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EXPLORE
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PICK UP YOUR MODULE AND PROCEED!
<> SANDBOX

You can find the categories of modules given below!
&% EXPLORE

The BASIS category includes all introductory materials. The C/C++ and PYTHON categories provide minimal training courses for C/C++ and

Bl SUMMARY python computing languages. A brief introduction to numerical methods is included in the NUMERICAL category. The PHYSICS TOPICS

category will introduce how to solve some of the physics topics in a numerical way. Given the machine learning becoming hot in recent years,
we are going to introduce the basic algorithms as well as advanced topics like deep learning in the MACHINE LEARNING category. Many of
the physics studies and applications require the knowledge of statistics, hence the STATISTICS category introduces the mathematics and tools
related to this topic. Modules contributed by the students and TAs will be included in the the CONTRIBUTE category.
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About
This
Course

Problem
Solving
Tips

Conceptual
Fun
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Introduction
to Git

Basic Unix
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About the
2nd
Semester

Into the Basic Basic Code
C/C++ Elements Elements Functions Formatting
Language | || |

Code
Formatting Fundamental
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Object
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Operators

Control
Flow
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MODULE T2 }) NONLINEAR DYNAMICS 1

A EXPLORE
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n\E nv b\

Fresh before

Fri, 16 Jun 2023 13:00
In this module we are going to introduce the logistic map, as a classical example with nonlinear dynamics. The mag
value, or multiple attractors, or in the end, becomes chaotic
B SUMMARY Module Materials
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ex mt2 3.py ex mt2 3.cc
() PREV MODULE ex_mt2_4.py ex mt2_4.cc
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1=:55 (C++ or Python)

,z“ :é' an% R T L

Language Mode
Fresh before
MODULE T2 )} EXERCISE #1 Fri, 16 Jum 2023 13:00 ﬂf @ cic++ O Python
Your Code
000 €50
ECOLOGY MAP #1: BIFURCATION DIAGRAM é #include <vector>
The ecology map is a typical map which can lead to non-linear behaviors. The map, which has a definite relationship between x; and x;,, 2 std: :Z20t0r<:°u1<3 ée>bll3i£“§ c:t 1-3836?00109 y_map() {
steps: std::vector<double ata H
. 5 /// START YOUR CODE HERE ///
g, 3 7 data.clear();
8 double mu = 1.80;

where y is a tunable parameter. The behavior of ecology map depends on the value of the parameter u. For example, if 4 = 1.8, the map will

converge to single fixed point; if g = 2.3, the map will end up with two attractors; if 4 = 2.6, the map will end up with four attractors, and 190 Whllggﬁg; 2 ) i 9 E ) 0 { 5.
. . — - N '
become chaotic if y = 2.9. i for(int i=1;i<=300;++i) {

In order to study such a behavior of population increasing, it is helpful to examine the bifurcation diagram, which consists of a plot of L x *= exp(mu*(l.-x));

attractors versus the growth parameter y. Please implement a function which takes no parameter, but simply returns the bifurcation diagram as o 1t (1>=201 && 1<=300) 1 | |

an array of 8,000 elements. The bifurcation diagram should be generated with the following steps explicitly: ig } data.push_back(x):

« Starting from g = 1.80, in the spacing of 0.01 for 80 steps. This means all the trial y values are 1.80, 1.81, 1.82,...,2.58,2.59. ig mu += 0.01;
 For each trial y value, generate the x series with an initial value of x, = 0.5. As an example for 4 = 1.80, the first few values in the 18 }

series are xo = 0.5, x; = 1.2298, x, = 0.8132, x; = 1.1382, ...
» For each trial u value, store the values of x59; ,X202 »...,X300 1n the resulting array. This means the resulting array of 8,000 elements are :123 éééﬁringazg?R CODE HERE ////

simply given by 21} '

=180 _u=1.80 _u=1.80 =1.80
Xoo1 > Xam X3 s X300

u=181 _u=181 _u=181 u=1.81
X201 X202 %03 sccrsX390 o

AR E FaHIEE. .

u=182 _u=1.82 _u=1.82 u=1.82
X201 X202 %203 sccrsX300 o

U=2.59 _u=2.59 _pu=2.59 4=2.59
X201 X202 %203 s --c> %300

The resulting bifurcation diagram should look like the following figure (between y=1.8 and 2.6):
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