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Set-up of course AE1205 Python

Four parts (incremental)

Theme 1: General Purpose Programming (Thinking in algorithms)

Theme 2: Scientific Computing (NumPy, SciPy, Matplotlib, num integ)

Theme 3: Visualisation and animation (Graphics, PyGame, Animation)

Theme 4: Assignments/Competition/Tests (Simulations/Games, proficiency)

Instruction, exercises, assignments (0.5 bonus point) under supervision
Project Euler
Programming contest (0.5 bonus point)

‘Written’ exam with computer part
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Course 1s set up for differentiation

o Ea Sy”

“Hard”

“Very hard” Q

: Exercises i :
Instruction . / Fle] 2 Project
assignments Euler/extra
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Course is set up fgudifferentiation

Instruction

assigniicr e
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Assignment examples

= Fascinating mathematical and logical problems

= Games

= Aerospace-themed assignments
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2021 Python programming competition AE1205
Deadline is Sunday June 6th, at 00:00h
e competition and upload your fles In intab
Any original entry which shows considerable and original effort carms you half a bonus point and a signed
certficate! And maybe even a current model Raspberry Pi
Uploading in the hand-in tabs Make a zip file containing your py files and any data fles your code needs
(images, sounds). Don' make your zip file oo big! Ifit s unexpectedly big, you are probably using a virtual
c ent, which yourzip fle. I that i

zip file without those i

Theme for this year: Gravity

Not only in physics, but often also in games, Gravity often plays a large role. When used in games, the effect
ke s i

- Themed programming competition. Entries are often games

= Entries in groups of one or two students

= Typically 60-80 entries each year

= Five winning entries earn a Raspberry Pi kit

tion, like with assignment submissions. In each group
be awarded. All ted

+ The Standard Libraries supplied with Python and the use of pygame, numpy, scipy, matplotlib are al-
lowed. Do not use any other libraries as the goal is to make the simulation yourself, also the physics.

A

peopl & positories
where similar programs can be found (or sites of Python courses). Merely changing the graphics of
an existing game or simulation is not enough effort for the bonus and may even lead to a fraud being
reported to the exam commiltee.

- Use in

- Use commentlines, whitespace and docstrings
- Use sensible names for variables and functions

~ Use two or more script fles to organize your project

Uelcome hero, I have been waiting for you.
This land was once so beautiful, before the
magical revolution. *press left mouse button®

CC 10: 2ABCA-RPI45
: 209532148
2 R Mode in the UK
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Use case:
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Why 1s Python used i1n the SASII course?

Programming used to:

» enable realistic problems with multiple degrees-of-
freedom

+ create first-hand experience
- give life and practical meaning to the theory

Main Python packages used:
NumPy and SciPy

« tudaesasll: pure Python-based package developed for
this course

« pyfe3d: general-purpose Python/Cython finite element
code with common beam and plate elements

o]
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https://github.com/saullocastro/tudaesasII
https://saullocastro.github.io/pyfe3d/







NumPy and SciPy 1n the MSc
Example: Boolean indexing

Applying boundary

conditions
# applying BC

# defining known DOFs
bk = np.zeros (N, dtype=bool)

at clamp = np.isclose(x, 0.

k[O::DOF] [
k[1l::DOF] [
k[2::DOF] [
k[3::DOF] [
k[4::DOF] [
k[5::DOF] |

at clamp]
at clamp]
at clamp]
at clamp]
at clamp]
at clamp]

o]
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True
True
True
True
True
True

Matrix partitioning

Ku=F force | =
at point =
Kyu K“k] {u“} — {Fk} force[0:
Kiy Kpgil Uk Fy force[l:
force[2:
K uy, = Fi — Kypuy
uu = ul[bu]
uk = ulbk]
Kuu = K|[bu, 1 [:, bul]
Kuk = Klbu, 1[:, bk]

# known DOF's
unknown DOFs

--> bk
——> bu

Applying forces
np.zeros (N)
(np.isclose (x,
& np.isclose (y,
:DOF] [at point] =
:DOF] [at point] =
:DOF'] [at point] =

3.))



NumPy and SciPy in the MSc
Example: Quadratic eigenvalue problem, stacking arrays

Quadratic ) ,
eigenvalue problem: ~ ~Mw*U+ CiwU+ KU =0
Assuming the following state space transformation: from numpy import row stack, column stack
¢ =wl (Eq. 1) I = np.identity (N)

ZERO = np.zeros like (M)
It comes that:

A = row stack((column stack((ZERO, -1)),
—Mwe + Cip + KU =0 (Eq.2) column stack(( K, 13*C))))
Combining Egs. 1 aHSZZ U B = row stack((column stack(( I, ZERO)),
I 0 0 —I (0 column stack ((ZERO, -M))))
@ [o —M] {tp} * [K iC {(p} = {o} -

Expanded linear eigenvalue problem
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NumPy and SciPy 1n the MSc
Example: Facilitating the implementation of theory

The expanded linear, generalized eigenvalue problem:
— U
(@ [(I) —(;w] T [13 icI ){tp} - {g}

Extra step below is added in the
lecture to facilitate their experience

implementing the theory SCi pyl | nalg-eig

scipy.linalg.eig{a, b=None, lLeft=False,| right=True)| overwrite a=False,

Rearranging for “scipy.linalg.eig”:

overwrite b=False, check finite=True, homogeneous eigvals=False) [source]

0 —-INn((U I 0 U Solve an ordinary or generalized eigenvalue problem of a square matrix.
Kk i {rp} =—oly _pl {q)}

Find eigenvalues w and right or left eigenvectors of a general matrix:

a@vr=w*b@ vr

a wvr[:,i]
a.H vl[:,1]

w[i] b wr[:,i]
w[i].conj({) b.H v1l[:,1i]

where . H is the Hermitian conjugation.
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https://docs.scipy.org/doc/scipy/reference/generated/scipy.linalg.eig.html#scipy-linalg-eig

Discussion Points
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Programming deficiencies at the start of the master
Discussion Points

Students without TU Delft BSc

Transition from MATLAB to Python

More MSc elective disciplines focused on Python?
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Thank you for your attention

Joost
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