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, = hands-on course: learning by doing!

* explanation of basic concepts, but
* working individually on exercises

e whenever you need help: ASK!
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Computational Physics Il: C++

S EXERCISES LINKS

This is a course for 2nd year physics students aiming at...

« understanding how to use and program in a language relevant for scientific calculations,

« processing, interpreting, and presenting numerical data graphically,
« understanding how to use computers as a tool to solve analytical, algebraic and physical problems, and

« developing to capability to model and implement a simple physical problem numerically in a computer.

For this C++ will be used.
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COMPUTATIONAL PHYSIcS 1] CONTENT & ITINERARY

= Objective:

* to understand how to use and program (in a language relevant for scientific calculations)
* {0 process, interpret, and present numerical data graphically

* {0 understand how to use computers as a tool to solve physical problems

* t0 develop to capability to model and implement a simple physical problems

* public presentation of scientific results
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= Objective:

* to understand how to use and program (in a language relevant for scientific calculations)
* {0 process, interpret, and present numerical data graphically

* to understand how to use computers as a tool to solve physical problems
* t0 develop to capability to model and implement a simple physical problems

* public presentation of scientific results
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CONTENT & ITINERARY

= Unit 1: Introduction and Basic Concepts of C++
= Unit 2: Root Finding & (Non-)Linear Systems

= Unit &: Matrix Diagonalization

= Unit 4: Numerical Integration and Derivation

= Unit 9: Differential Equations
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COMPUTATIONAL PHYSIcS 11 CONTENT & ITINERARY
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Computational Physics |I: C++

HOME NOTES EXERCISES LINKS

C++
by Juan Soulie (excellent C++ notes w/ exercises)

of most important aspects by Jose del Peso

Course Information
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CONTENT & ITINERARY

L 14/9 M 15/9 X 16/9 J 17/9 V 18/9
14:30-15:30 L1: C++
15:30-16:30 Pr.l: C++ Pr.2: C++
16:30-17:30
L21/9 M 22/9 X 23/9 J 24/9 V 26/10
14:30-15:30 1.2: C++
15:30-16:30 Pr.3: C++ Pr4: C++
16:30-17:30
L 28/9 M 29/9 X 30/9 J 1/10 V 3/10
14:30-15:30 | II.1: C++. Ceros de una
15:30-16:30 funcion Pr.5: C++ Pr.6: Ceros
16:30-17:30
L 5/10 M 6/10 X 7/10 J 8/10 V 10/10
14:30-15:30 I1.2: Sist ec. Lineales Pr.7: Sist. ec. lineales Pr.8: Sist. ec.
15:30-16:30 (Métodos directos) lineales (Métodos
16:30-17:30 iterativos)
L 26/10 M 27/10 X 28/10 J 29/10 V 31/10
14:30-15:30 | IL.3: Sist ec. no lineales Pr.9: Sist ec. lineales Pr.10: Sist ec. no
15:30-16:30 tridiagonales lineales (Método
16:30-17:30 NR)
L2/11 M 3/11 X 4/11 J 5/11 Vv 7/11
14:30-15:30 III: Diagonalizacién Pr.11: Autovalores.
15:30-16:30 Matrices. Autovalores (Método Jacobi)
16:30-17:30
LoI/11 M 10/11 X 11/11 J 12/11 V 14/11
14:30-15:30 IV.1: Integracién numérica
15:30-16:30 Pr.12: Integral Pr.13: Integral
16:30-17:30
L24/11 L 25/11 L26/11 L27/11 L27/11
L30/11 M 1/12 X 2/12 J 3/12 V 5/12
14:30-15:30 IV.2: Derivadas Pr.14: Derivacion V.1: ED.O.
15:30-16:30 numeéricas numérica (Condiciones
16:30-17:30 iniciales)
L7/12 M 8/12 X 9/12 J10/12 V 12/12
14:30-15:30 Pr.15: E.D.O. Pr.16: E.D.O.
15:30-16:30 orden superior orden superior
16:30-17:30
L 14/12 M 15/12 X 17/12 J17/12 V 19/12
14:30-15:30 V.2: ED.O. Pr.18: Diferencias
15:30-16:30 | (Condiciones contorno) | Pr.17: Método disparo finitas
16:30-17:30

+ final exam on 18/01/2302%7
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| DON'T GET
YOUR CODE

Nl

1] 4

THE ART OF PROGRAMING

 B—

Al

BUT IT
SEEMS TO

3e~r~(‘ arnd pr)(’e-
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how and when did it all begin?
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A HISTORICAL REVIEW

2000 BC

* suitable for any base system

Eurasia

* developed all across the Eurasian continent thousands of years BC

Abacus
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A HISTORICAL REVIEW

1642

* mechanical calculator
* addition/subtraction

 multiplication/division by successive addition/subtraction

* 5 digit accuracy

Blaise Pascal
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A HISTORICAL REVIEW

1834

* 4000 parts
* 3 tons
e3mxXam

« 31 digits accuracy

Charles Babbage

* steam driven
« “difference engine”:
- designed to tabulate polynomials

- calculates 224 order differences

Courtesy IBM (www.ibm.com)

Part of one of Babbage's Difference Engines
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A HISTORICAL REVIEW 1890

* developed a machine to read punch cards
* machines was used for 1890 census in the USA
* census took only one year to evaluate (prev. 8 years!)

 company name: Computing Tabulating Recording Corporation

Herman Hollerith

mmtm
mrnnmrr N

............

.............
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* developed a machine to read punch cards
* machines was used for 1890 census in the USA
* census took only one year to evaluate (prev. 8 years!)

 company name: Computing Tabulating Recording Corporation

HeI;ma.n Hollerith * his company was renamed in 1924 to ...
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A HISTORICAL REVIEW 1890

* developed a machine to read punch cards
* machines was used for 1890 census in the USA
* census took only one year to evaluate (prev. 8 years!)

| ‘ l 4  company name: Computing Tabulating Recording Corporation

* his company was renamed in 1924 to International Business Machines (IBM)

mmtm
= / ai mrmmuru“
% N?ﬁ 27 9n 7q 30131 32 |

Herman Hollerith

............

.............
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A HISTORICAL REVIEW 1936

e Turing Machine:

* theoretical concept only:
— reading instructions from printed symbols on a tape

— result printed on back of tape

« foundation for theories about computing

Alan Turing

 Turing Test:

e if & human interacting with
a) another human

b) a computer

is not able to tell the difference, the computer is said to “think”
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A HISTORICAL REVIEW

1936

* Turing Machine:

 theoretical conce
— reading ins

— resylt prin|
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Alan Turing

* Turing Test:

* if 8 humén interg
a) another h

b) a computs

is not able \to tel
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Login wit

ster

Select all images with commercial

CHTHO,

Report a Problem
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A HISTORICAL REVIEW

1938

o 7Z1:

Konrad Zuse

» 30000 parts
* calculations were performed in binary (while input and displayed in decimal...)

« floating point operations

« freely programmable via punch cards
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A HISTORICAL REVIEW

1941

Konrad Zuse

° 78:

* 5.8 Hz, 22bit, 176 bytes memory, 2600 relays
* gpeed: 0.8sec/+ and 3sec/* => 0.3 flop/s

« floating point operations

« freely programmable via punch cards

Architecture of the Z3

| Punch Tape |

Output
PT""Ch Control ’ CHWEHEHE SN Veh sy
ape Unit JUBHUENE VIV VNabyyy -
Reader
Input
|
| I
Memory Floating Point
64 Words Processor
Register | Register
R1 R2

Clock Generator {5.33 Hertz)

i :::lllll AVVINIUY wwwwwayy NEsyvey
/8 vy RiLILE1T] ALLLLLL BT ITTTIT
AALLLL S AT w

LALLLL LD LT LT ] LITTTTITLS
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...and what about today’s computers?
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A HISTORICAL REVIEW

2020++

 Fugaku “Mount Fuji” (Japan), #1 in 11/2020:
* 7,630,848 cores, 5000TB RAM
* speed: 440 x 10% flop/s (= 440 PetaFlops)
« freely programmable (not via punch cards...)

e operation system: Linux (Red Hat)

RIKEN Center for Computational Science in Kobe
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A HISTORICAL REVIEW 2020++

» MareNostrum (Spain), #42 in 11/2020:
» 153.216 cores, 41TB RAM
* speed: 7 Pflop/s

e operating system: Linux (Suse)

Torre Girona Chapel, Barcelona
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A HISTORICAL REVIEW

2020++

« Artificial Intelligence
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A HISTORICAL REVIEW

2020++

« Artificial Intelligence — Computacion II exercises

'... M v)(<]>)

Q claude.ai/chat/662805b5-0b9f-47a7-8c69-193L "QD

@06 +©)
»

Computacion Il

S Ask DFT-UAM

Chats and tasks T4

& Customize Claude for you Try

== Get a morning brief Try
P Design
@ aknebe - DFT-U & Q M

A

P& pict-es W& pict-EN [ Astov 3 uAMv [ MADv (3 Mailv [ Bankingv [ Miscv [ Moviesv [ Newspaperv [ Musicv
C = Computacion Il - Claude )
Claude O Computacion Il v @ Share
New 1— Very Basics 1-9 Output, variables, int/float/double/char, casting,
overflow
53 Customize
2 — Operators & 10-30 Conditionals, logical operators, for/while loops,
Prolecta Syntax strings, arrays, vectors, structs
Pin projects to keep them here 3 — Functions & 31-40 Functions, nested calls, pointers
Pointers (variable/vector/struct), matrices
Pinned 4 — File Reading 41-45 ofstream, ifstream, counting, copying, round-trip

& Writing

Cpp beginner exercises

B Document - PDF

Write amessage...

.

Claude

s Al and can make mistakes. Please double-check responses

data

Download

Sonnet4.6 High & i)
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SCIENCE

GNATOMIC FLUX CONSTRUCTY
MAGNATOMIC
STAGE M

FINAL STAGE INTE!
AFT REACTION CONT

AFT PHASER
ATIONAL BEACON ey,
INDOWS

DECK M STARBOARD
DOCKING PORT WARD PHASER BANKS (LO
H STAR D DOCKING PORT

N ISOR ARAY

LOWER NAVIGATIONAL DO

2 30
VENTRAL PHASER BANKS METRES

...but what about the science?
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SCIENCE

IMAGES: Frank Summers (Space Telescope Science Institute), Chris Mihos
(Case Westem Reserve University), Lars Hemquist (Harvard University)

medicine
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SCIENCE

IMAGES: Frank Summers (Space Telescope Science Institute), Chris Mihos
(Case Westem Reserve University), Lars Hemquist (Harvard University)

medicine
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ASTROPHYSICS

The collision of our Milky Way with the Andromeda Galaxy!
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ASTROPHYSICS

The collision of our Milky Way with the Andromeda Galaxy!
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ASTROPHYSICS

The collision of our Milky Way with the Andromeda Galaxy!

T=0.00 Gyr

(courtesy Arman Khalatyan)
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...and what about “Computacion II"?
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1. Why C++ Matters

* High performance with high-level abstractions
e Used where speed, control, and reliability matter
e Supports multiple programming styles: procedural, object-oriented, generic, and functional

* Huge ecosystem, long-lived codebases, and a mature developer community
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2. Why C Wasn’t Enough

e C offered speed and close-to-the-metal control
e But large systems needed stronger mechanisms for abstraction and organization
e C++ added classes, constructors/destructors, and stronger type-oriented design

* The result: abstraction without giving up C-like performance
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3. Where C++ Is Used

e Operating systems and system software

* Game engines and real-time graphics

* Browsers, databases, and high-performance servers

e Robotics, embedded systems, scientific computing, and finance

e Applications where milliseconds, memory, or hardware access can matter
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CHt

4. Key Strengths
* Performance: compiled native code and fine-grained control
e Abstraction: classes, templates, and modern libraries
e Portability: runs across major platforms and hardware
e Scalability: suitable for small components and very large systems
e Compatibility: strong relationship with existing C and legacy code
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5. Challenges & Criticism

e Large language with significant historical complexity
e Compile times and build systems can become challenging

* Many language features and coding styles coexist
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CHt

C++vs. MATLAB

C++

» Compiled executable

e High performance and low-level control
» Widely used in systems, games, HPC

MATLAB

e Interpreter environment

e Matrix-oriented language

e Focus on numerical computing and plotting
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CHt

C++vs. MATLAB

choose C++

» Real-time applications

e Maximum execution speed
e Large software projects

choose MATLAB

 Scientific computing

e Signal/image processing

» Rapid prototyping and visualization
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COMPUTATIONAL PHYSIcS 1] GETTING STARTED

= Jearn your way around Linux
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COMPUTATIONAL PHYSIcS 11 GETTING STARTED

= Jearn your way around Linux

= take the “C++ language tutorial”

r
[ NON ] Q Not Secure — popia.ft.uam.es/Computacionll/link (1] ) ® (I] + @

E Dict-ES E Dict-EN [ Astrov [ uAMv [ MADv [ Mailv [ Bankingv [ Miscv [ Moviesv [ Newspaperv [ Musicv »

C (M) popia.ft.uam.es/Computacionliflinks.html )

Computational Physics Il: C++

HOME NOTES EXERCISES LINKS

C++

by Juan Soulie (excellent C++ notes w/ exercises)

of most important aspects by Jose del Peso

Course Information
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COMPUTATIONAL PHYSIcS 1] GETTING STARTED

= Jearn your way around Linux
= take the “C++ language tutorial”...

= ..copy-and-paste the examples and run them

econd program in C++ Helloc World! I'm a C++ program

$include <iostream>

using namespace std;

int main ()

{

cout << "Hello World! "; '/ prints Hello
World!
cout << "I'm a C++ program"; prints I'm a

+ program
return 0;

]
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GETTING STARTED
= Jearn your way around Linux
= take the “C++ language tutorial”...
= ...copy-and-paste the examples and run them
= do the exercises proposed by AK  [eece @0 ») (€ v i o) R
# W pict-es N Dict-EN B3 Astov (3 UAMv [ MADv [ Mailv [ Bankingv B3 Miscv [ Moviesv [ Newspaper v B3 Music »
C ) popia.ft.uam.es/Computacionlljexercises.html )

Computational Physics II: C++

HOME NOTES EXERCISES LINKS

C++

errmses That lHopefu yi He') to learn C++

/ beginner_solutions.pdf

/ classes_solutions.pdf

Numerical Applications
root-finding

linear systemts of equations

‘ non-linear systemts of equations
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COMPUTATIONAL PHYSsIcCSs 11 GETTING STARTED
= Jearn your way around Linux
= take the “C++ language tutorial”...
= ...copy-and-paste the examples and run them
= do the exercises proposed by AK  [eee @@ (€ v i o) ° 0 +0
# M pict-es W Dict-EN (3 Astov B3 UAMv [ MADv (3 Mailv (3 Banking v [ Miscv B Movies v [3 Newspaper v B3 Music v »
C ™ popia.ft.uam.es/Computacionli/notes.html )

= check explanations and exercises frqm Weiguang Cui

Computational Physics II: C++

HOME NOTES EXERCISES LINKS

C++
notes that (hopefully) help to learn C++
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COMPUTATIONAL PHYSIcS 1] GETTING STARTED

= Jearn your way around Linux

= take the “C++ language tutorial”...

= ..copy-and-paste the examples and run them

= do the exercises proposed by AK

= check explanations and exercises from Weiguang Cui

= decide on some plotting program (MATLAB, gnuplot, ...)
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[ = Unit 1: Introduction and Basic Concepts of C++ } 1o submission and marking of solutions
= Unit 2: Root Finding & (Non-)Linear Systems
= Unit &: Matrix Diagonalization
= Unit 4: Numerical Integration and Derivation
= Unit 9: Differential Equations
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CONTENT & ITINERARY

= Unit 1: Introduction and Basic Concepts of C++
ﬁ Unit 2: Root Finding & (Non-)Linear Systems \

= Unit &: Matrix Diagonalization

= Unit 4: Numerical Integration and Derivation
\-Unit D: Differential Equations /

» same exercises for all groups

» submission of solutions
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CONTENT & ITINERARY

= Unit 1: Introduction and Basic Concepts of C++
ﬁ Unit 2: Root Finding & (Non-)Linear Systems \

= Unit &: Matrix Diagonalization

= Unit 4: Numerical Integration and Derivation

\'Unit 5:

Differential Equations /

do not use Al, for your own sake!

seek help and ask your teacher instead!

* same exercises for all groups

» submission of solutions
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