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Let’s create space for water

Dagens program
• I skal kode i Python for første gang

på jeres computer
i Google Colab: https://colab.research.google.com/

1. Grundlæggende kodning
— Syntaks
— Basale pakker

2. Datahåndtering
— Indlæs data fra csv
— Plot og håndtér data
— Gem resultater som csv

3. Numeriske metoder
— Integration
— Statistik

(hvis I har JupyterLab el.lign.
installeret, så brug dét)

Vi kommer knapt nok til at skrabe overfladen,
og foredraget i dag er kun en kickstart.

For at lære Python kræves øvelse, øvelse, øvelse.



Let’s create space for water

Ommig
• Ph.d. i datalogi fra AU (2019)

• Startede med Python da jeg startede på uni (2010)

— Første store projekt (2012): Tutorhjemmesiden matfystutor.dk

• Softwareudvikler hos Scalgo siden 2019
— hvor vi bruger Python, Rust, C++, TypeScript, …
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Let’s create space for water

colab.research.google.com

Nyttige commands: Insert ”Above” og Insert ”Below” – indsætter nye celler

Firefox-brugere: Gå ind i Keyboard shortcuts og ændr Command palette shortcut

— ”Delete”, ”Split” og ”Merge” – sletter/deler/samler celler



Let’s create space for water

colab.research.google.com

Tryk Shift-Enter



Let’s create space for water

colab.research.google.com



Let’s create space for water

Colab er ikke gratis!
• Google stiller en gratis udgave til rådighed
fordi de gerne vil have jer til at bruge betalingsudgaven…

• Sørg for at få installeret
Python og Jupyter på jeres
egen computer!

— men for at komme
hurtigt i gang, så kan I
nøjes med Colab under
foredraget i dag.



x = 3
y = 5
x = 2
print(x * y)



x = 3
y = 5
x = 2
print(x * y)

Senere tildeling overskriver tidligere værdi af x



x = 3
y = 5
x = 2
print(x * y)

2 * 5 = 10



x = 4
y = x + 1
z = 2 * y
print(z)



x = 4
x = x + 1
x = 2 * x
print(x)

x = 4
y = x + 1
z = 2 * y
print(z)

Hvilket program er nemmere at forstå?



a = [3, 5, 7]
print(a)
print(a[0])
print(a[1] + a[2])
print(type(a))
print(len(a))



a = [3, 5, 7]

for e in a:
print(e)



a = [3, 5, 7]
sum(a)
min(a)
max(a)
5 in a
6 in a
7 not in a
a.index(7)
a.count(6)



b = np.array([3, 5, 7])
print(b)
print(b[0])
print(b[1] + b[2])
print(type(b))
print(b.dtype)
print(len(b))
print(b.shape)

import numpy as np



sum(a)
min(a)
max(a)
5 in a
6 in a
7 not in a
a.index(7)
a.count(3)

np.sum(b)
np.min(b)
np.max(b)
5 in b
6 in b
7 not in b
(b == 7).nonzero()[0]
(b == 3).sum()

Python list: NumPy array:

import numpy as np



Let’s create space for water

Standard library vs. external library
• Python har en række indbyggede ting, såsom lister a = [3, 5, 7]
• Men mange ting kræver eksterne pakker, f.eks. import numpy as np

a = [3, 5, 7]

Variables

a

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉

b = np.array([3, 5, 7])

Variables

b

Heap
〈np.ndarray at 0x7980〉

shape: (3,)
dtype: intp

3 5 7

3 5
7



Let’s create space for water

Standard library vs. external library

a = [3, 5, 7] b = np.array([3, 5, 7])
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
3 5

7

〈np.ndarray at 0x7980〉

shape: (3,)
dtype: intp

3 5 7

Lister kan indeholde
hvad som helst

np.array kan kun
indeholde tal

• Andre pakker: matplotlib, pandas, scipy, …

import numpy as np
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Standard library vs. external library

a = [3, 5, 7]
a2 = a * 2
print(a2)

b = np.array([3, 5, 7])
b2 = b * 2
print(b2)

[3, 5, 7, 3, 5, 7] [ 6 10 14]

print(a == 5) print(b == 5)

False [False True False]

”Nej, en liste er ikke
lig med et tal”

”Tjo, nogle af tallene
er lig med 5”

import numpy as np



Let’s create space for water

Er I forvirrede?
• Hvis I ikke er forvirrede nu, så bliver I det senere

• Vigtige forskelle på standard lister og NumPy arrays

— Vi kaster os ud i NumPy med det samme

— Andre Python-kurser starter med ”ren standard Python”



Let’s create space for water

Er I forvirrede?

—Andre Python-kurser starter med ”ren standard Python”

Glæd jer til IPSA! (”Python med Gerth”)

Tyvstart på:
gsbrodal.github.io/ipsa/
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Er I forvirrede?

—Andre Python-kurser starter med ”ren standard Python”

Glæd jer til IPSA! (”Python med Gerth”)

Tyvstart på:
gsbrodal.github.io/ipsa/



Let’s create space for water

• print(s[2:42:3])

Strings & slicing
• En streng er en følge af bogstaver (eller talcifre, symboler, mellemrum, …)

• Det ligner jo volapyk…

s = 'abwwdexy___lwtopavghevt_xypxxyattx_hxwoadnxxx'



Let’s create space for water

• print(s[2:42:3])

Strings & slicing
• En streng er en følge af bogstaver (eller talcifre, symboler, mellemrum, …)

• Det ligner jo volapyk…

s = 'abwwdexy___lwtopavghevt_xypxxyattx_hxwoadnxxx'

2:42

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44



s = ' w e _ l o v e _ p y t h o n '

Let’s create space for water

• print(s[2:42:3])

Strings & slicing
• En streng er en følge af bogstaver (eller talcifre, symboler, mellemrum, …)

• Det ligner jo volapyk…

abwwdexy___lwtopavghevt_xypxxyattx_hxwoadnxxx

32:42

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

w e _ l o v e _ p y t h o n



Let’s create space for water

Slicing
• s[2:42:3]: Fra position 2 lige indtil position 42, tag hvert tredje element

• s[2:42]: Fra position 2 lige indtil position 42, alle elementer

• s[2:]: Fra position 2 til slutningen

• s[:42]: Fra starten lige indtil position 42

• s[::3]: Fra start til slut, tag hvert tredje element

• s[:]: Fra start til slut, dvs. alting



Let’s create space for water

Slicing
• s[2:42:3]: Fra position 2 lige indtil position 42, tag hvert tredje element

• s[2:42]: Fra position 2 lige indtil position 42, alle elementer

Bemærk! Halvåbne intervaller!

2 er inkluderet, 42 er IKKE inkluderet



Let’s create space for water

Slicing: lists vs. numpy
aold = [13, 27, 7, 42]
anew = aold
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

aold = [13, 27, 7, 42]
anew = aold
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

f-strings indsætter værdien af aold
der hvor der står {aold}



Let’s create space for water

Slicing: lists vs. numpy

Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

aold = [13, 27, 7, 42]
anew = aold
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

〈int〉
42

7



Let’s create space for water

Slicing: lists vs. numpy

Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

aold = [13, 27, 7, 42]
anew = aold
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

anew

〈int〉
42

7



Let’s create space for water

Slicing: lists vs. numpy

Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

aold = [13, 27, 7, 42]
anew = aold
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

anew

〈int〉
42

〈int〉
12

7



Let’s create space for water

Slicing: lists vs. numpy

Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

aold = [13, 27, 7, 42]
anew = aold
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

anew

〈int〉
42

〈int〉
12

aold is [13, 27, 12, 42]
anew is [13, 27, 12, 42]

7



Let’s create space for water

Slicing: lists vs. numpy

Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

aold = [13, 27, 7, 42]
anew = aold
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

〈int〉
42

[:]

7



Let’s create space for water

Slicing: lists vs. numpy

Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

aold = [13, 27, 7, 42]
anew = aold
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

〈int〉
42

[:]

anew

〈list at 0x7860〉

7



Let’s create space for water

Slicing: lists vs. numpy

Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

aold = [13, 27, 7, 42]
anew = aold
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

〈int〉
42

〈int〉
12

[:]

anew

〈list at 0x7860〉

7



Let’s create space for water

Slicing: lists vs. numpy

Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

aold = [13, 27, 7, 42]
anew = aold
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

〈int〉
42

〈int〉
12

[:]

anew

〈list at 0x7860〉

anew is [13, 27, 12, 42]

7

aold is [13, 27, 7, 42]



Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

〈int〉
42

〈int〉
12

anew

〈list at 0x7860〉

7

Let’s create space for water

Slicing: lists vs. numpy
aold = [13, 27, 7, 42]
anew = aold[:]
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

bold = np.array([13, 27, 7, 42])
bnew = bold[:]
bnew[2] = 12
print(f"bold is {bold}")
print(f"bnew is {bnew}")

Variables

bold

Heap
〈np.ndarray at 0x7980〉
buffer:
shape: (4,)
dtype: intp

1327 7 42
〈memory buffer〉

import numpy as np



Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

〈int〉
42

〈int〉
12

anew

〈list at 0x7860〉

7

Let’s create space for water

Slicing: lists vs. numpy
aold = [13, 27, 7, 42]
anew = aold[:]
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

bold = np.array([13, 27, 7, 42])
bnew = bold[:]
bnew[2] = 12
print(f"bold is {bold}")
print(f"bnew is {bnew}")

Variables

bold

Heap
〈np.ndarray at 0x7980〉

bnew

buffer:
shape: (4,)
dtype: intp

1327 7 42
〈memory buffer〉

〈np.ndarray at 0x8180〉
buffer:
shape: (4,)
dtype: intp

12

import numpy as np



Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

〈int〉
42

〈int〉
12

anew

〈list at 0x7860〉

7

Let’s create space for water

Slicing: lists vs. numpy
aold = [13, 27, 7, 42]
anew = aold[:]
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

bold = np.array([13, 27, 7, 42])
bnew = bold[:]
bnew[2] = 12
print(f"bold is {bold}")
print(f"bnew is {bnew}")

Variables

bold

Heap
〈np.ndarray at 0x7980〉

bnew

buffer:
shape: (4,)
dtype: intp

1327 7 42
〈memory buffer〉

〈np.ndarray at 0x8180〉
buffer:
shape: (4,)
dtype: intp

[13 27 12 42]
[13 27 12 42]

12

import numpy as np



Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

〈int〉
42

〈int〉
12

anew

〈list at 0x7860〉

7

Let’s create space for water

Slicing: lists vs. numpy
aold = [13, 27, 7, 42]
anew = aold[:]
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

bold = np.array([13, 27, 7, 42])
bnew = bold[:]
bnew[2] = 12
print(f"bold is {bold}")
print(f"bnew is {bnew}")

Variables Heap

bold.copy()

import numpy as np



Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

〈int〉
42

〈int〉
12

anew

〈list at 0x7860〉

7

Let’s create space for water

Slicing: lists vs. numpy
aold = [13, 27, 7, 42]
anew = aold[:]
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

bold = np.array([13, 27, 7, 42])
bnew = bold[:]
bnew[2] = 12
print(f"bold is {bold}")
print(f"bnew is {bnew}")

Variables

bold

Heap
〈np.ndarray at 0x7980〉

bnew

buffer:
shape: (4,)
dtype: intp

1327 7 42
〈memory buffer〉

〈np.ndarray at 0x8180〉
buffer:
shape: (4,)
dtype: intp

bold.copy()

1327 7 42
〈memory buffer〉

12

import numpy as np



Variables

aold

Heap
〈list at 0x7760〉

〈int〉
〈int〉

〈int〉
13 27

〈int〉
42

〈int〉
12

anew

〈list at 0x7860〉

7

Let’s create space for water

Slicing: lists vs. numpy
aold = [13, 27, 7, 42]
anew = aold[:]
anew[2] = 12
print(f"aold is {aold}")
print(f"anew is {anew}")

bold = np.array([13, 27, 7, 42])
bnew = bold[:]
bnew[2] = 12
print(f"bold is {bold}")
print(f"bnew is {bnew}")

Variables

bold

Heap
〈np.ndarray at 0x7980〉

bnew

buffer:
shape: (4,)
dtype: intp

1327 7 42
〈memory buffer〉

〈np.ndarray at 0x8180〉
buffer:
shape: (4,)
dtype: intp

bold.copy()

1327 7 42
〈memory buffer〉

[13 27 12 42]
[13 27 7 42]

12

import numpy as np



Let’s create space for water

Slicing: lists vs. numpy
• a[:], a[2:42:3], osv. kaldes slicing

• For standard lister: slicing kopierer data

• For numpy arrays: slicing laver et view af den samme buffer

— Brug .copy() for at lave en kopi af data



Let’s create space for water

matplotlib
import numpy as np
import matplotlib.pyplot as plt
x = np.linspace(0, 10, 100)
y = np.sin(x)
plt.plot(x, y)
plt.show()

Prøv at printe x og y
og forklar hvad linspace og sin gør.



Let’s create space for water

matplotlib
x = np.linspace(-2, 2, 30)
y = np.exp(-x**2 / 1.5)
plt.plot(x, y)
plt.show()

y = e−
x2

1.5



Let’s create space for water

np.trapz: Trapezoid-summering
• Beregn bestemt integrale ved at beregne
arealet under kurven

x = np.linspace(-2, 2, 30)
y = np.exp(-x**2 / 1.5)
area = np.trapz(y, x)
print(area) 2.1248007109797644



Let’s create space for water

scipy: Bestemt integration af funktion
x = np.linspace(-2, 2, 30)
y = np.exp(-x**2 / 1.5)
area = np.trapz(y, x)
print(area) 2.1248007109797644

import scipy.integrate

def f(x):
return np.exp(-x**2 / 1.5)

area, error = scipy.integrate.quad(f, -2, 2)
print(area, error) 2.1253876501824167± 2.09× 10−9

area, error = scipy.integrate.quad(f, -np.inf, np.inf)
print(area, error) 2.1708037636748040± 8.15× 10−9

• Totalt integral over hele (−∞,+∞):



Så er det CSV-tid
• CSV: comma-separated values

• Simpelt tekstbaseret dataformat

• Eksempel: LoggerPro data for det skrå kast

https://www.uvmat.dk/mathit/skraa.pdf
Tak til Brian M.V. Olesen, Haslev Gymnasium for data!

”Plain text” i skraa.csv

• Download fra: m.strova.dk/python

Let’s create space for water

x,y
0.0633,0.342
0.171,0.437
0.278,0.519
0.386,0.589
0.494,0.652
0.601,0.696
0.709,0.740
0.810,0.766
0.918,0.785
1.02,0.785
1.13,0.785
1.23,0.766
1.34,0.740
1.45,0.703



Så er det CSV-tid
• CSV: comma-separated values

Let’s create space for water

Husk! Google Colab er ikke gratis! Brug rigtig Python til jeres studie!



Download skraa.csv fra m.strova.dk/python



Let’s create space for water

print(…) i notebooks
• Google Colab og Jupyter Notebook printer automatisk den sidste linje
• Det kan se forskelligt ud afhængig af om man skriver print(...)

• For at printe flere ting, brug print(...) eller brug ”Split cell at cursor”



import matplotlib.pyplot as plt

x = df['x']
y = df['y']

plt.plot(x, y, "o-")
plt.grid()
plt.show()



import matplotlib.pyplot as plt

x = df['x']
y = df['y']

plt.plot(x, y, "o-")
plt.grid()
plt.show()

o: plot med store prikker på data
-: plot med en linje til at forbinde data



1. Beregn fit

2. Plot fit

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

df = pd.read_csv('skraa.csv')
(a, b, c) = np.polyfit(df["x"], df["y"], 2)
print(f"Fit: y = {a:.4f} x^2 + {b:.4f} x + {c:.4f}")

x_plot = np.linspace(df["x"].min(), df["x"].max(), 100)
y_plot = a * x_plot ** 2 + b * x_plot + c

plt.plot(x_plot, y_plot)
plt.scatter(df["x"], df["y"])
plt.grid()
plt.show()



1. Beregn fit

2. Plot fit

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

df = pd.read_csv('skraa.csv')
(a, b, c) = np.polyfit(df["x"], df["y"], 2)
print(f"Fit: y = {a:.4f} x^2 + {b:.4f} x + {c:.4f}")

x_plot = np.linspace(df["x"].min(), df["x"].max(), 100)
y_plot = a * x_plot ** 2 + b * x_plot + c

plt.plot(x_plot, y_plot)
plt.scatter(df["x"], df["y"])
plt.grid()
plt.show()

{c:.4f}: Skriv cmed 4 cifre efter kommaet

{c:.4}: Skriv cmed 4 betydende cifre



Let’s create space for water

Opgave

Brug x =
−b±

√
b2 − 4ac

2a
til at finde de 2 skæringer med x-aksen

• b2 er b ** 2, og
√
· · · er np.sqrt( ... )

x1 = (-b + np.sqrt(b ** 2 - 4 * a * c)) / (2 * a)
x2 = (-b - np.sqrt(b ** 2 - 4 * a * c)) / (2 * a)
print(f"Crossings: x1 = {x1:.4f}, x2 = {x2:.4f}")

• Hvordan håndteres ±? Hvordan ville I gøre på en lommeregner?

• Mulig løsning:



Let’s create space for water

Opgave, del 2
• Gem de to skæringer som x1 og x2
— Plot parablen mellem x1 og x2

• Mulig løsning:
x = np.linspace(x1, x2, 100)
y = a * x ** 2 + b * x + c
plt.plot(x, y)
plt.show()



Let’s create space for water

Opgave, del 3
• Beregn arealet mellem x-aksen og kurven

• Mulig løsning: Brug scipy.integrate.quad

import scipy.integrate

def f(x):
return a * (x**2) + b * x + c

integral, error = scipy.integrate.quad(f, x1, x2)
print(f"Integral: {integral:.4f} +/- {error:.4}")



Let’s create space for water

Et plot med det hele, tak
• Til rapporter skal I altid huske signaturforklaring og akse-labels
x = np.linspace(x1, x2, 100)
y = a * (x**2) + b * x + c
plt.plot(x, y, color="green", label="fit")
plt.scatter(df["x"], df["y"], label="målinger", color="red")
plt.grid()
plt.legend()
plt.xlabel("afstand [m]")
plt.ylabel("højde [m]")
plt.title(f"Fit: $y = {a:.4f} x^2 + {b:.4f} x + {c:.4f}$")
plt.show()



Python for begyndere
m.strova.dk/python

Mathias Rav
mathias@scalgo.com

evaluering: https://forms.gle/WKVFVMpPy4wWNJAU7



Let’s create space for water

Projekt: Dart
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Dartboard_diagram.svg CC-BY-SA Tijmen Stam, fromWikimedia Commons



Let’s create space for water

Projekt: Dart

Dartboard_heatmap.svg CC-BY-SA Cmglee, fromWikimedia Commons
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Let’s create space for water

Projekt: Dart

Model: Dartskiven er en cirkelskive
med radius 1 og bullseye i (0, 0)

20

1

0



Let’s create space for water

Et enkelt skud: Inden for skiven?
import numpy as np

x = np.random.normal(0.0, 1.0)
y = np.random.normal(0.0, 1.0)

r = np.sqrt((x ** 2) + (y ** 2))
phi = np.arctan2(y, x)

r < 1



Let’s create space for water

Tilfældige tal
• Der er meget lidt i universet der er ægte tilfældigt
• En computer er som udgangspunkt deterministisk
• Eksterne input kan være svære at forudsige

— Timing på harddisk, museklik, netværksforbindelser

• Computeren bruger eksterne inputs som ”seed”



Let’s create space for water

Tilfældige tal
• Der er meget lidt i universet der er ægte tilfældigt
• En computer er som udgangspunkt deterministisk
• Eksterne input kan være svære at forudsige

— Timing på harddisk, museklik, netværksforbindelser

• Computeren bruger eksterne inputs som ”seed”

• Givet et seed, kan man lave en uendelig følge af pseudo-tilfældige tal

• Seed ≈ sidetal i Schaums tilfældige taltabel



Let’s create space for water

Tilfældige tal, eller bare tal fra Schaums?
import numpy as np

x = np.random.normal(0.0, 1.0)
y = np.random.normal(0.0, 1.0)

print(x, y)

r = np.sqrt((x ** 2) + (y ** 2))
phi = np.arctan2(y, x)

r < 1

np.random.seed(71120959)



Let’s create space for water

Tæl skud inden for skiven
np.random.seed(202402535)

skud = np.random.normal(0.0, 1.0, size=(1000, 2))

x = skud[:, 0]

y = skud[:, 1]

r = np.sqrt((x ** 2) + (y ** 2))
phi = np.arctan2(y, x)

np.sum(r < 1)



Let’s create space for water

Tæl skud inden for skiven
np.random.seed(202402535)

skud = np.random.normal(0.0, 1.0, size=(1000, 2))

x = skud[:, 0]

y = skud[:, 1]

r = np.sqrt((x ** 2) + (y ** 2))
phi = np.arctan2(y, x)

np.sum(r < 1)

Vi laver en 1000× 2 matrix

Første søjle

Anden søjle

np.sum fortæller hvor mange der er True

Prøv at forklare output når man bare skriver: r < 1



Let’s create space for water

Histogram-plot af r og φ
import matplotlib.pyplot as plt

plt.hist(r)
plt.show()

plt.hist(phi)
plt.show()



Let’s create space for water

Projekt: Dart

double_start = 0.95
triple_end = 0.63
triple_start = 0.58
outer_end = 0.10
inner_end = 0.05

20
1

0 inner_end outer_end

triple_start
triple_end

double_start

Husk: Dartskiven har radius 1
og bullseye er i (0, 0)



Let’s create space for water

Bullseye
...

double_start = 0.95
triple_end = 0.63
triple_start = 0.58
outer_end = 0.10
inner_end = 0.05

inner_bullseye = r < inner_end
np.sum(inner_bullseye)



Let’s create space for water

Hvor ofte rammer man bullseye?
• Matthew Edgar, professionel dartspiller:
64 ud af 300 pile

youtu.be/EmByS3gZnvM
np.random.seed(202402535)
stddev = 0.1
skud = np.random.normal(0.0, stddev, size=(300, 2))
x = skud[:, 0]
y = skud[:, 1]
r = np.sqrt((x ** 2) + (y ** 2))
np.sum(r < inner_end)



Let’s create space for water

Hvor ofte rammer man bullseye?
• Matthew Edgar, professionel dartspiller:
64 ud af 300 pile

youtu.be/EmByS3gZnvM
np.random.seed(202402535)
stddev = 0.1
skud = np.random.normal(0.0, stddev, size=(300, 2))
x = skud[:, 0]
y = skud[:, 1]
r = np.sqrt((x ** 2) + (y ** 2))
np.sum(r < inner_end)

Spredning på normalfordeling

300 skud



Let’s create space for water

Afstandsmål
double_start = 0.95
triple_end = 0.63
triple_start = 0.58
outer_end = 0.10
inner_end = 0.05

inner_bullseye = r < inner_end
outer_bullseye = (inner_end < r) & (r < outer_end)
triple = (triple_start < r) & (r < triple_end)
double = (double_start < r) & (r < 1.0)

print(np.mean(inner_bullseye), np.mean(outer_bullseye),
np.mean(triple), np.mean(double))



Let’s create space for water

Afstandsmål
double_start = 0.95
triple_end = 0.63
triple_start = 0.58
outer_end = 0.10
inner_end = 0.05

inner_bullseye = r < inner_end
outer_bullseye = (inner_end < r) & (r < outer_end)
triple = (triple_start < r) & (r < triple_end)
double = (double_start < r) & (r < 1.0)

print(np.mean(inner_bullseye), np.mean(outer_bullseye),
np.mean(triple), np.mean(double))

&-tegn bruges med numpy-arrays

np.mean af True/False-array:
Andel af array som er True



Let’s create space for water

Point
phi = np.arctan2(y, x)
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20 pointskiver man har ramt?



Let’s create space for water

Point
skive = np.round((phi / np.pi) * 10) + 10

skive[skive == 20] = 0 Find alle steder hvor skive er 20,
og sæt dem til 0 i stedet

Dartboard_diagram.svg CC-BY-SA Tijmen Stam, fromWikimedia Commons
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Let’s create space for water

Point
skive = np.round((phi / np.pi) * 10) + 10

skive[skive == 20] = 0 20 1
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skivepoint = np.array([

point = skivepoint[skive]

11, 8, 16, 7, 19, 3, 17, 2, 15, 10,
6, 13, 4, 18, 1, 20, 5, 12, 9, 14

])



Let’s create space for water

Point
skive = np.round((phi / np.pi) * 10) + 10

skive[skive == 20] = 0 20 1
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skivepoint = np.array([

point = skivepoint[skive]

11, 8, 16, 7, 19, 3, 17, 2, 15, 10,
6, 13, 4, 18, 1, 20, 5, 12, 9, 14

])

0 1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19

tal i skive er indekser i skivepoint



Let’s create space for water

arh, hvad er der nu galt

• ”must be of integer type”... print(skive.dtype) → float64



Let’s create space for water

.astype(int) to the rescue

skive = (np.round((phi / np.pi) * 10) + 10).astype(int)
skive[skive == 20] = 0
skivepoint = np.array([

11, 8, 16, 7, 19, 3, 17, 2, 15, 10,
6, 13, 4, 18, 1, 20, 5, 12, 9, 14

])
point = skivepoint[skive]

Nu mangler vi bare bulls, doubles, triples



Let’s create space for water

Bulls, doubles, triples

point[r > 1] = 0

point[double] *= 2

point[triple] *= 3

point[outer_bullseye] = 25

point[inner_bullseye] = 50

print(np.mean(point))



Let’s create space for water

Histogram-plot
plt.title(f"seed = ${seed}, x = {target_x}, y = {target_y}, \sigma = {stddev}$")
plt.hist(point, bins=np.arange(0, 62) - 0.5)
plt.show()



Let’s create space for water

Gem som csv
import pandas as pd

df = pd.DataFrame({
'x': x,
'y': y,
'r': r,
'phi': phi,
'point': point

})

df.to_csv('dart_data.csv', index=False)



Let’s create space for water

stddev = 0.1
target_x = 0.0
target_y = 0.6

seed = 202402535
np.random.seed(seed)
skud = np.random.normal(0.0, stddev, size=(1000, 2))
x = skud[:, 0] + target_x
y = skud[:, 1] + target_y
r = np.sqrt((x ** 2) + (y ** 2))
phi = np.arctan2(y, x)

inner_bullseye = r < inner_end
outer_bullseye = (inner_end < r) & (r < outer_end)
triple = (triple_start < r) & (r < triple_end)
double = (double_start < r) & (r < 1.0)

skive = (np.round((phi / np.pi) * 10) + 10).astype(int)
skive[skive == 20] = 0
skivepoint = np.array([

11, 8, 16, 7, 19, 3, 17, 2, 15, 10,
6, 13, 4, 18, 1, 20, 5, 12, 9, 14

])
point = skivepoint[skive]

point[r > 1] = 0
point[double] *= 2
point[triple] *= 3
point[outer_bullseye] = 25
point[inner_bullseye] = 50
print(np.mean(point))
plt.hist(point, bins=np.arange(0, 62) - 0.5)
plt.title(f"seed = ${seed}, x = {target_x}, y = {target_y}, \sigma = {stddev}$")
plt.show()

df = pd.DataFrame({'x': x, 'y': y, 'r': r, 'phi': phi, 'point': point})
df.to_csv('dart_data.csv', index=False)



Let’s create space for water

Appendix: More Python syntax

a = []
for x in [1, 2, 3]:

a.append(x * 2)

b = [x * 2 for x in [1, 2, 3]]



Let’s create space for water

Appendix: More Python syntax

any([False, True, False])
any([False, False, False])
any([])

all([False, False, True])
all([True, True, True])
all([])



Let’s create space for water

Appendix: More Python syntax

a = [7, 42, 13]
any([x == 42 for x in a])
all([x == 42 for x in a])
a == 42

b = np.array([7, 42, 13])
b == 42
np.any(b == 42)
np.all(b == 42)



Let’s create space for water

Appendix: More Python syntax

for i, x in enumerate(a):
print(i, x)

for x, y in zip(a, b):
print(x, y)

for i, (x, y) in enumerate(zip(a, b)):
print(i, x, y)



Let’s create space for water

Appendix: Beware of floats

0.1 + 0.2 + 0.3
(0.1 + 0.2) + 0.3
0.1 + (0.2 + 0.3)

x = 0.1 + 0.2
y = 0.3
x == y
print(f'{x:.30f}') # 30 decimals
print(f'{y:.30f}') # 30 decimals



Let’s create space for water

Appendix: Strings
print("abc")
print('de\'f')
print("'ghi'")
print("'jk\nl'\"")
print("mn\
o")
print("p\\q\tr")
print("\N{SNOWMAN}")

print('\let\epsilon\varepsilon') # \v = vertical tab
print('\\let\\epsilon\\varepsilon') # many backslashs
print(r'\let\epsilon\varepsilon') # more readable



Let’s create space for water

Appendix: Multiple assignments

x, y, z = 2, 5, 7

x, y = y, x

x = y = z = 7



Let’s create space for water

Appendix: Number-string conversion

str(float(int(float("7.5"))))

chr(sum(range(ord(min(str(not()))))))



Let’s create space for water

Appendix: if-statements
if x % 2 == 0:

print('even')
else:

print('odd')

if x < 0:
print('negative')

elif x == 0:
print('zero')

elif x == 1:
print('one')

else:
print('>= 2')



Let’s create space for water

Appendix: if-statements

# Common mistake (if instead of elif)

if x == 0:
print('zero')

if x % 2 == 0:
print('even')



Let’s create space for water

Appendix: while-statements

x = 1
while x <= 5:

print(x)
x = x + 1

print("Done")



Let’s create space for water

Appendix: None

x = print(42)
print(x) # prints None

if x is None:
print("x is nothing")

else:
print("x is something")

If you can’t say something nice,
then say None!



Let’s create space for water

Appendix: or and and

x = 3
if x == 1:

print("One")
elif x == 2 or x == 3: # note, "or" not "and"!

print("Some")
else:

print("Many")



Let’s create space for water

Appendix: String methods

s = 'this is a string'
s.capitalize()
s.upper()
s.title()
s.title().swapcase()
s.removeprefix('this is ')
s.removesuffix(' string')
s.replace('is', 'IS')
s.count('i')



Let’s create space for water

Appendix: Advice for chemists in lab

1. Keep track of units. One can easily be off by several orders of magnitude
if there is a mistake with the units.

2. When working with long expressions divide it into smaller manageable parts.

3. Be careful with parentheses. In code G/R*Tmeans (G/R)*T not G/(R*T)!

4. Collect reoccurring terms in a variable, e.g. RT = R*T or r = rM + rQ.
This makes your code easier to read.

5. Use space in your code to make things easier to read.
r=rM+rQ is more difficult to read than r = rM + rQ.

— Author of mod_i_lab
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