Q. Cow AN

e T /

SDA D(Jw;im« Mm[ﬁf
’P/VG’{ »Sjl-k-w/ ({ 50/14"/\1191«,.\”3
N
- \ v . > il l.ho'(€f7-
lO\> 7<N %/ A ) t
+ ~ Ufo1]
~
ELXN} = _Mu = E[i A(LB
_ <l ____N
T el = Lo T T4
c=1 A= —
‘\ - ,\_ g—yu»v\ lec:(’ -N\L(S
2
ol
\/[XN] = \/‘:Z\ {&]
N
S E D) e v den)
L
K: U Lo lechae wetes
12
= N
.
——7> (o il - .i\j—-.
N %
X, - v, f*® N
) By v bechies g s R M
SN

Viyu] =

pns E[gf“) & 7

(”y'}nmv(a./@‘&?rd“ ) -

)


Glen Cowan

Glen Cowan

Glen Cowan

Glen Cowan

Glen Cowan

Glen Cowan


i -l A
rUXJ) =

S oA

jxf




1(b) [7 marks] (code for Exercises 1 and 2 at end). Histogram of yvforN=1,2,4,12. The
means and standard deviations are indicated on the plots. As shown, they are closetou =0
and o =1, as must emerge by construction for the standardized variable yn.
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Exercise 2 We are given the pdf f(x) = 4x* for0 <x < 1.

2(a) [4 marks] Find the transformation x(r) to produce x ~ f(x). First find the cumulative
distribution

F(z) =/ 42 dx’ = 2*
0 .

Set F(x) = r and solving for x gives

z(r) = r1/4

Histogram of values generated from the transformation method:

—— 2(a) transformation method
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2(b) [4 marks] Histogram of values generated with the acceptance-rejection method (code
at end):

—— 2(b) acceptance-rejection method
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Python code for questions 1 and 2:

# simpleMC.py —— simple Monte Carlo program to make histogram of uniformly
# distributed random values and plot
# G. Cowan, RHUL Physics, November 2021

import matplotlib
import matplotlib.pyplot as plt
import numpy as np

# Solution to problem sheet 4
# First make a simple routine to plot histograms

def plotHist (hist, bin_edges, xLabel, ylLabel, plotLabel):
matplotlib. rcParams.update({'font.size':12}) # set all font sizes

xMin = bin_edges[0]

xMax = bin_edges[len(bin_edges)-11]
yMin = 0.

yMax = np.max(hist)*1.4

binLo, binHi = bin_edges[:-1], bin_edges[1:]
xPlot = np.array([binLo, binHi]).T.flatten()
yPlot = np.array([hist, hist]).T.flatten()
fig, ax = plt.subplots(1,1)
plt.gcf().subplots_adjust(bottom=0.15)
plt.gcf().subplots_adjust(left=0.15)
ax.set_x1im((xMin, xMax))

ax.set_ylim((yMin, yMax))

plt.xlabel(xLabel, labelpad=5)
plt.ylabel(yLabel, labelpad=10)
plt.plot(xPlot, yPlot, label=plotLabel)

ax. legend(loc="upper left', frameon=False)
plt.show()

# The function for yN returns an array of values
def yArr(N, numVal):
rsum = np.zeros(numvVal)
for i in range (N):
rSum += np.random.uniform(@., 1., numVal)
return np.sqrt(12./N)*(rSum — N/2.)

numVal = 10000

nBins = 80
yMin = -4,
yMax = 4.

for N in [1, 2, 4, 12]:
y = yArr(N, numVal)
histLabel = '$N = $' + str(N)
yHist, bin_edges = np.histogram(y, bins=nBins, range=(yMin, yMax))
plotHist(yHist, bin_edges, r'$y_{N}$', r'entries', histLabel)
plt.figtext(0.6, 0.81, f'mean = {y.mean():.4f}")
plt.figtext(0.6, 0.74, f'std. dev. = {y.std():.4f}")

# 2(a) Generate random values according to f(x) = 4x"3 (0 < x < 1)

# with transformation method; here x = rkxx(1./4.)

numVal = 10000

nBins 100

rData = np.random.uniform(@., 1., numVal)

XMin=0.

XMax=1.

xData = pow(rData, 0.25)

xHist, bin_edges = np.histogram(xData, bins=nBins, range=(xMin, xMax))



plotHist(xHist, bin_edges, r'$x$', r'entries', r'2(a) transformation method')
plt.figtext(0.18, 0.74, r'$f(x) = 4x~{3}, \; 0 \leq x \leq 13%')

# 2(b) Repeat using the acceptance rejection method
numVal = 20000
nBins = 100

def f(x):
return 4. *x xx%%3

XMin
XMax
fMax .
rl = np.random.uniform(@., 1., numVal)

X = xMin + rlx(xMax — xMin)

r2 = np.random.uniform(@., 1., numVal)

u = fMaxxr2

xData = x[u<f(x)]

nBins 100

xHist, bin_edges = np.histogram(xData, bins=nBins, range=(xMin, xMax))
plotHist(xHist, bin_edges, r'$x$', r'entries', r'2(b) acceptance-rejection
method"')

plt.figtext(0.18, 0.74, r'$f(x) = 4x~{3}, \; 0 \leq x \leq 13%$')
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C++ code for questions 1 and 2:

// Solution to Computing and Statistics Monte Carlo Problem
// Glen Cowan, RHUL, Physics, November 2021

#include <iostream>
#include <cmath>
#include <TH1D.h>
#include <TFile.h>
#include <TRandom3.h>

using namespace std;
// Define the function yN
double y(int N, TRandom3x ran){
double rSum = 0.;
for(int i=0; i<N; i++){

rsum += ran—->Rndm();

}
return sqrt(12./N)*(rSum - N/2.);
}
int main(){
// Open output file (apparently needs to be done before booking)

TFilex file = new TFile("simpleMC.root", "recreate");

// Book histograms

TH1D% h_yl = new TH1D("h_y1", "N = 1", 100, —4., 4.)
TH1D% h_y2 = new TH1D("h_y2", "N = 2", 100, —4., 4.)
TH1D% h_y4 = new TH1D("h_y4", "N = 4", 100, —4., 4.)

TH1D* h_y12 = new TH1D("h_y12", "N = 12", 100, -4.,
TH1D* h_trans = new TH1D("h_trans", "x", 100, 0., 1.
TH1D* h_accrej = new TH1D("h_accrej", "x", 100, 0.,

.5

4
)
1.);

// Create a TRandom3 object to generate random numbers



int seed = 12345;
TRandom3% ran = new TRandom3(seed);

// Generate values and fill histograms

const int numValues = 10000;

for (int i=@; i<numValues; ++i){
double y1 = y(1, ran);
double y2 = y(2, ran);
double y4 = y(4, ran);
double y12 = y(12, ran);
h_yl->Fill(y1l);
h_y2->Fill(y2);
h_y4->Fill(y4);
h_y12->Fill(y12);

}

// Generate random values according to f( 4x~3 (0 < x < 1)
// with transformation method; here x = r
for (int i=@; i<numValues; i++){
double r = ran->Rndm();
double x = pow(r, 0.25);
h_trans—>Fill(x);
}

// and again using acceptance rejection method

const double xMin
const double xMax
const double fMax
int numAccepted = 0;
while ( numAccepted < numValues ){
double x (xMax — xMin)xran->Rndm() + xMin;
double u fMax * ran—->Rndm();
double f = 4.xpow(x,3);
if (u<f){
numAccepted++;
h_accrej—>Fill(x);

}

0.;
1.;
4.5

S

}
// Store all histograms in the output file and close up

file—>Write();
file—>Close();

return 0;
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