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Abstract

Here you find questions for practice for the course Programming with Python. The course book
and all teaching material are provided at https://thomasweise.github.io/programmingWithPython.
The questions are provided in both English and German language.

Hier finden Sie Fragen zum Uben fiir den Kurs Programming with Python. Das Kursbuch
und alles Lehrmaterial wird auf https://thomasweise.github.io/programmingWithPython zur
Verfiigung gestellt. Die Fragen sind in Englisch und Deutsch bereitgestellt.
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Preface

In this document, we provide questions to support your understanding and self-studying for the subject
of Python programming. These questions accompany the book Programming with Python [331], which
is freely available at https://thomasweise.github.io/programmingWithPython. The questions
are provided both in English and German.

In diesem Dokument stellen wir Fragen zur Verfiigung, um lhr Verstehen und Selbst-Lernen der
Python-Programmierung zu unterstiitzen. Die Fragen begleiten das Buch Programming with Python [331],
welches unter https://thomasweise.github.io/programmingWithPython frei zur Verfiigung steht.
Die Fragen stehen in Englisch und Deutsch bereit.

Visit the course website / Besuchen Sie die Kurswebseite:



https://thomasweise.github.io/programmingWithPython
https://thomasweise.github.io/programmingWithPython

Chapter 1

Basics / Grundlagen

1.1 Python Versions (Q1)

Which are the two major versions of the programming language Python that are currently
in use?

Was sind die beiden Hauptversionen der Programmiersprache Python, die aktuell in Ge-
brauch sind?

1.2 IDE (Q2)

Name one Integrated Development Environment (IDE) that is suitable for Python software
development.

Nennen Sie eine integrierte Entwicklungsumgebung (IDE) die fiir Softwareentwicklung mit
Python geeignet ist.

1.3 Execution of Programs / Programme ausfiihren (Q3)

Name two different ways to execute the Python program my_program.py.

Nennen Sie zwei verschiedene Méoglichkeiten, das Python-Programm my_program.py
auszufiihren.



Chapter 2

Information

2.1 Information Sources / Informationsquellen (Q4)

Name three different types of information sources that you can use to learn more about
Python programming.

Nennen Sie drei verschiedene Arten von Informationsquellen, mit denen Sie mehr iiber das
Programmieren mit Python lernen kdnnen.

2.2 Trustworthyness / Verlasslichkeit (Q5)

What is the most trustworthy and reliable source of information for the programming with
Python?

Was ist ist die verlasslichste bzw. vertrauenswiirdigste Informationsquelle zum Program-
mieren mit Python?



Chapter 3

Integer Arithmetic / Rechnen mit
Ganzzahlen

3.1 Data type(s) / Datentyp(en) (Q6)
Which data type(s) does Python 3 provide for whole numbers, i.e., integer numbers?

Welchen Datentyp bzw. welche Datentypen stellt Python 3 fiir Ganzzahlen zur Verfiigung?

3.2 Range / Wertebereich (Q7)

What are the theoretical and practical limits for the largest integer number that can be
represented with Python 37

Was sind die theoretischen und praktischen Grenzen fiir die groBte Ganzzahl, die mit
Python 3 dargestellt werden kann?

3.3 Division (Q8)
Explain the difference between the // and / operators in Python 3.

Was ist der Unterschied zwischen den Operatoren // und / in Python 37

3.4 Remainder / Rest (Q9)

How can we compute the remainder of the division of two integer variables a and b in
Python?

Wie kdnnen wir den Rest der Division zweier Ganzzahl-Variablen a und b in Python berech-
nen?



CHAPTER 3. INTEGER ARITHMETIC / RECHNEN MIT GANZZAHLEN

3.5

**_Operator (Q10)

What is are the results of 3 *x 2 and 2 *x 4 in Python?

Was sind die Ergebnisse von 3 #x 2 und 2 ** 4 in Python?

3.6 Program Understanding / Programm Verstehen (Q11)

Listing 3.1: The program int_02.py (src)

"""Fun with Arithmetics and Divisions."""

print (7 * 3)

print (21 // 7)
print (21 / 7)
print (23 % 7)

# Line 3: What ts the output of this line?
# Line 4: What ts the output of this line?
# Line 5: What is the output of this line?
# Line 6: What ts the output of this line?

Which output will the program int_02.py in Listing 3.1 produce?

Welche Ausgabe produziert das Programm int_02.py in Listing 3.17

3.7 Program Understanding / Programm Verstehen (Q12)

"""Compute how many potatoes I can buy.

Listing 3.2: The program int_01.py (src)

potatoes_in_store: int = 1000 # total number of potatoes
cost_for_all_potatoes: int = 50 # cost if we would buy all potatoes
my_money: int = 10 # the monmey I have

# Compute the cost of one single potato.
cost_per_potato = cost_for_all_potatoes // potatoes_in_store # Line
print (f"One potato costs {cost_per_potato} RMB.") # Line

# Compute the number of potatoes that I can buy with my money.
i_can_buy: int = my_money / cost_per_potato # Line
print(£"I can buy {i_can_buy} potatoes.") # Line

B N e

= B P

Explain what the program int_01.py in Listing 3.2 is supposed to do.
Does it achieve this? If not, why?
What will happen if we execute this program?

Find at least two errors in this program.

Erklaren Sie, was das Programm int_01.py in Listing 3.2 machen soll.
Macht es das auch? Wenn nicht, warum?
Was wird passieren, wenn wir dieses Programm ausfiihren?

Finden Sie mindestens zwei Fehler in diesem Programm.

12
13


https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/int_02.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/int_02.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/int_02.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/int_02.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/int_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/int_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/int_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/int_01.py

CHAPTER 3. INTEGER ARITHMETIC / RECHNEN MIT GANZZAHLEN

3.8 Calculation / Berechnung (Q13)

Write a Python 3 program computing the integer value Z = 3 +97 — % using only integer
arithmetics. Notice that all the operations must actually be performed by the program. You

cannot just compute the result on paper and just print that result. ..

Schreiben Sie ein Python 3-Programm, das den Ganzzahlwert Z = 3 + 97 — % berechnet
und dabei nur Ganzzahlarithmetik verwendet. Beachten Sie, dass alle Rechenoperationen
wirklich vom Programm ausgefiihrt werden miissen. Sie diirfen die Formel nicht einfach auf
dem Papier ausrechnen und nur das Ergebnis ausgeben. ..



Chapter 4

Floating Point Arithmetic /
FlieBkommaarithmetik

4.1 Data type(s) / Datentyp(en) (Q14)

Which data type(s) does Python 3 provide for fractional numbers like 3.4, -0.001, and 1.9347

Welchen Datentyp bzw. welche Datentypen stellt Python 3 fiir reelle Zahlen wie 3.4, -0.001,
und 1.934 zur Verfligung?

4.2 Range / Wertebereich (Q15)

Give the rough limits for the largest and smallest representable positive (greater than zero!)
floating point number in Python 3.

Geben sie grobe Grenzen fiir die grote und kleinste darstellbare positive (groRer als 0!)
FlieBkommazahl in Python 3 an.

4.3 Area of Circle / Flache eines Kreises (Q16)
A=Txr? (4.1)

The equation above is used to compute the area A of a circle with radius r. Write a Python
program computing the area of a circle with radius » = 5. The program should print the
computed area to the console.

Die Gleichung oben wird benutzt, um die Fliche A eines Kreises mit Radius r zu berech-
nen. Schreiben Sie ein Python-Programm, das die Flache eines Kreises mit Radius r = 5
berechnet. Das Programm soll die berechnete Flache auf der Konsole ausgeben.
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4.4 Special Values / Spezialwerte 1 (Q17)
What is the meaning of the floating point value inf in Python?

Was bedeutet der FlieBkommawert inf in Python?

4.5 Special Values / Spezialwerte 2 (Q18)
What is the meaning of the floating point value nan in Python?

Was bedeutet der FlieBkommawert nan in Python?

4.6 Understanding / Verstehen (Q19)

Listing 4.1: Program float_01.py (stored in file float_01.py; output in Listing 4.2)

""" Print the result of 0.1 + 0.2 - 0.3°. """
print (0.1 + 0.2 - 0.3)

J} python3 float_Ol.py |

Listing 4.2: The standard output stream (stdout) of the program float_01.py given in Listing 4.1.
5.551115123125783e-17

Explain the output of program float_01.py in Listing 4.2.

Erkldren Sie die Ausgabe des Programms float_01.py in Listing 4.2.

4.7 Programming / Programmieren (Q20)
c:g*(F_3z) (4.2)

A temperature given as F degrees Fahrenheit can be translated to C degrees centigrade by
the above equation. Write Python code that stores, in a variable C, the degrees centigrade
corresponding to the degrees Fahrenheit given in a variable F.

Eine Temperature gegeben als F Grad Fahrenheit kann in C Grad Celsius mit der obigen
Gleichung iibersetzt werden. Schreiben Sie Python-Kode der die Grade Celsius die den Grad
Fahrenheit gegeben in Variable F in einer Variable C speichert.
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4.8 Pitfalls / Fallen (Q21)

Listing 4.3: The program float_02.py (src)

""" Print several results of rounding. """

print("==== -1.6 .. -1.4 ==== ")
print (round (-1.6)) # Line 3
print (round (-1.5)) # Line /
print (round(-1.4)) # Line 5

print ("==== -0.6 .. -0.4 ==== ")
print (round(-0.6)) # Line &8
print (round(-0.5)) # Line 9
print (round (-0.4)) # Line 10

print ("==== 0.4 0.6 ==== U
print (round (0.4)) # Line 13
print (round (0.5)) # Line 14
print (round (0.6)) # Line 15
print("==== 1.4 .. 1.6 ==== "
print (round(1.4)) # Line 18
print (round (1.5)) # Line 19
print (round (1.6)) # Line 20
— What will the output of float_02.py given in Listing 4.3 be (line by line)?
— Why?
— Explain why this is a dangerous pitfall. Which error can one easily make?
— Welche Ausgabe wird das Programm float_02.py in Listing 4.3 produzieren (Zeile
fiir Zeile)?
— Warum?

— Erklaren Sie, warum das eine gefahrliche Falle beim Programmieren ist. Welchen Fehler
kann man leicht machen?

4.9 Functions (Q22)

Explain the banker's rounding method used by Python's round function.

Erkléren Sie das Bankier's Runden (banker's rounding), das von der Python-Funktion round
verwendet wird.
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4.10 Understanding / Verstehen (Q23)

Listing 4.4: Program float_03.py (stored in file float_03.py; output in Listing 4.5)

""" Limitations of Floating Point Numerics """
from math import pi, sin

print( 3 - sin(pi) ) # This prints 3.0.
print( 1 / sin(pi) ) # Then why is this "8165619676597685.0"7?

print( 1e100 / 1e100 ) # This 4is 1.0
print ( 1e400 / 1e400 ) # Then why 4is this "man"?
J} python3 float_03.py |

Listing 4.5: The stdout of the program float_03.py given in Listing 4.4.

3.0
8165619676597685.0
1.0
nan

Explain the output of program float_03.py in Listing 4.5.

Erkldren Sie die Ausgabe des Programms float_03.py in Listing 4.5.
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Chapter 5

Boolean Expressions / Boolesche
Ausricke

5.1 Data type(s) / Datentyp(en) (Q24)

Which data type(s) does Python 3 provide truth for (yes/no) values?

Welchen Datentyp bzw. welche Datentypen stellt Python 3 fiir Wahrheitswerte (Ja/Nein)
zur Verfiigung?

5.2 Values / Werte (Q25)

What is the meaning of True and False? To which datatype do they belong?

Was ist die Bedeutung von True und False? Zu welchem Datentyp gehdren sie?

5.3 Program Understanding / Programm Verstehen (Q26)

Listing 5.1: The program bool_02.py (src)

"""Working with Boolean expressions.

x1 = True

x2 = False

print (x1 and x2) # Line 6: What does it print?

print (not x1 or x2) # Line 8: What does it print?

print (not x1 and not x2) # Line 10: What does it print?

print ((x1 or x2) and (not x1 and x1)) # Line 12: What does it print?

Which output will the program bool_02.py in Listing 5.1 produce?

Welche Ausgabe produziert das Programm bool_02.py in Listing 5.17

10
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5.4 Program Understanding / Programm Verstehen (Q27)

Listing 5.2: The program bool_01.py (src)

"""Working with Boolean expressions."""

a: bool =1 <5 <=5 <6 #
print (a) #
b: str = "Hello World!" #
c: bool = b is not b #
print (c) #
print(a or c) #
print(a and c) #
print (c or b) #

[y

Line
Line

Line
Line
Line

Line
Line
Line

3
4: What does this print?

6
7
8: What does this print?

10: What does this print?
11: What does this print?
12 (BONUS): What does this print?

. Which output will the program bool_01.py in Listing 5.2 produce?

2. The last line of the program is a bonus. ..

N

. Die letzte Zeile ist ein Bonus. ..

. Welche Ausgabe produziert das Programm bool_01.py in Listing 5.27
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Chapter 6

Text

6.1 Data type(s) / Datentyp(en) (Q28)
Which data type(s) does Python 3 provide for text?

Welchen Datentyp bzw. welche Datentypen stellt Python 3 fiir Text bzw. Zeichenketten zur
Verfligung?

6.2 Delimiters / Begrenzung (Q29)

How can we mark the beginning and ending of a text in Python 3. Give three choices.

Wie wird der Anfang und das Ende von Zeichenketten in Python 3 markiert? Geben Sie
drei Moglichkeiten an.

6.3 General Knowledge / Generelles Verstehen (Q30)

Assume a text string is stored in variable text. Give three possible methods to check
whether a string stored in variable find is contained somewhere in text. You get a bonus
point if you can name a fourth method.

Nehmen Sie an, dass ein Text-String in der Variable text gespeichert ist. Nennen Sie drei
Méglichkeiten, herauszufinden ob ein String gespeichert in Variable find irgendwo in text
enthalten ist. Sie bekommen einen Bonus-Punkt, wenn Sie eine vierte Methode nennen.

12



CHAPTER 6. TEXT

6.4 Program Understanding / Programm Verstehen (Q31)

Listing 6.1: The program str_01.py (src)

"""Printing some strings."""

print ("Hello World!") # Line 3: What output does it produce?
print ("Hello " + "World!") # Line 4: What output does it produce?
print ("Hello\nWorld!") # Line 5: What output does it produce?
print ("Hello " * 3 + "World!") # Line 6: What output does it produce?
print (£"{8 / 2}") # Line 7: What output does it produce?
print (£"{8 / 2 = }") # Line 8: What output does it produce?

Which output will the program str_01.py in Listing 6.1 produce?

Welche Ausgabe produziert das Programm str_01.py in Listing 6.17

6.5 Program Understanding / Programm Verstehen (Q32)

Listing 6.2: The program str_02.py (src)

"""Printing some strings."""

print ("Hello World!'")
print ("Hello World!"[3]) Line

# Line
#
print ("Hello World!"[2:5]) # Line
#
#

What output does it produce?
What output does it produce?
What output does it produce?
What output does it produce?

What output does it produce?

print ("Hello World!"[2:-2]) Line
print ("Hello World!"[2:-2:3]) Line

ES IS NS B Y

Which output will the program str_02.py in Listing 6.2 produce?

Welche Ausgabe produziert das Programm str_02.py in Listing 6.27

6.6 Program Understanding / Programm Verstehen (Q33)

Listing 6.3: The program str_03.py (src)

"""Printing some strings.

my_int: int = 12
print(f"my_int is {my_intl}") # Line 4: Which output does this produce?

print ("Hello\nWorld!") # Line 6: Which output does this produce?

Which output will the program str_03.py in Listing 6.3 produce?

Welche Ausgabe produziert das Programm str_03.py in Listing 6.37

13
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6.7 f-Strings (Q34)

Explain what an f-string in Python 3 is.

Erklaren Sie, was ein f-String in Python 3 ist.

6.8 Programming / Programmieren (Q35)

Assume that the name of a person is stored in the variable name. Write a piece of Python-
code which prints the following text: Hello XXX! Nice to meet you!, where XXX is to be

replaced with the name of the person.

Nehmen Sie an, dass der Name einer Person in der Variable name gespeichert ist. Schreiben
Sie ein Stiick Python-code, der den folgenden Text ausgibt Hello XXX! Nice to meet you!,
wobei XXX mit dem Name der Person zu ersetzen ist.

6.9 Pitfalls / Fallen (Q36)

Listing 6.4: The program str_04.py (src)

"""Conversion of strings to bools."""

print (str (True)) # Line 3
print (bool ("True")) # Line J
print (str(False)) # Line 6
print (bool ("False")) # Line 7
print (bool (str (True)) == True) # Line 9
print (bool (str (False)) == False) # Line 10
print (bool ("")) # Line 11
— What will the output of str_04.py given in Listing 6.4 be (line by line)?
— Why?
— Explain why this is a dangerous pitfall. Which error can one easily make?
— Welche Ausgabe wird das Programm str_04.py in Listing 6.4 produzieren (Zeile fiir
Zeile)?
— Warum?

— Erkldren Sie, warum das eine gefahrliche Falle beim Programmieren ist. Welchen Fehler

kann man leicht machen?

14
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6.10 Pitfalls & Understanding / Fallen & Verstehen (Q37)

Listing 6.5: Program str_05.py (stored in file str_05.py; output in Listing 6.6)

"""Using the Result of 'find' as Index."""
text: str = "Hello World!" # Store "Hello World!" in wariable 'text'.
print (text.find ("World")) # Line 5

print (text[text.find ("World")]) # Line 7
print (text [text.find ("World"):]1) # Line 8

print (text [text.find ("world")]) # Line 10
print (text [text.find ("world"):1) # Line 11

J} python3 str_05.py |

Listing 6.6: The stdout of the program str_05.py given in Listing 6.5.

m
=
|

Explain the output of program float_01.py in Listing 6.6.

Why is using the result of find as index into a string dangerous?

R
m
|

Erkldren Sie die Ausgabe des Programms float_01.py in Listing 6.6.

— Warum ist es gefdhrlich, das Ergebnis von find als index in einen String zu verwenden?

6.11 Program Understanding / Programm Verstehen (Q38)

Listing 6.7: The program str_06.py (src)
"""Printing a multi-line string strings."""

print (

nnn

Hello world!

This is a multi-line string.
It has multiple lines.

nn II)

print ("How\nmany lines\ndoes this print?")

Which output will the program str_06.py in Listing 6.7 produce?

Welche Ausgabe produziert das Programm str_06.py in Listing 6.77


https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/str_05.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/str_05.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/str_05.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/float_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/float_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/str_06.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/str_06.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/str_06.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/str_06.py

Chapter 7

Nothing / Nichts

7.1 Data type(s) / Datentyp(en) (Q39)

Which data type(s) or value(s) does Python 3 provide to signify that something has no
value?

Mit welche(n) Datentyp(en) / Wert(e) kann Python 3 ausgedriickt werden, das etwas keinen
Wert hat?

7.2 Program Understanding / Programm Verstehen (Q40)

Listing 7.1: The program none_01.py (src)

nnn Program output . nun

print (print ("Hello World!"))

Which output will the program none_01.py in Listing 7.1 produce?

Welche Ausgabe produziert das Programm none_01.py in Listing 7.17
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Chapter 8

Built-Ins / Eingebaute Funktionen

8.1 Ausgeben (Q41)
What does the function print?

Was macht die Funktion print?

8.2 Rounding / Runden (Q42)
Explain what the four functions round, int, floor, and ceil are doing.

Erklaren Sie, was die vier Funktionen round, int, floor und ceil machen.

8.3 Basic Functions / Grundfunktionen (Q43)

Explain what the four functions sqrt, log, exp, and sin are doing.

Erklaren Sie, was die vier Funktionen sqrt, log, exp und sin machen.

17
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8.4 Program Understanding / Programm Verstehen (Q44)

Listing 8.1: The program builtins_01.py (stored in file builtins_01.py; output in Listing 8.2)

"""Example of the built-in functions str, ceil, floor, and round."""
from math import ceil, floor

a = 0.9999999999999999999999999999999

b=1.5

print("==== " + str(a) + " and " + str(b) + " ====")
print (round(a) - round(b)) # prints -1

print ( ceil(a) - ceil(b)) # prints -1

print (floor (a) - floor (b)) # prints 0

® 1.9999999999999999999999999999999

d = 2.5

print("==== " + str(c) + " and " + str(d) + " ====")
print (round(c) - round(d)) # prints 0

print ( ceil(c) - ceil(d)) # prints -1

print (floor(c) - floor(d)) # prints 0
J} python3 builtins_O1l.py |

Listing 8.2: The stdout of the program builtins_01.py given in Listing 8.1.

Explain the output of the program builtins_01.py above.

Erklaren Sie die Ausgabe des Programms builtins_01.py oben.


https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/builtins_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/builtins_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/builtins_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/builtins_01.py
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8.5 Program Understanding / Programm Verstehen (Q45)

Listing 8.3: The program builtins_02.py (stored in file builtins_02.py; output in Listing 8.4)

"""Example of the built-in functions exp, log and the constant e."""

from math import exp, log, e

print (exp(0) - 1) # prints 0.0
print (exp (1) - e) # prints 0.0
print (exp(2) - e **x 2) # prints 8.881784197001252e-16
print (exp(3) - e **x 3) # prints 3.552713678800501e-15
print (exp(4) - e **x 4) # prints 7.105427357601002e-15
print (log (1)) # prints 0.0
print (log(e)) # prints 1.0
print (log(e ** 2)) # prints 2.0
print (log(e *x* 3)) # prints 3.0
print (log(e ** 4)) # prints 4.0
print (log(exp (10)) - 10) # prints 0.0

(=

print (log(exp(0.1)) - 0.1) # prints 6.938893903907228e-17

J} python3 builtins_02.py |

Listing 8.4: The stdout of the program builtins_02.py given in Listing 8.3.

.0
.0
.881784197001252e-16
.552713678800501e-15
.105427357601002e-15
.0

OO P WNEFE ONWOWOO

0
0
.0
0
0
938893903907228e-17

Explain the output of the program builtins_02.py above.

Erklaren Sie die Ausgabe des Programms builtins_02.py oben.
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8.6 Program Understanding / Programm Verstehen (Q46)

Listing 8.5: The program builtins_03.py (stored in file builtins_03.py; output in Listing 8.6)

"""Example of the built-ins sin, asin, cos, acos, and pi."""
from math import sin, cos, asin, acos, pi

print (sin (0)) # prints 0.0
print (sin (0.5 * pi)) # prints 1.0
print (asin (1)) # prints 1.5707963267948966
print (sin(pi / 4)) # prints 0.7071067811865475
print ((1 / sin(pi / 4)) ** 2) # prints 2.0000000000000004

print (cos (0)) # prints 1.0
print (cos(pi / 3)) # prints 0.5000000000000001
print (acos (0.5)) # prints 1.0471975611965979

J} python3 builtins_03.py |

Listing 8.6: The stdout of the program builtins_03.py given in Listing 8.5.

.0
.0
.5707963267948966
.7071067811865475
.0000000000000004
.0
.5000000000000001
.0471975511965979

P O, NOF K~ O

Explain the output of the program builtins_03.py above.

Erklaren Sie die Ausgabe des Programms builtins_03.py oben.
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Chapter 9

Variable

9.1 What is it? / Was ist das? (Q47)

What is a variable in Python?

Was ist eine Variable in Python?

9.2 Program Understanding / Programm Verstehen (Q48)

Listing 9.1: The program variable_01.py (src)

"""Variable Assignment."""

a: int = 12 # What is the meaning of "a", ": 4nt", "=", and "12"?
b: int = 6 # What is the meaning of "b", ": 4nt", "=", and "6"?
c: float = a / b # What t¢s the meaning of "c", ": float”, "=", "a / b"?
a, b =D>b, a # What does this do?

d: float = a / b # What does this do?

print(c - d) # What is the result of this?

1. In variable_01.py in Listing 9.1, what is the meaning of
a) a, b, ¢, and d,

b) : int,
c) : float, and
d) a/b?

2. What is the output of the program variable_01.py ?

1. In variable_01.py in Listing 9.1, was ist die Bedeutung von
a) a, b, ¢, and d,

b) : int,
c) : float und
d) a/bv?

2. Welche Ausgabe produziert das Programm variable_01.py?
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9.3 Type Hints (Q49)

=

. Explain what type hints in Python 3 are.

2. Provide at least two reasons why type hints should be used.

[y

. Erkldren Sie, was Type-Hints in Python 3 sind.

2. Geben Sie mindestens zwei Griinde an, warum Type-Hints verwendet werden sollten.

9.4 Program Understanding / Programm Verstehen (Q50)

Listing 9.2: The program variable_02.py (src)

"""Variable Assignments and f-strings."""

a: int = 1
print(f"{a = }") # Line 4: What does this print?

b: float = 3.14
print (£"{ a * b }") # Line 7: What does this print?

print(f"{a == b = }") # Line 9: What does this print?

What output does program variable_02.py in Listing 9.2 produce?

Was gibt das Programm variable_02.py in Listing 9.2 aus?
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Chapter 10

Tools / Werkzeuge

10.1 MyPy (Q51)

What is Mypy?
Was ist Mypy?

10.2 MyPy (Q52)

Listing 10.1: The program mypy_01.py (src)
"""An example of using MyPy."""

int = 56
int = 4

= x
int = x / y

N X < M

Listing 10.2: The result of Mypy applied to Listing 10.1.

$ mypy mypy_Ol.py --no-strict-optional --check-untyped-defs

mypy_O1.py:6: error: Incompatible types in assignment (expression has type
<~ "float", variable has type "int") [assignment]

Found 1 error in 1 file (checked 1 source file)

# mypy 2.4.1 failed with exit code 1.

Listing 10.2 shows the output of Mypy applied to program mypy_01.py given in Listing 10.1.
Explain this output.

Listing 10.2 zeigt die Ausgabe von Mypy angewandt auf Programm mypy_O1.py in List-
ing 10.1. Erklaren Sie diese Ausgabe.
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10.3 Linter (Q53)
What is a linter?

Was ist ein Linter?

10.4 Ruff (Q54)
What is Ruf£?

Was ist Ruff?

10.5 Ruff (Q55)

Listing 10.3: The program ruff_01.py (src)
"""An example of using Ruff."""
int = 56
int = 4
= X

N X< ™

int = x / y

Listing 10.4: The result of Ruff applied to Listing 10.3.

$ ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,COM
~ ,D,DJ,DTZ,E,ERA ,EXE,F,FA,FIX,FLY,FURB,G,I,ICN,INP,ISC,INT,LOG,N,NPY,
— PERF,PIE,PLC,PLE,PLR,PLW,PT,PYI,Q,RET,RSE,RUF,S,SIM,T,T10,TD,TID,TRY,
<~ UP,W,YTT --ignore=A005,ANNOO1,ANNOO2,ANNOO3,ANN204 ,ANN401,B008,B009,
— B010,C901,D203,D208,D212,D401,D407 ,D413,INP001,N801,PLC2801 ,PLR0O904,
— PLR0911,PLR0912,PLR0O913 ,PLR0914 ,PLR0915,PLR0916 ,PLRO917 ,PLR1702,
— PLR2004,PLR6301,PTO011,PT012,PT013,PYI041,RUF100,S5,T201,TRY003,UP035,W
< --line-length 79 ruff_01.py
PLW0127 Self-assignment of variable “x°
--> ruff_01.py:5:1
: int = 56
int = 4
S %

(G20 S V]
)y Mo M

6 | z: int = x / y
Found 1 error.
# ruff 0.17.3 failed with exit code 1.

Listing 10.4 shows the output of Ruff applied to program ruff_01.py given in Listing 10.3.
Explain this output.

Listing 10.4 zeigt die Ausgabe von Ruff angewandt auf Programm ruff_O1.py in List-
ing 10.3. Erklaren Sie diese Ausgabe.
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10.6 Pylint (Q56)

What is Pylint?
Was ist Pylint?

10.7 Pylint (Q57)

Listing 10.5: The program pylint_01.py (src)

"""An example of using Pylint."""

int = 56
int = 4

= x
int = x / y

N X< M

Listing 10.6: The result of Pylint applied to Listing 10.5.

$ pylint pylint_O1.py --disable=C0103,C0302,C0325,R0801,R0901,R0902,R0903,
<~ R0911,R0912,R0913 ,R0914 ,R0915,R1702,R1728,W0212,W0238,W0703

*kkokckokkokkkkkk Module pylint_O1

pylint_01.py:5:0: W0127: Assigning the same variable
<> assigning-variable)

x' to itself (self-

Your code has been rated at 7.50/10
# pylint 4.1.3 failed with exit code 4.

Listing 10.6 shows the output of Pylint applied to program pylint_O1.py given in List-
ing 10.5. Explain this output.

Listing 10.6 zeigt die Ausgabe von Pylint angewandt auf Programm pylint_01.py in
Listing 10.5. Erklaren Sie diese Ausgabe.
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Chapter 11

Equality and Identity / Gleichheit und
Identitat

11.1 Understanding / Verstehen (Q58)

Listing 11.1: Program identity_01.py (stored in file identity_01.py; output in Listing 11.2)
"""Identity and Equality."""

from math import e
print (e)

same_as_e: float = 2.718281828459045
print (same_as_e)

print (same_as_e == e)
print (same_as_e is e)

J} python3 identity_Ol.py |

Listing 11.2: The stdout of the program identity_01.py given in Listing 11.1.

2.718281828459045
2.718281828459045
True

False

Explain the output of program identity_01.py in Listing 11.2.

Erklaren Sie die Ausgabe des Programms identity_O1.py in Listing 11.2.
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Chapter 12

Lists / Listen

12.1 What is it? / Was ist das? (Q59)

What is a 1ist in Python? Name four of its properties or things that can be done with it
in Python.

Was ist eine Liste (1ist)) in Python? Nennen Sie vier Eigenschaften bzw. Dinge die man
mit Listen in Python machen kann.

12.2 Program Understanding / Programm Verstehen (Q60)

Listing 12.1: The program 1list_01.py (src)

"""Lists: What output is produced by this program?"""
a: list[int] = [1, 2, 3, 4]

a.append (5)

a.remove (3)

del al2]

a.extend ([5, 2])

a.sort ()

print (a)

Which output will the program list_01.py in Listing 12.1 produce?

Welche Ausgabe produziert das Programm list_01.py in Listing 12.17
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Chapter 13

Tuple / Tuple

13.1 What is it? / Was ist das? (Q61)

What is a tuple in Python? Name four of its properties or things that can be done with it
in Python.

Was ist eine Tupel (tuple) in Python? Nennen Sie vier Eigenschaften bzw. Dinge die man
mit Tupeln in Python machen kann.

13.2 What is it? / Was ist das? (Q62)
What is the difference between a tuple and a 1list in Python?

Was ist der Unterschied zwischen einem Tupel (tuple) und einer Liste (1ist) in Python?

13.3 Program Understanding / Programm Verstehen (Q63)

Listing 13.1: The program tuple_01.py (src)
"""Tuples: What output is produced by this program?"""
a: tuplelint, ...] = (4, 1, 2, 3)
b, ¢, d, e = a
print (b) # Line 6: What does it print?

print (e) # Line 7: What does it print?

a = (c, e, d, b)
print (a) # Line 10: What does it print?

f: tuplel[tuplel[int, int], int, tuplel[int, intl] = (b, b), c, (4, d)
print (f.index ((2, 2))) # Line 13: What does it print?

Which output will the program tuple_01.py in Listing 13.1 produce?

Welche Ausgabe produziert das Programm tuple_01.py in Listing 13.17
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13.4 Programming / Programmieren (Q64)

The variable numbers holds a tuple of integer numbers. Write some Python code that
prints Yes if the first and the last number in the tuple are the same and No otherwise. For
example, if numbers = (3, 6, 3), it would print Yes but for numbers = (7, 6, 4, 7, 3),
it would print No.

In der Variable numbers ist Tupel von Ganzzahlen gespeichert. Schreiben Sie Python-
Kode der Yes ausgibt, wenn die erste und letzte Zahl im Tupel gleich sind und
sonst No. Zum Beispiel, wenn numbers = (3, 6, 3) wiirde er Yes ausgeben, aber fiir
numbers = (7, 6, 4, 7, 3) wiirde er No ausgeben.

13.5 Program Understanding / Programm Verstehen (Q65)

Listing 13.2: The program tuple_02.py (src)

"""Tuples: What output is produced by this program?"""
names: tuple[str, ...] = ("Bibbo", "Bebbo", "Bebba", "Bobbo")

print (f"The fourth person is {names[4]}.")

Why does this code not work?

Warum funktioniert dieser Kode nicht?
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Chapter 14

Sets / Mengen

14.1 What is it? / Was ist das? (Q66)

What is a set in Python? Name four of its properties or things that can be done with it in
Python.

Was ist eine Menge (set) in Python? Nennen Sie vier Eigenschaften bzw. Dinge die man
mit Mengen in Python machen kann.

14.2 Program Understanding / Programm Verstehen (Q67)

Listing 14.1: The program set_01.py (src)

"nnSets in Python."“"

stl: set[str] = {uau’ "b", "C", nen’ ueu’ ufn’ ngu}
print("a" in st1) # Line 4: What does it print?
print ("x" in st1) # Line 5: What does it print?
st2: setl[str] = {"£", "h", "x", "c", "f"}
print(stl.union(st2)) # Line 8: What could it print?

print(stl.difference(st2)) # Line 9: What could it print?

Which output will the program set_01.py in Listing 14.1 produce?

Welche Ausgabe produziert das Programm set_01.py in Listing 14.17
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14.3 Program Understanding / Programm Verstehen (Q68)

Listing 14.2: The program set_02.py (src)
nn IlSetS 1n Python. nnn

s Set[Str] = {Ilall ||bll ”C" |le|| llell l|f|| llgll Ilh|l l|ill Iljll ||kll}
print(s) # How does this behave?

Listing 14.3: One independent execution of set_02.py.
{|g|, lfl’ la|’ lil’ lh|, |'bl’ Ijl, |kl, lel’ ‘C'}

Listing 14.4: Another independent execution of set_02.py.
{‘C‘, ljl’ |f|’ lil’ lk|’ |bl’ la|’ |el’ lhl, |g|}

Listing 14.3 and Listing 14.4 show the outputs of two independent executions of set_02.py
in Listing 14.2. Why are they different?

Listing 14.3 und Listing 14.4 zeigen die Ausgaben von zwei unabhangigen Ausfiihrungen
von Programm set_02.py in Listing 14.2. Warum sind sie verschieden?

14.4 Programming / Programmieren (Q69)

Assume that a list of integer numbers is stored in variable numbers. Print each number con-
tained in numbers exactly once. In other words, if numbers = [1, 2, 2, 3, 5, 7, 7, 7],
you could print 1, 2, 3, 5, 7.

Nehmen Sie an, dass eine Liste von Ganzzahlen in der Variable numbers gespe-
ichert ist. Geben Sie jede Zahl in numbers genau einmal aus. Zum Beispiel, wenn
numbers = [1, 2, 2, 3, 5, 7, 7, 7], dann kénnten Sie 1, 2, 3, 5, 7 ausgeben.
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Chapter 15

Dictionaries

15.1 What is it? / Was ist das? (Q70)

What is a dictionary (dict) in Python? Name four of its properties or things that can be
done with it in Python.

Was ist ein Dictionary (dict) in Python? Nennen Sie vier Eigenschaften bzw. Dinge die
man mit Dictionaries in Python machen kann.

15.2 Program Understanding / Programm Verstehen (Q71)

Listing 15.1: The program dict_01.py (src)

"""Dictionaries: What output is produced by this program?"""
from math import sqrt

roots: dict[int, float] = {2: sqrt(2), 3: sqrt(3), 4: sqrt(4)}

print (3 in roots) # Line 7: What does it print?
print (5 in roots) # Line 8: What does it print?
print (roots [4]) # Line 10: What does it print?

roots [9] = sqrt (9)
del roots[2]
print (max (roots.values())) # Line 14: What does it print?

Which output will the program dict_01.py in Listing 15.1 produce?

Welche Ausgabe produziert das Programm dict_01.py in Listing 15.17
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15.3 Programming / Programmieren (Q72)

Listing 15.2: The program dict_02.py (stored in file dict_02.py; output in Listing 15.3)

"""Dictionaries: How could “create_dictionary  be implemented?"""
from dict_02_module import create_dictionary

print (create_dictionary())

J} python3 dict_02.py |

Listing 15.3: The stdout of the program dict_02.py given in Listing 15.2.

{1: 'one', 2: 'two', 3: 'three', 4: 'four', 5: 'five', -1: 'minus one', -2:
<> 'minus two', -3: 'minus three', -4: 'minus four', -5: 'minus five'}

The output of program dict_02.py is given in Listing 15.3 above. Write a function
create_dictionary in Python that returns a dictionary (dict) which would print exactly

as shown above.

Die Ausgabe von Programm dict_02.py ist in Listing 15.3 oben gegeben. Schreiben Sie
eine Funktion my_function in Python die ein Dictionary (dict) zuriickliefert, das genau

die obige Ausgabe produzieren wiirde.
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15.4 Programming / Programmieren (Q73)

Listing 15.4: The beginning of program dict_03.py (src)

"""Processing a dictionary of name-(nationality, age) pairs."""

# 4 dictionary where the names of people are keys and the wvalues are
# tuples of their nationality and age.
people: dict[str, tuplelstr, int]l] = {

"Bibbo": ("Chinese", 25), "Bebbo": ("French", 33),

"Bibba": ("Italian", 12), "Thomas": ("German", 44),

"Zhou": ("Chinese", 21), "Frank": ("English", 86),

"Wang": ("Chinese", 34), "Bodderich": ("Polish", 31)

In file dict_03.py above, a dictionary people that has the names of people as keys and
tuples of their nationality and age as values. Continue/extend this program with code
that. ..

1. finds the names of all Chinese people and prints them,
2. finds the oldest person and prints their name and age,

3. finds the youngest Chinese person and prints their name.

Your code must work with the dictionary people and cannot just print values that you found
by hand.

In Datei dict_03.py oben wird ein Dictionary people angelegt, dass die Namen der Leute
als Schliissel und Tupel von ihrer Nationalitdt und ihrem Alter als Werte speichert. Erweitern
Sie das Programm mit Kode der. ..

1. die Namen aller chinesischen (EN: Chinese) Leute findet und ausgibt,
2. den Name der &ltesten Person findet und ausgibt,

3. den Namen der jiingsten chinesischen Person findet und ausgibt.

Ihr Kode muss mit dem Dictionary people arbeiten und kann nicht einfach Werte ausgeben,
die Sie selber per Hand gefunden haben.

15.5 Programming / Programmieren (Q74)

Listing 15.5: The program dict_05.py (src)

"""Fix the code by replacing ~77??° with something."""
dct: dict[int, str] = {1: "One", 2: "Two", 3: "Three"}
for 777 in dct.items():

print (f"key: {key}")
print (f£"value: {valuel}")

Repair dict_05.py by replacing the (and only the) ?77.

Reparieren Sie dict_05.py, in dem Sie das (und nur das) 7?7 ersetzen.
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15.6 Programming / Programmieren (Q75)

"""A dictionary with explanations and marks.

Listing 15.6: The program dict_04.py (src)

# 4 dictionary with ezplanations as keys and marks as wvalues.

marks: dict[str, str] = {
"excellent": "A+", "very good": "A", "good": "B", "satisfying": "C",
"pass": "D", "inadequate": "E", "insufficient": "F",

}

You are given the dictionary marks with the content given above. Write a function that
returns the explanation (e.g., good) for a given mark (e.g., B). Notice that the dictionary
is “inverted”: It has the explanations as keys and the marks as values. You thus first want
to create an dictionary where the marks are the keys and the explanations are the values.
You want to use that dictionary in your function.

Sie bekommen das Dictionary marks mit dem Inhalt oben. Schreiben Sie eine Funktion,
die die Erklarung (zum Beispiel good) fpiir eine Zensur (zum Beispiel B) liefert. Beachten
Sie, dass das Dictionary “falsch herum ist’: Es hat die Erklarungen als Schliissel und die
Zensuren als Werte. Sie wollen daher zuerst ein neues Dictionary erstellen, wo die Zensuren
die Schliissel und die Erkldrungen die Werte sind. Sie wollen dann dieses Dictionary in Ihrer
Funktion verwenden.
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Chapter 16

Alternatives / Alternativen

16.1 What is it? / Was ist das? (Q76)

Explain the syntax and purpose/use of an if statement in Python. You can use an example
for your explanation.

Erklaren Sie die Syntax und den Verwendungszweck eines if-Statements in Python. Sie
kénnen ein Beispiel in lhrer Erklarung verwenden.

16.2 What is it? / Was ist das? (Q77)

Explain the syntax and purpose/use of an lelse statement in Python. You can use an
example for your explanation.

Erkldren Sie die Syntax und den Verwendungszweck eines else-Statements in Python. Sie
konnen ein Beispiel in Ihrer Erklarung verwenden.

16.3 What is it? / Was ist das? (Q78)

Explain the syntax and purpose/use of an lelif statement in Python. You can use an
example for your explanation.

Erklaren Sie die Syntax und den Verwendungszweck eines elif-Statements in Python. Sie
kdnnen ein Beispiel in lhrer Erklarung verwenden.
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16.4 Program Understanding / Programm Verstehen (Q79)

Listing 16.1: The program if_01.py (src)

""" Jf-then-else Examples.
from math import isqrt

number = 121
if (number % 2) == 0:
print (£"Number {number} is even.")

if number > 12:
print (£"Number {number} is bigger than 12.")

if number == isqrt(number) ** 2:
print ("Interesting.")

Which output will the program if_01.py in Listing 16.1 produce?

Welche Ausgabe produziert das Programm if _01.py in Listing 16.17

16.5 Programming / Programmieren (Q80)

Write code that checks whether a number stored in variable k is in 5..10. The interval
borders are part of the interval.

Schreiben Sie Kode der priift ob eine Zahl — gespeichert in Variable k — aus dem Inter-
vall 5..10 ist. Die Intervallgrenzen sind Teil des Intervalls.

16.6 Program Understanding / Programm Verstehen (Q81)

Listing 16.2: The program if_02.py (src)

""" Jf-then-else Examples. """
price_of_shoes: int = 100

if price_of_shoes <= 40:

print ("The shoes are cheap.")
elif price_of_shoes <= 150:

print ("The shoes are reasonably priced.")
elif price_of_shoes <= 250:

print ("The shoes are a bit expensive.")
else:

print ("Not going to happen.")

Explain program if_02.py in Listing 16.2 line-by-line, i.e., every single line. What output
does it produce?

Erkldren Sie das Programm if_02.py in Listing 16.2 Zeile fiir Zeile, also jede einzelne Zeile.
Welche Ausgabe produziert es?
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16.7 Programming / Programmieren (Q82)

Assume that the variable v stores the volume of a cube (all side-lengths are the same). Write
a Python program that checks whether the cube can be composed of smaller cubes whose
side-lengths are all 1. The program should output Yes if that is possible and otherwise No.

Nehmen Sie an, dass die Variable v das Volumen eines Wiirfels (dessen Seiten alle gleichlang
sind) beinhaltet. Schreiben Sie ein Python-Programm, das priift ob der Wiirfel aus Wiirfeln
der Seitenldnge 1 zusammengesetzt werden kann. Das Programm soll Yes ausgeben, wenn
das geht, und No, wenn nicht.

16.8 Programming / Programmieren (Q83)

Income/Einkommen E | Tax/Steuer
E <10000 0%

10000 < E < 50000 10%

50000 < E < 250000 20%
250000 < E 30%

In the table above, the tax rates for different income brackets are given. Assume that the
income of a person is stored in variable income. Write Python code that prints the amount
of tax that they have to pay.

In der Tabelle oben sind die Steuerraten fiir verschiedene Einkommensklassen angegeben.
Nehmen Sie an, dass das Einkommen einer Person in einer Variable income gespeichert ist.
Schreiben Sie Python-Kode der ausgibt, wie viel Steuern die Person zahlen muss.

16.9 Programming / Programmieren (Q84)

Score/Punkte P | Mark / Zensuren/Note M

P =100 A+

95 < P <100 A

W< P<9% A-

88 < P <90 B+

82 < P <88 B

80 < P <82 B-

70 < P <80 C

60 < P <70 D
P <60 F

In the table above, the score brackets and corresponding marks are given for an exam.
Assume that the exam score of a person is stored in variable P. Write Python code that
prints the mark that they received.

In der Tabelle oben sind die Punkte fiir verschiedene Zensuren fiir eine Priifung angegeben.
Nehmen Sie an, dass das Priifungspunkte einer Person in einer Variable P gespeichert sind.
Schreiben Sie Python-Kode der ausgibt, welche Zensur die Person erhalten hat.
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Chapter 17

For-Loop / For-Schleife

17.1 What is it? / Was ist das? (Q85)

Explain the syntax and purpose/use of a for statement in Python. You can use an example
for your explanation.

Erklaren Sie die Syntax und den Verwendungszweck eines for-Statements in Python. Sie
kénnen ein Beispiel in lhrer Erklarung verwenden.

17.2 Program Understanding / Programm Verstehen (Q86)

Listing 17.1: The program for_01.py (src)

""" For-Loop Example.

for i in range(5):
for j in range (5):
if i < j:

print (£" ({i}, {j}H)™)

Explain program for_01.py in Listing 17.1 line-by-line, i.e., every single line. What output
does it produce?

Erklaren Sie das Programm for_01.py in Listing 17.1 Zeile fiir Zeile, also jede einzelne
Zeile. Welche Ausgabe produziert es?
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17.3 Program Understanding / Programm Verstehen (Q87)

Listing 17.2: The program for_02.py (src)

""" For-Loop Example.

for i in range(5):
for j in range(i, 2 * i):
print (j - 1)

Explain program for_02.py in Listing 17.2 line-by-line, i.e., every single line. What output
does it produce?

Erklaren Sie das Programm for_02.py in Listing 17.2 Zeile fiir Zeile, also jede einzelne
Zeile. Welche Ausgabe produziert es?

17.4 Programming / Programmieren (Q88)

The variable 1lists holds a list of lists of integers, e.g. something like
[[1, 21, [3], [-1, 2, 3]1]1. Write some Python code that creates a new list flat, which
is a single list of integers with the same elements as 1ists, e.g. [1, 2, 3, -1, 2, 3]. In
other words, your code must take an arbitrary list-of-lists-of-integers 1ists and creates a
list £1at containing all their integer elements.

Die Variable 1ists speichert eine Liste von Listen von Ganzzahlen, zum Beispiel sowas wie
[[1, 2], [3], [-1, 2, 3]1]. Schreiben Sie Python-Kode der eine neue Liste flat erstellt,
die eine Liste von Ganzzahlen ist und die selben Elemente wie 1ists, einhaltet, zum Beispiel
[1, 2, 3, -1, 2, 3]. Mit anderen Worten, Ihr Kode muss eine beliebige Liste-von-Listen-
von-Ganzzahlen 1lists nehmen nd eine Liste flat mit den selben Ganzzahl-Elementen
erstellen.
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17.5 Programming / Programmieren (Q89)
1 n—1
mean(A) = — Z a; for a data sample A = (ag,a1,...,a,-1) (17.1)
n =0

The arithmetic mean mean(A) is an estimate of the expected value of a distribution from

which a data sample A was sampled. It is computed as shown in Equation 17.1.

— Given is a list or tuple variable A containing integer values.

Write Python code that computes and prints the arithmetic mean of the values in A.

Do not use any built-in Python functions for summation or for computing the arithmetic
mean.

Handle the special case of an empty 1ist/ or tuple in a reasonable way.

— Do not use any of the statistical functions or packages available in Python.

Der arithmetische Mittelwert mean(A) ist eine Niherung fiir den Erwartungswert einer

stochastische Verteilung von der ein Datensatz A gesampled wurde. Er wird nach Equa-
tion 17.1 berechnet.

— Gegeben sei eine Variable A' vom Typ 1list oder tuple mit Ganzzahlen.

Schreiben Sie Python-Kode, der den arithmetischen Mittelwert der Werte in A berech-
net und mit print ausgibt.

Verwenden Sie keine built-in Python-Funktionen zum Berechnen der Summe oder des
Mittelwerts.

Beachten und behandeln Sie den Sonderfall einer leeren Liste bzw. eines leeren Tupels
auf sinnvolle Art.

Nutzen Sie keine der statistischen Funktionen oder Pakete, die es in Python gibt.

17.6 Programming / Programmieren (Q90)

The variable numbers holds a list of integer numbers. Write some Python code that prints

all the numbers in numbers that are not divisible by any of the other numbers in numbers.
For example, if numbers = [3, 6, 12, 3, 7, 5, 8, 2], it would print the numbers 7, 5,
and 2.

In der Variable numbers ist eine Liste von Ganzzahlen gespeichert. Schreiben Sie Python-
Kode der alle Zahlen in numbers ausdruckt, die nicht durch irgendeine andere Zahl in
numbers teilbar sind. Zum Beispiel fiir numbers = [3, 6, 12, 3, 7, 5, 8, 2] wiirde |hr
Kode die Zahlen 7, 5, und 2 ausgeben.
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17.7 Programming / Programmieren (Q91)

°F =°C %18+ 32,0 (17.2)
K =°C+273.15 (17.3)

Write a program that prints a conversation table from degree centigrade (i.e., Celsius, °C')
to Fahrenheit (°F') and Kelvin (K) [119, 249, 283]. The table should go from —15°C
to 100°C in steps of 5°C. Use a for loop over a range with start, end, and step value.

Schreiben Sie ein Programm, das eine Umrechnungstabelle von Grad Celsius (°C') nach
Fahrenheit (°F’) sowie Kelvin (K) ausgibt [119, 249, 283]. Die Tabelle soll dabei von —15°C
bis 100°C' in Schritten von 5°C berechnet werden. Benutzen Sie eine for-Schleife iiber
eine range mit Start- und End-Wert sowie Schrittweite.

17.8 Programming / Programmieren (Q92)

Listing 17.3: The output of a program for_03.py

*
* %

* 3k %

* % %

* % %k %k %

sk ok ok %k ok k

sk ok ok ok k ok
ok ok ok ok ok %k k k

© 00 N O O WN -

% %k %k %k % % % % %

Write a Python program that produces exactly the output given in Listing 17.3. This includes
the numbers at the beginning of the lines, e.g., 4: *xxx| not skk*,

Schreiben Sie ein Python-Programm, das genau die Ausgabe gezeigt in Listing 17.3 pro-
duziert. Das beinhaltet die Zahlen am Anfang der Linien, also wir wollen wirklich 4: sk,
nicht xxxx
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17.9 Programming / Programmieren (Q93)

Listing 17.4: The output of a program for_04.py

% % % % %
* % % % %
* % % % %

Write a Python program that produces a rectangle of stars based on the values of two
variables. The number of stars per row are stored in a variable n (in Listing 17.4, that
would be 5). The number of rows would be stored in a variable m (in Listing 17.4, that
would be 3).

Schreiben Sie ein Python-Program das ein Rechteck aus Sternen produziert, basierend auf
den Werten von zwei Variablen. Die Anzahl Sterne pro Zeile sei gegeben in Variable o (in
Listing 17.4 ist das 5). Die Anzahl von Zeilen sei gegeben in Variable m (in Listing 17.4 ist
das 3).

17.10 Programming / Programmieren (Q94)

Listing 17.5: The output of a program for_05.py

X00000X
0X000X0
00X0X00
000X000
00X0X00
0X000X0
X00000Xx

Write a Python program that produces exactly the output given in Listing 17.5.

Schreiben Sie ein Python-Programm, das genau die Ausgabe gezeigt in Listing 17.5 pro-
duziert.
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Chapter 18

While-Loop / While-Schleife

18.1 What is it? / Was ist das? (Q95)

Explain the syntax and purpose/use of a while statement in Python. You can use an
example for your explanation.

Erklaren Sie die Syntax und den Verwendungszweck eines while-Statements in Python. Sie
kénnen ein Beispiel in lhrer Erklarung verwenden.

18.2 Program Understanding / Programm Verstehen (Q96)

Listing 18.1: The program while_01.py (src)

""" While-Loop Example. """

a, b, ¢, d, e =5, 3, 2, 1, 0

counter = 0

while not (a < b < ¢c < d < e):
counter += 1

if a > b:

a, b =b, a
if b > c:

b, ¢c =c, b
if ¢ > d:

c, d =d, c
if d > e:

d, e = e, d

print (f"Loop finished after {counter} iteratiomns.")

Explain program while_01.py in Listing 18.1 line-by-line, i.e., every single line. What
output does it produce?

Erklaren Sie das Programm while_01.py in Listing 18.1 Zeile fiir Zeile, also jede einzelne
Zeile. Welche Ausgabe produziert es?
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18.3 Programming / Programmieren (Q97)

The variable text holds text string. Write some Python code that iterates over the char-
acters in text until it either reaches the character "Q" or the end of the string and that
sums up all digits and prints the result. For example, if text = "ksd934.df4Qff4", it would
print 20 and for text = "£5q6GH", it would print 11.

Die Variable text speichert einen Text-String. Schreiben Sie Python-Kode der iiber die
Zeichen in text iteriert bis er entweder das Zeichen "Q" oder das Ende des Strings erre-
icht und alle Ziffern, die er findet, aufaddiert und das Ergebnis ausgibt. Zum Beispiel fiir
text = "ksd934.df4Qff4" wiirde er 20 ausgeben und fiir text = "f£5q6GH" wiirde er 11
ausgeben.

18.4 Programming / Programmieren (Q98)

The variable my_num holds a positive int' number. Write the code to print my_num as binary
number, i.e., as sequence of Os and 1s. Do not use any text formatting or conversion
routines. Use a while loop to do the necessary computation.

Die variable my_num speicher eine positive int-Zahl. Schreiben Sie den Kode, um my_num
als Bindrzahl auszugeben, also als Sequence von Oen und 1en. Benutzen Sie keine Textfor-
matierungsfunktionen oder Konvertierungsfunktionen. Benutzen Sie eine while-Schleife fiir
die notwendigen Berechnungen.

18.5 Programming / Programmieren (Q99)

3a,_1+1 ifa,_1 odd wenn a,_; ungerade

The sequence defined by the equation above is called Collatz Problem [185]. It is believed
that, for any positive integer ag € Ny with ag > 0, there will eventually be an a,, = 1.
Expect that ag be an integer greater than zero stored in a variable a. Write Python code that
prints all the values of the corresponding Collatz Problem sequence until (and including) 1.

Die Sequence die die Gleichung oben definiert wird Collatz Problem genannt [185]. Es
wird angenommen, dass fiir jede positive Ganzzahl ag € N; mit ag > 0 irgendwann ein
a, = 1 erreicht wird. Nehmen Sie an, dass ag eine Ganzzahl gréRer als Null gespeichert in
der Variable a ist. Schreiben Sie Python-Kode der alle Werte der entsprechenden Collatz-
Problem-Sequence bis einschlieRlich 1 ausgibt.
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18.6 Programming / Programmieren (Q100)

Listing 18.2: The program while_03.py (src)

""" Convert a “while -loop to a “for -loop. """

index: int = 0

while index < 5:
print (£"The index is {index}.")
index += 1

Change while_03.py by converting the whilel loop into a for loop.

Andern Sie while_03.py, in dem Sie die while-Schleife in eine for-Schleife umwandeln.

18.7 Programming / Programmieren (Q101)

Your bank account at the Bank of Python holds money = 20_000 RMB. Every year, you
get interest % of interest, i.e., after one year, you have | (1 + interest /100)money | RMB.
Notice that |M | means rounding down to the nearest integer smaller or equal to M.
Write Python code that counts the number of years you have to wait until there are
1000000 (= 1007 ) RMB in your account (if you do not deposit or withdraw any money).

Ihr Bankkonto bei der Bank of Python hat money = 20_000 RMB. Jedes Jahr beommen Sie
interest % Zinsen. Also nach einem Jahr haben Sie | (1 + interest/100)money | RMB.
Beachten Sie dass |M| bedeutet, das zur nichsten Ganzzahl kleiner oder gleich M
(ab)gerundet wird. Schreiben Sie Python-Kode der die Anzahl von Jahren zihlt, die Sie
warten missen, bis 1000000 (= 100% ) RMB in lhrem Konto sind (wenn Sie weder Geld
einzahlen noch abheben).

18.8 Programming / Programmieren (Q102)

Listing 18.3: The program while_04.py (src)

""" Convert a “while -loop to a “for -loop.
data: list[str] = ["Hello", "World", "I", "am", "here"]
index: int = 0

while index < len(data):

print (f"The element at index {index} is {datalindex]}.")
index += 1

Change while_03.py by converting the while loop into a for loop using enumerate.

Andern Sie while_03.py, in dem Sie die while-Schleife in eine for-Schleife, die enumerate
benutzt, umwandeln.
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18.9 Programming / Programmieren (Q103)

Assume that a positive natural number is stored in Variable x. Write Python code which

finds and prints the largest power of two which is less or equal to x. In other words, find
value v = 2 with i € Ny, and v < x and that no larger number exists that fulfills this
inequality. For example, for x=15, you would print 8, for x=16, you would print 16, and for
x=17, you would also print 16.

Nehmen Sie an, dass eine positive natiirliche Zahl in der Variable x gespeichert ist. Schreiben
Sie Python-Kode, welcher die groRte Zweierpotenz findet, die kleiner oder gleich x ist. Mit
anderen Worten, finden Sie den Wert v = 2% mit i € Ny und v < x so das es keine groRere
Zahl gibt, die diese Ungleichung erfiillt. Zum Beispiel fiir x=15 wiirden Sie 8 ausdrucken,
fiir x=16 16 und fiir x=17 wiirden Sie ebenfalls 16 ausgeben.

18.10 Programming / Programmieren (Q104)

Listing 18.4: The output of a program while_02.py

start: 20 beetles, V/beetle: 1cm3, reproduction_rate: 0.8, V/box: 1000000

week
week
week
week
week
week
week
week
week
week
week
week
week
week
week
week
week
week
week

36 beetles, V=36cm®
64 beetles, V=64cm®
115 beetles, V=115cm?®
207 beetles, V=207cm?®
372 beetles, V=372cm?
669 beetles, V=669cm?®
1204 beetles, V=1204cm?
2167 beetles, V=2167cm?®
3900 beetles, V=3900cm?
7020 beetles, V=7020cm?
12636 beetles, V=12636¢cm?
22744 beetles, V=22744cm?®
3
3

0 N O O WN -

)
W N~ O -

40939 beetles, V=40939cm
73690 beetles, V=73690cm
132642 beetles, V=132642cm?
238755 beetles, V=238755cm?>
3
3

e
~N O O

429759 beetles, V=429759cm
773566 beetles, V=773566cm
1392418 beetles, V=1392418cm?

e
©

You buy n beetles and put them into a box of volume boxcm3. Each beatle has a volume
of bem3. The beetles reproduce at a rate of r per week, i.e., after one week, you have |n(1+
r)| beetles, and so on. Write a Python program that computes how long it takes until the
complete box is filled, based on the values of the variables box, n, b, and r. For each week,
the program should print the number of beetles and their volume. In Listing 18.4 above,
you can see an example output for an example setup.

Sie kaufem n Kifer und tun sie in eine Box mit Volumen boxcm3. Jeder Kifer hat ein
Volumen von bcm3. Die Kafer vermehren sich mit einer Rate r pro Woche, also nach einer
Woche haben Sie |n(1 + r)] Kéfer, und so weiter. Schreiben Sie ein Python-Program,
das berechnet wie lange es dauert bis die ganze Box mit Kafern gefiillt ist, basierend auf
den Variablen box, m, b, und r Fiir jede Woche soll das Programm die Anzahl Kéafer und
ihr Volumen ausgebene. Listing 18.4 oben ist eine Beispielausgabe, wie sie lhr Programm
liefern konnte.
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Chapter 19

Functions / Funktionen

19.1 What is it? / Was ist das? (Q105)

Explain the syntax and purpose/use of a def statement in Python. You can use an example
for your explanation.

Erklaren Sie die Syntax und den Verwendungszweck eines def-Statements in Python. Sie
kénnen ein Beispiel in lhrer Erklarung verwenden.

19.2 Programming / Programmieren (Q106)

Implement a function named power, which accepts two integer parameters base and

exponent and that returns base ¥P°ReRt | other words, if base = b and exponent = v,

then the function computers b¥. The default value for base be 2 and the default value
for exponent be 1. If base=0 and a negative number for power are supplied, the function
should raise a ValueError. Make sure to use proper type hints and a docstring.

Implementieren Sie eine Funktion mit dem Namen power, die die beiden Integer-Parameter

base und exponent akzeptiert und die base $¥P°ReBt 7y rijckliefert. In andren Worten, wenn

base = b und exponent = y, dann berechnet die Funktion b¥. Der Default-Wert fiir base
ist 2 und der Default-Wert fiir exponent ist 1. Wenn base=0 und eine negative Zahl fiir
power in die Funktion gegeben werden, soll ein ValueError ausgeldst werden. Annotieren
Sie die Funktion mit Type Hints und einem DocString.
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19.3 Program Understanding / Programm Verstehen (Q107)

Listing 19.1: The program function_01.py (src)
""" An example of a function. """
def compute(lst: list[int]) -> list[int]:

Perform a computation with the 1list “1st°”

:param lst: the input list
:return: the output list

result: list[int] = []
copy: list[int] = list(1lst)

while len(copy) > O:
x: int = min(copy)
result.append(x)
copy.remove (x)

return result

print (compute ([5, 4, 1, 3, 2]1)) # Line 21: What does it print?
print (compute ([25, -34, 6, -5, 9]1)) # Line 22: What does it print?

Carefully read the program function_01.py in Listing 19.1.

What does the function compute do?

What output does the program produce?

1.
2.
3. Is the program correct, i.e., produces the output that it should? (Justify your answer.)
4.

Is the program efficient, i.e., does it do its job without wasting time? (Justify your

answer.)

Lesen Sie das Programm function_O1.py in Listing 19.1 genau.

1. Was macht die Funktion compute?

2. Welche Ausgabe produziert das Programm?

3. Ist das Programm korrekt, also produziert es wirklich den gewiinschten Output (Recht-

fertigen Sie Ihre Antwort.)

4. Ist das Programm effizient, also erfiillt es seine Aufgabe ohne Zeit zu verschwen-

den? (Rechtfertigen Sie ihre Antwort.)
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19.4 Programming / Programmieren (Q108)

(Z) - kl(nnlkw (19.1)

The equation above shows how the binomial coefficient (Z) can be computed. Here, i! =
1%2%3%--- %1 is the factorial of a number i. Implement a function binomial taking two
parameters n and k and returning (E)

Die Gleichung oben zeigt, wie der Binomialkoeffizient (Z) berechnet werden kann. Dabei
ist 3! = 1%2%3x%--.xq die Fakultdt der Zahl 7. Implementieren Sie eine Funktion binomial
mit den beiden Parametern n und k, die (E) zurlickliefert.

19.5 Program Understanding / Programm Verstehen (Q109)

Listing 19.2: The program function_02.py (src)
""" An example of a function. """
def compute (number: int) -> int:

Perform a computation with the number “number .

:param number: the input number

:return: the output number
nnn

result: int = 0
while result / number != number:
result += number

return result
print (compute(4)) # Line 17: What does it print?

print (compute (7)) # Line 18: What does it print?
print (compute(0)) # Line 19: What does it print?

Carefully read the program function_02.py in Listing 19.2.
. What does the function compute do?
. What output does the program produce?

. Is the program correct, i.e., produces the output that it should? (Justify your answer.)

A WD =

. Is the program efficient, i.e., does it do its job without wasting time? (Justify your
answer.)

Lesen Sie das Programm function_02.py in Listing 19.2 genau.

1. Was macht die Funktion compute?
2. Welche Ausgabe produziert das Programm?

3. Ist das Programm korrekt, also produziert es wirklich den gewiinschten Output (Recht-
fertigen Sie Ihre Antwort.)

4. Ist das Programm effizient, also erfiillt es seine Aufgabe ohne Zeit zu verschwen-
den? (Rechtfertigen Sie ihre Antwort.)
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19.6 Programming / Programmieren (Q110)

Implement a Python function named sort, which accepts a list as parameter and sorts this
list. Do not use any of Python's predefined sorting functions, like 1ist.sort or sorted.
This question is not about efficiency — as long as the list gets sorted, it is OK. Make sure
to use proper type hints and a docstring.

Implementieren Sie eine Python Funktion names sort, die eine List als Parameter akzeptiert
und diese Liste sortiert. Benutzen Sie keine von Python's vordefinierten Sortierungsfunktio-
nen wie list.sort oder sorted. Es geht nicht um Effizienz/Schnelligkeit — nur darum, dass
die Liste sortiert wird. Annotieren Sie die Funktion mit Type Hints und einem DocString.

19.7 Programming / Programmieren (Q111)

Write a Python function digit_range that accepts an integer number as parameter and
returns the smallest and largest digit of that number in a tuple. For the number 72234, it
would return the tuple (2, 7). Make sure to use proper type hints and a docstring.

Schreiben Sie eine Python Funktion digit_range die eine Ganzzahl als Parameter akzeptiert
und die kleinste und groRte Ziffer der Zahl in einem Tupel zuriickliefert. Fiir die Zahl 72234
wiirde sie das Tupel (2, 7) zurlickliefern. Annotieren Sie die Funktion mit Type Hints und
einem DocString.
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19.8 Program Understanding / Programm Verstehen (Q112)

Listing 19.3: The program function_03.py (stored in file function_03.py; output in Listing 19.4)

nnn nnn

Guess the definition of “my_function .

from function_03_module import my_function

print (f"{my_function(1, 2, 3) = }")

print (£"{my_function(a=7, b=5, c=6) = }")
print (£"{my_function(9, 4) = }")

print (f"{my_function(b=11, c=-3)

= }n)
print (f"{my_function(a=-5, b=8) = }"
print (f"{my_function(a=20, c=10) = }")
J} python3 function_03.py |

Listing 19.4: The stdout of the program function_03.py given in Listing 19.3.

my_function(l, 2, 3) = 6
my_function(a=7, b=5, c=6) = 18
my_function (9, 4) = 16
my_function(b=11, c=-3) = 18
my_function(a=-5, b=8) = 6
my_function(a=20, c=10) = 36

The output of program function_03.py is given in Listing 19.4 above. Write a function
my_function in Python that would produce exactly that output.

Die Ausgabe von Programm function_03.py ist in Listing 19.4 oben gegeben. Schreiben
Sie eine Funktion my_function in Python die genau diesen Output produzieren wiirde.

19.9 Programming / Programmieren (Q113)

geom(A) =

n—1
H a; = (ag * ay * -+ - * an,l)% for data A = (ag,a1,...,an-1) (19.2)
=0

The geometric mean geom(A) is the nt" root of the product of n positive values in a
dataset A. It is computed as shown in Equation 19.2.

— Implement a function that takes a 1ist/ of float values as parameter and that returns
their geometric mean.
— Handle the special case of an empty 1ist in a reasonable way.

— Do not use any of the statistical functions or packages available in Python.

Der geometrische Mittelwert geom(A) ist die n-te Wurzel des Products von n positiven
Werten in einem Datensatz A. Er wird nach Equation 19.2 berechnet.

— Schreiben Sie eine sei eine Funktion, die eine Liste mit FlieBkommawerten (float) als
Parameter erhilt und die deren geometrischen Mittelwert als Ergebnis zuriickliefert.
— Beachten und behandeln Sie den Sonderfall einer leeren Liste auf sinnvolle Art.

— Nutzen Sie keine der statistischen Funktionen oder Pakete, die es in Python gibt.
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Chapter 20

Unit Tests

20.1 Unit Tests (Q114)

What is the goal of unit tests? How can unit tests in Python be done?

Was ist das Ziel von Unit Tests? Wie kann man Unit Tests in Python realisieren?
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20.2 Program Understanding / Programm Verstehen (Q115)

Listing 20.1: The program tests_01.py (src)

"""Working with tests."""

def my_isqrt(a: int) -> int:

An implementation of the integer square root of numbers.

:param a: an integer number
:return: the integer square root of that number
o
result: int = 0
while result * result < a:
result += 1

return result

Listing 20.2: The unit test program tests_01_test.py (src)

"""Test our function."""
from tests_01 import my_isqrt

def test_my_sqrt() -> Nomne:
"""Test “my_sqrt ."""
assert my_isqrt (0)
assert my_isqrt (1)
assert my_isqrt (3)
assert my_isqrt (4)
assert my_isqrt (8)
assert my_isqrt (9)
assert my_isqrt (16)

]
]
W NP 2O

= 4

Listing 20.3: The output of pytest when using tests_01_test.py

$ pytest --timeout=10 --no-header --tb=short tests_Ol_test.py
SESECasEassosassasosessasEs BOET SRR SBAREE SeeessssesneaassessSassasas
collected 1 item

tests_0Ol_test.py F [100%]
=============================== FAJLURES ================================
_____________________________ test_my_sqrt
tests_O1l_test.py:9: in test_my_sqrt

assert my_isqrt(3) == 1
E assert 2 == 1
E + where 2 = my_isqrt (3)
======================== ghort test summary info ========================
FAILED tests_Ol_test.py::test_my_sqrt - assert 2 == 1

+ where 2 = my_isqrt (3)
—========================== | failed in 0.02s ===========================
# pytest 9.2.0 with pytest-timeout 2.4.0 failed with exit code 1.

1. Explain function my_isqgrt in module tests_01.py line-by-line.
2. Explain function test_my_sqrt in module tests_01_test.py. What is it for?
3. Explain the output of pytest executing tests_01_test.py given in Listing 20.3.

1. Erklaren Sie die Funktion my_isqrt in Modul tests_01.py Zeile fiir Zeile.

2. Erklaren Sie die Funktion test_my_sqrt in Modul tests_01_test.py. Wofiir ist sie
da?

3. Erklaren Sie die Ausgabe von pytest, was tests_01_test.py ausgefiihrt hat, die in
Listing 20.3 gelistet ist.
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20.3 Timeouts / Zeitlimits (Q116)

Why is it always a good idea to define a timeout for unit tests?

Warum ist es immer eine gute Idee, ein Zeitlimit fiir Unit Tests zu definieren?

20.4 Timeouts / Zeitlimits (Q117)

What are doctests? Explain two benefits of annotating functions with doctests.

Was sind Doc-Tests? Erkldren Sie zwei Vorteile, die das Annotieren von Funktionen mit
Doc-Tests bringt.

20.5 Programming / Programmieren (Q118)

The function def check_div_3(number: int |float)-> bool checks whether a number
number is divisible by 3, i.e., if number %3 == 0. If yes, it is supposed to return True,
otherwise False. Write unit tests to check the function. For each test case that you define,
explain why you choose it.

Die Funktion def check_div_3(number: int |float)-> bool priift ob eine Zahl number
durch 3 teilbar ist, also ob number %3 == 0. Wenn ja, dann soll sie True zuriickliefern,
andernfalls False. Schreiben Sie Unit Tests um diese Funktion zu priifen. Fiir jeden
Testfall, den Sie definieren, erkldren Sie, warum Sie ihn ausgew3hlt haben.
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20.6 Programming / Programmieren (Q119)
logz =~ 3(z® — 1)/((z + 1)* + 2z) (20.1)

The equation above was given by Kellogg in [173] as an approximation for the natural
logarithm of x, i.e., logx, for values of x close to 1. This means that it does not return
the values of log x exactly, but it computes values very close to them. And this only works
if x ~ 1. But it has the advantage that it is fast.

1. Implement the right-hand-side of the equation as a function.
2. Annotate the function with type hints and a docstring.
3. How would you test this function? Remember that it only is an approximation. Write

some doctests in the docstring.

Die Gleichung oben wurde von Kellogg in [173] als eine Ann3herung des natiirlichen Log-
arithmus von z, also log x, fiir Werte von x nahe 1. Das bedeutet, dass die Formel nicht
die exakten Werte von log = berechnet, sondern nur Werte nahe an ihnen. Das funktioniert
auch nur fiir z ~ 1. Aber es ist schnell.

1. Implementieren Sie die rechte Seite der Gleichung als eine Funktion.

2. Annotieren Sie die Funktion mit Type-Hints und einem DocString.

3. Wie wiirden Sie diese Funktion testen? Bedenken Sie, dass sie nur eine Niherung ist.
Schreiben Sie ein paar DocTests in den DocString.
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20.7 Program Understanding / Programm Verstehen (Q120)

Listing 20.4: The program doctest_01.py (src)

nnn nun

An example of a function.
from math import sqrt

def solve(a: float, b: float, c: float) -> tuple[float, float] | float:
nnn

Solve the quadratic equation ~O=a*x’+b¥x+c’.

We use the formula “x = (-b +/- sqrt(b? - 4ac))/(2a) .

Due to the “+/-°, there are two solutions if “sqrt(b? - 4ac) !'= 0"
:param a: the coefficient “a’: We have Taxx? .

:param b: the coefficient "b™: We have “+b*x’.

:param c: the coefficient “c : We have “+c’.

:return: either a tuple of two solutions or a single solution.

>>> solve (2.0, -4.0, 2.0)

1.0

>>> solve (2.0, 0.0, -8.0)
(-2.0, 2.0)

>>> solve (2.0, -8.0, 6.0)
(1.0, 3.0)

term = sqrt(b ** 2 - 4 * a * c)
if term == 0.0: # Check <f there is only 1 solution.
return -b / (2 * a) # There ts only 1 solution.
return (-b - term) /(2*a), (-b * term) /(2%a) # Return 2 solutions.

Listing 20.5: The output of pytest when running the doctests of doctest_01.py

$ pytest --timeout=10 --no-header --tb=short --doctest-modules doctest_01.
— PY

========================== tegt session starts ==========================

collected 1 item

doctest_01.py F [100%]
Soooseosasoosaossssosaosassasas PANILDNGS sSosssoossososeosassassasaosassas
______________________ [doctest] doctest_O1.solve _______________________
010 Due to the “+/-°, there are two solutions if ‘sqrt(b2 - 4dac) !'= 0°
011
012 :param a: the coefficient ~a”: We have “a%x’".
013 :param b: the coefficient “b : We have “+bx*x™.
014 :param c: the coefficient “c”: We have “+c’.
015 :return: either a tuple of two solutions or a single solution.
016
017 >>> solve(2.0, -4.0, 2.0)
018 1.0
019 >>> solve(2.0, 0.0, -8.0)
Expected:
(-2.0, 2.0)
Got :

(-2.0, -0.0)
/home/runner/work/programmingWithPythonQuestions/
— programmingWithPythonQuestions/__git__/realms/git/
> gh_thomasWeise_programmingWithPythonCode/questions/doctest_01.py:19:
— DocTestFailure
======================== short test summary info ========================
FAILED doctest_0O1l.py::doctest_01.solve
======c===============c===c===I falillled N0 I2ls===========================
# pytest 9.2.0 with pytest-timeout 2.4.0 failed with exit code 1.
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20.7 Program Understanding / Programm Verstehen (Q120) (continued/fortgesetzt)

In doctest_01.py, we implemented code to solve the quadratic equation 0 = ax?® +
br + ¢ by using xg/; = Bl Vzl(’:"““:. We also implemented several doctests to check our

implementation. Listing 20.5 shows the output that pytest produces when we run these
doctests.

1. Explain the output of pytest.
2. If there is an error in doctest_01.py, then find it and propose how to fix it.

3. Propose how we could handle parameter values such as

— a=0and
— b?—4ac < 0.

In doctest_01.py haben wir Kode implementiert um die quadratische Gleichung 0 =
az? + bx + ¢ zu lésen, in dem wir To/1 = =Bl Lo W verwenden. Wir haben auch mehrere
DocTests bereitgestellt, um unsere Implementierung zu testen. Listing 20.5 zeigt die Aus-
gaben, die pytest produziert, wenn wir diese doctests ausfiihren.

1. Erklaren Sie die Ausgaben von pytest.
2. Wenn ein Fehler in doctest_01.py ist, dann finden Sie ihn und schlagen Sie vor, wie
er korrigiert werden konnte.
3. Schlagen Sie vor, wie wir Parameterwerte wie
— a=0und
— b2 — 4ac < 0 behandeln kénnten.
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Chapter 21

Exceptions / Ausnahmen

21.1 What is it? / Was ist das? (Q121)

What are Exceptions in Python?

Was sind Exceptions, also Ausnahmen, in Python?

21.2 What is it? / Was ist das? (Q122)

Explain the syntax and purpose/use of a try-except statement in Python. You can use an
example for your explanation.

Erkldren Sie die Syntax und den Verwendungszweck eines try-except-Statements in
Python. Sie kdnnen ein Beispiel in lhrer Erklarung verwenden.

21.3 What is it? / Was ist das? (Q123)

Explain the syntax and purpose/use of a try-finally statement in Python. You can use
an example for your explanation.

Erkldren Sie die Syntax wund den Verwendungszweck eines try-finally-Statements in
Python. Sie kdnnen ein Beispiel in lhrer Erklarung verwenden.

21.4 What is it? / Was ist das? (Q124)

Explain the syntax and purpose/use of a with statement in Python. You can use an example
for your explanation.

Erkldren Sie die Syntax und den Verwendungszweck eines with-Statements in Python. Sie
kénnen ein Beispiel in lhrer Erklarung verwenden.
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21.5 General Understanding / Allgmeines Verstindnis (Q125)

Why is Garbage In—Garbage Out (GIGO) a bad design choice?

Warum ist Garbage In-Garbage Out (GIGO), also “falsche Eingabedaten fiihren zu falschen
Ausgabedaten”, eine schlechte Designentscheidung?

21.6 General Understanding / Allgmeines Verstindnis (Q126)
Why is it bad to sanitize incorrect input data into valid data a bad design choice?

Warum ist es eine schlechte Designentscheidung, fehlerhafte Eingabedaten zu reparieren,
also in richtige Daten umzuwandeln?
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21.7 Program Understanding and Programming / Programm
Verstehen und Programmieren (Q127)

Listing 21.1: The program except_02.py and its output. (stored in file except_02.py; output in List-
ing 21.2)

# This program has an error.

def is_prime(value: int) -> bool:
for v in range(value):
if value % v ==
return False
return True

print (is_prime (7))
print (is_prime (10))

J} python3 except_02.py |

Listing 21.2: The stdout, standard error stream (stderr), and exit code of the program except_02.py
given in Listing 21.1.

Traceback (most recent call last):
File "{...}/questions/except_02.py", line 9, in <module>
print (is_prime (7))

File "{...}/questions/except_02.py", line 5, in is_prime
if value % v ==

ZeroDivisionError: division by zero
# 'python3 except_02.py' failed with exit code 1.

The function in the program at the top is supposed to check whether a number is a prime
number. However, if we run the program, it produces the given output.

What does this output mean?

What is a ZeroDivisionError?

Which line and command causes this output? Why does it do this?

Which output would we have expected instead?

&= B

How can we change the function in order to produce this expected output?

Die Funktion im Programm oben soll priifen, ob eine Zahl eine Primzahl ist. Wenn wir das
Programm jedoch ausfiihren, dann bekommen wir die Ausgabe oben.

Was bedeutet diese Ausgabe?

Was ist ein ZeroDivisionError?

Welche Zeile und Anweisung I3st diese Ausgabe aus? Warum tut sie das?

Welche Ausgabe hitte man eigentlich erwartet?

o R W e

Wie kdnnen wir die Funktion verdndern, so dass diese Ausgabe auch kommt?
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21.8 Programming / Programmieren (Q128)

Implement a function that takes a string parameter as input and raises a ValueError if its
argument is empty or longer than 1000 characters. Otherwise, it should return the True.
Make sure to use proper type hints and a docstring.

Implementieren Sie eine Funktion die einen String/Zeichenketten-Parameter als Eingabe
akzeptiert und einen ValueError auslost wenn ihr Argument leer oder langer als 1000 Ze-
ichen ist. Andernfalls soll sie True zuriickliefern. Annotieren Sie die Funktion mit Type
Hints und einem DocString.
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21.9 Program Understanding and Programming / Programm
Verstehen und Programmieren (Q129)

Listing 21.3: The program except_01.py and its output. (stored in file except_01.py; output in List-
ing 21.4)

"""Safe factorial."""

def factorial (number: int) -> int:
nnn

Compute the factorial of a number. DO NOT CHANGE THIS FUNCTION.

:param number: the number to compute the factorial of
:return: “number!” for “number in O0...12°7.
:raises ValueError: if “number < 0° or “number > 12°.
if (number < 0) or (number > 12):

raise ValueError (

f"Cannot reasonably compute factorial of {numberl}.")

for i in range (2, number):

number *= i
return number

# Modify this loop by wusing exception handling in order to prevent the
# program for crashing. Don't change the range of walues “num’ takes on!
for num in range (2, 20):
print (£"{num}! = {factorial (num)l}")
J} python3 except_Ol.py |

Listing 21.4: The stdout, stderr, and exit code of the program except_01.py given in Listing 21.3.

2! = 2

3! = 6

4! = 24

5! = 120

6! = 720

7' = 5040

8! = 40320

9! = 362880
10! = 3628800
11! = 39916800
12! = 479001600

Traceback (most recent call last):
File "{...}/questions/except_0O1.py", line 21, in <module>
print (£"{num}! = {factorial (num)}")

File "{...}/questions/except_O1.py", line 12, in factorial
raise ValueError (
f"Cannot reasonably compute factorial of {number}.")
ValueError: Cannot reasonably compute factorial of 13.
# 'python3 except_01.py' failed with exit code 1.

Modify the for-loop in Line 20 of program except_01.py by using exception handling such
that the program does no longer crash. In case of a ValueError, a proper error message
should be printed. Do not change the function factorial and also do not change any loop
condition!

Verdndern Sie die for-Schleife in Zeile 20 des Programs except_01.py in dem Sie Aus-
nahmebehandlung verwenden, so dass das Program nicht mehr abstiirzt. Im Falle eines
ValueError soll eine verniinftige Fehlermeldung ausgegeben werden. Verdndern Sie nicht
die Funktion factorial und verandern Sie auch nicht die Schleifenbedingungen!
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21.10 Program Understanding and Programming / Programm
Verstehen und Programmieren (Q130)

Listing 21.5: The program except_03.py and its output. (stored in file except_03.py; output in List-
ing 21.6)

# This program has an error.

def largest_divisor (value: int)->int:
largest: int = -1
for v in range(value):
if value % v ==
largest = v
return largest

print (largest_divisor (10))
print (largest_divisor (16))

J} python3 except_03.py |

Listing 21.6: The stdout, stderr, and exit code of the program except_03.py given in Listing 21.5.

Traceback (most recent call last):
File "{...}/questions/except_03.py", line 10, in <module>
print (largest_divisor (10))

File "{...}/questions/except_03.py", line 6, in largest_divisor
if value % v ==

ZeroDivisionError: division by zero
# 'python3 except_03.py' failed with exit code 1.

The function in the program at the top is supposed to check whether a number is a prime
number. However, if we run the program, it produces the given output.

What does this output mean?

What is a ZeroDivisionError?

Which line and command causes this output? Why does it do this?

Which output would we have expected instead?

=

How can we change the function in order to produce this expected output?

Die Funktion im Programm oben soll priifen, ob eine Zahl eine Primzahl ist. Wenn wir das
Programm jedoch ausfiihren, dann bekommen wir die Ausgabe oben.

Was bedeutet diese Ausgabe?

Was ist ein ZeroDivisionError?

Welche Zeile und Anweisung I3st diese Ausgabe aus? Warum tut sie das?

Welche Ausgabe hitte man eigentlich erwartet?

@ s =

Wie kdnnen wir die Funktion verdndern, so dass diese Ausgabe auch kommt?
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Chapter 22

Comprehension

22.1 What is it? / Was ist das? (Q131)

Explain the syntax and purpose/use of list comprehension in Python. You can use an
example for your explanation.

Erklaren Sie die Syntax und den Verwendungszweck von List-Comprehension in Python. Sie
kénnen ein Beispiel in lhrer Erklarung verwenden.

22.2 What is it? / Was ist das? (Q132)

Explain the syntax and purpose/use of set comprehension in Python. You can use an
example for your explanation.

Erkldren Sie die Syntax und den Verwendungszweck von set/Mengen-Comprehension in
Python. Sie kdnnen ein Beispiel in lhrer Erklarung verwenden.

22.3 What is it? / Was ist das? (Q133)

Explain the syntax and purpose/use of dictionary comprehension Python. You can use an
example for your explanation.

Erkldren Sie die Syntax und den Verwendungszweck von Dictionary-Comprehension in
Python. Sie kdnnen ein Beispiel in lhrer Erklarung verwenden.

22.4 Programming / Programmieren (Q134)

Construct a list containing all tuples of the form (4, j) for the values of ¢ € 1..3 and j € 0.4
using list comprehension.

Konstruieren Sie eine Liste mit allen Tupeln der Form (i, j) fiir die Werte von i € 1..3 und
j € 0..4 mit Hilfe von List-Comprehension.
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22.5 Programming / Programmieren (Q135)

Use dictionary comprehension to create a dictionary with the numbers ¢ ranging from 11
to 90 as keys and the values 120 — q.

Verwenden Sie Dictionary Comprehension, um ein Dictionary zu erstellen, dessen Schliissel
die Zahlen ¢ von 11 bis 90 sind und die Werte jeweils 120 — q.

22.6 Programming / Programmieren (Q136)
tto, o1, fo, 11, o, 21, [1, o], [1, 11, [1, 2]]
Write a list comprehension expression that produces the list above.

Schreiben Sie einen List-Comprehension Ausdruck, der die Liste oben produziert.

22.7 Programming / Programmieren (Q137)

Use dictionary comprehension to create a dictionary with the numbers ¢ ranging from 2
to 912 as keys and the values 3.

Verwenden Sie Dictionary Comprehension, um ein Dictionary zu erstellen, dessen Schliissel
die Zahlen t von 2 bis 912 sind und die Werte jeweils ¢3.

22.8 Programming / Programmieren (Q138)
[(¢o, 0), (0, 1), (1, 00, (1, 1), (2, 0), (2, 1]
Write a list comprehension expression that produces the list above.

Schreiben Sie einen List-Comprehension Ausdruck, der die Liste oben produziert.



Chapter 23

Classes / Klassen

23.1 What is it? / Was ist das? (Q139)

Show the syntax of classes in Python. Include and additionally explain the following elements

the class name,
the initializer method,
the attributes as well as how and where they declared/initialized,

methods of a class,

&= B =

the use of self.

Zeigen Sie die Syntax von Klassen in Python. Beinhalten und erkldren Sie die folgenden
Elemente

den Name der Klasse,

die Initialisierer-Methode,

die Attribute sowohl wie und wo sie deklariert/initialisiert werden,

Methoden,

die Verwendung von self.

& s M E

23.2 Use Case? / Nutzen? (Q140)

Name and explain two general use cases of classes.

Nennen und erkldren Sie zwei generelle Szenarien, in denen man Klassen verwenden
kann/sollte.
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23.3 What is it? / Was ist das? (Q141)

Explain what immutable class (instances) are:

1. When is a class instance immutable?
2. What do we need to do in Python so that a class instance is annotated to be immutable?

3. Give two advantages of making classes immutable.
Erkléren Sie, was unverinderliche Klassen(-Instanzen) sind:

1. Wann ist eine Klassen(-Instanz) unveréanderlich?

2. Was What do we need to do in Python so dass eine Klasse-Instanz als unveranderlich
annotiert ist?

3. Nennen Sie zwei Vorteile von unveranderlichen Klassen.

23.4 Syntax (Q142)

In which situation would we start the name of an attribute of a class with two underscore

characters, e.g., __counter?

In welcher Situation wiirden wir den Name eines Attributs einer Klasse mit zwei Unterstrichen
beginnen, zum Beispiel __counter?

23.5 Programming / Programmieren (Q143)

Listing 23.1: The program class_01.py (stored in file class_01.py; output in Listing 23.2)

"""Using the class “Person” class."""
from class_0Ol_module import Person

pl = Person("Voltaire", "1694-11-21")
pl.introduce ()

p2 = Person("Confucius", "551 BCE")
p2.introduce ()

} python3 class_01.py |

Listing 23.2: The stdout of the program class_01.py given in Listing 23.1.

Hello. My name is Voltaire and my birthday is 1694-11-21.
Hello. My name is Confucius and my birthday is 551 BCE.

The output of program class_01.py is given in Listing 23.2 above. It imports a class
Person from another module. Write a class Person in Python that has the necessary
attributes, initializer, and method to produce exactly the observed behavior and output.

Die Ausgabe des Programms class_01.py ist oben in Listing 23.2 gegeben. Es importiert
die Klasse Person aus einem anderen Modul. Schreiben Sie die Klasse Person in Python mit
den notwendigen Attributen, den notwendigen Initialisierer und der notwendigen Methode
so dass genau das beobachtete Verhalten bzw. die beobachtete Ausgabe entsteht.
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CHAPTER 23. CLASSES / KLASSEN
23.6 Programming / Programmieren (Q144)
21+ 20 = (al P bli) aF (a2 P bzi) = (a1 + az) + (bl + bz)i (23.1)
21— 2 = (al + bli) — (az + bzi) = ((11 — ag) + (bl — bz)i (23.2)
21 % 2o = ((ll + bli) * (CLQ + bzi) = (a1a2 = blbg) + (a1b2 + agbl)i (233)
Zi =ay + bl =a; — i (conjugate) (23.4)

The above equations demonstrate mathematical operations for one to two complex num-
bers 21,2, € C such that z; = a; + bii and 2z = ay + byi, where i is the imaginary unit
with i2 = —1 [317].
1. Write a Python class for representing complex numbers.
2. The instances of the class should be immutable.

3. The class should implement the four operations plus, minus, multiply, and
conjugate as defined by the above equations.

4. The class must be annotated with a docstring which contains a doctest.
5. All attributes of the class must be annotated with type hints.
Die Gleichungen oben stellen Operationen fiir ein bis zwei komplexe Zahlen z1, 2, € C mit
21 = ay + bii und 2z = ay + byi dar, wobei i die imaginire Einheit mit i> = —1 ist [317].
1. Schreiben Sie eine Python-Klasse um komplexe Zahlen darstellen zu kénnen.
2. Die Instanzen der Klasse sollen unveranderlich sein.

3. Die Klasse soll die vier Operationen plus, minus, multiply und conjugate wie in den
Gleichungen oben definiert implementieren.

4. Die Klasse soll mit einem DocString annotiert werden, der einen DocTest beinhaltet.

5. Alle Attribute der Klasse miissen mit Type-Hints annotiert werden.
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23.7 Programming / Programmieren (Q145)

aip | ax _ aiby + axb;

a+q= B + bbb, reduce/kiirzen! (23.5)
by — axb

G —q = % = Zf = % reduce/kiirzen! (23.6)

qL*qr = . te _ tata reduce/kiirzen! (23.7)

cIl/qz = = { aby

b1 by b1bs
ZeroDivisionError  if/wenn ¢ =0
otherwise/else

h %2 reduce/kiirzen! (23.8)
by by

biaz

The above equations demonstrate mathematical operations for two rational numbers g1, ¢2 €
Q such that ¢; = % and ¢ = b In other words, ¢; and ¢» are fractional numbers where
ay, az, by, by € Z (integer numbers) and 01,02 # 0.

1.
2.
3.

Write a Python class for representing rational numbers.
The class should properly represent 0 and negative numbers.

The class should always ensure that the fractions are always reduced as far as possible.
In other words, with the exception of 0, it holds that gcd(a,b) = 1 for all . (You can
use the function gcd from the module math.)

The instances of the class should be immutable.

5. The class should implement the four operations plus, minus, multiply, and divide

as defined by the above equations.

6. A division by 0 should raise an ZeroDivisionError.

7. The class must be annotated with a docstring which contains a doctest.

8. All attributes of the class must be annotated with type hints.

Die

Gleichungen oben demonstrieren die mathematischen Operationen fiir zwei rationale
ayl an

Zahlen ¢1,q2 € Q mit ¢; = o und ¢ = 72 Mit anderen Worten, ¢; und ¢ sind Briiche
mit ay, ap, by, by € Z (sind Ganzzahlen) und b1, by #£ 0.

1.

Schreiben Sie eine Python-Klasse, um rationale Zahlen darzustellen.

2. Die Klasse sollte sowohl 0 als auch negative Zahlen korrekt darstellen.

Die Klasse sollte die Briiche immer so weit wie moglich gekiirzt darstellen. Also mit der
Ausnahme von 0 gilt immer das gcd(a, b) = 1 fiir alle £. (Sie konnen die Funktion gcd
aus dem Modul math verwenden.)

Die Instanzen der Klasse sollen unveranderlich sein.

. Die Klasse soll die vier Operationen plus, minus, multiply und divide wie in den

Gleichungen oben definiert implementieren.

6. Eine Division durch 0 sollte einen ZeroDivisionError auslosen.

7. Die Klasse soll mit einem DocString annotiert werden, der einen DocTest beinhaltet.

8. Alle Attribute der Klasse miissen mit Type-Hints annotiert werden.
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23.8 Programming / Programmieren (Q146)

Let's build a class hierarchy for life forms. Write code for everything below.

1.

The base class be LifeForm, and it has one attribute name, which represents the name
of a life form as string.

. The direct subclasses of LifeForm are Plant and Animal.

The class Plant has a method grow, which prints " (name) grows!", where (name) is
to be replaced by the value of the name attribute.

. The class Animal has a method eat, which prints "(name) eats!", where (name) is

to be replaced by the value of the name attribute.

. Write code that instantiates Plant and creates a plant named willi. Call its grow

method.

Create a subclass of Animal named Lion. This subclass gets a method
do_something(self, hungry: bool), which invokes the ‘eat method if
hungry == True.

Lassen Sie uns eine Klassenhierarchie fiir Lebensformen bauen. Schreiben Sie Kode fiir alles
Folgendes:

1.

Die Basisklasse ist LifeForm und sie hat ein Attribut name, welches den Name der
Lebensform als String reprasentiert.

2. Die direkten Subklassen von LifeForm sind Plant (DE: Pflanze) und Animal (DE: Tier).

Die Klasse Plant hat eine Methode grow, die ausgibt " (name) grows!", wobei (name)
mit dem Wert der name-Attributs zu ersetzen ist.

Die Klasse Animal hat eine Methode eat, die ausgibt "(name) eats!", wobei (name)
mit dem Wert des Attributs name zu ersetzen ist.

. Schreiben Sie Kode der die Klasse Plant instantiiert und eine Pflanze namens willi

erzeugt. Rufen Sie deren grow-Methode auf.

Erstellen Sie eine Subklasse von Animal, die Sie Lion (DE: Léwe) nennen. Diese
Subklasse bekommt eine Methode do_something(self, hungry: bool), die die eat-
Methode aufruft wenn hungry == True.
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Chapter 24

Underhanded / Hinterhaltig

Critical reading of code is very important. It can help us to spot errors. Therefore, in this
section, we try to manually find situations in which code will behave unexpectedly. This will
deeply improve understanding of code, the importance of checking parameters, as well as our
debugging skills.

Das kritische Lesen von Kode ist sehr wichtig. Es kann uns helfen, Fehler zu finden. Deshalb
versuchen wir in diesem Abschnitt per Hand Situationen zu finden, in denen sich Kode auf
unerwartete Art verhilt. Das wird unser Verstandnis von Kode, der Wichtigkeit vom Priifen von
Parameterwerten, sowie unsere Debugging/Fehlersuche-Skills signifikant verbessern.
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24.1 Underhanded Python (Q147)

Listing 24.1: The program underhanded_01.py (src)

nnn

Underhanded Python.

Find am argument value "X  for parameter ~temperature” for which
“check_temperature”™ returns “True  even though "X° is not a floating
point number from the interval [0.0, 100.0].

nnn

def check_temperature (temperature: int | float) -> bool:

Check whether a temperature setting for a water cooker is O0K.

:param temperature: the goal temperature that should be set

:return: "“True” if the temperature is permitted, “False™ if not.
nnn

if (temperature < 0.0) or (temperature > 100.0):
return False
return True

The Python file underhanded_01.py above implements a function check_temperature,
which is supposed to return True if a temperature is from the interval [0,100] and False
otherwise.

1. Find a value X for parameter temperature for which the function check_temperature
returns True even though X is not a floating point number from the inter-
val [0.0,100.0].

2. How could we change the function to protect it against this?
Die Python-Datei underhanded_Ol.py oben implementiert eine  Funktion

check_temperature, die True zuriickliefern soll, wenn eine temperature aus dem
Intervall [0, 100] ist und sonst False.

1. Finden Sie einen Wert X fiir Parameter temperature fiir den die Funktion
check_temperature True liefert, obwohl X keine FlieRkommazahl aus dem inter-
val [0.0,100.0] ist.

2. Wie konnten wir die Funktion verdndern, so dass das nicht mehr geht?


https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_01.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_01.py
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24.2 Underhanded Python (Q148)

Listing 24.2: The program underhanded_02.py (src)

nnn

Underhanded Python.

Find arguments ~lower ~ and “upper  for which the function “all_squares’

never returns.
nnn

from math import isqrt

def all_squares(lower: int, upper: int) -> list[int]:

Compute the list of all square numbers in ~[lower ,upper) .

:param lower: the lower (inclusive) interval end

:param upper: the upper (exclusive) interval end

:return: the list of all square numbers “s° with
“lower <= s < upper .

>>> all_squares (1, 20)

[1, 4, 9, 16]

>>> all_squares (10, 36) # 36 is not included: exclusive upper end!
[16, 25]

>>> all_squares (10, 10)

[]

# Perform a sanity check of the interwval boundaries:
# Negative lower limits are forbidden and so are large upper limits.
if (lower <= 0) or (upper > 1_000_000) or (not isinstance(
lower, int)) or (not isinstance (upper, int)):
raise ValueError("Illegal Arguments!")

result: list[int] = [] # Start with empty list.
while lower != upper: # We use “lower ™ as the wvariable to iterate.
if (isqrt(lower) ** 2) == lower: # Check if lower is a square.
result.append(lower) # It ts! Add it to the list.
lower += 1 # Increment lower.
return result # Return the list of all the square numbers.

The Python file underhanded_02.py above provides a function all_squares, which returns
a list of all square numbers from the interval lower..upper — 1. A square number here be a
number z = 22 with 2 € Ny. The function passes all the doctests provided in its docstring.

1. Find input values lower and upper for which the function all_squares never returns.

2. How could we change the function to protect it against this?
Die Python-Datei underhanded_02.py oben implementiert eine Funktion all_squares,
welche eine Liste aller Quadratzahlen aus dem Intervall lower..upper — 1 erstellt. Eine

Quadratzahl sei hier eine Zahl z = 22 mit € Ny. Die Funktion besteht alle Doc-Tests, die
im DocString angegeben sind.

1. Finden Sie Eingabewerte lower und upper fiir die die Funktion all_squares never
returns.

2. Wie kdnnten wir die Funktion verdndern, so dass das nicht mehr geht?


https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_02.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_02.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_02.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_02.py
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24.3 Underhanded Python (Q149)

Listing 24.3: The program underhanded_03.py (src)

nnn

Underhanded Python.

Create an argument for the “to_str”~ function that causes it to crash.
nnn

class Entry:
"""A class for a linked list."""

def __init__(self, value: str, next: "Entry | None" = None) -> None:

Create the list entry.
:param value: the value string of the list element

:param next: the next element in the list
nnn

self.value: str = value
self .next: "Entry | None" = next

def to_str(head: Entry | None) -> str:

Concatenate all value strings in the linked list “head’™.

:param head: the head of the list
:return: the concatenation of all values in the linked 1list.

>>> to_str (None)

>>> to_str (Entry ("x"))

IXI

>>> to_str (Entry ("x", Entry("y")))

lxyl

>>> to_str(Entry("x", Entry("y", Entry("z"))))
'Xyz'

result: str = "" # Set the initial result to the empty strong.

while head is not None: # Iterate until the end of the list.
result += head.value # Append the current value to the result.
head = head.next # Move to the next element.

return result # Return the result string.

The Python file underhanded_03.py above provides a class Entry representing a linked
list. Each element of the linked list stores a value string value and a pointer next to the
next list element. If next is None, the end of the list is reached. The function to_str
receives the head of a linked list as input. It returns the concatenation of all of its value
strings. The function passes all the doctests provided in its docstring.

1. Find an input value head for which the function to_str crashes.
2. How could we change the function to protect it against this?

Die Python-Datei underhanded_03.py oben bietet eine Klasse Entry fiir verkettete Listen.
Jedes Element der verketten Liste speichert einen Wert-String value und einen Zeiger next
auf das nichste Element. Wenn next None ist, ist das Ende der Liste erreicht. Die Funktion
to_str bekommt den Kopf einer solchen verketten Liste als Input. Sie liefert die Konkate-
nation/Aneinanderhangung aller WertStrings zuriick. Die Funktion besteht alle Doc-Tests,
die im DocString angegeben sind.

1. Finden Sie einen Eingabewert head fiir den die Funktion to_str abstiirzt.

2. Wie kdnnten wir die Funktion verdndern, so dass das nicht mehr geht?


https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_03.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_03.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_03.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/questions/underhanded_03.py
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Glossary

1! The factorial a! of a natural number a € Ny is the product of all positive natural numbers less than
orequal toa,ie, al =1%2x3x4x-- % (a—1)*a [56, 98, 209].

¢ The golden ratio (or golden section) ¢ is the irrational number # It is the ratio of a line segment

cut into two pieces of different lengths such that the ratio of the whole segment to that of the
longer segment is equal to the ratio of the longer segment to the shorter segment [50, 104]. The
golden ratio is approximately ¢ ~ 1.618 033988 749 894 848 204 586 834 [286]. Represented as
float in Python, its value is 1.618033988749895.

7 is the ratio of the circumference U of a circle and its diameter d, ie.,, # = U/d. = € R
is an irrational and transcendental number [111, 168, 236], which is approximately = =
3.141592 653 589 793 238 462 643. An early method to approximate 7w was developed by the Chi-
nese mathematician LIU Hui (X]#%) based on inscribing regular e-gons into a circle somewhere in
the third century Common Era (CE) [238, 354] in his commentary to the famous Chinese math-
ematics book Jiu Zhang Suanshu (7L B AR) [72, 74, 172, 238, 296]. In Python, 7 is provided
by the math module as variable pi with value 3.141592653589793. In PostgreSQL, it is provided
by the Structured Query Language (SQL) function pi() with value 3.141592653589793 [218].

(14+1) EA The (14 1) EAis a local search algorithm that retains the best solution . discovered so
far during the search [52, 96]. In each step, it applies a unary search operator to this best-so-far
solution z. and derives a new solution z,. If the new solution z,, is better or equally good
when compared with z., i.e., not worse, then it replaces it, i.e., is stored as the new z.. If
the search space are bit strings of length n, then the (14 1) EA uses a unary search operator
that flips each bit independently with probability m/n, where usually m = 1. This operator is
the main difference to randomized local search (RLS). The (1 + 1) EA is a special case of the
(1 + N) evolutionary algorithm ((1z + ) EA) where p= X = 1.

(14+1) FEA The (1+1) evolutionary algorithm ((1+ 1) EA) with Frequency Fitness Assignment
(FFA) plugged in [336, 337, 356]. On the discrete bit-string domains, this algorithm has a
very specific structure: Its unary search operator flips each bit with probability 1/n, where n is
the dimension of the search space, distinguishing it from the unary operator in RLS with FFA
(FRLS) which flips exactly one bit. On other domains, such as permutations, the term is used
synonymously with FRLS.

(u+ A) EA The (u+ A) EA is an evolutionary algorithm (EA) where, in each generation, A offspring
solutions are generated from the current population of i parent solutions. The offspring and
parent populations are merged, yielding i + A solutions, from which then the best p solutions
are ratained to form the parent population of the next generation. If the search space is the
bit strings of length n, then this algorithm usually applies a mutation operator flipping each bit
independently with probability 1/n.

i..J with 4,5 € Z and i < j is the set that contains all integer numbers in the inclusive range from i
to j. It always holds that i..; C Z. For example, 5..9 is equivalent to {5,6,7,8,9}

Binint The Binary Integer Problem is a benchmark problem for bit-string based black-box search [309,
356]. It is very similar to OneMax: It tries to maximize the number of 1 bits in the bit string of a
chosen dimension n. Different from OneMax, where each bit has the same weight in the objective
function, the bits of BinInt have a exponentially increasing weight: The bit string is treated as
a binary-encoded integer whose value should be maximized. The objective function f(z) of the
minimization variant of this problem can be defined as f(z) = 2" —1— 3" 2"t . 2;. The
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GLOSSARY

problem is unimodal, i.e., has only a single global optimum and no local optimum. It is fully
separable, i.e., we can optimize each variable separately.

LinHarm The Linear Harmonic Function is a benchmark problem for bit-string based black-box
search [90, 96, 356]. It is very similar to OneMax: It tries to maximize the number of 1 bits
in the bit string of a chosen dimension n. Different from OneMax, where each bit has the
same weight in the objective function, the bits of LinHarm have a linear increasing weight.
The objective function f(z) of the minimization variant of this problem can be defined as
flz) = %n(n +1) — > ,i-x;. The problem is unimodal, i.e., has only a single global op-
timum and no local optimum. It is fully separable, i.e., we can optimize each variable separately.
The (1 + 1) EA can solve this problem with an expected runtime in ©(n1nn) [90, 96].

TSP Suite is a open source benchmarking framework for the Traveling Salesperson Problem (TSP)
written in Java[332]. It uses the instances of the TSPLib and offers both automated experiment
execution as well as several metrics to measure runtime. It is available at https://thomasweise.
github.io/tspSuite and has been used in many research works, such as [338]. It can be viewed
as a predecessor of moptipy.

2BP In the two-dimensional Bin Packing Problem (BP), the goal is to pack rectangles into rectangular
bins without overlap and such that their edges are parallel to the edges of the bins [156, 201,
203]. The 2BP is strongly N"P-hard [203]. The variants of this problem include the 2BP|O|F,
2BP|R|F, 2BP|O|G, and 2BP|R|G [202, 203]. Different objective function for the 2BP|O|F and
2BP|R|F are presented in [358]. 2BPs have many practical applications, including cutting (wood,
glas) [203], packing (transportation, warehouse) [203], and newspaper page layout [297].

2BP|O|F In the oriented two-dimensional Bin Packing Problem (2BP) with free cuts, the rectangles to
pack have fixed orientations, i.e., cannot be rotated, but can otherwise be arranged freely [202,
203, 217, 359]. Permutation-based search spaces can be used for this problem by using the Im-
proved Bottom Left (IBL) encoding. The state-of-the-art (SOTA) for this problem comprises [30,
35, 63, 130, 248, 359].

2BP|O|G In the oriented 2BP with guillotine cuts, the rectangles to pack have fixed orientations,
i.e., cannot be rotated, and must be arranged such that they can be extracted by edge-to-edge
cuts [202, 203].

2BP|RJF In this variant of the 2BP with free cuts, the rectangles to pack can be rotated by 90° if
need be and can freely be arranged [26, 202, 203, 358, 359]. Besides packing and cutting, this
problem also occurs in scheduling and build formation in additive manufacturing [194, 256]. The
almost-squares-in-almost-squares (Asqas) problem [318] is also a 2BP|R|F. Search spaces based
on signed permutations can be used for this problem by using the IBL encoding. The SOTA for
this problem comprises [30, 63, 130, 358, 359].

2BP|R|G In this variant of the 2BP with guillotine cuts, the rectangles to pack can be rotated by 90°
if need be, but must be arranged such that they can be extracted by edge-to-edge cuts [202,
203].

A the n x n distance matrix. A[a,b] indicates the distance between locations a and b with a,b € 1..n.
A distance matrix can be symmetric, in which case Afa,b] = Alb,a] Va,b € 1l.n. Distance
matrices represent the problem instance data in TSPs and part of the instance data of Quadratic
Assignment Problems (QAPs).

ACO Ant Colony Optimization is a nature-inspired optimization method for combinatorial problems
where solutions are generated by “ants’ that move from node to node in a graph choosing edges
based on (1) the simulated pheromone on the edges and (2) a per-edge heuristic value [92-94].
If an ant produced a good solution, “pheromone” is distributed over the edges it visited, making
it more likely to be re-visited by other ants.

Al Artificial Intelligence, see, e.g., [273]

APl An Application Programming Interface is a set of rules or protocols that enables one software
application or component to use or communicate with another [135].
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Asqas An “almost-square’ be a rectangle with size i x (i + 1) with ¢ € Ny. The almost-squares-in-
almost-squares problem [318] is a special case of the 2BP|R|F. Here, almost-square rectangles of
sizes1x2,2x3, ..., nx(n+1) must be placed into an almost-square bin without waste. This
requires that there exists a natural number p € Ny such that p(p + 1) = Y. ;i(i + 1) [318].
There are exacty five Asqas instances [318], namely with bin sizes1 x2forn=1,p=1,5x4
forn =3, p=4,15x 16 for n = 8, p = 15, 55 x 56 for n = 20, p = 55, and 119 x 120 for
n =34, p =119.

ATSP The general case for TSPs are asymmetric Traveling Salesperson Problems, where the n x
n distance matrix A does not need to be symmetric. In other words, it is possible that Ja,b € 1..n
with Ala,b] # Alb,a]. Notice that while such index tuple may exist, this is not always or necessarily
the case. In this case, one may consider the STSP as a special case of the ATSP, while ATSPs
may be considered as synonymous to TSPs.

B the n x n flow matrix. Bla,b] is the flow of goods between locations a and b with a,b € 1..n. Flow
matrices are one half of the problem instance data of QAPs.

B&B Branch and bound is a family of optimization methods that combines systematic exploration of
the search space with both and objective function f subject to minimization and a lower bound
function. The idea is that we divide the search space into two sets. We then pick the set that
seems more interesting and divide it again. We do this recursively until we have arrived at a set
of size 1, which is our first solution y. We can compute its objective value z = f(y). Now we
continue with the sets that we have created and not yet explored. However, we can discard all
sets for which the lower bound of the solution quality is > z, because they can never give us a
better solution than y. If we have divided another set down to size 1 and it yields a better solution
than y, of cause we update these values. Eventually, we have either discarded or fully expanded
all sets — and then the solution we got must be optimal. B&B-algorithms have been applied to
the TSP [199], the Job Shop Scheduling Problem (JSSP) [49], the oriented two-dimensional Bin
Packing Problem with free cuts (2BP|O|F) [217], and maritime logistics [349], for instance.

banker’s rounding means rounding a real number to the closest integer and, in case of ties, to the
closest even integer [11, 251]. Since ties can only occur for numbers ending in .5, this means
that all numbers of the form z.5 will be rounded to z+1 if z is odd and to z if z is even. This
is different from the “normal”’ understanding of rounding as we often learn in school, where all
numbers of the form z.5 are rounded to z+1. Banker's rounding has the advantage that it is
not biased in any direction [151, 219]. If z.5 is always rounded toward z+1 and we have many
numbers of the form z.5, then the sum or average of the results tends to be somewhat larger
than the sum or average of the unrounded numbers. Banker's rounding avoids this problem by
sometimes rounding numbers ending in 5 to larger and sometimes to smaller values. In the IEEE
Floating-Point Arithmetic Standard 754 [153], this method corresponds to the roundTiesToEven
direction introduced in its section 4.3.1 Rounding-direction attributes to nearest. Python uses
banker's rounding in its round function [43], whereas Java's Math.round uses the “school-type”
rounding [161].

Bash is a shell used under Ubuntu Linux, i.e., the program that “runs”’ in the terminal and interprets
your commands, allowing you to start and interact with other programs [40, 234, 355]. Learn
more at https://www.gnu.org/software/bash.

BCE The time notation before Common Era is a non-religious but chronological equivalent alternative
to the traditional Before Christ (BC) notation, which refers to the years before the birth of Jesus
Christ [53]. The years BCE are counted down, i.e., the larger the year, the farther in the past.
The year 1 BCE comes directly before the year 1 CE [278, 360].

BP The Bin Packing Problem [99, 277] is one of the classical problems from Operations Research
(OR). The goal is to pack a set of objects into containers, using as few containers as possible.
Different flavors of BPs can be distinguished, e.g., by the number of dimensions [80, 201] that the
objects and containers have (see, e.g., the 2BP), and/or whether the objects can be rotated [359],
as well as other constraints and limitations. Both the one- and two-dimensional BP are strongly

NP-hard [203].
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BRKGA The Biased Random Key Genetic Algorithm is a EA with a continuous search space X C [0, 1]™
and a decoding function v translating this space to something else and biased, uniform, and
elitist mating strategies [132, 206].The bias comes from the fact that one of the parents used
for the binary operation is biased to be of higher fitness than the other parent [132]. Often,
~ is the Random Keys encoding [18, 19] procedure translating X to permutations of the first
n natural numbers [131]. Sometimes, it is actually a Memetic Algorithm (MA) further refining
the translation result with a local search (LS) [131]. Sometimes the permutations are then further
translated to more complex data structures, such as Gantt charts for the JSSP [131], or packing
plans for 2BP 3D packing [130].

C is a programming language, which is very successful in system programming situations [85, 260,
330].

C the set of complex numbers is defined as C = {(a,b) : a,b € R}. Complex numbers z are often
written in the standard form 2 = a+bi, where i is the so-called imaginary unit with i2 = —1 [317].

CE The time notation Common Era is a non-religious but chronological equivalent alternative to
the traditional Anno Domini (AD) notation, which refers to the years after the birth of Jesus
Christ [53]. The years CE are counted upwards, i.e., the smaller they are, the farther they are in
the past. The year 1 CE comes directly after the year 1 before Common Era (BCE) [278, 360].

client In a client-server architecture, the client is a device or process that requests a service from the
server. It initiates the communication with the server, sends a request, and receives the response
with the result of the request. Typical examples of clients are web browsers in the internet as
well as clients for database management systems (DBMSes), such as psql.

client-server architecture is a system design where a central server receives requests from one or
multiple clients [29, 207, 243, 264, 269]. These requests and responses are usually sent over
network connections. A typical example of such a system is the World Wide Web (WWW),
where web servers host websites and make them available to web browsers, the clients. Another
typical example is the structure of database (DB) software, where a central server, the DBMS,
offers access to the DB to the different clients. Here, the client can be some terminal software
shipping with the DBMS, such as psql, or the different applications that access the DBs.

Concorde is an exact solver for the TSP[4, 67, 68], which could even solve the largest instance of
TSPLib (with 85900 cities) to optimality.

CSP The Cutting Stock Problem is about cutting shapes of a larger shape while reducing waste [203,
211]. It is closely related to the BP.

DB A database is an organized collection of structured information or data, typically stored electroni-
cally in a computer system. Databases are discussed in our book Databases [327].

DBMS A database management system is the software layer located between the user or application
and the DB. The DBMS allows the user/application to create, read, write, update, delete, and
otherwise manipulate the data in the DB [352].

denominator The number b of a fraction ¢ € Q is called the denominator.

docstring Docstrings are special string constants in Python that contain documentation for modules
or functions [133]. They must be delimited by """.. . """ [133, 322].

doctest doctests are unit tests in the form of as small pieces of code in the docstrings that look like
interactive Python sessions. The first line of a statement in such a Python snippet is indented
with Python» > and the following lines by .... These snippets can be executed by modules like
doctest| [86] or tools such as pytest [181]. Their output is the compared to the text following
the snippet in the docstring. If the output matches this text, the test succeeds. Otherwise it
fails.
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e is Euler's number [106], the base of the natural logarithm. ¢ € R is an irrational and transcendental
number [111, 168], which is approximately e ~ 2.718281 828 459 045 235360. In Python, it is
provided by the math module as variable e with value 2.718281828459045. In PostgreSQL, you
can obtain it via the SQL function exp(1) as value 2.718281828459045 [218].

EA An evolutionary algorithm is a metaheuristic optimization method that maintains a population
of candidate solutions, which undergo selection (where better solutions are chosen with higher
probability) and reproduction (where mutation and recombination create a new candidate solution
from one or two existing ones, repectively) [10, 328].

exit code When a process terminates, it can return a single integer value (the exit status code) to
indicate success or failure [169]. Per convention, an exit code of 0 means success. Any non-
zero exit code indicates an error. Under Python, you can terminate the current process at
any time by calling exit and optionally passing in the exit code that should be returned. If
exit is not explicitly called, then the interpreter will return an exit code of 0 once the process
normally terminates.If the process was terminated by an uncaught Exception, a non-zero exit
code, usually 1, is returned.

f(y) The objective function f : Y — R can compute a cost or rating for each candidate solution y
in the solution space Y. The smaller this value, the better the solution, i.e., in the context of
this work, objective functions are subject to minimization. Objective functions are not necessarily
continuous and it is also quite common that they have integer or natural numbers as results, e.g.,
we often have [ : Y — Ny instead of f:Y — R.

f-string let you include the results of expressions in strings [42, 120, 123, 136, 220, 288]. They can
contain expressions (in curly braces) like £"a{6-1}b" that are then transformed to text via (string)
interpolation, which turns the string to "a5b". F-strings are delimited by £"...".

FFA Frequency Fitness Assignment (% X 3 % & 2 & 4 B) is a algorithm plugin for optimization meth-
ods applied to discrete or combinatorial problems with not-too-many different possible objective
values [334, 336, 337]. It replaces the objective values in all comparisons with their absolute
encounter frequency so far during the search. FFA has successfully been applied to the Maximum
Satisfiability (MaxSAT) [336, 337], the TSP [195, 196], and the QAP [60, 311], amongst others.
Its properties have been intensely researched on discrete benchmark functions such as OneMax,
LeadingOnes, Trap, TwoMax, Jump, and Plateau [336, 337, 356]. The most common realizations
of FFA so far are the (1 + 1) FEA and FRLS.

FSSP The Flow Shop Scheduling Problem is a variant of a JSSP where all products go through the
same sequence of machines [137, 166].

~v(x) The decoding function v : X — Y translates point from the search space X to one point y in
the solution space Y. It is a very common case that X = Y and that the decoding function ~
is the identity mapping. Examples for encodings that translate from a simple search space X to
a complex solution data structure Y are the IBL algorithm that translates (potentially signed)
permutations to two-dimensional packings on the 2BP, the permutation-based encoding of Gantt
charts for the JSSP from [31, 32, 124, 280, 333], or the permutation-based encoding of game
plans for the Traveling Tournament Problem (TTP) from [348]. Encodings can also translate
between types of search spaces. The Random Keys encoding, for example, translates from [0, 1]"
to permutations of the first n natural numbers..

GA A Genetic Algorithm is an EA usually for bit-string based search spaces [10, 77, 129, 224, 230,
328] (although many researchers use the terms EA and GA synonymously). It is a population-
based metaheuristic applying a unary and a binary search operater as well as a selection scheme.
The original GA is the Standard Genetic Algorithm (SGA), which today is considered outdated.
Modern variants are the Greedy (2 + 1) Genetic Algorithm (Greedy (2 + 1) GA) and the Self-
Adjusting (1 + (A, \)) Genetic Algorithm (Self-Adjusting (1 + (A, \)) GA) as well as bit-string
based (i + A) EAs.

Gantt chart Gantt charts are two-dimensional diagrams illustrating the steps of a process [175, 345].
Their horizontal axis represents the time, the vertical axis represents work packages, machines,
or workers. In the diagram area, bars located at certain vertical locations indicate that the work
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package, machine, or worker is processed or works at the time range covered by the bar as
projected to the horizontal axis.

GECCO The Genetic and Evolutionary Computation Conference is one of the largest conferences in
the field of EAs. It has been established in 1999 and its proceedings are published by ACM. Learn
more at https://sig.sigevo.org/GECCOs.

geom(A) The geometric mean geom(A) is the nth root of the product of n positive values in a
n—1

dataset A = (ag,a1,...,a,—1) with a; > 0 for all i € 0..n, ie., geom(A) = /[y ai =

exp %Z;”;Ol In ai). The formula using exp and In is equivalent to the product formula. How-

ever, due to the limited range of floating point numbers on computers [153], the product formula
may lead to an overflow or underflow and the exp-In method is more reliable. In [115], it is shown
that the geometric mean is the only reasonable measure of average when dealing with normalized
data, where the arithmetic mean or median become unreliable. In Python, you can use function
geometric_mean from the module statistics to compute the geometric mean.

GIGO Garbage In—Garbage Out, see, e.g., [254]

Git is a distributed Version Control System (VCS) which allows multiple users to work on the same
code while preserving the history of the code changes [285, 315]. Learn more at https://
git-scm.com.

GitHub is a website where software projects can be hosted and managed via the Git VCS [252, 315].
Learn more at https://github.com.

GRASP A Greedy Randomized Adaptive Search Procedure is a metaheuristic where each cycle consists
of two main components [107, 109, 110]: First, a starting point is generated using a heuristic
method (as opposed to being randomly sampled). Then, a LS is applied to refine the solution.
Then, another cycle starts and proceeds in the same way. The overall best solution is retained
as result. Many examples of applications of GRASPs are listed in [110]. GRASP in combination
with VND has been applied to the 2BP|O|F in [248].

Greedy (24 1) GA The Greedy (2 + 1) GA [51, 52, 299, 300] is an EA for bit-string based search
spaces, i.e., a Genetic Algorithm (GA). It was shown to be twice as fast as any mutation-only EA
on OneMax [299, 300].

i The imaginary unit i, which can also be written as i = (0,1) € C, is defined as i = v/—1 and i2 =
—1 [317].

IBL The improved bottom left heuristic is a one-shot algorithm constructing a solution for 2BP [200].
For the 2BP|O|F problem variant, the input of the IBL algorithm is a permutation of the first n
natural numbers, each number identifying one rectangle to be packed. For the two-dimensional
Bin Packing Problem with free cuts and rotation (2BP|R|F) problem flavor, the permutation
elements are signed, where a negative sign indicates a rotation by 90° [200]. In [358, 359] it is
adapted to a multi-bin situation as follows: The algorithm iterates over the (potentially signed)
permutation x and places the rectangles into the packing plan in the prescribed order. It first
places the rectangle outside on top of the current bin b, with its bottom-right corner onto the
top-right corner of the current bin b. It then moves the rectangle downwards and leftwards as
far as possible, prioritizing the downward movement whenever possible. If the rectangle cannot
be moved any further, it checks if it is completely contained in the bin b. If yes, it can remain
there. Otherwise, a new bin is opened (b < b+ 1) and the rectangle is placed at its bottom-left
corner. Once a new bin is opened, this bin is used for all further insertions. IBL is suitable as a
decoding function ~ inside an EA [200]. Historically, it improves upon the BL algorithm [160]:
That algorithm cannot represent all possible optimal packings using a permutation, but the IBL
can [200].

IDE An Integrated Developer Environment is a program that allows the user do multiple different
activities required for software development in one single system. It often offers functionality
such as editing source code, debugging, testing, or interaction with a distributed version control
system. For Python, we recommend using PyCharm. On Apple systems, Xcode is often used.

82


https://sig.sigevo.org/GECCOs
https://git-scm.com
https://git-scm.com
https://github.com

GLOSSARY

ILS An jterated local search is a variant of the LS which applies cycles of local search and perturba-
tion [298]. First, an initial solution is generated and refined by the local search. Then the cycle
begins: A perturbation, i.e., a large search move that likely destroys a good part of the solution,
is applied. The resulting new solution is refined by local search. Then, an acceptance criterion
decides whether we should use this or the previous solution to continue in the next cycle. ILS
has successfully been applied to the QAP.

iOS is the operating system that powers Apple iPhones [54, 287]. Learn more at https://www.
apple.com/ios.

iPadOS is the operating system that powers Apple iPads [54]. Learn more at https://www.apple.
com/ipados.

irrational An irrational number z is a real number that cannot be expressed as fraction £ of two
integers p € Z and ¢ € Ny [24, 339]. In other words, it holds that z € R and z ¢ Q. The set of
irrational numbers could be denoted as R \ Q. Irrational numbers have decimal expansions that
neither terminate nor become periodic. Examples of irrational numbers are v/2, ¢, 7, and e.

Ising Model The Ising models are benchmark problems for bit-string based black-box search [90, 112,
113, 356]. Here, a neighborhood is defined around each bit. The bit needs to have the same
value as all bits in the neighborhood structure T'. Thus, we try to achieve that all bits have the
same value. The objective function f(z) of the minimization variant of this problem family can
be defined as f(z,T) = _(; jyer [: — 2|, where T' contains the index pairs of neighboring bits
and is defined differently for the Ising model instances Ising 1D and Ising 2D. The problems are
highly epistatic, as all variables interact with some other variables.

Ising 1D The 1D is a benchmark problem for bit-string based black-box search [90, 113, 356]. The
bits are arranged in a one-dimensional ring and we try to minimize the number of bits that
have different values than their neighbors. Hence, the neighborhood structure T is defined
asTip ={(i+1,(i+1modn)+1)]|ie[0..n—1]}. The problems are highly epistatic, as all
variables interact with some other variables. The (1 + 1) EA has an expected runtime in O(n?)
on 1-Dimensional Ising Model (Ising 1D) [113].

Ising 2D The 2D is a benchmark problem for bit-string based black-box search [90, 112, 356]. The
bits are arranged in a two-dimensional torus and we try to minimize the number of bits that have
different values than their neighbors. Hence, the neighborhood structure T' = T5p is defined as
the set of all {(a+BN,v+3IN)} pairs with «, 8,7, € 0..N —1 and either ()y = (a+1) mod N
and § = B) or (y = a and § = (3+1) mod N) with n = N2. The problems are highly epistatic,
as all variables interact with some other variables. On a similar class of problems, the (1 + 1) EA
has an exponential expected runtime [112].

IT information technology

Java is another very successful programming language, with roots in the C family of languages [34,
208].

JSSP The Job Shop Scheduling Problem [33, 62, 137, 189] is one of the most prominent and well-
studied scheduling tasks. In a JSSP instance, there are m machines and k jobs [301]. Each
job must be processed once by each machine in a job-specific sequence and has a job-specific
processing time on each machine. The goal is to find an assignment of jobs to machines that
results in an overall shortest makespan, i.e., the schedule (Gantt chart) which can complete all
the jobs in the shortest time. The JSSP is NP-complete [58, 188, 189]. The 8 most common
sets of JSSP benchmark instances are abz [1], dmu [81], ft [114], /a [191], orb [5], swv [295],
ta [301], and yn [350].Their data can be found (sometimes partially) in several repositories, such
as the OR-Library [20, 21], [281], and [329], the latter of which also contains many results from
existing works. Encodings based on permutations with repetition are proposed in [31, 32, 124,
280] and used in [336]. The SOTA of the JSSP includes [131, 147, 247, 250, 282, 326, 357].

Jump The Jump problem is a benchmark problem for bit-string based black-box search [96, 118,
356]. Like the OneMax, it tries to maximize the number of 1 bits in a bit string of chosen
length n. However, the solutions representing the last w bits around the optimum to flip are
deceptive, meaning that they are actually worse and getting worse than surrounding solutions.
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The objective function f(z) of the minimization variant is n — ||z||; if ||z]|; = n or ||z]; <n—w
hold, and w + |z||; otherwise, where ||z||; = >, 2;. This means that, the larger w, the
larger the deceptive basin around the optimum that an algorithm needs to cross. An (1 + 1) EA
will converge to the resulting local optimum and thus have an expected runtime of @(n* +
nlnn) [96].In experiments, the (1 + 1) EA with FFA ((1 + 1) FEA) achieves polynomial runtime
on Jump, seemingly in O(n?Inn) [336, 337, 356].

k the number of jobs in an instance of the JSSP.

LABS Low-Autocorrelation Binary Sequences are bit strings of length n whose autocorrelation is as
low as possible [36, 37, 41, 83, 84, 121, 222, 225, 232, 244, 259]. This means that sub-sequences
of any length 1 < k < n should ideally never repeat. The objective function f : {0,1}" — Ny
represents the energy of a bit string - and is subject to minimization. We can define it as f(z) =

—1 (~n—1—k : L
b1 (Z::o S; - si+k) with s; = 2z; — 1. Such sequences are needed for communication

engineering [37, 41, 232], cryptography[83, 232], as well as modulation pulses in radar and sonar
ranging[244]. The LABS is A'P-hard [313]. The SOTA on LABS contains [36, 41, 83, 84, 232].

LAMP Stack A system setup for web applications: Linux, Apache (a web server), MySQL, and the
server-side scripting language PHP [48, 144].

LeadingOnes The LeadingOnes problem is a benchmark problem for bit-string based black-box
search [271, 343, 356]. It tries to maximize the number of leading 1 bits in the bit string
of a chosen dimension n. The objective function f(z) of the minimization variant of this problem
can be defined as f(v) = n — >;_; [[;_, z;. Different from OneMax, the contribution to the
objective value of the bit at index ¢ thus depends on the state of all the bits before this index.
The problem is unimodal, i.e., has only a single global optimum and no local optimum. Different
from OneMax, it is not separable, i.e., we can optimize each variable separately. The expected
runtime of (1+ 1) EA on LeadingOnes is in ®(n?) [96]. The average runtime (1 + 1) FEA on

LeadingOnes seems to be slower by factor proportional to 7, i.e., seems to be in O(n3) [336].

linter A linter is a tool for analyzing program code to identify bugs, problems, vulnerabilities, and
inconsistent code styles [167, 274]. Ruff is an example of a linter used in the Python world.

Linux is the leading open source operating system, i.e., a free alternative to Microsoft Windows [12,
143, 284, 314, 323]. We recommend using it for this course, for software development, and for
research. Learn more at https://www.linux.org. lts variant Ubuntu is particularly easy to use
and install.

LK The Lin-Kernighan (LK) algorithm [198] is a stochastic local search (SLS) method for the TSP.
The LK algorithm performs iterative k-opt moves, i.e., in each step, it constructs the two sets X
and Y of k edges such that removing the edges in X from the current tour 7" and then adding
the edges from Y to T results in a better tour.The LK algorithm is one of the most classical
approaches to the TSP.

LKH The Lin-Kernighan-Helsgaun algorithm [68, 145, 146] is a SLS method for the TSP based on the
Lin-Kernighan (LK) algorithm [198]. LKH-1 was proposed in [146] and LKH-2 in [145]. It holds
the record in the World TSP [69] as of 2025.

LS A local search is an algorithm where a single “current” candidate solution is maintained and new
solutions are selected from its neighborhood in each step. Most LSes are randomized, i.e.,
stochastic local search (SLS).

m the number of machines in an instance of the JSSP.

MA A Memetic Algorithm is an EA where each new solution is refined by a LS before it enters the
population [328]. As LS, we can use, e.g., RLS, but Tabu Search (TS) [61, 116] is maybe a better
choise. Some SOTA algorithms in some domains may be classified as MAs, e.g., Lin-Kernighan
Helsgaun (LKH) basically uses a population that is refined via a local search. MAs also worked
well on the JSSP [61, 147] and the TSP [116].
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macOS or Mac OS is the operating system that powers Apple Mac(intosh) computers [270, 287].
Learn more at https://www.apple.com/macos.

MariaDB An open source relational database management system that has forked off from MySQL [6,
7, 13, 100, 214, 265]. See https://mariadb.org for more information.

MaxSAT The goal of satisfiability problems is to find an assignment for n Boolean variables that
make a given Boolean formula F': {0,1}" — {0,1} become true. In the Maximum Satisfiability
problem (MaxSAT) [148], F is given in conjunctive normal form, i.e., the variables appear either
directly or negated in m “or” clauses, which are all combined into one “and.” The objective
function f(z), subject to minimization, computes the number of clauses which are false under
the variable setting . If f(z) = 0, then all clauses of F' are true, which solves the problem.
The MaxSAT problem is A"P-complete [66] and exhibits low epistasis but deceptiveness [263],
making it hard for local searches. Typical benchmark instances can be found in SATLIB, which
contains smaller-scale instances, and the up-to-date MaxSAT Evaluation (MSE), providing SOTA
benchmarks, algorithms, and results.

mean(A) The arithmetic mean mean(A) is an estimate of the expected value of a distribution from
which a data sample A was, well, sampled. Its is computed on data sample A = (ag, a1,...,a,-1)
as the sum of all n elements a; in the sample data A divided by the total number n of values, i.e.,
mean(4) = 1 E;L:_Ol a;. In Python, you can use function mean from the module statistics to

n

compute the arithmetic mean.

median(A) The median median(A) is the value separating the bigger-valued half from the smaller-
valued half of a data sample or distribution. Its estimate is the value right in the middle of a
sorted data sample A = (ag,a1,...,a,-1) where a;_1 < a; Vi € 1...(n — 1) with an odd
number of elements and the mean of the two values in the middle if n is even. In other words,
median(4) = an if nis odd and 3 (3-1 1 @%) otherwise, i.e., if n is even. In Python, you
can use function median from the module statistics to compute the median.

metaheuristic A metaheuristic is an optimization algorithm which performs a cycle of trial and error
during which candidate solutions are sampled from the solution space Y and evaluated using
an objective function f : Y — R [127, 328]. The results of the objective function are used to
decide which solution is promising. The neighborhoods around promising solutions or similarly-
structured solutions are then sampled in the next cycle. Prominent metaheuristics are SLSes,
Simulated Annealing (SA), TS, and EAs.

Microsoft Windows is a commercial proprietary operating system [39]. It is widely spread, but we
recommend using a Linux variant such as Ubuntu for software development and for our course.
Learn more at https://www.microsoft.com/windows.

ML Machine Learning, see, e.g., [279]

moptipy is the Metaheuristic Optimization in Python library [335]. It has been used in several different
research works, including [60, 195-197, 311, 348, 358, 359]. Algorithms implemented by moptipy
include EAs, (1 + 1) EA, RLS, SA, and the (1 + 1) FEA, amongst others. Learn more at https:
//thomasweise.github.io/moptipy and https://thomasweise.github.io/moptipyapps.

MSE The MaxSAT Evaluation is a regularly updated set of benchmark instances for the MaxSAT [157].
It also includes solver software and benchmark results [324].

Mypy is a static type checking tool for Python [193] that makes use of type hints. Learn more at
https://github.com/python/mypy and in [331].

MySQL An open source relational database management system [38, 100, 266, 306, 344]. MySQL is
famous for its use in the LAMP Stack. See https://www.mysql.com for more information.

n We usually use the value n € Ny to denote the scale, i.e., the size of the problem to solve. This
notion is very general in computer science and not limited to optimization. For example, if we
sort a list or search in a list, the scale n is the length of the list, i.e., the number of elements
in it. In a TSP, this may be the number of cities. In a discrete benchmark problem such as
OneMax or Trap, this may be the number of bits over which the problem is defined. In a QAP,
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this may be the number of facilities and locations. In a MaxSAT problem, this may be the
number of variables that are input to the Boolean formula that we want to become true. There
are also problems where the scale is not defined straightforwardly like this. For example, in a
JSSP, we have a number of machines and a number of jobs, which together define the size of
the problem. But even then, the scale n relates to the size of the solution space Y, and, hence,
also of the search space X, which usually grow exponentially with n. And this is already the
main issue: The larger n, the (exponentially) larger the number of possible solutions and thus,
the larger the runtime of algorithms. This is known as the “curse of dimensionality” [25, 59].
Scales n are also often used in conjunction with the O-notation to denote algorithm complexity.
For example, comparison-based sorting a list of n items takes ®(nlogn) steps [178] (because
they need [log, n!] comparisons in the worst case).

Ng the set of the natural numbers including 0, i.e., 0, 1, 2, 3, and so on. It holds that Ny C Z and
that Ng = N; U {0}

N; the set of the natural numbers excluding 0, i.e., 1, 2, 3, 4, and so on. It holds that N; C Z and
that N; = Ny \ {0}

N-Queens The N-Queens Problem is a benchmark problem for bit-string based black-box search [90,
356]. The goal is to arrange N queens on an N x N chessboard so that none can attack
the other. The search space has thus dimension 7 = N2, with each bit standing for a field and
encoding whether or not a queen is placed there. The objective function f(z) of the minimization
variant is N — (30 z;) — N> ¢ max {0, Q¢(x) — 1} where Q¢(z) is the number of queens in
the horizontal, vertical, or diagonale £. The problem is quite epistatic.

NP is the class of computational problems that can be solved in polynomial time by a non-deterministic
machine and can be verified in polynomial time by a deterministic machine (such as a normal
computer) [134].

NP-complete A decision problem is N"P-complete if it is in A/P and all problems in AP are reducible
to it in polynomial time [134, 262]. A problem is N'P-complete if it is A"P-hard and if it is in
NP.

NP-hard A problem is A'P-hard if all problems in A"P are reducible to it in polynomial time [134].
Algorithms that guarantee to find the correct solutions of A"P-hard problems [58, 66, 189] have
a worst-case runtime that grows exponentially with the problem scale.

numerator The number a of a fraction § € Q is called the numerator.

Q(g(z)) If f(z) =Q(g(x)), then there exist positive numbers zp € RT and ¢ € RT such
that f(z) > c¢xg(x) >0 for all > =z [70, 176, 177]. In other words, Q(g(x)) describes a
lower bound for function growth.

O(g(z)) If f(x) = O(g(x)), then there exist positive numbers 2o € RT and ¢ € RT such
that 0 < f(z) < cxg(x) for all x > xo [9, 70, 176, 177, 186]. In other words, O(g(x)) de-
scribes an upper bound for function growth.

O(g(z)) If f(x) =0O(g(z)), then f(z) = O(g(z)) and f(x) = Q(g(x)) [176, 177], meaning that there
exist positive constants ¢y, ¢, 29 € RT such that 0 < ¢1g9(x) < f(z) < cag(x) for all 2 > xq [70].
In other words, ©(g(x)) describes an exact order of function growth.

o(g(z)) If f(z) = o(g(z)), then there exist positive numbers xy € RT such that 0 < f(x) < c* g(2)
for all z > zg all ¢ € R [70]. Different from O(g(z)), o(g(z)) holds for all constants ¢ > 0,
whereas O(g(x)) implies the existence of some constant ¢ > 0. This basically means that
f(x) becomes insignificant compared to g(x) as xo grows toward infinity. It is often written

that lim, 0 % = 0. In other words, o(g(x)) describes an upper bound for function growth

that is not asymptotically tight, i.e., an upper bound that grows faster than f(x).

OneMax OneMax is the simplest possible benchmark problem for bit-string based black-box search [97,
233, 356]. The goal is to maximize the number of 1 bits in the bit string of a chosen dimension n.
The objective function f(x) of the minimization variant of this problem can be defined as f(z) =

n — > x;. The problem is unimodal, i.e., has only a single global optimum and no local
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optimum. It is fully separable, i.e., we can optimize each variable separately. The expected
runtime of (1 + 1) EA on OneMax is in ®(nlnn) [88, 233]. The average runtime (1 + 1) FEA
on OneMax seems to be slower by factor proportional to n, i.e., seems to be in O(n?Inn) [336].

OR Operations Research (or Operational Research) is the application of sciences such as mathematics
and computer science to the management and organization of systems, organizations, enterprises,
factories, or projects. It encompasses the development and application of problem-solving meth-
ods and techniques (such as mathematical optimization, simulation, queueing theory and other
stochastic models) with the goal to improve decision-making and efficiency [78].

OR-Library is a library of benchmark instances for various OR problems [20, 21] located at https:
//people.brunel.ac.uk/ “mastjjb/jeb/info.html. It contains instances of the JSSP,
1D- and 2D-Packing, Knapsack, periodic TSPs, amongst others.

Plateau The Plateau problem is a benchmark problem for bit-string based black-box search [3, 356].
It is structured exactly like Jump, but instead of being deceptive, the last w bits to flip around
the optimum are neutral. The objective function f(x) of the minimization variant is n — ||z||,
if [|z]|; = n or ||z]|; < n —w hold, and w otherwise, where |z||; = >_""_; z;. This means that,
the larger w, the larger the neutral plane around the optimum that an algorithm needs to cross.
An (14 1) EA has an expected runtime of @(n*) on plateaus [3]. The average runtime of the
(14 1) FEA on Plateaus is slower by a factor seemingly proportional in 7.

PostgreSQL An open source object-relational DBMS [108, 239, 258, 306]. See https://
postgresql.org for more information.

psql is the client program used to access the PostgreSQL DBMS server.

PyCharm is the convenient Python IDE that we recommend for this course [319, 346, 351]. It
comes in a free edition, so it can be downloaded and used at no cost. Learn more at https:
//www. jetbrains.com/pycharm.

Pylint is a linter for Python that checks for errors, enforces coding standards, and that can make
suggestions for improvements [261]. Learn more at https://www.pylint.org.

pytest is a framework for writing and executing unit tests in Python [82, 182, 241, 245, 346]. Learn
more at https://pytest.org.

Python The Python programming language [152, 192, 210, 331], i.e., what you will learn about in our
book [331]. Learn more at https://python.org.

Q the set of the rational numbers, i.e., the set of all numbers that can be the result of § with a,b € Z
and b # 0. a is called the numerator and b is called the denominator. It holds that Z C Q and
QcCR.

QAP The Quadratic Assignment Problem is an optimization problem where the goal is to assign a set
of n facilities to a set of n locations [45, 60, 179, 204]. Such an assignment can be represented
as a permutation x of the first n natural numbers, where x; specifies the location where facility ¢
should be placed. For each QAP instance, a distance matrix A is given, where A[a, b] specifies the
distance from location a to location b, as well as a flow matrix B, where Bli, ] is the amount of
material flowing (e.g., daily) from facility 7 to facility j. The objective function f(x) then rates a
permutation x as f(xz) = iy D5 Alws, 2] % Bli,j]. The QAP is N’P-complete [95, 276] and
even among this problem class, is considered as particularly hard for metaheuristics [23, 45, 204,
298]. The QAP has applications such as building layout [71, 102, 180], keyboard layout [47],
circuit design [103], wiring [292], and scheduling [290]. Typical benchmark instances can be
found in QAPLIB. SOTA algorithms for the QAP include [23, 116, 223, 229, 303, 304].

QAPLIB is a library of 136 benchmark instances for the Quadratic Assignment Problem (QAP) [44,
46], 28 of which have not yet been solved to optimality [2] (at least by 2023).

R the set of the real numbers.

R™ the set of the positive real numbers, i.e., R = {z € R: z > 0}.
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Random Keys encoding is a decoding procedure v : X + Y that maps a continuous search
space X C [0,1]™ which is a subset of the n-dimensional real numbers to the space Y of
permutations of the first n natural numbers [18, 19]. For example, on n = 5, the vec-
tor z = (0.49,0.91,0.33,0.75,0.51) is translated to the permutation y = (3,1,5,4,2), because
23 = 0.33 has the smallest value, putting 3 at the beginning, x; = 0.49 the second-smallest,
placing 1 second, ..., and x; = 0.91 being the largest value meaning that the last number in y
will be 2 [19]. The advantage of the encoding is that we can search in X applying arbitrary math-
ematical operators, crossover, and mutation procedures, but will always get correct permutations.
The disadvantage is that |X| > |Y| and that there actually is no meaning underpinning moves
in X in relation to their projected result in Y.

relational database A relational DB is a database that organizes data into rows (tuples, records) and
columns (attributes), which collectively form tables (relations) where the data points are related
to each other [65, 140, 142, 289, 305, 327, 342].

RLS Randomized local search retains the best solution . discovered so far during the search and, in
each step, it applies a unary search operator to this best-so-far solution x. and derives a new
solution x,,. If the new solution z,, is better or equally good when compared with z., i.e., not
worse, then it replaces it, i.e., is stored as the new z.. If the search space are bit strings of
length n, then RLS uses a unary search operator that flips exactly one bit. This operator is the
main difference to (1 + 1) EA.

FRLS The RLS with FFA plugged in [356]. On the discrete bit-string domains, this algorithm has a
very specific structure: Its unary search operator flips exactly one bit, distinguishing it from the
unary operator in the (1 + 1) FEA, which flips each bit with probability 1/n. On other domains,
such as permutations, we use the term synonymously with (1 4 1) FEA.

RTS Reactive Tabu Search is a variant of TS where the length of the tabu list is adapted to the
problem and to the current evolution of the search, and an escape strategy for diversifying the
search is used when that is not sufficient [14-17]. It has successfully been applied to a wide range
of problems, from the QAP [15, 16], to Knapsack problems [14, 16], the N-K landscape [14] to
the training of neural networks [17].

Ruff is a linter and code formatting tool for Python [215, 216]. Learn more at https://docs.astral.
sh/ruff or in [331].

SA Simulated Annealing is a SLS that sometimes accepts a worse solution [55, 159, 174, 255, 328].
The probability to do so decreases over time and with the difference in objective values, i.e.,is

the lower the worse the new solution is. SA performed well on a variety of problems, including
the QAP [227, 312] and the JSSP [247].

SATLIB is a library of benchmark instances for the Maximum Satisfiability (MaxSAT) available at
https://www.cs.ubc.ca/ hoos/SATLIB/index-ubc.html [149, 150].

Self-Adjusting (14 (A, A\)) GA The Self-Adjusting (1 4+ (A, A)) GA is a theory-inspired EA for bit
string-based search spaces [52]. It has linear runtime on the OneMax problem [87].

server In a client-server architecture, the server is a process that fulfills the requests of the clients. It
usually waits for incoming communication carring the requests from the clients. For each request,
it takes the necessary actions, performs the required computations, and then sends a response
with the result of the request. Typical examples of servers are web servers [48] in the internet
as well as DBMSes. It is also common to refer to the computer running the server processes as
server as well, i.e., to call it the “server computer” [184].

SGA The Standard Genetic Algorithm [10, 77, 129, 224, 230, 328] was the first EA. It maintains a
population of solutions and applies mutation and crossover to generate offspring solutions. It uses
fitness proportionate selection to choose which solutions should “survive” into the next generation,
which today is considered a very bad design choice, see, e.g., [343].

SLS Stochastic local search is a local search (LS), one of the simplest metaheuristic search
paradigms [148]: A single “current” candidate solution is maintained and new solutions are
stochastically sampled from its neighborhood, i.e., in a way that involves random numbers. If
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these solutions are deemed interesting based on their objective value, they replace the “current”.
The cycle continues. Basic examples are RLS and (1 + 1) EA. More complex examples that add
mechanisms to escape local optima on top of the SLS paradigm are TS and SA.

SOTA State-of-the-Art, i.e., the best-performing methods for a field or problem type

SQL The Structured Query Language is basically a programming language for querying and manipu-
lating relational databases [57, 73, 75, 76, 154, 221, 291, 293, 294, 305]. It is understood by
many DBMSes. You find the SQL commands supported by PostgreSQL in the reference [291].

stderr The standard error stream is one of the three pre-defined streams of a console process (together
with the standard input stream (stdin) and the stdout) [171]. It is the text stream to which
the process writes information about errors and exceptions. If an uncaught Exception is raised
in Python and the program terminates, then this information is written to stderr. If you run a
program in a terminal, then the text that a process writes to its stderr appears in the console.

stdin The standard input stream is one of the three pre-defined streams of a console process (together
with the stdout and the stderr) [171]. It is the text stream from which the process reads its
input text, if any. The Python instruction input reads from this stream. If you run a program
in a terminal, then the text that you type into the terminal while the process is running appears
in this stream.

stdout The standard output stream is one of the three pre-defined streams of a console process (to-
gether with the stdin and the stderr) [171]. It is the text stream to which the process writes
its normal output. The print instruction of Python writes text to this stream. If you run a
program in a terminal, then the text that a process writes to its stdout appears in the console.

(string) interpolation In Python, string interpolation is the process where all the expressions in an
f-string are evaluated and the final string is constructed. An example of string interpolation is
turning f"Rounded {1.234:.2f}" to "Rounded 1.23".

STSP A symmetric Traveling Salesperson Problem is a special case of the TSP, where the nxn distance
matrix A is symmetric, i.e., Ala,b] = A[b,a]Va,b € 1..n.

terminal A terminal is a text-based window where you can enter commands and execute them [12,
64]. Knowing what a terminal is and how to use it is very essential in any programming- or
system administration-related task. If you want to open a terminal under Microsoft Windows, you

can press 28]+ R, type in ‘cmd, and hit [ 4 ]. Under Ubuntu Linux, [Ctrl]+[Alt]+[ T | opens a

terminal, which then runs a Bash shell inside.

transcendental A transcendental number is a number that is not the root of any integer polynomial,
meaning that it is not an algebraic number of any degree [341]. Every real transcendental number
must also be irrational, since a rational number is, by definition, an algebraic number of degree
one [341]. Examples of transcendental numbers are 7 and e.

Trap The Trap problem is a benchmark problem for bit-string based black-box search [96, 235, 356].
It is structured exactly like OneMax, however the worst and the best solution are swapped. This
makes the problem highly deceptive, as following the “gradient” in the search space leads the
search away from the global optimum. For bit strings of length n, the objective function f(z) of
the minimization variant is 0 if ||z]|; = 0 and n — ||z||; + 1 otherwise, where ||z||; = ;" ; ;.
An (14 1) EA will converge to the resulting local optimum and thus have an expected runtime
of ®(n™)[96]. In experiments, the (1 + 1) FEA achieves polynomial runtime on Trap, seemingly

in O(n?Inn) [336, 337, 356].

TS Tabu Search is one of the most successful SLSes [125, 126, 128, 162]. In order to avoid returning
to previous solutions, it declares certain solutions or search moves as “tabu.” For example, if a
bit in a discrete problem has been flipped by the search operator, it may be forbidden to flip the
bit again for some time, thus preventing the algorithm from getting trapped in a cycle. This
rule may be overridden if a new best-so-far solution is discovered that outperforms all previous
solutions, in which case it would be accepted (this is the so-called aspiration criterion). TS has
performed well on the QAP [15, 16, 226, 229, 302, 303] and on the JSSP [237, 250, 253, 282,
357].
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TSP In an instance of the Traveling Salesperson Problem, also known as Traveling Salesman Problem,
a set of n cities or locations as well as the distances between them are given [4, 139, 190, 195,
332, 338]. The goal is to find the shortest round-trip tour that starts at one city, visits all the other
cities one time each, and returns to the origin. The TSP is one of the most well-known N"P-hard
combinatorial optimization problems [122, 139, 183]. The TSP has many applications[4], includ-
ing in transportation, logistics, (circuit) plotting and drilling problems[138], telescope aiming,
and genome sequencing. Solutions are often encoded as permutations x of the first n natural
numbers, where each city gets a number and the order of numbers in the permutation corre-
sponds to the order of cities in the tour. The distances between the n cities are usually given in a
n x n distance matrix A, where Afa, b] is the distance from city a to city b with a,b € 1..n. Then,
the objective function subject to minimization is f(z) = Afz,,21] + Z;:ll Alxi, wi41]. Typical
benchmark instances can be found in TSPLib [267, 268], the 8th DIMACS challenge[163-165],
and the World TSP repository[69].

TSPLib is a library of benchmark instances for the Traveling Salesperson Problem (TSP) [267, 268].
Its original Uniform Resource Locator (URL) was available until 2025 and then became defunct.
The repository https://github.com/shredderzwj/TSPLIB contains the data. Additionally,
you may also check https://github.com/thomasWeise/tspSuite, which contains all the
TSPLib instances as well as Java code to load them. The TSPLib contains 110 instances of
the symmetric Traveling Salesperson Problems (STSPs) with scales n ranging from 14 to 85900,
but 93 instances have less than 2000 nodes. There also are 19 asymmetric Traveling Salesperson
Problems (ATSPs) with scales n € 17..443.

TTP The Traveling Tournament Problem is the combinatorial optimization problem of both efficiently
and fairly organizing a tournament of n teams that play against each other in a pairwise fash-
ion [101, 348]. The efficient part boils down to arranging the games such that the total travel
length is short, which is somewhat similar to the classical TSP. Initially, each team is at its home
location. On each day, a team needs to travel if its scheduled game is not at its present location.
On the last day, each team may need to travel back home unless their last game is a home
game. The total travel length sums up the lengths of all travels over all teams. The fair part
is represented in several constraints, such as doubleRoundRobin, compactness, maxStreak, and
noRepeat. The TTP is A'P-hard [325].

TwoMax The TwoMax problem is a benchmark problem for bit-string based black-box search [118,
320, 356]. It has a global and a local optimum, both of about the same size, at opposite ends
of the search space. For bit strings of length n, the objective function f(x) of the minimization
variant is 0 if ||z, = n and 14+ n — max {||z|; ,n — ||z||,} otherwise, where |lz|, = >} ; ;.
An (1+1) EA has a 50/50 chance to converge to the local or global optimum and thus has
an expected runtime in ©(n™) [117, 118]. In experiments, the (1 + 1) FEA achieves polynomial

runtime seemingly in O(n?Inn) on TwoMax [336, 337, 356].

type hint are annotations that help programmers and static code analysis tools such as Mypy to better
understand what type a variable or function parameter is supposed to be [187, 321]. Python
is a dynamically typed programming language where you do not need to specify the type of,
e.g., a variable. This creates problems for code analysis, both automated as well as manual: For
example, it may not always be clear whether a variable or function parameter should be an integer
or floating point number. The annotations allow us to explicitly state which type is expected.
They are ignored during the program execution. They are a basically a piece of documentation.

Ubuntu is a variant of the open source operating system Linux [64, 144]. We recommend that
you use this operating system to follow this class, for software development, and for research.
Learn more at https://ubuntu.com. If you are in China, you can download it from https:
//mirrors.ustc.edu.cn/ubuntu-releases.

UCS Universal Coded Character Set, see Unicode

Unicode A standard for assigning characters to numbers [155, 308, 316]. The Unicode standard
supports basically all characters from all languages that are currently in use, as well as many
special symbols. It is the predominantly used way to represent characters in computers and is
regularly updated and improved.
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unit test Software development is centered around creating the program code of an application, library,
or otherwise useful system. A unit test is an additional code fragment that is not part of that
productive code. It exists to execute (a part of) the productive code in a certain scenario (e.g.,
with specific parameters), to observe the behavior of that code, and to compare whether this
behavior meets the specification [22, 240, 242, 245, 272, 310]. If not, the unit test fails. The use
of unit tests is at least threefold: First, they help us to detect errors in the code. Second, program
code is usually not developed only once and, from then on, used without change indefinitely.
Instead, programs are often updated, improved, extended, and maintained over a long time. Unit
tests can help us to detect whether such changes in the program code, maybe after years, violate
the specification or, maybe, cause another, depending, module of the program to violate its
specification. Third, they are part of the documentation or even specification of a program.

URI A Uniform Resource Identifier is an identifier for an abstract or physical resource in the inter-
net [353]. It can be a URL, a name, or both. URIs are supersets of URLs. The connection strings
of the PostgresSQL DBMS are examples of Uniform Resource Identifiers (URIs).

URL A Uniform Resource Locator identifies a resource in the WWW and a way to obtain it by describing
a network access mechanism. The most notable example of URLs is the text you write into web
browsers to visit websites [28]. URLs are subsets of URIs.

UTF-8 The UCS Transformation Format 8 is one standard for encoding Unicode characters into a
binary format that can be stored in files [155, 353]. It is the world wide web's most commonly
used character encoding, where each character is represented by one to four bytes. It is backwards
compatible with ASCII.

VCS A Version Control System is a software which allows you to manage and preserve the historical
development of your program code [315]. A distributed VCS allows multiple users to work on the
same code and upload their changes to the server, which then preserves the change history. The
most popular distributed VCS is Git.

VND Variable Neighborhood Descend; see Variable Neighborhood Search (VNS). VND in combination
with GRASP has been applied to the 2BP|O|F in [248].

VNS Variable Neighborhood Search is a metaheuristic framework combining a systematic change of
neighborhood with LS [141, 231]. A neighborhood structure in LS defines which solutions can be
reached from a given solution within one search step. Usually, one uses a single unary operator
and, hence, has a single neighborhood structure. However, for many problems, we can easily
design many operators. For permutations, for example, one operator may swap two elements,
another one may reverse a section of the permutation, and yet another one, while yet another
one may rotate a subsequence one step to the left or right [332]. In the VNS framework, a
multiple neighborhoods are investigated in a systematic fashion. Assume that we have a list
of neighborhood structures. Variable Neighborhood Descend (VND) works in a deterministic
fashion. It finds the best solution that can be reached in one step from the current solution
under the current neighborhood. If this is better than the current solution, we accept it and
continue with the first neighborhood. Otherwise, we continue with the next neighborhood in the
list. In Basic VNS, instead of picking the best move from the current neighborhood, the first
improving move is used. Also, at the beginning of each cycle, a random point from the current
neighborhood around the current solution is chosen as starting point.

w(g(z)) If f(x) = w(g(x)), then for every positive constant ¢ > 0, there exists a number 7y € RT
such that 0 < cx g(x) < f(x) for all x > xg [70]. In other words, f(z) = w(g(z)) if and only if
g(z) = o(f(z)). In other words, w describes a lower bound that is not asymptotically tight.

WWW World Wide Web [27, 79]

X The search space X is the space through which an optimization algorithm navigates in order to
find good solutions. The search operators of metaheuristics are used to sample points = € X,
for example. On many benchmark problems, the objective functions f directly evaluate the
elements = € X i.e., are defined as f : X — R. However, very often these elements = are not the
same data structures that the user is interested in and/or that the objective functions evaluate:
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It is common that the search space X is a simple and plain data structure that can be tackled
with standard operations or mathematical tools, such as real vectors R™, permutations, or bit
strings, whereas the solution space Y can be something more complicated. Then, the user only
cares about the solutions y € Y and not about the search space X. A decoding v : X +— Y is
employed to translate the = € X to y = v(z) with y € Y.

2 a point in the search space X.

Xcode is offers the tools for developing, testing, and distributing applications as well as an IDE for
Apple platforms such as mac0S and i0S [275].

Y the set of candidate solutions of an optimization problem is called the solution space Y. The
solution space corresponds to the data structure holding the candidate solutions y. These are
the elements that are passed to the user after the optimization process is completed. They are
also the parameters of the objective function(s) f : Y — R.

y a candidate solution y € Y is one possible solution to an optimization problem. After the optimization
process is completed, one or multiple such solutions are passed to the user.

7 the set of the integers numbers including positive and negative numbers and 0, i.e., ..., -3, -2, -1,
0,1,2, 3,...,and so on. It holds that Z C RR.

Z The conjugate Z of a complex number z € C with z = a + bi is Z = a — bi [317]. You get the
complex conjugate of a complex number by flipping the sign of the imaginary part.
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**’ 4

.2f, 89

/.3

/.3

>>>, 80

..., 80

- .IIIlII’ 80
2.718281828459045, 81
3.141592653589793, 77

def, 48
dict, 32, 33
doctest, 80

e, 81

elif, 36

else, 36
enumerate, 46
Exception, 81, 89
exit, 81

fr.." 81

False, 10
find, 15
float, 6, 52
for, 39, 46

geometric__mean, 82

if, 36
inf, 7
input, 89
int], 3

list, 27, 28, 41, 52

math, 77, 81
mean, 85
median, 85
Mypy, 85

nan, 7
None, 16
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pi, 77
print, 41, 89

round, 8, 79
ruff, 88

set, 30
statistics, 82, 85

geometric__mean, 82
mean, 85
median, 85

str, 12

True, 10, 62
try-except, 59
try-finally, 59
tuple, 28, 41

ValueError, 48, 62, 63

while, 44, 46
with, 59
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