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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 [90], 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 [90],
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

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

DE Was sind die beiden Hauptversionen der Programmiersprache Python, die aktuell in Gebrauch
sind?

1.2 IDE

EN Name one Integrated Development Environment (IDE) that is suitable for Python software de-
velopment.

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

1.3 Execution of Programs / Programme ausfiihren

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

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



Chapter 2

Information

2.1 Information Sources / Informationsquellen

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

DE Nennen Sie drei verschiedene Arten von Informationsquellen, mit denen Sie mehr iiber das Pro-
grammieren mit Python lernen kdnnen.

2.2 Trustworthyness / Verlasslichkeit

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

DE Was ist ist die verldsslichste bzw. vertrauenswiirdigste Informationsquelle zum Programmieren
mit Python?



Chapter 3

Integer Arithmetic / Rechnen mit
Ganzzahlen

3.1

EN
DE

3.2

EN

DE

3.3

EN
DE

3.4

EN
DE

3.5

EN
DE

Data type(s) / Datentyp(en)

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 Verfligung?

Range / Wertebereich

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 grofte Ganzzahl, die mit Python 3
dargestellt werden kann?

Division
Explain the difference between the // and / operators in Python 3.

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

Remainder / Rest

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

Wie kénnen wir den Rest der Division zweier Ganzzahl-Variablen @ und b in Python berechnen?

**_Qperator

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

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



CHAPTER 3. INTEGER ARITHMETIC / RECHNEN MIT GANZZAHLEN

3.6 Program Understanding / Programm Verstehen

Listing 3.1: The program int_02.py (src)

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

print (7 * 3) # Line
print (21 // 7) # Line
print (21 / 7) # Line
print (23 % 7) # Line

A AN W

What
What
What
What

s
s
s
s

the
the
the
the

output
output
output
output

of
of
of
of

this
this
this
this

line?
line?
line?
line?

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

DE Welche Ausgabe produziert das Programm int_02.py in Listing 3.17

3.7 Program Understanding / Programm Verstehen

Listing 3.2: The program int_01.py (src)

"""Compute how many potatoes I can buy."""

potatoes_in_store: int
cost_for_all_potatoes:
my_money: int

int

50
= 10

1000

# total number of potatoes
# cost <f we would buy all
# the money I have

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

potatoes

H*

Line 8
# Line 9

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

EN

A

DE

o

3.8 Calculation / Berechnung

EN Write a Python3 program computing the integer value Z = 3 + 97 —

Does it achieve this? If not, why?

Find at least two errors in this program.

What will happen if we execute this program?

Macht es das auch? Wenn nicht, warum?

Was wird passieren, wenn wir dieses Programm ausfiihren?

Finden Sie mindestens zwei Fehler in diesem Programm.

Explain what the program int_01.py in Listing 3.2 is supposed to do.

Erklaren Sie, was das Programm int_01.py in Listing 3.2 machen soll.

8

2

# Line 12
# Line 13

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. ..

DE Schreiben Sie ein Python3-Programm, das den Ganzzahlwert Z = 3 + 97 — g 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. ..
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Chapter 4

Floating Point Arithmetic /
FlieBkommaartithmetik

4.1

EN
DE

4.2

EN

DE

4.3

EN

DE

4.4

EN
DE

4.5

EN
DE

Data type(s) / Datentyp(en)

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 Verfiigung?

Range / Wertebereich

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

Geben sie grobe Grenzen fiir die gréRte und kleinste darstellbare positive (groRer als 0!) FlieBkom-
mazahl in Python 3 an.

Area of Circle / Flache eines Kreises
A=mxr? (4.1)

The equation above is used to compute the area A of a circle with radius . 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 berechnen.
Schreiben Sie ein Python-Programm, das die Flache eines Kreises mit Radius » = 5 berechnet.
Das Programm soll die berechnete Flache auf der Konsole ausgeben.

Special Values / Spezialwerte 1

What is the meaning of the floating point value inf in Python?

Was bedeutet der FlieBkommawert inf in Python?

Special Values / Spezialwerte 2

What is the meaning of the floating point value nan in Python?

Was bedeutet der FlieBkommawert nan in Python?



CHAPTER 4. FLOATING POINT ARITHMETIC / FLIESSKOMMAARTITHMETIK 6
4.6 Understanding / Verstehen

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_O1l.py |

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

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

DE Erkldren Sie die Ausgabe des Programms float_01.py in Listing 4.2.
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Chapter 5

Boolean Expressions / Boolesche
Ausricke

5.1 Data type(s) / Datentyp(en)

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

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

5.2 Values / Werte

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

DE What is die Bedeutung von True und False? Zu welchem Datentyp gehdren sie?

5.3 Program Understanding / Programm Verstehen

Listing 5.1: The program bool_01.py (src)

"""Working with Boolean expressiomns."""

a: bool =1 < b5 <=5 < 6 # Line 3

print (a) # Line J: What does this print?

b: str = "Hello World!" # Line 6

c: bool = b is not b # Line 7

print (c) # Line 8: What does this print?

print (a or c¢) # Line 10: What does this print?

print (a and c) # Line 11: What does this print?

print (c or b) # Line 12 (BONUS): What does this print?

EN 1. Which output will the program bool_01.py in Listing 5.1 produce?

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

DE 1. Welche Ausgabe produziert das Programm bool_01.py in Listing 5.17

2. Die letzte Zeile ist ein Bonus. ..
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Chapter 6

Text

6.1 Data type(s) / Datentyp(en)

EN Which data type(s) does Python 3 provide for text?

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

6.2 Delimiters / Begrenzung

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

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

6.3 Program Understanding / Programm Verstehen

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!") # Lime 6: What output does it produce?
print (£"{8 / 2}") # Line 7: What output does 4t produce?
print(£f"{8 / 2 = }") # Line 8: What output does it produce?
print ("Hello\nWorld!'!") # Line 9: What output does it produce?

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

DE Welche Ausgabe produziert das Programm str_01.py in Listing 6.17
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CHAPTER 6. TEXT
6.4 Program Understanding / Programm Verstehen

Listing 6.2: The program str_02.py (src)

"""Printing some strings."""

print ("Hello World!") # Line 3: What output does it produce?
print ("Hello World!"[3]) # Line 4: What output does 4t produce?
print ("Hello World!"[2:5]) # Line 5: What output does %t produce?
print ("Hello World!"[2:-2]) # Line 6: What output does %t produce?
print ("Hello World!"[2:-2:3]) # Line 7: What output does %t produce?

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

DE Welche Ausgabe produziert das Programm str_02.py in Listing 6.27

6.5 f-Strings
EN Explain what an f-string in Python 3 is.

DE Erklaren Sie, was ein f-String in Python 3 ist.
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Chapter 7

Nothing / Nichts

7.1 Data type(s) / Datentyp(en)

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

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

7.2 Program Understanding / Programm Verstehen

Listing 7.1: The program none_01.py (src)

nun Program output LR

print (print ("Hello World!"))

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

DE Welche Ausgabe produziert das Programm none_01.py in Listing 7.17

10
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Chapter 8

Variable

8.1 What is it?

EN What is a variable in Python?

DE Was ist eine Variable in Python?

8.2 Program Understanding / Programm Verstehen

Listing 8.1: The program variable_01.py (src)

"""Variable Assignment."""

a: int = 12 # What

: int = 6 # What
c: float = a / b # What
a, b =D>b, a # What
d: float = a / b # What
print (c - 4d) # What

2s the meaning of "a",

75 the meaning of "b", ":
" .

©s the meaning of "c",

does this do?
does this do?
175 the result of this?

".

y n n—n
int", =",

int",
float",

EN 1. In variable_O1.py in Listing 8.1, what is the meaning of

a) a, b, c,and d,

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

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

DE 1. In variable_O1.py in Listing 8.1, was ist die Bedeutung von

a) a, b, c, and d,

b) : int,
C) : float und
d) a/b?

2. Welche Ausgabe produziert das Programm variable_01.py?

8.3 Type Hints

EN 1. Explain what type hints in Python 3 are.

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

DE 1. Erklaren Sie, was Type-Hints in Python 3 sind.

"=

"n=n
s

and "12"?
and "6"?
lla / bll?

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

11
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Chapter 9

Tools / Werkzeuge

9.1 MyPy
EN What is Mypy?

DE Was ist Mypy?

9.2 MyPy

Listing 9.1: The program mypy_01.py (src)

"""An example for using MyPy."""

x: int = 56

y: int = 4

X = X

z: int = x / y

Listing 9.2: The result of Mypy applied to Listing 9.1.

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

mypy_01.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 1.18.2 failed with exit code 1.

EN Listing 9.2 shows the output of Mypy applied to program mypy_01.py given in Listing 9.1. Explain
this output.

DE Listing 9.2 zeigt die Ausgabe von Mypy angewandt auf Programm mypy_O1.py in Listing 9.1.
Erklaren Sie diese Ausgabe.

9.3 Linter

EN What is a linter?

DE Was ist ein Linter?

9.4 Ruff

EN What is Ruff?

DE Was ist Ruff?

12
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9.5 Ruff

Listing 9.3: The program ruff_01.py (src)
"""An example for using Ruff."""
int = 56

int = 4
= X

N M < X

int = x / y

Listing 9.4: The result of Ruff applied to Listing 9.3.

$ 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,INP0OO1,N801,PLC2801 ,PLRO904,
~— PLR0O911 ,PLR0912 ,PLR0913 ,PLR0914 ,PLR0915,PLR0916 ,PLR0917 ,PLR1702,
~— PLR2004 ,PLR6301 ,PTO11,PT012,PT013,PYIO41 ,RUF100,S,T201,TRY003,UP035,W
<> --line-length 79 ruff_O1.py
PLW0127 Self-assignment of variable "x
--> ruff_01.py:5:1
[

3 | x: int = 56

4 | y: int = 4

5 | x = x
| ~

6 | z: int = x / y
|

Found 1 error.
# ruff 0.14.2 failed with exit code 1.

EN Listing 9.4 shows the output of Ruff applied to program ruff_01.py given in Listing 9.3. Explain

this output.

DE Listing 9.4 zeigt die Ausgabe von Ruff angewandt auf Programm ruff_01.py in Listing 9.3.
Erklaren Sie diese Ausgabe.

9.6 Pylint

EN What is Pylint?

DE Was ist Pylint?
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9.7 Pylint

Listing 9.5: The program pylint_01.py (src)

"""An example for using Pylint."""

x: int = 56

y: int = 4

X = X

z: int = x / y

Listing 9.6: The result of Pylint applied to Listing 9.5.

$ pylint pylint_O1l.py --disable=C0103,C0302,C0325,R0801,R0901,R0902,R0903,
<~ R0911,R0912 ,R0913 ,R0914 ,R0915 ,R1702,R1728 ,W0212,W0238 ,W0703

kxkkxkkkxkxk*k*x*x Module pylint_Ol

pylint_01.py:5:0: WO0127: Assigning the same variable 'x' to itself (self-
<> assigning-variable)

Your code has been rated at 7.50/10

# pylint 4.0.2 failed with exit code 4.

EN Listing 9.6 shows the output of Pylint applied to program pylint_01.py given in Listing 9.5.
Explain this output.

DE Listing 9.6 zeigt die Ausgabe von Pylint angewandt auf Programm pylint_O1.py in Listing 9.5.
Erklaren Sie diese Ausgabe.
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Chapter 10

Equality and Identity / Gleichheit und
Identitat

10.1 Understanding / Verstehen

Listing 10.1: Program identity_01.py (stored in file identity_01.py; output in Listing 10.2)
"""Tdentity 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 10.2: The stdout of the program identity_01.py given in Listing 10.1.

2.718281828459045
2.718281828459045
True

False

EN Explain the output of program identity_O1.py in Listing 10.2.

DE Erklaren Sie die Ausgabe des Programms identity_01.py in Listing 10.2.
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Chapter 11

Lists / Listen

11.1 What is it?

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

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

11.2 Program Understanding / Programm Verstehen

Listing 11.1: 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 al[2]

a.extend ([5, 21)

a.sort ()

print (a)

EN Which output will the program 1ist_01.py in Listing 11.1 produce?

DE Welche Ausgabe produziert das Programm list_01.py in Listing 11.17
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Chapter 12

Tuple / Tuple

12.1 What is it?

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

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

12.2 What is it?

EN What is the difference between a tuple and a list in Python?

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

12.3 Program Understanding / Programm Verstehen

Listing 12.1: 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 1t print?

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

a = (c, e, d, b)

print (a) # Line 10: What does it print?
f: tuple[tuple[int, int], int, tuplel[int, int]] = (b, b), c, (d, 4)
print (f.index ((2, 2))) # Line 13: What does it print?

EN Which output will the program tuple_01.py in Listing 12.1 produce?

DE Welche Ausgabe produziert das Programm tuple_01.py in Listing 12.17
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Chapter 13

Sets / Mengen

13.1 What is it?

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

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

13.2 Program Understanding / Programm Verstehen

Listing 13.1: The program set_01.py (src)
"""Sets in Python. men

stl: set[str] = nan’ "b", "C", nen’ uen’ ufu’ ngn}
print("a" in st1) # Line 4: What does it print?
print ("x" in st1l) # Line 5: What does it print?
st2: set[str] = {nfu’ "h", "X", "C", nfu}

print (stl.union(st2)) # Line 8: What could <t print?

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

EN Which output will the program set_01.py in Listing 13.1 produce?

DE Welche Ausgabe produziert das Programm set_01.py in Listing 13.17
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CHAPTER 13. SETS / MENGEN 19
13.3 Program Understanding / Programm Verstehen

Listing 13.2: The program set_02.py (src)
"""Sets in Python. men

s Set[Str] = llall llbll "C" llell llell llfll llgll llhll llill llJ'll llkll}
print(s) # How does this behave?

Listing 13.3: One independent execution of set_02.py.
{'C', |f|’ lkl’ lal, |b|’ lil’ ljl, |g|, lel’ ’hl}

Listing 13.4: Another independent execution of set_02.py.
{lel, |k|, lil’ ’fl, |h|, lbl’ ’al, |j|, ICI’ ’g’}

EN Listing 13.3 and Listing 13.4 show the outputs of two independent executions of set_02.py in

Listing 13.2. Why are they different?

DE Listing 13.3 und Listing 13.4 zeigen die Ausgaben von zwei unabhingigen Ausfiihrungen von
Programm set_02.py in Listing 13.2. Warum sind sie verschieden?
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Chapter 14

Dictionaries

14.1 What is it?

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

DE Was ist ein Dictionary (1ist) in Python?Nennen Sie vier Eigenschaften bzw. Dinge die man mit
Dictionaries in Python machen kann.

14.2 Program Understanding / Programm Verstehen

Listing 14.1: The program dict_01.py (src)

"""Lists: 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 4t print?
print (56 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 1/: What does it print?

EN Which output will the program dict_01.py in Listing 14.1 produce?

DE Welche Ausgabe produziert das Programm dict_01.py in Listing 14.17
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Chapter 15

Alternatives / Alternativen

15.1 What is it?

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

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

15.2 What is it?

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

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

15.3 What is it?

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

DE Erklaren Sie die Syntax und den Verwendungszweck eines elif-Statements in Python. Sie kdnnen
ein Beispiel in lhrer Erklarung verwenden.
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CHAPTER 15. ALTERNATIVES / ALTERNATIVEN 22
15.4 Program Understanding / Programm Verstehen

Listing 15.1: The program if_01.py (src)

""" Tf-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) x*x* 2:
print ("Interesting.")

EN Which output will the program if_01.py in Listing 15.1 produce?

DE Welche Ausgabe produziert das Programm if_01.py in Listing 15.17

15.5 Program Understanding / Programm Verstehen

Listing 15.2: The program if_02.py (src)

"w" Tf-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.")
elssiel:

print ("Not going to happen.")

EN Explain program if _02.py in Listing 15.2 line-by-line, i.e., every single line. What output does
it produce?

DE Erkliren Sie das Programm if_02.py in Listing 15.2 Zeile fiir Zeile, also jede einzelne Zeile.
Welche Ausgabe produziert es?

15.6 Programming / Programmieren

EN 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.

DE 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.
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Chapter 16

For-Loop / For-Schleife

16.1 What is it?

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

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

16.2 Program Understanding / Programm Verstehen

Listing 16.1: 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")
EN Explain program for_01.py in Listing 16.1 line-by-line, i.e., every single line. What output does
it produce?

DE Erklaren Sie das Programm for_01.py in Listing 16.1 Zeile fiir Zeile, also jede einzelne Zeile.
Welche Ausgabe produziert es?

16.3 Program Understanding / Programm Verstehen

Listing 16.2: The program if_01.py (src)

""" For-Loop Example. """
for i in range(5):

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

EN Explain program for_02.py in Listing 16.2 line-by-line, i.e., every single line. What output does
it produce?

DE Erklaren Sie das Programm for_02.py in Listing 16.2 Zeile fiir Zeile, also jede einzelne Zeile.
Welche Ausgabe produziert es?
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Chapter 17

While-Loop / While-Schleife

17.1 What is it?

EN Explain the syntax and purpose/use of an while statement in Python. You can use an example

for your explanation.

DE Erkldren Sie die Syntax und den Verwendungszweck eines while-Statements in Python.

konnen ein Beispiel in Ihrer Erklarung verwenden.

17.2 Program Understanding / Programm Verstehen

Listing 17.1: 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 ="5b, a
if b > c:

b, ¢c =c¢c, b
if ¢ > d:

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

d, e = e, d

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

EN Explain program while_01.py in Listing 17.1 line-by-line, i.e., every single line. What output

does it produce?

DE Erklaren Sie das Programm while_01.py in Listing 17.1 Zeile fiir Zeile, also jede einzelne Zeile.

Welche Ausgabe produziert es?
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Chapter 18

Functions / Funktionen

18.1 What is it?

EN Explain the syntax and purpose/use of an def' statement in Python. You can use an example for

your explanation.

DE Erklaren Sie die Syntax und den Verwendungszweck eines def-Statements in Python. Sie kdnnen
ein Beispiel in lhrer Erklarung verwenden.
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CHAPTER 18. FUNCTIONS / FUNKTIONEN
18.2 Program Understanding / Programm Verst

Listing 18.1: The program function_01

""" An example of a function. """

def compute(lst: list[int]) -> list[int]:

nun

Perform a computation with the list “1st”

:param lst: the input list
:return: the output 1list
nmnn

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

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

return result

26

ehen

-py (src)

print (compute ([5, 4, 1, 3, 2])) # Line 20: What does it print?
print (compute ([25, -34, 6, -5, 9]1)) # Line 21: What does it print?

EN Carefully read the program function_01.py in Listing 18.1.

1. What does the function compute do?

2. What output does the program produce?

3. Is the program correct, i.e., produces the output that it
4

should? (Justify your answer.)

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

DE Lesen Sie das Programm function_01.py in Listing 18.1 ge

1. Was macht die Funktion compute?

2. Welche Ausgabe produziert das Programm?

nau.

3. Ist das program korrekt, also produziert es wirklich den gewiinschten Output (Rechtfertigen

Sie Ihre Antwort.)

4. Ist das Programm effizient, also erfiillt es seine Aufgabe ohne Zeit zu verschwenden? (Recht-

fertigen Sie ihre Antwort.)

18.3 Programming / Programmieren

(1) = m

EN The equation above shows how the binomial coefficient (k

n

(18.1)

) can be computed. Here, il =

1%2%3%---%1¢ is the factorial of a number i. Implement a function binomial taking two

parameters n and k and returning (E)

n

DE Die Gleichung oben zeigt, wie der Binomialkoeffizient (

k) berechnet werden kann. Dabei ist

1! = 1%2%3x%--- x4 die Fakultat der Zahl i. Implementieren Sie eine Funktion binomial mit

den beiden Parametern n und k, die () zuriickliefert.
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18.4 Program Understanding / Programm Verstehen

Listing 18.2: The program function_02.py (src)

""" An example of a function. """

def compute (number: int) -> int:
nmmnn

Perform a computation with the number “number .

:param number: the input number

:return: the output number
nmnn

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

return result

print (compute(4)) # Line 16: What does it print?
print (compute (7)) # Line 17: What does it print?
print (compute(0)) # Line 18: What does it print?

EN Carefully read the program function_02.py in Listing 18.2.

1. What does the function compute do?

2. What output does the program produce?

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.)
DE Lesen Sie das Programm function_02.py in Listing 18.2 genau.

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

3. Ist das program korrekt, also produziert es wirklich den gewiinschten Output (Rechtfertigen
Sie Ihre Antwort.)

4. Ist das Programm effizient, also erfiillt es seine Aufgabe ohne Zeit zu verschwenden? (Recht-
fertigen Sie ihre Antwort.)
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Chapter 19

Unit Tests

19.1 Unit Tests

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

DE Was ist das Ziel von Unit Tests? Wie kann man Unit Tests in Python realisieren?
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19.2 Program Understanding / Programm Verstehen

Listing 19.1: The program tests_01.py (src)

"""Working with tests."""

def my_isqrt(a: int) -> int:

nun

An implementation of the integer square root of numbers.

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

return result

Listing 19.2: The unit test program tests_01_test.py (src)

"""Test our function.
from tests_01 import my_isqrt

def test_my_sqrt() -> None:
"""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)

Il
1]
W NDNRR PO

Il
1]

= 4

Listing 19.3: The output of pytest when using tests_01_test.py

$ pytest --timeout=10 --no-header --tb=short tests_0Ol_test.py
========================== test session starts ==========================
collected 1 item

tests_01_test.py F [100%]
Soooescooossscooossssooosssosos  PATLINES Soooocssooooossoooosssooosssaa0s

_____________________________ test_my_sqrt
tests_0Ol_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 0.03s ===========================
# pytest 8.4.2 with pytest-timeout 2.4.0 failed with exit code 1.

EN 1. Explain function my_isqrt 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 19.3.

DE 1. Erkldren 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. Erkldren Sie die Ausgabe von pytest, was tests_01_test.py ausgefiihrt hat, die in List-
ing 19.3 gelistet ist.
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1! The factorial a! of a natural number a € Ny is the product of all positive natural numbers less than
orequal to a,ie, al =1%2%3%4x---x(a—1)*a [13, 23, 47].

7 is the ratio of the circumference U of a circle and its diameter d, ie., 7 = U/d. 7 €
R is an irrational and transcendental number [28, 39, 56], which is approximately 7 ~
3.141592 653589 793238462 643. In Python, it is provided by the math module as constant
pi with value 3.141592653589793. In PostgreSQL, it is provided by the Structured Query Lan-
guage (SQL) function pi() with value 3.141592653589793 [52].

Bash is a the 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 [10, 55, 96]. Learn more
at https://www.gnu.org/software/bash.

C is a programming language, which is very successful in system programming situations [22, 66].

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 for 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 [7, 46, 61, 68, 71]. These requests and responses are usually sent over network
connections. A typical example for 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.

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 [89].

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 [95].

e is Euler's number [26], the base of the natural logarithm. e € R is an irrational and transcendental
number [28, 39], which is approximately e ~ 2.718281828459045235360. In Python, it is
provided by the math module as constant e with value 2.718281828459045. In PostgreSQL, you
can obtain it via the SQL function exp(1) as value 2.718281828459045 [52)].

f-string let you include the results of expressions in strings [11, 29-31, 53, 76]. They can contain
expressions (in curly braces) like £"a{6-13}b" that are then transformed to text via (string) inter-
polation, which turns the string to "a5b". F-strings are delimited by £"...".

Git is a distributed Version Control Systems (VCS) which allows multiple users to work on the same
code while preserving the history of the code changes [75, 85]. Learn more at https://git-scm.
com.
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GitHub is a website where software projects can be hosted and managed via the Git VCS [63, 85].
Learn more at https://github.com.

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.

IT information technology

LAMP Stack A system setup for web applications: Linux, Apache (a web server), MySQL, and the
server-side scripting language PHP [12, 35].

linter A linter is a tool for analyzing program code to identify bugs, problems, vulnerabilities, and
inconsistent code styles [38, 73]. Ruff is an example for a linter used in the Python world.

Linux is the leading open source operating system, i.e., a free alternative for Microsoft Windows [3,
34, 74, 84, 88]. 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.

MariaDB An open source relational database management system that has forked off from MySQL [1,
2, 4, 24, 49, 69]. See https://mariadb.org for more information.

Microsoft Windows is a commercial proprietary operating system [9]. 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.

Mypy is a static type checking tool for Python [45] that makes use of type hints. Learn more at
https://github.com/python/mypy and in [90].

MySQL An open source relational database management system [8, 24, 70, 82, 92]. MySQL is famous
for its use in the LAMP Stack. See https://www.mysql.com for more information.

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

PostgreSQL An open source object-relational DBMS [27, 57, 65, 82]. 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 [86, 93, 94]. It comes
in a free community 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 [67]. Learn more at https://www.pylint.org.

pytest is a framework for writing and executing unit tests in Python [21, 41, 59, 62, 93]. Learn more
at https://pytest.org.

Python The Python programming language [36, 44, 48, 90], i.e., what you will learn about in our
book [90]. Learn more at https://python.org.

R the set of the real numbers.

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 [16, 32, 33, 77, 81, 89, 91].

Ruff is a linter and code formatting tool for Python [50, 51]. Learn more at https://docs.astral.
sh/ruff or in [90].
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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 for servers are web servers [12] 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” [42].

SQL The Structured Query Language is basically a programming language for querying and manipu-
lating relational databases [14, 17-19, 37, 54, 78-81]. It is understood by many DBMSes. You
find the SQL commands supported by PostgreSQL in the reference [78].

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) [40]. 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 standard error stream
(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) [40]. 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) [40]. 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 for string interpolation is
turning f£"Rounded {1.234:.2f}" to "Rounded 1.23".

terminal A terminal is a text-based window where you can enter commands and execute them [3, 15].
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 8 ]+[ R, type in cmd, and hit [ 4 |. Under Ubuntu Linux, [Ctrl|+[Alt]+| T | opens a terminal,

which then runs a Bash shell inside.

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 [43, 87]. 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 [15, 35]. 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.

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 [5, 58, 60, 62, 72, 83]. 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
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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.

VCS A Version Control System is a software which allows you to manage and preserve the historical
development of your program code [85]. 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.

WWW World Wide Web [6, 20]

Z 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 R.
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Python Commands

*x 3
.2f, 33

/.3
/.3
2.718281828459045, 31

3.141592653589793, 31

def, 25
dict, 20

e, 31

elif, 21

else, 21
Exception, 33

... 31
False, 7
float, 5
for, 23

if, 21
inf, 5
input, 33
int], 3

list, 16, 17, 20

math, 31
Mypy, 32

35

nan, 5
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pi, 31
print, 33
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set, 18
str, 8

True, 7
tuple, 17

while, 24
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