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AvalAuon

YnoAoylioTIKN
duoikin

EnioTAUN ApIOuUNTIKA

YNoAoyioTmvV EEopoino




viaTi;
Ta nepioocoTepa npoBAnuarta dev AuvovTdl avaAuTiKa

OnAadn o€ “KAgloTn popPn”, WC MIa NENEPACHEVN
akoAouBia ano Baocikec npa&sic (+ - * /) yeTa&u yvwoTwv
aplOuwv kar “yvwoTtwv” cuvapTtnoswyv (ex, sinx, CosX,
logx ...)

X
ax2+ bx +c=0—-x=[-b x (b2-4ac)?>]/2a
dN/dt = -NA = N(t) = No et

AANBeia nwc 6a unoAoyileTal To €x yia Kanoia TiPn Tou X,
av €ixate ornv 01aBeon oac yovo HOAUBI kail xapTi ?



noia yYAmooa;

https://en.wikipedia.org/wiki/
Category:Numerical_programming_languages

~ Matlab P e o
M RYmon ~__ >60 unoAioyIoTIKd
C/C++ nepIBAAAOVTA
~Mathematica gepyaaciac

Fortran

Perl ...

K. ©gopIAaTog 6



onoiadnNnoTE YAwooa

1) aoknoeic o€ H/Y: unopeite va
XPNOIUOMOINCETE ONoId YAWCOa
NpoypauPaTIonoU BeEAETE

2) €EETAOTIKN: onoladnNnoTe YAwWooda
NPOYPAUUATIONOU N WEUOOKWOIKA



0t “"HiIAaw” kauia yYAwooa
TI KOVW?
uabaivw pia yAwoaoa (1)
npoonabwvTac va Aucw anAd npoBAnuaTa
aVAKUKAWVW + npoocapuolw KwdIKa ano aAAoug
avalnTnon oTnv google

nx
https://qgithub.com/theofil/CompPhysics/tree/master/examples



https://github.com/theofil/CompPhysics/tree/master/examples

@ python oTo ve®poc

‘= README.md Y,

Computational Physics -- YtoAoylotikr) Puoikn
10YKO21 »

Cloud-based interactive computing environment for the Computational Physics YmoAoylotikr) Quoikr} 10YKO21
course (3rd semester) at National and Kapodistrian University of Athens (2019-2024).

Run Python without installing it #
OOKIJAOTE auTa Ta 2
— links oTo github Tou
MaONPAToq

Visit http://theofil.web.cern.ch/theofil/courses/compPhysics/ for slides, notes, YouTube and other resources related
to this course.

e Use the binder enviroment created for this course «—

e Use http://colab.research.google.com (recommended) <

https://github.com/theofil/CompPhysics

K. @gopIAaTOC 0
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vthon o€ 4 Bnuarta

1 »  (NEPINEVOUHE VA POPTWOEI) 2 .

~ J u pyter Quit
Thanks to OVH and GESIS Notebooks for supporting us! £
mybinder.org will be updating the base image from Ubuntu 18.04 to 22.04 soon. See this discussion for details.
Files Running Clusters
Select items to perform actions on them. Upload  New~ &
[ J
(b b I n d e r Oo | - | 8/ CompPhysics Name ¥  LastModified File size
0. seconds ago
N 0O 2021 seconds ago
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e "] . - J Yy .PY Last Checkpoint: a few seconds ago (unsaved changes)
— Jupyter Quit
File Edit View Insert Cell Kernel Widgets Help Trusted ¢ | Python 3 (ipykernel) O
Files Running Clusters + X @ B 44 ¥ PRin H C M | Code s & Download & & | O GitHub % Binder Memory: 155.3 MB / 4 GB
Select items to perform actions on them. Upload [+
D - Notebook:
0~ / CompPhysics Name ¥ . e
Pythoni3 (ipykemel) In [1]: for i in range(10):
O. other. LCTeate @ new notebook with | print(i, ix*2)
0O 02021 Text File 00
0O 2022 Folder ; 411
Terminal
O 02023 [ 39
4 16
O [ examples a minute ago 5 25
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(0] FAQ a minute ago 7 49
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NaTNOTE 0 auTo T0 link via va petafeite oto binder pye 1o nepiBaAiov Tou

nadnuatoc TNG YO (un EEXAOETE va OCWOETE OTO OKANPO 0ag OiOKO TO NPOypaAPua
nou Ba ypawete File = Download As — Notebook (*.ipynb) )
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https://mybinder.org/v2/gh/theofil/binderEvn/minimal?urlpath=git-pull?repo=https%3A%2F%2Fgithub.com%2Ftheofil%2FCompPhysics&urlpath=tree%2FCompPhysics%2F&branch=master

HOVIUEC AUCEIC

eykataoraon Tnc “yYyAwooac” otov H/Y ocac —> 0O¢
xpelaleTal ouvdeon oTo internet yia va Tpe€eTe TA
ayannueva cac npoypauyparTa

>1 Tponot:

python kai C/C++ (built-in oe ~Unixo€idn cuoTnuarta ny
linux, MacOS, BSD)

eykataotaon python, jupiter lab, C++/C, ROOT ... ysow
TOU anaconda ST

https://www.anaconda.com

Individual Edition
naconda Individual Edition
toolkit
With over 25 million users worldwide, the open-source Individual ~ ForMacos
ython 3.8 « 64-Bit Graphical Installer « 440 M

Edition (Distribution) is the easiest way to perform Python/R data

science and machine learning on a single machine. Developed

11



ROOT data analysis (CERN)

About Install Get Started Forum & Help Manual Blog Posts Contribute For Developers Q

Data Analysis Framework

w
SN

ROOT: analyzing petabytes of data, scientifically.

An open-source data analysis framework used by high energy physics and others.

..f’;d 4
7 . 38\
/ ,

i\
1 \ ‘
A \
A \
’.",‘_‘ \
XA
\)

© Learn more . Install v6.24/06

>
avoIXTo AoYIoHIKO 2 oop LS
unoaTnpilel C/C++ kai python §

1000

https://root.cern.ch/
O1a0€01UO KAl OTO i) ANACONDA

S/(S+B) Weighted
3
o

| | |

g Ly gy g g g ey gy
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o
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https://root.cern.ch/

OTOXOI TNG ~VeEBOouadac
eEoikeiwon HE H/Y kal ocuyypapn Kwdika
BpOyX0l, YEVVNTPIEC TUXAIWV APIBUWV, KATAVOUEC
2D diaypaupuara [(X,y) scatter plots]

1D 1oToypauuaTa/Katavopec nukyv. niBavorntag [histogram]

AQVAHEVOMEVEC TIHEC KAnolag Tuxaiac HETABANTAG
ueon Tiun (M), TeTpaywvikn dlacnopd (62), Tunikn anokAion (o)

EKTIMNTEG — estimators

apliOunTIKOC H.0., (O10pBwuevN) dilakupavon OEIYUATOC

13
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https://eclass.uoa.gr/courses/PHYS369/

TOo NnpoBAnHa TG nHEPAG
'EoTw TO deiypa dedoueEvwY

x=19{3,2,4,1,2,3,4,3,4,4)

A\ Ry / 4

TO “X” cguvowilel Ta AanoTeEAECHA TWV O1adOXIKWV PIYEWV
evoc (apilou

a) va Bpebei o apIBPUNTIKOC U.O0. TOU OEIyUATOC T
B) va Bpebei n TUMIKN ANOKAION TOU OEiyuaTOC

V) va @eTIaxTEl 1I0TOYpaAPa TOU X J ﬂ%

15



TO Npoypauua

X=[3I2I4I1I2I3I4I3I4I4]

2X =0
for i in range(10):
2X = 2X + X[i]

print(i, x[i], 2x)

# omola ypauun €xel otoixion ME keva (N tabs) ornv apxn
# BewpeiTal ano Tov “epunveuTn” &vTOC TOU

# Bpoyxou (for loop)

# google search for python identation

https://www.w3schools.com/python/gloss python_indentation.asp

16


https://www.w3schools.com/python/gloss_python_indentation.asp
https://www.w3schools.com/python/gloss_python_indentation.asp

KAaAUTEPO Npoypaupua
xs=1[3,2,4,1,2,3,4, 3,4,4]
2X =0
for X in xs:

2X = 2X + X
print(i, X, 2X)

# omola ypauun €xel otoixion ME keva (N tabs) ornv apxn
# BewpeiTal ano Tov “epunveuTn” &vTOC TOU

# Bpoyxou (for loop)

# google search for python identation

https://www.w3schools.com/python/gloss python_indentation.asp

17


https://www.w3schools.com/python/gloss_python_indentation.asp
https://www.w3schools.com/python/gloss_python_indentation.asp

#include <stdio.h> /* printf, scanf, puts, NULL x/
#include <math.h> /* for the sqrt funcion *x/

int main ()

{
float x []1 = {3, 2, 4, 1, 2, 3, 4, 3, &4, 4};

unsigned int N = sizeof(x)/sizeof(x[1]); // N = 10, but in that way we can add/remove elements

float sumX
float sumX2

for(unsigned int 1 = 9 ; i < N; ++1)
{

float z= x[il;

sumX += z;

sumX2 += zxz;

float meanX = sumX/N;
float sigma2 = sumX2/N - meanXxmeanX;

float sigma = sqrt(sigma2);

printf("N = %d mean = %2.3f sigma = %2.3f \n", N, meanX, sigma);

return 9;

/%

outputs

N =10 = 3.000 sigma = 1.000
*/




KWOIKE

BpeiTe Ta napadeiyparta nou oulnTnoApe oTNV TA&N o€
python kaBwc kal uhonoinoeic o C (pe N xwpic ROOT) oTo

https://github.com/theofil/CompPhysics/tree/master/

O Product ¥ Solutions ¥ Resources ¥ Open Source v Enterprise v Pricing Search or jump to... / Signin

& theofil  CompPhysics  Public L\ Notifications % Fork 13 ¢ Star 13
<> Code () Issues 19 Pullrequests () Actifns [J Projects () Security [~ Insights
¥ master ~ ¥ 2 Branches /0 Tags Q Gotofile <> Code ~ About
Material for my course of Computational
Konstantinos Theofilatos/adding lec1 2024 v c20bdb8 - 3 minutes ago ) 252 Commits Physics (3rd semester, obligatory), in
National and Kapodistrian University of
2021 adding crudeMCexample from lecture 8 3 years ago Athens
2022 adding graphics to the 3D sphere 2 years ago 0 Readme
2023 problem 22 last year v Activity
Y% 13 stars
2024/lec1 adding lec1 2024 3 minutes ago ® 4 watching
FAQ updating readme last year % 13 forks
Report repository
examples ensuring float arryas in LU 9 months ago
problems fixing filenames of 2022 problems 9 months ago Releases
studentsCode Add files via upload last year No releases published
[ README.md updating readme last year Packages

K. ©gopIAATOC 19
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P10aKi

nooec daplec n £ On npenel va pi€oupue yia va
KEPOIOOUME ?

anavrnon: PTIaXVOUUE £vda
npoypappa nou va “nailel”
Pp10ak! kal To Baloupe va

naifel NOAAEC POpEC ... 21_122 (23 |2 25

17 (18 20
Nooo JEYAAN €ivai n /
néavoTnTa va KePJIOEl 1912 (13 /793 |15
auTOC NouU &ekiva C
deuTepOC, oTav naifouv
dUo naikTeg ? oTav naifouv |6 (7 |8 /99 10

OEKA NAIKTEC ?

22



YEVVNTPIEG TUXAIWV APIOH®V

YPNYOPEG HNXAVEG
xpelalovTal (ypnyopa)
noAAoUC Tuxaioug
ap1Buouc

TUXAIOUC apiOuouUc
LUE KATA napayyeAia
ouUXVOTNTA ENPAVIONC
(I'IIGCIVC')TI‘!TCI
napaywyng)

VTETEPHIVIOTIKOUGC
(weudo-Tuxaiouc) ME
TAUTOONMEC AKOAOUBIEC

| TA via id10 random seed
K. @gopIAaToC 23



linear cogruential method

Xn = (cXn-1 + @) Mod Nmax
vevvnTpla (Yeudo)Tuxaiov akepaiov apiBuwv oTo [1,Nmax)

Nnx

VOAUUIKOC UETAOXNUATIOUOC 1I000UVAMIac UrnoAoinou

Xn+1 = (16807*Xn) mod (231 - 1)

napavyel TA oto diaoctnua [0, 231 -1)
dlaipwvTac Je 231 -1 10 [0, 231 -1)
“oupnieleTal” oto [0,1)

https://en.wikipedia.org/wiki/Linear_congruential_generator

24



nooco Tuxaia €ival n akoAouBia?

IBM RANDU
Xn+1 = (65539*%Xn) mod (231)

25



/dev/random

~Unix cuoTnHaAara

random seed ( = TuxaioC onopoc, EVapKTNPIo AAKTIONA)

26



YEVVNTPIA TuXaiwv oto [0,1)
python:

Import numpy as np
U = np.random.rand()

C/C++:
#include <stdlib.h> /* srand, rand */
U = (double) rand() / (RAND_MAX));

27
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OIAAEEN Xwpic dlapaveIEeC



15.10.2024

OIAAEEN Xwpic dlapaveIEeC



17.10.2024

OIAAEEN Xwpic dlapaveIEeC



TUXAIOKPATIKON
aAyopiOpuol
Monte-Carlo
ouvoyn & €papuoyecg




Monte Carlo

MeBodOI NOU KAVOUV XPnon TuXaiov apiOpwv:

eEopoimon neipaudtTwyv QuUaoiknc o H/Y ny:
ekTiunon aBepaioTntac (UETPNON TOU @ OTO EPYACTNPIO)
padlevepyec O1A0NATEIC
puluoc napaywyng Higgs boson oto LHC

eniAuon npoBANUATWV NOU OEV _EXOUV TINOTA TUXAIO MX:

uadac owpuaToc ooPEVNC TNC NukvoTnTac Tou p(X,yY,Z)
£UPECN TOU NAEKTPIKOU OUVAUIKOU OTO XWPO

32



100
Eav ynopoupe va €EO0POIWOOUNE TNV PUOIKN OlEpyaoia

O xpelaleTal va AUCOUUE TIC €EICWOEIC MOoU OIEMOUV TNV
XPOVIKN €E€AIEN TOU cuUOTNUATOC

K. ©gopIAATOC 33



OTATIOTIKN avaAuon

H nukvoTrnTa niBavoTnTtac pdf dev €ival navra a-priori
YVWOTH, HNOPOUNE OMWC va HABOUE YIa auTnVv apkei va
£XOUE OUVATOTNTA va KAvoulue OelyparoAnyia

1. peow eEopoimwonc o H/Y (MC simulation)
2. JEOW enavaiAnync Tou npaypaTtikou neipapaToc (data)

34



MC e&opoiwon

KaTavoh — MMopw Kal npoBAenw TI Ba yivel
LECW UMOAOYIOTIKNG €EEOMOIWAONC

Bpiokw TNV Alon —  KATAaokeualw aAyopiBpo nou
Bpiokel TN Auon

OEV Unapxel Tinora rnio 01ackedaoTIKO ario TNV
gEouoiwon evoc QUOIKOU OUOTNMATOC Kdl THV
geTaon Tou Uro akpalec ouvolnkKec

35



nukvoTnTa nmavoTnTac

n = 10000 (naixvidia)
1500 X = pIYeIg {aplou yIa Vikn
X = 7.5+ 4.2 (apiec
v
© 1000 10000
= ;=75
S ~ 10000 Z .
=
500 X 1 10000
2 p— . — T 2 — 178
7= = 10000 — 1 ; S
N Gp = 4.2
0 5 10 15 20

piyeic apiou yia vikn

1. O ueooc kai n Tunikn anokAion Tou dsiyuaroc, urioAoyilovral navra (aAAa dev exouv navra vonua)

2. n nukvoTnTa niBavorntac “"kouBaAa” o, 6a BAaue va Eepouue

3. 10TOYpauua ~ o roio anAoc eKTIUNTNG NUKvVOTNTAc niéavorntac
K. ©@eo@IAATOG 36



agpIo

N1(t) N2(t)

va Bpebei n xpovikn €€EAIEN Twv duo NANBuouwv Ni(t) kar Na(t) av:
N:1(0) = 1000
N2(0) =0

p = AAt = 1% miBavoTnTa yia Kabe Poplo Tou agpiou va d1acxiocel ThV
TpUNA KAl va NEPACEl ano To £va OOXEI0 0TO AAAO OTO XPOVIKO
diaotnua [t, t+At]

37



diaocnaocn NUPNVwv

30 : : :

ecopolwon MC AAt = miBavoTnTa d1aocnaonc

0 N = 30 evOG nupnva oto diaoTnua At

S 20 A = 0.001 s

© At = 1s

a

-

-

O_

0 1000 2000 3000
time [S]

ava povadda Xpovou, Kabe nupnvac NeEpvAEl ano OOKIKUN
Bernoulli (ave€apTnoia dlacnacswy, aveu Pvnunc)
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OAokAnpwon MC
YNOAOYIGUOC OPICHEVWV OAOKANPWHATWV PE MC:

AnAoiko MC (crude MC)

MC Anoppiync (Accept-Reject MC, hit-or-miss)

'E€unvo MC (onuavTikn dsiyuatoAnyia / importance
sampling)

39
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gupeon PI{®OV TNG
f(x) =0




aAyopiOuol JE 1oTOpIA

Secant
~1/70C NX

Babylonian Newton-Raphson
~60 uX ~]170C UX

K. @goIAATOC 42



TAXUTNTA
aAyopiOuou

alonioTia

(Ba Bpel T
owoTn Auon;)

43



UNOAOYVYIOTIKN 10XUG

YIVETAl OAO Kal nio ¢ponvn &
NpooBAciun, HAC NPOOKAAEI
va aAANa&oupE ToV TPONO
uAonoinoncg kKal eMIAOYNG
KataAAnAwv aAyopiBuwv

44



eniAuon Ttnc f(x) = 0

OT1av n f(x) €ival yn-ypauuikn, Ta npaypaTa
OUOKOAEUOUV

dixotounon (Bisection)

copaApuevn 6eon (Regula Falsi)

dlaTepvouoac (Secant)

oTabepou onuEiou

Newton-Raphson

YrnoBeTouv Tnv unapén “"kaAnc” apxiknc EKTiunonc aro Tov
xpnorn Tnv oroia 6a (npoonaBnoouv) va BeATiIwoouv
gnavainnrika.

45



eniAuon Ttnc f(x) = 0

di1xotTounon (Bisection)
copaApuevn 6eon (Regula Falsi)

NapevOeTikec pebBodol [bracketing methods]
a < pila < b, ouppikvwon Tou diacTnuaTtoc b - a

46



enihuon TnGcf(x) =0

dlaTePvouoac (Secant)
oTabepou onuEiou
Newton-Raphson

Fixed-point iterations
Xn+1 = g(xn)

Xn+1 = g(Xn, Xn-1, Xn-2 ...)

lim z, = p Q%
n— o0

47



enihuon TnGcf(x) =0

2uvnBwc, dev enionuaiveral 00o
rpenel OTi N ypa@ikn HEOOJOC civai
avavTikaraoTrarn, yia Jia KaAn apxn

L

tanr =

1 — x?

noia €ival Jia KaAn apxikn eKTipnon;

48



npwTOo BRua

KaTaokeualoupe TNV ypagikn napactaon Tnc f(x)
LEAETAUE povoTOVia
evTonidoupue diaoTnuaTta [xmin, xmax] PE pideg
— Kal To NANBocC auTwV —

akpiBeia TNC ypaPikne pedodou : |xmax - xmin|/((N-1)v/12)
onou N o apiBuoc Twv oNUEIWV NOU XPNOIUONOINCAUE OTO
dlaypappa

49



napadsiypara

bisection

newton

fixedpoint
electrostatic_potential

50


https://github.com/theofil/CompPhysics/blob/master/examples/bisection.ipynb
https://github.com/theofil/CompPhysics/blob/master/examples/newton.ipynb
https://github.com/theofil/CompPhysics/blob/master/examples/fixedpoint.ipynb
https://github.com/theofil/CompPhysics/blob/master/examples/electrostatic_potential.ipynb
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YPAMHIKAO CUCTRHATAO
eEICWOEWV




NAEKTPIKA KUKA®OHATAO

A 2 ()
—_—

Vvolts —
I
-
— AN
G 30
R. L. Burden
J. D. Faires

™ ¢

Si;

Sip, =V,

i3 — 14— 15 =0,

2i4 — 3i5 = 0,

i1 —ip — i3 =0,

Sip —Ti3 — 214 = 0.

53



OTATIKN

< ©), >

Zk J2 J2 /s /s
10,000 N é%
F, F
v v \ 4

Joint Horizontal Component Vertical Component
R. L. Burden ® P+ 2+ =0 L —F,=0
e ® ~Lh+Lp=0  -Lfi-fi-1fi=0
€) —f+ fs=0 f3 — 10,000 =0
@ —%§f4—f5=0 2 fa—F3=0
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ouvOeTa npoBAnuara
nx
HN-YPAMMIKA CUCTNMATA EEICWOEWV
O1aPOPIKEC EEICWOEIC

ouxva avayovTal, ENEITa ano npoonadeia + KaAeG
NpOOEYYIOEIC, o€ (anAQ) YPAUMUIKA CUCTNUATA €EI0WOEWV
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Baoikec HEOBOOOI eNIAUuONC

akpifeic — [HIkpa + nukva cuotTnuarta ~ 0(2n3/3)]
anaAoipn Gauss (Gauss elimination) + [Gauss-Jordan]
diaonaon LU

enavaAnnTikec — [MeEyaAa + apaia cuoTnua]
NPOOCEYVYIOTIKN Auon (OUYKAION uno ouvBnkec)

Jacobi
Gauss-Seidel

ONMEIWOEIC OTAV N-TA&N
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eEiowon Poisson

T(x, a) = f(x)

[(0,y) = 9(y)
[(a,y) = m(y)

T(x,0)= h(x)

O*T(z,y) O0*T(z,y)
52 T oy = g(z,y)
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eEiowon Poisson

T(x, a) = f(x) /\

= >
o - o
L l J O—0—©
> > o
S L

T(x,0)= h(x) |
O*T(x,y)  O°T(x,y)

8372 ' ayQ _g(x7y)

\

Titrj+Ticay+1ij+1 +1ij—1 —41ij = i
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feedback form

H ¢@opua apopa Tnv xpnon H/Y kail Tnv e€oikeimon oac
LUE TOV NMPOYPAMMATIONO OTa €nineda nou xpelalovTal yida
TO pabnua

https://forms.gle/ZAHshuyiS1L4p3n]d6

NAapaKaAw OTEIATE POU O,TI OXOAIQ EXETE
ENWVUMA N avwvuua
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https://forms.gle/ZAHshuyiSL4p3nJd6

npayuaTtikoi apiouoi
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rounding, ceiling, floor

Example of rounding to integers using the IEEE 754 rules
Mode / Example Value +11.5 +125 -11.5 -125

to nearest, ties to even +12.0 | +12.0 -12.0  -12.0

to nearest, ties away from zero | +12.0 | +13.0 | -12.0 | -13.0

toward O +11.0 | +12.0 -11.0  -12.0
toward +° +12.0 +13.0 | -11.0 | —12.0
toward —oo +11.0 | +12.0 -12.0  -13.0
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