double & ySgAvgcos2t, double&ySgAvgcos2tUnCor, double & xySin2tm2, double &
xySin2tm2UnCor, double &nonGaussianPara);

int main (void) {

FILE* OutFilePointer = fopen (OutFile, "w");

double xSgAvg, ySgAvg, thetaSgAvg, xSgAvgcos2t, xSgAvgcos2tUnCor, ySgAvgcos2t,\
ySgAvgcos2tUnCor, xySin2tm2, xySin2tm2UnCor, nonGaussianPara;

RNG rngInit;

rngInit.setSeed (DEFAULT SEEDO, DEFAULT SEEDI);

double *xPos = new double[PARTICLE NUM];

for (int n = 0; n < PARTICLE NUM; n++) {
xPos[n] = 0;

}

double *yPos = new double[PARTICLE NUM];

for (int n = 0; n < PARTICLE NUM; n++) {
yPos[n] = 0;

}

double *theta = new double[PARTICLE NUM];

for (int n = n < PARTICLE NUM; n++) {
thetal[n] =

}

RNG *rngs = new RNG[PARTICLE NUM];

for (int n = 0; n < PARTICLE NUM; n++) {
long long int seedl, seed2;

0;
0;

while (! (seedl = rngInit.rawGen()));
while (! (seed2 = rnglInit.rawGen()));//make sure the seeds are non-zero

23



54
55
56
57
58
59
60

61
62
63

64
65
66
67
68
69
70
71
72
73
74
75
76
7
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

rngs[n] .setSeed (seedl, seed2);//use the generated random number from rngs as seeds

}
int timeStep = 1;
for (; timeStep <= TIMESTEP MAX; timeStep++) {
move (xPos, yPos, theta,rngs, PARTICLE NUM) ;
calc(timeStep, xPos, yPos, theta, PARTICLE NUM, xSqAvg, ySgAvg, thetaSgAvg, \
xSgAvgcos2t, xSgAvgcos2tUnCor, ySgAvgcos2t, ySqAvgcos2tUnCor, xySin2tm2,
xySin2tm2UnCor, nonGaussianPara);
if (! (timeStep%OUTPUT_ INTEVAL)) {
printf ("TS%d\n'", timeStep);
fprintf (OutFilePointer, "%d,%.l6f,%.16f,%.16f,%.16f,%.16f,%.16f,%5.16f,%.16f,%.16
£,%.16f\n", \
timeStep, xSgAvg, ySgAvg, thetaSgAvg, xSgAvgcos2t, xSgAvgcos2tUnCor, \
ySgAvgcos2t, ySgAvgcos2tUnCor, xySin2tm2, xySin2tm2UnCor, nonGaussianPara);
fflush (OutFilePointer) ;
}
}
fclose (OutFilePointer) ;
delete[] xPos, yPos, theta;
return 0;
}
void move (double xPos[], double yPos[], double theta[],RNG rng[],int numParticle)
{
#fpragma omp parallel for

for (int i1 = 0; 1 < numParticle; i++) {
double cosThetal = cos(thetali]);
double sinThetal = sin(thetal[i]);
//movement in body frame
double bodyFrameMovX = Dx*rng[i].normalGen();
double bodyFrameMovY = Dy*rng[i].normalGen() ;
bodyFrameMovY = Dy*rng.normalGen () ;
//doing cord transform
xPos[1] += bodyFrameMovX *cosThetal - bodyFrameMovY*sinThetal;
yPos[i] += bodyFrameMovY *cosThetal + bodyFrameMovX*sinThetal;
//random walk of theta
theta[i] += Dtheta*rng[i].normalGen () ;
}
}
//subrotine used for calc of all the statistics
//all we need is calculated here for best efficiency
//more modular -> more times of evaluating same thing :(
void calc(int time, double x[], double y[], double theta[], int numParticle,\
double & xSgAvg, double & ySgAvg, double & thetaSgAvg, double & xSgAvgcos2t, \
double & xSgAvgcos2tUnCor, double & ySgAvgcos2t, double & ySgAvgcos2tUnCor, \
double & xySin2tm2, double & xySin2tm2UnCor, double & nonGaussianPara)
{
double xSgSum = 0.0, ySgSum = 0.0, thetaSgSum = 0.0, xSgC2tSum = 0.0,xySum=0.0;
double ySgC2tSum = 0.0, xySin2tSum = 0.0, xQuadSum = 0.0, cos2tSum = 0.0, sin2tSum =
0.0;
#ipragma omp parallel for reduction (+:xSgSum, ySgSum,xySum, thetaSgSum, xSqC2tSum,
ySqC2tSum, xySin2tSum, xQuadSum, cos2tSum, sin2tSum)
for (int n = 0; n < numParticle; n++) {
double currXSgSum = x[n] * x[n];
double currXQuadSum = currXSgSum*currXSqgSum;
double currY¥SgSum = y[n] * y[n];
double c2t = cos(thetal[n] * 2.0);
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double s2t = sin(thetal[n] * 2.0);
double currXY = x[n] * y[n];
xSgSum += currXSgSum;
xQuadSum += currXQuadSum;
ySgSum += currY¥SqgSum;
thetaSgSum += thetal[n] * thetal[n];
xSgC2tSum += currXSgSum*c2t;
ySgC2tSum += curr¥YSgSum*c2t;
xySin2tSum += currXY * s2t;
xySum += currXY;
cos2tSum += c2t;
sin2tSum += s2t;
}
xSgAvg = xSgSum / time / numParticle;
ySgAvg = ySgSum / time / numParticle;

thetaSgAvg = thetaSgSum / time / numParticle;
xSgAvgcos2t = xSqC2tSum / time / numParticle;
xSgqAvgcos2tUnCor = xSgAvg*cos2tSum / numParticle;
ySgAvgcos2t = ySgC2tSum / time / numParticle;
ySgAvgcos2tUnCor = ySgAvg*cos2tSum / numParticle;
xySin2tm2 = 2 * xySin2tSum / time / numParticle;
xySin2tm2UnCor = 2 * xySum*sin2tSum / numParticle / numParticle / time;
nonGaussianPara = (xQuadSum * numParticle - 3 * xSgSum * xSgSum) \
/ (3 * xSgSum * xSgSum) ;

fii5k E RNG BEA#LERRARY

BPRNG.hpp, N 64 fiixorshift+128 PAREHLECK AL, HEMRNG 2K, ST =4
R M IEZS A FIBENLEL, o PR LA R PP 35 75 B A e

J*
General purpose 64-bits Random Number Generator Class
Implementation of xorshift*128

*/

#include <cstdint>
#define USE MATH DEFINES
#include <math.h>
#include <limits.h>

class RNG {

public:
RNG (uint64 t seed0 = 15000034, uint64 t seedl = 43) {
seed[0] = seedO;
seed[1l] = seedl;

}

inline void setSeed(uint64 t seed0 = 15000034, uint64 t seedl = 43) {
seed[0] = seed0;
seed[1l] = seedl;

}

inline double gen() {
return (double)rawGen() / _UI64 MAX;
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inline uint64 t rawGen() {

uint64 t x = seed[0];

uint64 t const y = seed[1];

seed[0] = y;

x "= x << 23; // a
My N (x >> 17) N (y >> 26); // b, ¢
return seed[1l] + y;

seed[1l] = x

double normalGen() ;
double lorentzGen () ;
double logisticGen();
double betaalGen (double a);
double sqgGen() ;
double expGen|() ;
int bernGen (double p);
int binoGenSmallN (int n, double p);
double binoGenSmallNWrappedDoub (double p, double n);
int binoGenBigN (int n, double p);
double binoGenBigNWrappedDoub (double p, double n);
int geomGen (double p);
/* The state must be seeded so that it is not everywhere zero. */
uint64 t seed[2] = { 15000034,43 };
}i

typedef double (RNG::*distrGenPointerVoid) (void) ;
typedef double (RNG::*distrGenPointerlDouble) (double) ;
typedef double (RNG::*distrGenPointer2Double) (double, double);

//TWO random number is consumed by each call
//Using Box-Muller Formula x=\sqrt{-2\1n u}\cos 2\pi v
inline double RNG::normalGen() {

double u = gen();

double v = gen();

return sqrt(-2.0 * log(u)) * cos (2.0 * M PI * v);

//ONE random number is consumed by each call and called tan once
//Using Formula x=\tan (\pi u-\pi/2)
inline double RNG::lorentzGen () {

double u = gen();

return tan(M PI*u - M PI / 2);

//ONE random number is consumed by each call and called log once
//Using Formula x=\1n(\frac{uj}{l-u})
inline double RNG::logisticGen () {

double u = gen();

return log(u / (1 - u));

//ONE random number is consumed by each call and called pow once
//PDF is x"{a-1}/a (0<=x<=1)
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85 || inline double RNG: :betaalGen (double a) {
86 double u = gen{();

87 return pow(u,1l/a);

88 || }

89 || //Special case with a=2

90 || inline double RNG::sgGen () {

91 return betaalGen (2);

92 ||}

93

M\ /) Exp Distrib Generator--------------

95 || //ONE random number is consumed by each call and called log once
96 || //LAMBDA IS FIXED TO 1, DO SCALLING ( /lambda) TO MODIFY

97 || //PDF is \lambda*\exp (-\lambda*x) (x>=0)

98
99 || inline double RNG: :expGen () {
100 return -log(gen());

101 ||}
102
103 || //=======—-= Bernoulli Distrib Generator--------------

104 || //ONE random number is consumed by each call
105 || //PDF is p"x * (1 - p)’x x=0 or x=1
106
107 || inline int RNG: :bernGen (double p) {
108 return (gen() < p) 2?2 1 : 0;

109 || }
110
11\ //-----=-—--- Binomial Distrib Generator (for small n)-------——-——————-

112 || //n random number is consumed by each call

113 || //PDF is p*x * (1 - p)”~(n - x)\binom{n}{x} x=0 or x=1
114
115 || int RNG: :binoGenSmallN (int n,double p) {
116 int cnt = 0;

117 for (int m = 0; m < n; m++) {

118 cnt += bernGen (p);

119 }

120 return cnt;

121 || }

122

123 || inline double RNG::binoGenSmallNWrappedDoub (double n,double p) {
124 return binoGenSmallN (n, p);

125 || }

126

27 \\//-————————= Binomial Distrib Generator (for big n or small p)--——-——-———————-
128 || //PDF is p*x * (1 - p)”(n - x)\binom{n}{x} x=0 or x=1

129

130 || int RNG: :binoGenBigN (int n,double p ) {
131 int cnt = 0;

132 double c = log(l - p);

133 int s;

134 double u;

135 u = gen();

136 s = ceil(log(u) / c);

137 while (s < n + 1) {

138 u = gen();

139 s += ceil(log(u) / c);
140 cnt++;

141 }

142 return cnt;




143
144
145
146
147
148
149
150
151
152
153
154
155

inline double RNG: :binoGenBigNWrappedDoub (double n,double p)
return binoGenBigN(n, p);

//PDF is (1-p)~(x-1)*p x=1,2,3...

inline int RNG: :geomGen (double p) {
return ceil (expGen() / (-log(l - p)));

{
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