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Programming with Python

Dies ist ein Kurs liber das Programmieren mit der Programmiersprache Python an der
Universitat Hefei (&2 K ).

Die  Webseite  mit  dem Lehrmaterial dieses  Kurses  ist  htt-
ps:/ /thomasweise.github.io/programmingWithPython (sieche auch den QR-Kode
unten rechts). Dort kdnnen Sie das Kursbuch (in Englisch) und diese Slides finden.
Das Repository mit den Beispielprogrammen in Python finden Sie unter htt-
ps:/ /github.com/thomasWeise /programmingWithPythonCode.
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Einleitung PRI

® In Python, everything is an object'®?*, also , Alles ist ein Objekt".
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Einleitung

e In Python, everything is an object'®?*, also ,Alles ist ein Objekt".

® Funktionen, Module, Klassen, Datentypen, Werte einfacher Datentypen, und so weiter —
alles sind Objekte.
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e In Python, everything is an object'®?*, also ,Alles ist ein Objekt".

® Funktionen, Module, Klassen, Datentypen, Werte einfacher Datentypen, und so weiter —

alles sind Objekte.
® Viele dieser Objekte haben besondere Funktionen
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e In Python, everything is an object'®?*, also ,Alles ist ein Objekt".

® Funktionen, Module, Klassen, Datentypen, Werte einfacher Datentypen, und so weiter —
alles sind Objekte.

® Viele dieser Objekte haben besondere Funktionen

® Zum Beispiel konnen wir numerische Objekte addieren, subtrahieren, multiplizieren und
dividieren.
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e In Python, everything is an object'®?*, also ,Alles ist ein Objekt".

® Funktionen, Module, Klassen, Datentypen, Werte einfacher Datentypen, und so weiter —
alles sind Objekte.

® Viele dieser Objekte haben besondere Funktionen

® Zum Beispiel konnen wir numerische Objekte addieren, subtrahieren, multiplizieren und
dividieren.

e Wir konnen die String-Reprasentation von allen Objekten bekommen und auf der Konsole
ausgeben.
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e In Python, everything is an object'®?*, also ,Alles ist ein Objekt".

® Funktionen, Module, Klassen, Datentypen, Werte einfacher Datentypen, und so weiter —
alles sind Objekte.

® Viele dieser Objekte haben besondere Funktionen

® Zum Beispiel konnen wir numerische Objekte addieren, subtrahieren, multiplizieren und
dividieren.

e Wir konnen die String-Reprasentation von allen Objekten bekommen und auf der Konsole
ausgeben.
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® Wir konnen iiber die Elemente von Objekten iterieren, die Sequenzen darstellen.
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e In Python, everything is an object'®?*, also ,Alles ist ein Objekt".

® Funktionen, Module, Klassen, Datentypen, Werte einfacher Datentypen, und so weiter —
alles sind Objekte.

® Viele dieser Objekte haben besondere Funktionen

® Zum Beispiel konnen wir numerische Objekte addieren, subtrahieren, multiplizieren und
dividieren.
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® Wir konnen iiber die Elemente von Objekten iterieren, die Sequenzen darstellen.

® Wir konnen Objekte ausfiihren, die Funktionen reprasentieren.
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Einleitung

e In Python, everything is an object'®?*, also ,Alles ist ein Objekt".

® Funktionen, Module, Klassen, Datentypen, Werte einfacher Datentypen, und so weiter —
alles sind Objekte.

® Viele dieser Objekte haben besondere Funktionen

® Zum Beispiel konnen wir numerische Objekte addieren, subtrahieren, multiplizieren und
dividieren.

® Wir konnen die String-Reprasentation von allen Objekten bekommen und auf der Konsole
ausgeben.
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® Wir konnen iiber die Elemente von Objekten iterieren, die Sequenzen darstellen.
® Wir konnen Objekte ausfiihren, die Funktionen reprasentieren.

® Diese besonderen Funktionalitidten sind als so genannte dunder-Methoden implementiert.
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Einleitung

In Python, everything is an object'®?*, also ,Alles ist ein Objekt".

Funktionen, Module, Klassen, Datentypen, Werte einfacher Datentypen, und so weiter —
alles sind Objekte.

Viele dieser Objekte haben besondere Funktionen

Zum Beispiel kénnen wir numerische Objekte addieren, subtrahieren, multiplizieren und
dividieren.

Wir kénnen die String-Reprasentation von allen Objekten bekommen und auf der Konsole
ausgeben.

Wir kdénnen tiber die Elemente von Objekten iterieren, die Sequenzen darstellen.
Wir kénnen Objekte ausfiihren, die Funktionen reprasentieren.
Diese besonderen Funktionalitidten sind als so genannte dunder-Methoden implementiert.

Dunder steht fpr ,double underscore”, also ,,Doppelter Unterstrich®, also __
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Einleitung

In Python, everything is an object'®?*, also ,Alles ist ein Objekt".

Funktionen, Module, Klassen, Datentypen, Werte einfacher Datentypen, und so weiter —
alles sind Objekte.

Viele dieser Objekte haben besondere Funktionen

Zum Beispiel kénnen wir numerische Objekte addieren, subtrahieren, multiplizieren und
dividieren.

Wir kénnen die String-Reprasentation von allen Objekten bekommen und auf der Konsole
ausgeben.

Wir kdénnen tiber die Elemente von Objekten iterieren, die Sequenzen darstellen.

Wir kénnen Objekte ausfiihren, die Funktionen reprasentieren.

Diese besonderen Funktionalitidten sind als so genannte dunder-Methoden implementiert.
Dunder steht fpr ,double underscore”, also ,,Doppelter Unterstrich®, also __

Alle Namen solcher Methoden beginnen und enden namlich mit __.
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® Alle Namen solcher Methoden beginnen und enden namlich mit __.
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® Alle Namen solcher Methoden beginnen und enden namlich mit __.

® Ein typisches Beispiel haben wir schon kennengelernt, ndmlich den Initialisierer
der die Attribute von Objekten erstellt.

_init_
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Dunder Methoden

® Alle Namen solcher Methoden beginnen und enden namlich mit __.

® Ein typisches Beispiel haben wir schon kennengelernt, ndmlich den Initialisierer

der die Attribute von Objekten erstellt.

_init_

® Wir haben auch gelernt das, wenn wir eine Subklasse von einer Klasse ableiten, sowohl
neue Methoden definieren als auch existierende Methoden iiberschreiben konnen.
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Dunder Methoden

Alle Namen solcher Methoden beginnen und enden namlich mit __.

Ein typisches Beispiel haben wir schon kennengelernt, ndmlich den Initialisierer
der die Attribute von Objekten erstellt.

Wir haben auch gelernt das, wenn wir eine Subklasse von einer Klasse ableiten, sowohl
neue Methoden definieren als auch existierende Methoden iiberschreiben konnen.

__init__§

Das konnen wir auch mit den Dunder-Methoden machen.
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Dunder Methoden

® Alle Namen solcher Methoden beginnen und enden namlich mit __.

® Ein typisches Beispiel haben wir schon kennengelernt, ndmlich den Initialisierer
der die Attribute von Objekten erstellt.

__init__§

® Wir haben auch gelernt das, wenn wir eine Subklasse von einer Klasse ableiten, sowohl
neue Methoden definieren als auch existierende Methoden iiberschreiben konnen.

® Das konnen wir auch mit den Dunder-Methoden machen.

® Das heist, das wir im Grunde alle der vorher genannten Funktionalitdten erzeugen,
verdndern, und anpassen kénnen!
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e Wir kdnnen zwei Arten von textuellen Reprasentationen eines Objekts o unterscheiden.
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e Wir kdnnen zwei Arten von textuellen Reprasentationen eines Objekts o unterscheiden

1.

str(o) sollte eine kurze Stringreprisentation des Objekts o liefern3.
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e Wir kdnnen zwei Arten von textuellen Reprasentationen eines Objekts o unterscheiden

1. str(o) sollte eine kurze Stringreprisentation des Objekts o liefern3. Diese Reprisentation
ist hauptsachlich fiir Endbenutzer.
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Y __str__und .

® Wir konnen zwei Arten von textuellen Reprasentationen eines Objekts o unterscheiden

1. str(o) sollte eine kurze Stringreprisentation des Objekts o liefern3. Diese Reprisentation
ist hauptsachlich fiir Endbenutzer. str (o) ruft die Dunder-Methode __str__ von o auf,
wenn diese implementiert wurde.
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® Wir konnen zwei Arten von textuellen Reprasentationen eines Objekts o unterscheiden

1. str(o) sollte eine kurze Stringreprisentation des Objekts o liefern3. Diese Reprisentation
ist hauptsachlich fiir Endbenutzer. str (o) ruft die Dunder-Methode __str__ von o auf,
wenn diese implementiert wurde. Sonst ruft es o.__repr__() auf.
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und __repr

® Wir konnen zwei Arten von textuellen Reprasentationen eines Objekts o unterscheiden

1.

str(o) sollte eine kurze Stringreprisentation des Objekts o liefern. Diese Reprisentation
ist hauptsachlich fiir Endbenutzer. str (o) ruft die Dunder-Methode __str__ von o auf,
wenn diese implementiert wurde. Sonst ruft es o.__repr__() auf.

repr (o) sollte idealerweise eine String-Reprdsentation liefern, die alle Informationen
beinhaltet, die notwendig sind, um das Objekt o erneut zu erzeugen?.
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® Wir konnen zwei Arten von textuellen Reprasentationen eines Objekts o unterscheiden

1.

und __repr__

str(o) sollte eine kurze Stringreprisentation des Objekts o liefern. Diese Reprisentation
ist hauptsachlich fiir Endbenutzer. str (o) ruft die Dunder-Methode __str__ von o auf, -
wenn diese implementiert wurde. Sonst ruft es o.__repr__() auf. I

repr (o) sollte idealerweise eine String-Reprdsentation liefern, die alle Informationen
beinhaltet, die notwendig sind, um das Objekt o erneut zu erzeugen®. Das Zielpublikum sind
hier Programmier, die am Kode arbeiten, und die z. B. genau Informationen in Log-Dateien
schreiben oder nach Fehlern suchen miissen.




str

N P =

und __repr

® Wir konnen zwei Arten von textuellen Reprasentationen eines Objekts o unterscheiden

1.

str(o) sollte eine kurze Stringreprasentation des Objekts o liefern3. Diese Reprisentation
ist hauptsachlich fiir Endbenutzer. str (o) ruft die Dunder-Methode __str__ von o auf,
wenn diese implementiert wurde. Sonst ruft es o.__repr__() auf.

repr (o) sollte idealerweise eine String-Reprdsentation liefern, die alle Informationen
beinhaltet, die notwendig sind, um das Objekt o erneut zu erzeugen®. Das Zielpublikum sind
hier Programmier, die am Kode arbeiten, und die z. B. genau Informationen in Log-Dateien
schreiben oder nach Fehlern suchen miissen. repr (o) ruft die Dunder-Methode __repr__
auf, wenn diese implementiert wurde.
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und __repr

® Wir konnen zwei Arten von textuellen Reprasentationen eines Objekts o unterscheiden

1.

str(o) sollte eine kurze Stringreprasentation des Objekts o liefern3. Diese Reprisentation
ist hauptsachlich fiir Endbenutzer. str (o) ruft die Dunder-Methode __str__ von o auf,
wenn diese implementiert wurde. Sonst ruft es o.__repr__() auf.

repr (o) sollte idealerweise eine String-Reprdsentation liefern, die alle Informationen
beinhaltet, die notwendig sind, um das Objekt o erneut zu erzeugen®. Das Zielpublikum sind
hier Programmier, die am Kode arbeiten, und die z. B. genau Informationen in Log-Dateien
schreiben oder nach Fehlern suchen miissen. repr (o) ruft die Dunder-Methode __repr__
auf, wenn diese implementiert wurde. Sonst wird er name des Datentyps und die ID des
Objekts geliefert.




Beispiel: str und repr

® In Programm str_vs_repr.py
vergleichen wir die beiden Funktionen.
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"""An example comparing str° and “repr .

from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.

print (the_int) # This is identical to “print(str(the_int))’ /
print (repr(the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This s 4identical to “print(str(the_string)) .
print (repr(the_string)) # Notice the added '  around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (£" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow"

print (£"{repr (right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
1123
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now = 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
< tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<+ tzinfo=datetime.timezone.utc)
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""UAn example comparing "str
B -
Belsple|: str und repr from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to ‘print(str(the_int))’

® In Programm str_vs_repr.py print(repr(the_int)) # Prints the same as above.
vergleichen wir die beiden Funktionen.  cnestring: str = v123" # 4 string, with vatue 123"

print (the_string) # This s ddentical to 'print(str(the_string))’
print (repr(the_string)) # Notice the added "' around the string.

and “repr:."""

® Wir erstellen zuerst eine ,
Y k 4 11: list[int] = [1, 2, 3] # 4 list of integers.
Ganzzahl-Variable the_int mit Wert = 12: 1istlswd = thar, var, 1311 7 4 List of strings.

| print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

123.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC) 2

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow"

print (£"{repr(right_now) = 1}")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

1 123
123
123
1123
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now = 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
< tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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’ """An example comparing "str
B -
Belsple|: str und repr from datetime import UTC, datetime |

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))’

® |n Programm str_vs_repr.py print (repr(the_int)) # Prints the same as above.
Verg|eichen Wil’ d|e beiden Funktionen_ the_string: str = "123" # A string, with value "123".

print (the_string) # This 4s identical to ‘print(str(the_string)) .
print (repr(the_string)) # Notice the added '  around the string.

and “repr:."""

® Wir erstellen zuerst eine ,
Y k 4 11: list[int] = [1, 2, 3] # 4 list of integers.
Ganzzahl-Variable the_int mit Wert = 12: 1istlswrd = thar, var, 1311 7 4 List of strings.

print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

4 g
\ [ ]
Sowohl Str(the—lnt) als auch # Print the human-readable, concise string representation for users who
3 repr(the_int) liefern "123". # want to kmow that the object means but do not necessarily need to know

# its detailed content.
print (f" {str(right_now) = }")
print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now = 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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Beispiel: str und repr

® In Programm str_vs_repr.py
vergleichen wir die beiden Funktionen.
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Wir erstellen zuerst eine
Ganzzahl-Variable the_int mit Wert
123.

3
1

® Sowohl| str(the_int) als auch
repr (the_int) liefern "123".

® Das erwarten wir so auch, denn das
ist sowohl die kompakteste Variante,
den Wert darzustellen, als auch alle
Information, die man braucht, um ihn
neu zu erzeugen.
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"""An example comparing “str’ and “repr’."""

from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.
print (the_int) # This 1is ‘print (str(the_int))"
print (repr (the_int)) # Prints the same as above.

identical to

the_string: str =
print (the_string)
print (repr (the_string))

"123"  # 4 string, with value "123".
# This is identical to ‘print(str(the_string))’
# Notice the added '  around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to kmow that the object means but do not necessarily need to know
# its detailed content.

print (£" {str(right_now) =
print (£" right_now =

)
{right_now!s}")
# Print the format for programmers who need to understand the ezact

# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']

'2025-09-29 22:08:58.423616+00:00"'
2025-09-29 22:08:58.423616+00:00

str(right_now) =
right_now =

repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
—
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"""An example comparing “str’ and “repr’."""
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Beispiel: str und repr

vergleichen wir die beiden Funktionen.

! ® In Programm str_vs_repr.py
4

® Wir erstellen zuerst eine
Ganzzahl-Variable the_int mit Wert

. 123.
? ® Sowohl| str(the_int) als auch
repr (the_int) liefern "123".

® Das erwarten wir so auch, denn das
ist sowohl die kompakteste Variante,
den Wert darzustellen, als auch alle
Information, die man braucht, um ihn
neu zu erzeugen.

® Wir erstellen eine Variable the_str
mit Wert "123".
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from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"
print (repr (the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This s ddentical to 'print(str(the_string))’
print (repr(the_string)) # Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] = ["1", "2", "3"] # 4 list of strings.

print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to kmow that the object means but do not necessarily need to know

# its detailed content.
print (f" {str(right_now) = }")
print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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I Beispiel: str und repr
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4

Sowoh| str(the_int) als auch
repr (the_int) liefern "123".

Das erwarten wir so auch, denn das
ist sowohl die kompakteste Variante,
den Wert darzustellen, als auch alle
Information, die man braucht, um ihn
neu zu erzeugen.

Wir erstellen eine Variable the_str
mit Wert "123".

Wenn wir the_str auf dem standard
output stream (stdout) ausgeben,
wenn wir also

print (str(the_str)) machen,
dann taucht der Text 123 auf der
Konsole auf.
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"An example comparing “str’ and “repr’."""

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"
print (repr (the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This is <dentical to 'print(str(the_string)) .
print (repr(the_string)) # Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"

right_now 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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Beispiel: str und repr

e e

® Das erwarten wir so auch, denn das

ist sowoh| die kompakteste Variante,
den Wert darzustellen, als auch alle
Information, die man braucht, um ihn
neu zu erzeugen.

Wir erstellen eine Variable the_str
mit Wert "123".

Wenn wir the_str auf dem standard
output stream (stdout) ausgeben,
wenn wir also

print (str(the_str)) machen,
dann taucht der Text 123 auf der
Konsole auf.

Drucken wir dagegen repr (the_str)
aus, dann erscheint '123"'.
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"""An example comparing “str’ and “repr’."""
from datetime import UTC, datetime
the_int: int = 123

print (the_int)
print (repr (the_int))

# An integer with value 123
# Prints the same as above.

the_string: str = "123"
print (the_string)
print (repr(the_string)) # Notice the added '°
11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str]l =

print (£"{11 = }, but {12 = }")

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know

# its detailed content.
print (f" {str(right_now) = }")
print (£" right_now = {right_now!s}")

# 4 string, with value "123".
# This is identical to ‘print(str(the_string)) .
around the string.

["1", "2", "3"] # 4 list of strings.
# str(list) uses repr for list elements.

# This 4s 4dentical to “print(str(the_int))’

# Print the format for programmers who need to understand the ezact

# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"

11 = [1, 2, 3], but 12 = ['1', '2', '3']

str(right_now) = '2025-09-29 22:08:58.423616+00:00"

right_now

repr (right_now) = 'datetime.datetime (2025, 9, 29,
<> tzinfo=datetime.timezone.utc)'

right_now = datetime.datetime (2025, 9, 29,

<> tzinfo=datetime.timezone.utc)

2025-09-29 22:08:58.423616+00:00

22,

8,

58,

58,

423616,

423616,
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Beispiel: str und repr

Wir erstellen eine Variable the_str
mit Wert "123".

Wenn wir the_str auf dem standard
output stream (stdout) ausgeben,
wenn wir also

print (str(the_str)) machen,
dann taucht der Text 123 auf der
Konsole auf.

o

® Drucken wir dagegen repr (the_str)
aus, dann erscheint '123'.

® Beachten Sie die einzelnen
Anfiihrungszeichen an beiden Enden?

T L B s

"""An example comparing “str’ and “repr’."""

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.

print (the_int) # This 1is ‘print (str(the_int)) "’
print (repr(the_int)) # Prints the same as above.

identical to

the_string: str =
print (the_string)
print (repr (the_string))

"123"  # 4 string, with value "123".
# This is identical to ‘print(str(the_string))’
# Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to kmow that the object means but do not necessarily need to know
# its detailed content.

print (£" {str(right_now) =
print (£" right_now =

)
{right_now!s}")
# Print the format for programmers who need to understand the ezact

# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']

'2025-09-29 22:08:58.423616+00:00"'
2025-09-29 22:08:58.423616+00:00

str(right_now) =
right_now =

repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
—




' Beispiel: str und repr

® Wir erstellen eine Variable the_str
mit Wert "123".

) ® Wenn wir the_str auf dem standard

: output stream (stdout) ausgeben,

. wenn wir also

1 print (str(the_str)) machen,
dann taucht der Text 123 auf der
Konsole auf.

® Drucken wir dagegen repr (the_str)
aus, dann erscheint '123'.

® Beachten Sie die einzelnen
Anfiihrungszeichen an beiden Enden?

® Diese sind notwendig.
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"An example comparing “str’ and “repr’."""
from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.

print (the_int) # This is identical to “print(str(the_int))"
print (repr (the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This s ddentical to 'print(str(the_string))’
print (repr(the_string)) # Notice the added "' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] = ["1", "2", "3"] # 4 list of strings.

print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to kmow that the object means but do not necessarily need to know

# its detailed content.
print (f" {str(right_now) = }")
print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)




' Beispiel: str und repr

® \Wenn wir the_str auf dem standard
output stream (stdout) ausgeben,
wenn wir also
print (str(the_str)) machen,

i dann taucht der Text 123 auf der
1 Konsole auf.
® Drucken wir dagegen repr (the_str)
aus, dann erscheint '123"'.
® Beachten Sie die einzelnen
Anfiihrungszeichen an beiden Enden?
® Diese sind notwendig.
[ )

Ohne sie waren repr(the_str) und
repr (the_int) gleich.
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"An example comparing “str’ and “repr’."""
from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.

print (the_int) # This is identical to “print(str(the_int))"
print (repr (the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This s ddentical to 'print(str(the_string))’
print (repr(the_string)) # Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] = ["1", "2", "3"] # 4 list of strings.

print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to kmow that the object means but do not necessarily need to know

# its detailed content.
print (f" {str(right_now) = }")
print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)




Drucken wir dagegen repr (the_str)
aus, dann erscheint '123'.

® Beachten Sie die einzelnen
Anfiihrungszeichen an beiden Enden?

® Diese sind notwendig.

> W A
o

® Ohne sie waren repr(the_str) und
repr(the_int) gleich.

® Wir konnten nicht unterscheiden, ob
ein String oder eine Ganzzahl
ausgegeben wurde.

B . W
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Beispiel: str und repr

"""An example comparing “str’ and “repr’."""

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.

print (the_int) # This 1is ‘print (str(the_int)) "’
print (repr(the_int)) # Prints the same as abowve.

identical to

the_string: str =
print (the_string)
print (repr (the_string))

"123"  # 4 string, with value "123".
# This is identical to ‘print(str(the_string))’
# Notice the added '  around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to kmow that the object means but do not necessarily need to know
# its detailed content.

print (£" {str(right_now) =
print (£" right_now =

)
{right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']

'2025-09-29 22:08:58.423616+00:00"'
2025-09-29 22:08:58.423616+00:00

str(right_now) =
right_now =

repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
—




Beispiel: str und repr

Beachten Sie die einzelnen
Anfiihrungszeichen an beiden Enden?

R o o
[ ] [ )

Diese sind notwendig.

Ohne sie waren repr(the_str) und
repr (the_int) gleich.

-
P
[}

® Wir kdnnten nicht unterscheiden, ob
ein String oder eine Ganzzahl
ausgegeben wurde.

® Das spielt natiirlich nur eine Rolle,
wenn wir uns fiir die innere
Arbeitsweise unseres Programms
interessieren.

T e U T A TR AT N B o

"""An example comparing “str’ and “repr’."""

from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.
print (the_int) # This 1is ‘print (str(the_int))"
print (repr (the_int)) # Prints the same as above.

identical to

"123"  # 4 string, with value "123".
# This is identical to ‘print(str(the_string))’
# Notice the added ' around the string.

the_string: str =
print (the_string)
print (repr (the_string))

11: list[int] = [1, 2, 3] # 4
12: list[str] = ["1", "2", "3"]
print (£"{11 = }, but {12 = }")

list of integers.
# 4 list of strings.
# str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"

11 = [1, 2, 3], but 12 =
str(right_now) =

960, 980, 8"
= '2025-09-29 22:08:58.423616+00:00"
right_now = 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8,
<> tzinfo=datetime.timezone.utc)
—

423616,

58,

423616,




Diese sind notwendig.

Ohne sie waren repr(the_str) und
repr (the_int) gleich.

® Wir konnten nicht unterscheiden, ob
ein String oder eine Ganzzahl
ausgegeben wurde.

> W A
() [ )

® Das spielt natiirlich nur eine Rolle,
wenn wir uns fiir die innere
Arbeitsweise unseres Programms
interessieren.

® Und genau dafiir existiert repr.
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Beispiel: str und repr

"""An example comparing “str’ and “repr’."""

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.

print (the_int) # This 1is ‘print (str(the_int)) "’
print (repr(the_int)) # Prints the same as above.

identical to

the_string: str =
print (the_string)
print (repr (the_string))

"123"  # 4 string, with value "123".
# This is identical to ‘print(str(the_string))’
# Notice the added '  around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to kmow that the object means but do not necessarily need to know
# its detailed content.

print (£" {str(right_now) =
print (£" right_now =

)
{right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']

'2025-09-29 22:08:58.423616+00:00"'
2025-09-29 22:08:58.423616+00:00

str(right_now) =
right_now =

repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
<> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
—
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Beispiel: str und repr

Ohne sie waren repr(the_str) und
repr (the_int) gleich.

® Wir konnten nicht unterscheiden, ob
ein String oder eine Ganzzahl
ausgegeben wurde.

o

® Das spielt natiirlich nur eine Rolle,
wenn wir uns fiir die innere
Arbeitsweise unseres Programms
interessieren.

® Und genau dafiir existiert repr.

® Nun erstellen wir zwei Kollektionen.

T L B s

"""An example comparing “str’ and “repr’."""

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.

print (the_int) # This 1is ‘print (str(the_int)) "’
print (repr(the_int)) # Prints the same as above.

identical to

the_string: str =
print (the_string)
print (repr (the_string))

"123"  # 4 string, with value "123".
# This is identical to ‘print(str(the_string))’
# Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"

1 = [1, 2, 3],
str(right_now) =
right_now =

but 12 = ['1', '2', '3']
12025-09-29 22:08:58.423616+00:00"
2025-09-29 22:08:58.423616+00:00

repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
—




Beispiel: str und repr

Wir konnten nicht unterscheiden, ob
ein String oder eine Ganzzahl
ausgegeben wurde.

R o o
[ )

® Das spielt natiirlich nur eine Rolle,
wenn wir uns fiir die innere
Arbeitsweise unseres Programms
interessieren.

3
1

® Und genau dafiir existiert repr.
® Nun erstellen wir zwei Kollektionen.

® Zuerst erzeugen wir die Liste 11, die
die drei Ganzzahlen 1, 2 und 3
beinhaltet.

T e U T A TR AT N B o

"""An example comparing “str’ and “repr’."""

from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.
print (the_int) # This 1is ‘print (str(the_int))"
print (repr (the_int)) # Prints the same as above.

identical to

the_string: str =
print (the_string)
print (repr (the_string))

"123"  # 4 string, with value "123".
# This is identical to ‘print(str(the_string))’
# Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime datetime.now (tz=UTC)

# Print the human-readable, concise string representation for users who
# want to kmow that the object means but do not necessarily need to know
# its detailed content.

print (£" {str(right_now) =
print (£" right_now =

)
{right_now!s}")
# Print the format for programmers who need to understand the ezact

# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']

'2025-09-29 22:08:58.423616+00:00"
2025-09-29 22:08:58.423616+00:00

str(right_now) =
right_now =

repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
—
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Das spielt natiirlich nur eine Rolle,
wenn wir uns fiir die innere
Arbeitsweise unseres Programms
interessieren.

Und genau dafiir existiert repr.

o
[}

® Nun erstellen wir zwei Kollektionen.

® Zuerst erzeugen wir die Liste 11, die
die drei Ganzzahlen 1, 2 und 3
beinhaltet.

® Dann erstellen wir die List 12, die drei
Strings, ndmllich "1", "2" und "3".

T L B s

"""An example comparing “str’ and “repr ."""

from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.
print (the_int) # This 1is ‘print (str(the_int))"
print (repr (the_int)) # Prints the same as above.

identical to

"123"  # 4 string, with value "123".
# This is identical to ‘print(str(the_string))’
# Notice the added "'  around the string.

the_string: str =
print (the_string)
print (repr (the_string))

11: list[int] = [1, 2, 3] # 4
12: list[str] = ["1", "2", "3"]
print (£"{11 = }, but {12 = }")

list of integers.
# 4 list of strings.
# str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"

11 = [1, 2, 3],
str(right_now) =
right_now =

but 12 = ['1', '2', '3']
12025-09-29 22:08:58.423616+00:00"
2025-09-29 22:08:58.423616+00:00

repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
—
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" Beispiel: str und repr

4
i
4

Und genau dafiir existiert repr.
Nun erstellen wir zwei Kollektionen.

Zuerst erzeugen wir die Liste 11, die
die drei Ganzzahlen 1, 2 und 3
beinhaltet.

Dann erstellen wir die List 12, die drei
Strings, namllich "1", "2" und "3".

Dann wenden wir geben wir beide
Listen aus wobei intern str(11) und
str(12) werden.

B . W a—

"""An example comparing “str’ and “repr’."""

from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.

print (the_int) # This is identical to “print(str(the_int))"
print (repr (the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This s identical to 'print(str(the_string))’
print (repr(the_string)) # Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was Tun.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now = 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
<> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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Beispiel: str und repr

Nun erstellen wir zwei Kollektionen.

Zuerst erzeugen wir die Liste 11, die
die drei Ganzzahlen 1, 2 und 3
beinhaltet.

Dann erstellen wir die List 12, die drei
Strings, namllich "1", "2" und "3".

o
[}

® Dann wenden wir geben wir beide
Listen aus wobei intern str(11) und
str(12) werden.

® Das Ergebnis von
print(£"{11 = }, but {12 = }")
ist 11 = [1, 2, 3],
but 12 = ['1',

|2|, |3|]_

T L B s

"""An example comparing “str’ and “repr’."""

from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.
print (the_int) # This 1is ‘print (str(the_int)) "
print (repr (the_int)) # Prints the same as above.

identical to

the_string: str =
print (the_string)
print (repr (the_string))

"123"  # 4 string, with value "123".
# This is identical to ‘print(str(the_string))’
# Notice the added "'  around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to kmow that the object means but do not necessarily need to know
# its detailed content.

print (£" {str(right_now) =
print (£" right_now =

)
{right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']

'2025-09-29 22:08:58.423616+00:00"'
2025-09-29 22:08:58.423616+00:00

str(right_now) =
right_now =

repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
—




"""An example comparing “str’ and “repr’."""

P' RO T Wa¥ T NS ) S
Beispiel: str und repr

® Zuerst erzeugen wir die Liste 11, die
‘ die drei Ganzzahlen 1, 2 und 3
. beinhaltet.

y

« Dann erstellen wir die List 12, die drei
. Strings, namllich "1", "2" und "3".
5

Dann wenden wir geben wir beide
Listen aus wobei intern str(11) und
str(12) werden.

Das Ergebnis von

print(£"{11 = }, but {12 = }")
ist 11 = [1, 2, 3],

but 12 = ['1', '2', '3'].

Beachten Sie wieder die einzelnen
Anfiihrungszeichen um die
String-Elemente von 12.

T e U T A R TSI 0 e B —

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"
print (repr (the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This s ddentical to 'print(str(the_string))’
print (repr(the_string)) # Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] = ["1", "2", "3"] # 4 list of strings.

print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to kmow that the object means but do not necessarily meed to know

# its detailed content.
print (f" {str(right_now) = }")
print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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Dann wenden wir geben wir beide
Listen aus wobei intern str(11) und
str(12) werden.

Das Ergebnis von

print(£"{11 = }, but {12 = }")
ist 11 [1, 2, 3],

but 12 = ['1', '2', '3'].

Beachten Sie wieder die einzelnen
Anfiihrungszeichen um die
String-Elemente von 12.

Wenn die textuelle Reprasentation der
Standard-Kollektionstypen bon
Python mit str oder repr erzeugt
wird, dann weden die Elemente der
Kollektionen immer repr zu
Stringskonvertiert, nie mit str®.
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"An example comparing “str’ and “repr’."""

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"
print (repr (the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This is <dentical to 'print(str(the_string)) .
print (repr(the_string)) # Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"

right_now 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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Das Ergebnis von

print(£"{11 = }, but {12 = }")
ist 11 [1, 2, 31,

but 12 = ['1', '2', '3'].

Beachten Sie wieder die einzelnen
Anfiihrungszeichen um die
String-Elemente von 12.

Wenn die textuelle Reprasentation der
Standard-Kollektionstypen bon
Python mit str oder repr erzeugt
wird, dann weden die Elemente der
Kollektionen immer repr zu
Stringskonvertiert, nie mit str®.

Andernfalls konnten wir nicht
zwischen 11 und 12 in der Ausgabe
unterscheiden.
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"An example comparing “str’ and “repr .

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"
print (repr (the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This is <dentical to 'print(str(the_string)) .
print (repr(the_string)) # Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"

right_now 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)




Beispiel: str und repr

® Beachten Sie wieder die einzelnen

Anfiihrungszeichen um die
String-Elemente von 12.

Wenn die textuelle Reprasentation der
Standard-Kollektionstypen bon
Python mit str oder repr erzeugt
wird, dann weden die Elemente der
Kollektionen immer repr zu
Stringskonvertiert, nie mit str®.

Andernfalls konnten wir nicht
zwischen 11 und 12 in der Ausgabe
unterscheiden.

Ein anderes gutes Beispiel fiir den
Unterschied zwischen str und repr
ist Python's Klasse datetime.
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"""An example comparing “str’ and “repr’."""
from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.

print (the_int) # This is identical to “print(str(the_int))"
print (repr(the_int)) # Prints the same as abowe.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This is <dentical to 'print(str(the_string)) .
print (repr(the_string)) # Notice the added '  around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was Tun.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"

11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) '2025-09-29 22:08:58.423616+00:00"'

right_now = 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
<> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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Beispiel: str und repr
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® \Wenn die textuelle Reprasentation der

Standard-Kollektionstypen bon
Python mit str oder repr erzeugt
wird, dann weden die Elemente der
Kollektionen immer repr zu
Stringskonvertiert, nie mit str®.

Andernfalls kdnnten wir nicht
zwischen 11 und 12 in der Ausgabe
unterscheiden.

Ein anderes gutes Beispiel fiir den
Unterschied zwischen str und repr
ist Python's Klasse datetime.

Wir diskutieren diese Klasse hier nicht

im Detail.
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"""An example comparing “str’ and “repr’."""
from datetime import UTC, datetime
the_int: int = 123

print (the_int)
print (repr (the_int))

# An integer with value 123
# Prints the same as above.

the_string: str = "123"
print (the_string)
print (repr(the_string)) # Notice the added '°
11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str]l =

print (£"{11 = }, but {12 = }")

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know

# its detailed content.
print (f" {str(right_now) = }")
print (£" right_now = {right_now!s}")

# 4 string, with value "123".
# This is identical to ‘print(str(the_string)) .
around the string.

["1", "2", "3"] # 4 list of strings.
# str(list) uses repr for list elements.

# This 4s 4dentical to “print(str(the_int))’

# Print the format for programmers who need to understand the ezact

# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:0

right_now 2025-09-29 22:08:58.423616+00:0
repr (right_now) = 'datetime.datetime (2025, 9, 29,

> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29,

<> tzinfo=datetime.timezone.utc)
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Beispiel: str und repr

Andernfalls konnten wir nicht
zwischen 11 und 12 in der Ausgabe
unterscheiden.

® Ein anderes gutes Beispiel fiir den
Unterschied zwischen str und repr
ist Python's Klasse datetime.

o

e Wir diskutieren diese Klasse hier nicht
im Detail.

® Es reicht zu wissen, dass Instanzen
dieser Klasse eine Kombination aus
Datum und Uhrzeit darstellen.
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"""An example comparing “str’ and “repr’."""
from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"
print (repr (the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This s ddentical to 'print(str(the_string))’
print (repr(the_string)) # Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"

right_now = 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,
<> tzinfo=datetime.timezone.utc)
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Beispiel: str und repr
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Andernfalls konnten wir nicht
zwischen 11 und 12 in der Ausgabe
unterscheiden.

Ein anderes gutes Beispiel fiir den
Unterschied zwischen str und repr
ist Python's Klasse datetime.

Wir diskutieren diese Klasse hier nicht
im Detail.

Es reicht zu wissen, dass Instanzen
dieser Klasse eine Kombination aus
Datum und Uhrzeit darstellen.

Im Programm importieren wir erst die
Klasse datetime aus dem Modul mit
dem selben Namen.

PN ERa T L

"""An example comparing “str’ and “repr’."'

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.

print (the_int) # This is identical to

‘print (str(the_int)) "’

print (repr(the_int)) # Prints the same as abowe.

the_string: str = "123" # A string, with value

print (the_string) # This is identical to
print (repr(the_string)) # Notice the added

nio3m,

‘print (str(the_string)) .

11: list[int] = [1, 2, 3] # 4 list of integers.

12: list[str]

# Get the date and time when this program was run.

right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know

# its detailed content.
print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

around the string.

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
123"

11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"

right_now

repr (right_now) = 'datetime.datetime (2025,

<> tzinfo=datetime.timezone.utc)'

right_now = datetime.datetime (2025,

<> tzinfo=datetime.timezone.utc)
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Beispiel: str und repr

Wir diskutieren diese Klasse hier nicht
im Detail.

e e
[ )

Es reicht zu wissen, dass Instanzen
dieser Klasse eine Kombination aus
Datum und Uhrzeit darstellen.

® |Im Programm importieren wir erst die
Klasse datetime aus dem Modul mit
dem selben Namen.

} ® \Wir erstellen eine Variable
right_now, die das Ergebnis der
Funktion datetime.now zugewiesen
bekommt, die ein Objekt zuriickliefert,
in dem das aktuelle Datum und die
aktuelle Uhrzeit gespeichert sind.
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"An example comparing “str’ and “repr’."""
from datetime import UTC, datetime
the_int: int = 123 # An integer with value 123.

print (the_int) # This is identical to “print(str(the_int))"
print (repr(the_int)) # Prints the same as abowe.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This is identical to ‘print(str(the_string)) .
print (repr(the_string)) # Notice the added '  around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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Beispiel: str und repr

Im Programm importieren wir erst die
Klasse datetime aus dem Modul mit
dem selben Namen.

e e
[ )

® Wir erstellen eine Variable
right_now, die das Ergebnis der
Funktion datetime.now zugewiesen
bekommt, die ein Objekt zuriickliefert,
in dem das aktuelle Datum und die

} aktuelle Uhrzeit gespeichert sind.

® \Wenn wir das Ergebnis der Funktion
str auf ein Objekt o in einem
‘ f-String ausgeben wollen, dann
benutzen wir die
Format-Spezifikation !'s, schreiben
also £"{o!s}".
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"An example comparing “str’ and “repr.
from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"
print (repr(the_int)) # Prints the same as abowe.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This is <dentical to 'print(str(the_string)) .
print (repr(the_string)) # Notice the added '  around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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Beispiel: str und repr

® Wir erstellen eine Variable

right_now, die das Ergebnis der
Funktion datetime.now zugewiesen
bekommt, die ein Objekt zuriickliefert,
i in dem das aktuelle Datum und die
aktuelle Uhrzeit gespeichert sind.

® Wenn wir das Ergebnis der Funktion
str auf ein Objekt o in einem

f-String ausgeben wollen, dann
benutzen wir die

also £"{o!s}".

® \Wir sehen, dass die

ISt.
e T e, T —

Format-Spezifikation !s, schreiben

String-Reprasentation von einem
datetime-Objekt ein einfacher, leicht
lesbarer Datums- und Uhrzeit-String

i

m T ——————

"""An example comparing “str’ and “repr’."""

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"
print (repr(the_int)) # Prints the same as abowve.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This is <dentical to 'print(str(the_string)) .
print (repr(the_string)) # Notice the added '  around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of “right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123

123

123

123"

11 = [1, 2, 3], but 12 = ['1', '2', '3']

str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now = 2025-09-29 22:08:58.423616+00:00

repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
<+ tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)
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Beispiel: str und repr

e e

4

® Wenn wir das Ergebnis der Funktion

str auf ein Objekt o in einem
f-String ausgeben wollen, dann
benutzen wir die
Format-Spezifikation !s, schreiben
also £"{o!s}".

Wir sehen, dass die
String-Reprasentation von einem
datetime-Objekt ein einfacher, leicht
lesbarer Datums- und Uhrzeit-String
ist.

Das Ergebnis der Funktion repr fiir
ein Objekt o in einem f-String wird
mit der Format-Spezifikation !r
abgefragt, also durch £"{o!r}".

PN ERa T L

"""An example comparing “str’ and “repr’."'

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.

print (the_int) # This is identical to

‘print (str(the_int)) "’

print (repr(the_int)) # Prints the same as abowe.

the_string: str = "123" # A string, with value

print (the_string) # This is identical to
print (repr(the_string)) # Notice the added

nio3m,

‘print (str(the_string)) .

11: list[int] = [1, 2, 3] # 4 list of integers.

12: list[str]

# Get the date and time when this program was run.

right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know

# its detailed content.
print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

around the string.

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123
123
123
123"

11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"

right_now

repr (right_now) = 'datetime.datetime (2025,

<> tzinfo=datetime.timezone.utc)'

right_now = datetime.datetime (2025,

<> tzinfo=datetime.timezone.utc)
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"nvAn example comparing “str° and “repr’."""
Beispiel: str und repr

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"

® Wir sehen, dass die print (repr (the_int)) # Prints the same as above.
String—Représentation von einem the_string: str = "123" # 4 string, with value "123".

print (the_string) # This is <dentical to 'print(str(the_string)) .

datetime_Objekt ein einfacher' leicht print (repr (the_string)) # Notice the added “'° around the string.

e e

|esbarer Datums- und Uhrzeit—String 11: list[int] = [1, 2, 3] # 4 list of integers.
i 12: list[str] = ["1", "2", "3"] # 4 list of strings.
. iSt print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.
# Get the date and time when this program was run.
i ° Das Ergebnis der Funktion repr fur right_now: datetime = datetime.now(tz=UTC)
g 2 N 1 D 1 a # Print the human-readable, concise string representation for users who
€in Objekt o In €inem fStrmg erd # want to know that the object means but do not necessarily need to know

A o d

# its detailed content.
print (f" {str(right_now) = }")
print (£" right_now = {right_now!s}")

mit der Format-Spezifikation !r
abgefragt, also durch £"{o!r}".

# Print the format for programmers who need to understand the ezact
# values of all attributes of “right_mow .

® Machen wir das mit einem i (2 G (i, o) = D9
datetime-Objekt, dann bekommen LA rigntonow = {rightonovinit)

. - . . . . thon3 str_vs_: .
wir tatsichlich die Information, die T ERTRD 2

123
wir brauchen, um das Objekt wieder 123
123"
Zu erzeugen 11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"
} right_now 2025-09-29 22:08:58.423616+00:00
i repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
i < tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)

e U T A Ry AT 0000 MR B s —— pra—




Beispiel: str und repr

String-Reprasentation von einem
datetime-Objekt ein einfacher, leicht
lesbarer Datums- und Uhrzeit-String

! ® Wir sehen, dass die
\

' ist.

4

® Das Ergebnis der Funktion repr fir
ein Objekt o in einem f-String wird
mit der Format-Spezifikation !r
abgefragt, also durch f"{o!r}".

® Machen wir das mit einem
datetime-Objekt, dann bekommen
‘ wir tatsachlich die Information, die
: wir brauchen, um das Objekt wieder
Zu erzeugen.

® Wir konnten die Ausgabe von repr
direkt in die Python-Konsole kopieren!

[V

L’I‘ﬁ'r?ﬂliw» B O T ————————

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"
print (repr(the_int)) # Prints the same as abowve.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This is <dentical to 'print(str(the_string)) .
print (repr(the_string)) # Notice the added '  around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str] ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of “right_mow .

print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")

| python3 str_vs_repr.py |

123

123

123

123"

11 = [1, 2, 3], but 12 = ['1', '2', '3']

str(right_now) = '2025-09-29 22:08:58.423616+00:00"
right_now = 2025-09-29 22:08:58.423616+00:00

repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,
<+ tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime(2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)

oy T e T TR fewwd
"""An example comparing “str’ and “repr’.""" !
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Beispiel: str und repr

e e

Das Ergebnis der Funktion repr fiir
ein Objekt o in einem f-String wird
mit der Format-Spezifikation !r
abgefragt, also durch f"{o!r}".

Machen wir das mit einem
datetime-Objekt, dann bekommen
wir tatsachlich die Information, die
wir brauchen, um das Objekt wieder
Zu erzeugen.

Wir kdnnten die Ausgabe von repr
direkt in die Python-Konsole kopieren!

Das wiirde ein datetime-Objekt mit
genau den selben Daten wie
right_now erzeugen.

e U T A Ry AT 0000 MR B s
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"""An example comparing “str’ and “repr.
from datetime import UTC, datetime
the_int: int = 123

print (the_int)
print (repr (the_int))

# An integer with value 123
# Prints the same as above.

the_string: str = "123"
print (the_string)
print (repr(the_string)) # Notice the added '°
11: list[int] = [1, 2, 3] # 4 list of integers.
12: list[str]l =

print (£"{11 = }, but {12 = }")

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know

# its detailed content.
print (f" {str(right_now) = }")
print (£" right_now = {right_now!s}")

# 4 string, with value "123".
# This is identical to ‘print(str(the_string)) .
around the string.

["1", "2", "3"] # 4 list of strings.
# str(list) uses repr for list elements.

# This 4s 4dentical to “print(str(the_int))’

# Print the format for programmers who need to understand the ezact

# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |
123
123
123
123"

11 = [1, 2, 3], but 12 = ['1', '2', '3']

str(right_now) = '2025-09-29 22:08:58.423616+00:00"

right_now

repr (right_now) = 'datetime.datetime (2025, 9, 29,
<> tzinfo=datetime.timezone.utc)'

right_now = datetime.datetime (2025, 9, 29,

<> tzinfo=datetime.timezone.utc)

2025-09-29 22:08:58.423616+00:00

22,

8,

58,

58,

423616,

423616,
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I Beispiel: str und repr

s a3

4

Machen wir das mit einem
datetime-Objekt, dann bekommen
wir tatsachlich die Information, die
wir brauchen, um das Objekt wieder
Zu erzeugen.

Wir kdnnten die Ausgabe von repr
direkt in die Python-Konsole kopieren!

Das wiirde ein datetime-Objekt mit
genau den selben Daten wie
right_now erzeugen.

Das wiirde auch mit den
String-Représentationen der beiden
Listen 11 und 12 oben funktionieren.

" e U T 4 HYETREEw IS WIGeSRANeeEEE 0 0 - Ammres Bl ame — pra—
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"An example comparing “str’ and “repr .

from datetime import UTC, datetime

the_int: int = 123 # An integer with value 123.
print (the_int) # This is identical to “print(str(the_int))"
print (repr (the_int)) # Prints the same as above.

the_string: str = "123" # 4 string, with value "123".
print (the_string) # This is <dentical to 'print(str(the_string)) .
print (repr(the_string)) # Notice the added ' around the string.

11: list[int] = [1, 2, 3] # 4 list of integers.
12: list([str] = ["1", "2", "3"] # 4 list of strings.
print (£"{11 = }, but {12 = }") # str(list) uses repr for list elements.

# Get the date and time when this program was run.
right_now: datetime = datetime.now(tz=UTC)

# Print the human-readable, concise string representation for users who
# want to know that the object means but do not necessarily need to know
# its detailed content.

print (f" {str(right_now) = }")

print (£" right_now = {right_now!s}")

# Print the format for programmers who need to understand the ezact
# values of all attributes of ‘right_mow .
print (£"{repr(right_now) = }")

print (£" right_now = {right_now!r}")
| python3 str_vs_repr.py |

123
123
123
123"
11 = [1, 2, 3], but 12 = ['1', '2', '3']
str(right_now) = '2025-09-29 22:08:58.423616+00:00"

right_now 2025-09-29 22:08:58.423616+00:00
repr(right_now) = 'datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)'
right_now = datetime.datetime (2025, 9, 29, 22, 8, 58, 423616,

<> tzinfo=datetime.timezone.utc)




Strings und Gleichheit
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"""A simple class for points."""

Beispiel: Point und Gleichheit fron matn impore istinite, sart

from typing import Final

class Point:

® Gehen wir noch ein paar Schritte
. & t ¢ A A class for representing a point in the two-dimensional plane.
zurilick zu einem Beispiel, das wir
>>> p = Point(1, 2.5)
selbst erstellt haben. D D

>>> p.y
2.5

>>> try:

Point (1, 1e308 * 1e308)

except ValueError as ve:
print(ve)

and y=inf must both be finite.

def __init__(self, x

int | float, y: int | float) -> Nome:
The constructor: Create a point and set its coordinates.

:param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):

] raise ValueError (£"x={x} and y={y} must both be finite.") -
\ #: the z-coordinate of the point
S self .x: Finallint | float] = x

#: the y-coordinate of the point
self.y: Finallint | float] =y

def distance(self, p: "Point") -> float:

Get the distance to another point.

:param p: the other point
’ :return: the distance
L >>> Point (1, 1).distance(Point (4, 4))
4.242640687119285
return sqrt((self.x - p.x) *x 2 + (self.y - p.y) ** 2)
y o



https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_user_2.py
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Beispiel: Point und Gleichheit

® Gehen wir noch ein paar Schritte

zuriick zu einem Beispiel, das wir
selbst erstellt haben.

Wir erinnern uns an die Klasse
Point, mit der wir Punkte in der
zweidimensionalen Euklidischen Ebebe
dargestellt haben.

-
"""A simple class for points."""

from math import isfinite, sqrt
from typing import Final

class Point:

A class for representing a point in the two-dimensional plane.

>>>
>>>
1

>>>
2.5

>>>

x=1

p = Point(1, 2.5)
p.x

Py

try:
Point (1, 1e308 * 1e308)
except ValueError as ve:

print (ve)
and y=inf must both be finite.

__init__(self, x: int | float, y: int | float) -> Nome:

The constructor: Create a point and set its coordinates.

:param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):

raise ValueError (f"x={x} and y={y} must both be finite.")

#: the z-coordinate of the point
self.x: Finall[int float]l = x
#: the y-coordinate of the point
self.y: Finall[int float]l = y

distance(self, p: "Point") -> float:

Get the distance to another point.

:param p: the other point
ireturn: the distance

>>> Point (1, 1).distance(Point(4, 4))

4.242640687119285

return sqrt((self.x - p.x) ** 2 + (self.y - p.y) *x 2)
o

S
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https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_user_2.py

Beispiel: Point und Gleichheit

® Gehen wir noch ein paar Schritte

zuriick zu einem Beispiel, das wir
selbst erstellt haben.

Wir erinnern uns an die Klasse
Point, mit der wir Punkte in der
zweidimensionalen Euklidischen Ebebe
dargestellt haben.

Diese Klasse war ziemlich nutzlich, als
wir Klassen fiir verschiedene Formen
implementiert haben.

"""A simple class for points."""

from math import isfinite, sqrt
from typing import Final

class Point:

A class for representing a point in the two-dimensional plane.

>>>
>>>
1

>>>
2.5

p = Point(1, 2.5)
p.x

Py

try:

Point (1, 1e308 * 1e308)

except ValueError as ve:
print (ve)

and y=inf must both be finite.

__init__(self, x: int | float, y: int | float) -> Nome:

The constructor: Create a point and set its coordinates.

:param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):

raise ValueError(f"x={x} and y={y} must both be finite.

#: the z-coordinate of the point
self.x: Finall[int float]l = x
#: the y-coordinate of the point
self.y: Finallint | float] =y

distance(self, p: "Point") -> float:

Get the distance to another point.

:param p: the other point
ireturn: the distance

>>> Point (1, 1).distance(Point(4, 4))

4.242640687119285

return sqrt((self.x - p.x) ** 2 + (self.y - p.y) *x 2)
|

=
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https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_user_2.py
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"""A simple class for points."""

Beispiel: Point und Gleichheit fron matn impore istinite, sart

from typing import Final

class Point:

® Gehen wir noch ein paar Schritte
zuriick zu einem Beispiel, das wir

A class for representing a point in the two-dimensional plane.

>>> p = Point(1, 2.5)
selbst erstellt haben. 7 eex
5
. . . 2.5
® Wir erinnern uns an die Klasse
i ! : S
Point, mit der wir Punkte in der I R s
zweidimensionalen Euklidischen Ebebe o o a6y

and y=inf must both be finite.

dargestellt haben.

def __init__(self, x: int | float, y: int | float) -> None:

® Diese K|asse war ziemlich nUtZIiCh, a|s The comstructor: Create a point and set its coordinates.
wir Klassen fiir verschiedene Formen et o7 0 ootertn o (o Bofin
implementiert haben. 5 b (o6 ol A0

raise ValueError (£"x={x} and y={y} must both be finite.")
#: the z-coordinate of the point

® Damals haben wir schon die o o Pt o s pot
. . self.y: Finall[int | oat] =
Dunder-Methode __init__ oy et et
kennengelernt.

def distance(self, p: "Point") -> float:
Get the distance to another point.

:param p: the other point
ireturn: the distance

>>> Point (1, 1).distance(Point(4, 4))
4.242640687119285

return sqrt((self.x - p.x) ** 2 + (self.y - p.y) *x 2)
S S W i o
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https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_user_2.py
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Beispiel: Point und Gleichheit

Gehen wir noch ein paar Schritte
zuriick zu einem Beispiel, das wir
selbst erstellt haben.

Wir erinnern uns an die Klasse
Point, mit der wir Punkte in der
zweidimensionalen Euklidischen Ebebe
dargestellt haben.

Diese Klasse war ziemlich nutzlich, als
wir Klassen fiir verschiedene Formen
implementiert haben.

Damals haben wir schon die
Dunder-Methode

__init__
kennengelernt.

Spielen wir mit der Klasse etwas mehr.

"""Examples for using our class

from point import Point

pl: Point = Point (3
p2: Point = Point (7
p3: Point = Point (3
print (f" {str(pl) =
print (£" pl =
print (f"{repr(pl) =
print (£" plt =

print (£"{(p1 is
print (£"{(pl is
print (£"{(p1 ==
print (£"{(p1
print (£"{(p1

p2)
p3)
p2)
p3)
p2)

print (£"{(p1 != p3)
print (£"{(p1l == 5)
str(pl) = '<point
pl = <point.
repr(pl) = '<point.
pl = <point.
(p1l is p2) = False
(p1 is p3) = False
(p1l == p2) = False
(p1 == p3) = False
(pl !'= p2) = True
(pl !'= p3) = True
(p1 == 5) = False

:class: Point~ without dunder."""

, B) # Create a first point.

, 8) # Create a second, different point.

, 5) # Create a third point, which equals the first
}") # should be a short string representation of pi
{p1!s}") # (almost) the same as the above

}") # should be a representation for programmers
{p1!'r}") # (almost) the same as the above

= }") # False, pl and p2 are different objects

= }") # False, pl and p3 are different objects
=" # False, because without dunder “==" = “4s°
= }") # False, but should ideally be True

=0 1) # True, because without dunder “==° = “4s°
=1") # True, but should ideally be False

= }") # comparison with the integer 5 yields False

| python3 point_user_2.py |

.Point object at 0x7f5fd9705b80>'

Point object at 0x7£5£d9705b80 >

Point object at 0x7f5fd9705b80>"'

Point object at 0x7f5fd9705b80>

P TR


https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_user_2.py

ey

Beispiel: Point und Gleichheit

Wir erinnern uns an die Klasse
Point, mit der wir Punkte in der
zweidimensionalen Euklidischen Ebebe
dargestellt haben.

Diese Klasse war ziemlich niitzlich, als
wir Klassen fiir verschiedene Formen
implementiert haben.

Damals haben wir schon die
Dunder-Methode __init__
kennengelernt.

Spielen wir mit der Klasse etwas mehr.

Im Programm point_user_2.py
erstellen wir drei Instanzen dieser
Klasse.

T W e

"""Examples for using our class

from point import Point

pl:
p2:
p3:

Point
Point
Point

Point (3
Point (7
Point (3

print (£" {str(pl) =

print (£" pl =
print (f"{repr(pl) =
print (£" plt =

print (£"{(p1 is
print (£"{(pl is
print (£"{(p1 ==
print (£"{(p1
print (£"{(p1

p2)
p3)
p2)
p3)
p2)
= p3)

'<point
<point.

'<point.

<point.
False
False
False
False
True
True

print (£"{(p1
print (£"{(p1l == 5)
str(pl) =
pl =
repr (pl) =
pl =
(pl is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(p1 !'= p2) =
(pt != p3) =
(p1l == 5) =

False

, 5)
, 8)
, 5)

B

{pi!s}t™)

B

{p1!r}")

)
)
)
)
)
)

1

.Point

Point
Point
Point

:class: Point~ without dunder."""

# Create
# Create
# Create

a first point.

a second, different point.

a third point, which equals the first.
# should be a short string representation of pl
# (almost) the same as the above

# should be a representation for programmers

# (almost) the same as the above

False, pl! and p2 are different objects
False, pl! and p3 are different objects
False, because without dunder == = “4is’
False, but should ideally be True

True, because without dunder '==° = “4is°
True, but should ideally be False

o oW oW oW oW

# comparison with the integer 5 yields False

python3 point_user_2.py |

0x7£5£d9705b80 > "
0x7£5£d9705b80 >
0x7£5£d9705b80 >
0x7£5£d9705b80 >

object at
object at
object at
object at
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Beispiel: Point und Gleichheit

Diese Klasse war ziemlich niitzlich, als
wir Klassen fiir verschiedene Formen
implementiert haben.

Damals haben wir schon die
Dunder-Methode __init_
kennengelernt.

Spielen wir mit der Klasse etwas mehr.

Im Programm point_user_2.py
erstellen wir drei Instanzen dieser
Klasse.

pl steht fiir die Koordinaten (3,5),
p2 speichert (7,8) und p3 hat die
selben Koordinaten wie p1.

"""Examples for using our class

:class: Point~ without dunder."""

from point import Point

pl: Point =
p2: Point =
p3: Point =

print (f" {st
print (£"
print (f£"{rep
print (£"

print (£"{(p1
print (£"{(p1

print (£"{(p1 ==

print (£"{(p1
print (£"{(p1
print (£"{(p1

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pl is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(pt p2) =
(pt p3) =
(p1 == 5) =

Point (3, 5) # Create a first point.

Point (7, 8) # Create a second, different point.

Point (3, 5) # Create a third point, which equals the first.

r(pl) = }") # should be a short siring representation of pl

pl = A{pi!s}") # (almost) the same as the above

r(pl) = }") # should be a representation for programmers

pl = A{pl!r}") # (almost) the same as the above

is p2) = }") # False, pl and p2 are different objects

is p3) = }") # False, pl and p3 are different objects
p2) = }") # False, because without dunder “==" = “4s°
p3) = }") # False, but should ideally be True
p2) = 1") # True, because without dunder “==° = “4s°

= p3) = }") # True, but should ideally be False
== 5) = }") # comparison with the integer 5 yields False
| python3 point_user_2.py |

<point.Point object at 0x7f5fd9705b80>"'

<point.Point object at 0x7£5£d9705b80 >

<point.Point object at 0x7f5fd9705b80>'

<point.Point object at 0x7f5fd9705b80>

False

False

False

False

True

True

False
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Beispiel: Point und Gleichheit

Damals haben wir schon die
Dunder-Methode __init_
kennengelernt.

Spielen wir mit der Klasse etwas mehr.

Im Programm point_user_2.py
erstellen wir drei Instanzen dieser
Klasse.

pl steht fiir die Koordinaten (3,5),
p2 speichert (7,8) und p3 hat die
selben Koordinaten wie p1.

In diesem Program geben wir erstmal
die Ergebnisse von str und repr fiir
pl aus.

ST W e

"""Examples for using our class

from point import Point

Point =
Point =
Point =

pl:
p2:
p3:

print (f" {st
print (£"
print (f£"{rep
print (£"

print (£"{(p1
print (£"{(p1

print (£"{(p1 ==

print (£"{(p1
print (£"{(p1
print (£"{(p1

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pl is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(pt p2) =
(pt p3) =
(p1 == 5) =

:class: Point"

a
a
a

without dunder."""

first point.
second, different point.
third point,

which equals the first.

be a short string representation of pl

# (almost) the same as the above

# should be a representation for programmers

# (almost) the same as the above

pl1 and p2 are different
pl1 and p3 are different

but should ideally be True
because without dunder ~==° =
but should ideally be False

# comparison with the integer 5 yields

| python3 point_user_2.py |

Point (3, 5) # Create
Point (7, 8) # C(Create
Point (3, 5) # Create
r(pl) = }") # should
pt = A{pits}")
r(pl) = }")
pt = A{ptitr}")
is p2) = }") # False,
is p3) = }") # False,
p2) = }") # False,
p3) = }") # False,
p2) = }") # True,
= p3) = }") # True,
== 5) = 1}")
<point.Point object at
<point.Point object at
<point.Point object at
<point.Point object at
False
False
False
False
True
True
False
I

0x7£5£d9705b80 > "
0x7£5£d9705b80 >
0x7£5£d9705b80 >
0x7£5£d9705b80 >

objects
objects
because without dunder ~==° =

is®

“is®

False
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Beispiel: Point und Gleichheit

Spielen wir mit der Klasse etwas mehr.

Im Programm point_user_2.py
erstellen wir drei Instanzen dieser
Klasse.

pl steht fiir die Koordinaten (3, 5),
p2 speichert (7,8) und p3 hat die
selben Koordinaten wie p1.

In diesem Program geben wir erstmal

die Ergebnisse von str und repr fiir
pl aus.

Wir erkennen sofort, dass sie eher
nutzlos sind.

ST W e

"""Examples for using our class

from point import Point

Point =
Point =
Point =

pl:
p2:
p3:

print (f" {st
print (£"
print (f"{rep
print (£"

print (£"{(p1
print (£"{(p1

print (£"{(p1 ==

print (£"{(p1
print (£"{(p1
print (£"{(p1

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(p1 is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(pt p2) =
(pt p3) =
(p1 == 5) =

:class: Point"

a
a
a

without dunder."""

first point.
second, different point.
third point,

which equals the first.

be a short string representation of pl

# (almost) the same as the above

# should be a representation for programmers

# (almost) the same as the above

p1 and p2 are different
pl and p3 are different

but should ideally be True
because without dunder ~==° =
but should ideally be False

# comparison with the integer 5 yields

| python3 point_user_2.py |

Point (3, 5) # Create
Point (7, 8) # C(Create
Point (3, 5) # Create
r(pl) = }") # should
pt = A{pits}")
r(pl) = }")
pt = A{ptitr}")
is p2) = }") # False,
is p3) = }") # False,
p2) = }") # False,
p3) = }") # False,
p2) = }") # True,
= p3) = }") # True,
== 5) = 1}")
<point.Point object at
<point.Point object at
<point.Point object at
<point.Point object at
False
False
False
False
True
True
False
I

0x7£5£d9705b80 > "
0x7£56£d9705b80 >
0x7£5£d9705b80 >
0x7£5£d9705b80 >

objects
objects
because without dunder “==° =

is®

“is®

False
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Beispiel: Point und Gleichheit

Im Programm point_user_2.py
erstellen wir drei Instanzen dieser
Klasse.

pl steht fiir die Koordinaten (3,5),
p2 speichert (7,8) und p3 hat die
selben Koordinaten wie p1.

In diesem Program geben wir erstmal

die Ergebnisse von str und repr fiir
pl aus.

Wir erkennen sofort, dass sie eher
nutzlos sind.

Da wir weder __str__ noch
__repr__ implementiert haben,
greift str auf __repr__ zuriick,

welches dann einfach den Typename
und die Objekt-ID liefert.

= A . N A

"""Examples for using our class

from point import Point

:class: Point~ without dunder."""

pl: Point = Point(3, 5) # Create a first point.
p2: Point = Point(7, 8) # Create a second, different point.
p3: Point = Point(3, 5) # Create a third point, which equals the first.
print (£" {str(pl) = }") # should be a short string representation of pl
print (£" pl = A{pi!s}") # (almost) the same as the above
print (f£"{repr(pl) = }") # should be a representation for programmers
print (£" pl = A{pl!r}") # (almost) the same as the above
print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
print (£"{(p1 == p2) = }") # False, because without dunder ‘== = ‘is°
print (£"{(p1 p3) = }") # False, but should ideally be True
print (£"{(p1 p2) = 1") # True, because without dunder “==° = “4s°
print (£"{(p1 != p3) = }") # True, but should ideally be False
print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False
| python3 point_user_2.py |

str(pl) = '<point.Point object at 0x7f5fd9705b80>"'

pl = <point.Point object at 0x7£5£d9705b80 >
repr(pl) = '<point.Point object at 0x7f5fd9705b80>'

pl = <point.Point object at 0x7f5£fd9705b80>
(p1l is p2) = False
(p1 is p3) = False
(p1 == p2) = False
(p1 == p3) = False
(pl !'= p2) = True
(pl !'= p3) = True
(p1 == 5) = False

I - .
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Beispiel: Point und Gleichheit

pl steht fiir die Koordinaten (3,5),
p2 speichert (7,8) und p3 hat die
selben Koordinaten wie p1.

In diesem Program geben wir erstmal

die Ergebnisse von str und repr fiir
pl aus.

Wir erkennen sofort, dass sie eher
nutzlos sind.

Da wir weder __str__ noch
__repr__ implementiert haben,
greift str auf __repr__ zuriick,

welches dann einfach den Typename
und die Objekt-ID liefert.

Fiir uns sind das keine niitzlichen
Informationen.

"""Examples for using our class

from point import Point

:class: Point~ without dunder."""

pl: Point = Point(3, 5) # Create a first point.
p2: Point = Point(7, 8) # Create a second, different point.
p3: Point = Point(3, 5) # Create a third point, which equals the first.
print (£" {str(pl) = }") # should be a short string representation of pl
print (£" pl = A{pi!s}") # (almost) the same as the above
print (f£"{repr(pl) = }") # should be a representation for programmers
print (£" pl = A{pl!r}") # (almost) the same as the above
print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
print (£"{(p1 == p2) = }") # False, because without dunder ‘== = ‘is’
print (£"{(p1 p3) = }") # False, but should ideally be True
print (£"{(p1 p2) = 1") # True, because without dunder “==° = “4s°
print (£"{(p1 != p3) = }") # True, but should ideally be False
print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False
| python3 point_user_2.py |

str(pl) = '<point.Point object at Ox7£5fd9705b80>'

pl = <point.Point object at 0x7£5£d9705b80 >
repr(pl) = '<point.Point object at 0x7f5fd9705b80>'

pl = <point.Point object at 0x7f5fd9705b80>
(p1l is p2) = False
(p1 is p3) = False
(p1l == p2) = False
(p1 == p3) = False
(pl !'= p2) = True
(pl !'= p3) = True
(p1 == 5) = False

I - .
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Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® |n diesem Program geben wir erstmal
o 5 - pl: Point = Point(3, 5) # Create a first point.
die Ergebnlsse von str und repr fur p2: Point = Point(7, 8) # Create a second, different point.

3: Point = Point(3, 5) # Create a third point, which equals the first.
pl aus. P P q f
print (£" {str(pl) = }") # should be a short string representation of pl
° - . print (£" pl = A{pi!s}") # (almost) the same as the above
er erkennen SOfOft, dass sie eher print (f£"{repr(pl) = }") # should be a representation for programmers
nutzlos sind print (£" pl = A{pi!r}") # (almost) the same as the above
| print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
® Da wir weder __str__ noch print (£"{(pl is p3) = }") # False, pl and p3 are different objects
. . print (£"{(p1l == p2) = }") # False, because without dunder ‘== = ‘is’
__repr__ |mp|ement|ert haben, print (£"{(pt p3) = }") # False, but should ideally be True
z 2 print (£"{(pi p2) = }") # True, because without dunder ‘== = ‘is°
grelft str auf __repr__ ZUI’UCk, print (£"{(pl != p3) = }") # True, but should ideally be False
welches dann elmcaCh den Typename print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False
und die Objekt-ID liefert. | python3 point_user_2.py |
“ ; : o AT str(pl) = '<point.Point object at Ox7£5fd9705b80>'
® Fiir uns sind das keine niitzlichen pl = <point.Point object at 0x7£5£d9705b80>
I 'F . repr(pl) = '<point.Point object at 0x7f5fd9705b80>'
ntormationen. pl = <point.Point object at 0x7£5£d9705b80>
(p1 is p2) = False
® Wenn wir gerade bei ,nicht niitzlich® (1 45 pB) = False
(pl == p2) = False
sind, da ist noch ein anderer Aspekt (pL == p3) = False
1 ) pl !'=p = True
unserer Klasse Point, der sich nicht (pt 1= p3) = True
(p1 == 5) = False

nitzlich verhilt.
- e —— i —
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Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® Da wir weder __str__ noch
__repr_
greift str auf __repr__ zuriick,
welches dann einfach den Typename

. . pl: Point = Point(3, 5) # Create a first point.
|mp|ement|ert haben, p2: Point = Point(7, 8) # Create a second, different point.
p3: Point = Point(3, 5) # Create a third point, which equals the first.

print (£" {str(pl) = }") # should be a short string representation of pl

print (£" pl = A{pi!s}") # (almost) the same as the above
q ' S i print (f£"{repr(pl) = }") # should be a representation for programmers
Und dle Objekt ID |Iefert' print (£" pl = A{pil!r}") # (almost) the same as the above
[ ] Fur uns Sind das keine nutzlichen print (£"{(pl is p2) = }") # False, pl and p2 are different objects
j print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
Informationen. print (£'{(pl == p2) = }") # False, because without dunder ‘==' = ‘4s°
print (£"{(p1 p3) = }") # False, but should ideally be True
: 1 A N print (£"{(p1 p2) = }") # True, because without dunder ‘== = ‘is°
® Wenn wir gerade bei ,,nICht nutzlich print (£"{(pt != p3) = }") # True, but should ideally be False
sind, da ist noch ein anderer Aspekt print(s'{(pl == 5) = }') # comparison with the integer 5 yields False
unserer Klasse Point, der sich nicht {8 python3 point_user 2.py| il
nitzlich verhalt. str(pl) = '<point.Point object at Ox7£5fd9705b80>'
pl = <point.Point object at 0x7£5£d9705b80 >
- . : repr(pl) = '<point.Point object at Ox7f5fd9705b80>'
® |n Einheit 16 hatten wir den pl = <point.Point object at 0x7£5£d9705b80>
i 1 H 3 (pl is p2) = False
Unterschied zwischen der Gleichheit Ci o Lo = pee
und der Identitdt von Objekten (@l = p2) = Falae
L ki (p1 == p3) = False
diskutiert. (p1 != p2) = True
(pl !'= p3) = True
(p1 == 5) = False




ey

Beispiel: Point und Gleichheit

Fir uns sind das keine niitzlichen
Informationen.

Wenn wir gerade bei ,nicht niitzlich”
sind, da ist noch ein anderer Aspekt
unserer Klasse Point, der sich nicht
niitzlich verhilt.

In Einheit 16 hatten wir den
Unterschied zwischen der Gleichheit
und der Identitdt von Objekten
diskutiert.

Alle drei Variablen p1, p2 und p3
zeigen auf verschiedene Objekte.

"""Examples for using our class

from point import Point

Point =
Point =
Point =

pl:
p2:
p3:

print (f" {st
print (£"
print (f"{rep
print (£"

print (£"{(p1
print (£"{(p1

print (£"{(p1 ==

print (£"{(p1
print (£"{(p1
print (£"{(p1

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pl is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(pt p2) =
(pt p3) =
(p1 == 5) =

Point (3
Point (7
Point (3

r(pl) =
pt =
r(pl) =

pt =

is p2)
is p3)
p2)
p3)
p2)
= )

<point
<point.
<point.
<point.
False
False
False
False
True
True
False

:class: Point"

a
a
a

b

without dunder."""

first point.
second, different point.
third point, which equals the first.

e a short string representation of pl

# (almost) the same as the above

# should be a representation for programmers

# (almost) the same as the above

pl1 and p2 are different objects
pl and p3 are different objects
because without dunder “==° = “4s°
but should ideally be True
because without dunder “==" = “4s°
but should ideally be False

# comparison with the integer 5 yields False

| python3 point_user_2.py |

, 5B) # Create
, 8) # Create
, 5) # Create
}") # should
{pi!s}t™)
B
{p1i!r}")
= }") # False,
= }") # False,
= }") # False,
= }") # False,
= 1}") # True,
= 1}") # True,
="
.Point object at
Point object at
Point object at
Point object at

0x7£5£d9705b80 >
0x7£5£d9705b80 >
0x7£5£d9705b80 >
0x7£5£d9705b80 >



Beispiel: Point und Gleichheit

Fir uns sind das keine niitzlichen
Informationen.

Wenn wir gerade bei ,nicht niitzlich”
sind, da ist noch ein anderer Aspekt
unserer Klasse Point, der sich nicht
niitzlich verhilt.

In Einheit 16 hatten wir den
Unterschied zwischen der Gleichheit
und der Identitdt von Objekten
diskutiert.

Alle drei Variablen p1, p2 und p3
zeigen auf verschiedene Objekte.

Wahrend pl is p1 offensichtlich
True ist, miissen pl is p2 und

pl is p3 offensichtlich False sein.

S S W i

"""Examples for using our class

from point import P

pl: Point = Point (3
p2: Point = Point (7
p3: Point = Point (3

print (£" {str(pl) =
print (£" pl =
print (f"{repr(pl) =
print (£" pl =

print (£"{(pl is p2)
print (£"{(pl is p3)
print (£"{(p1l == p2)
print (£"{(p1
print (£"{(p1

p3)
p2)

print (£"{(p1 != p3)
print (£"{(p1l == 5)
str(pl) = '<point
pl = <point.
repr(pl) = '<point.
pl = <point.
(p1l is p2) = False
(p1 is p3) = False
(p1l == p2) = False
(p1 == p3) = False
(pl !'= p2) = True
(pl !'= p3) = True
(p1 == 5) = False

:class: Point"

a first point.
a second, different point.

without dunder."""

a third point, which equals the first.

be a short string representation of pl

# (almost) the same as the above

# should be a representation for programmers

# (almost) the same as the above

False, but should ideally be True
because without dunder ~==° =

but should ideally be False

# comparison with the integer 5 yields

| python3 point_user_2.py |

oint

, 5B) # Create
, 8) # Create
, 5) # Create

}") # should

{pi!s}t™)

B

{p1i!r}")

=}") #

=3 #

=1 #

=1 #

= 1}") # True,

= 1}") # True,
="
.Point object at
Point object at
Point object at
Point object at

0x7£5£d9705b80 >
0x7£5£d9705b80 >
0x7£5£d9705b80 >
0x7£5£d9705b80 >

False, pl and p2 are different objects
False, pl! and p3 are different objects
False, because without dunder ~==" N

is

“is®

False

P TR



Beispiel: Point und Gleichheit

Wenn wir gerade bei ,nicht niitzlich"
sind, da ist noch ein anderer Aspekt
unserer Klasse Point, der sich nicht
nutzlich verhilt.

In Einheit 16 hatten wir den
Unterschied zwischen der Gleichheit
und der Identitdt von Objekten
diskutiert.

Alle drei Variablen p1, p2 und p3
zeigen auf verschiedene Objekte.

Waihrend pl is p1l offensichtlich
True ist, miissen pl is p2 und

pl is p3 offensichtlich False sein.

Die drei Objekte sind alle
verschiedene Instanzen von Point,

also erwarten wir das genau so.
T W e N

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

pl: Point =
p2: Point =
p3: Point =

print (f" {st
print (£"
print (f"{rep
print (£"

print (£"{(p1
print (£"{(p1
print (£"{(p1
print (£"{(p1
print (£7{(pt
print (£"{(pt

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pt is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(p1 !'= p2) =
(pt != p3) =
(p1 == 5) =

Point (3
Point (7
Point (3

r(pl) =
pt =
r(pl) =
pl =

is p2)
is p3)
= p2)
p3)
p2)
= )

<point
<point
<point.
<point.
False
False
False
False
True
True
False

, B) # Create a first point.
, 8) # Create a second, different point.
, B) # Create a third point, which equals the first.

}") # should be a short string representation of pl
{p1!s}") # (almost) the same as the above

}") # should be a representation for programmers
{p1!r}") # (almost) the same as the above

= }") # False, pl and p2 are different objects

= }") # False, pl and p3 are different objects

= }") # False, because without dunder “==" = “gs’
= }") # False, but should ideally be True

=0 1) # True, because without dunder “==° = “4s°
=1") # True, but should ideally be False

= }") # comparison with the integer 5 yields False

| python3 point_user_2.py |

.Point object at 0x7f5fd9705b80>'
.Point object at 0x7£f5fd9705b80>

Point object at 0x7£5fd9705b80>"'
Point object at 0x7£5£d9705b80 >

P TR
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Beispiel: Point und Gleichheit

In Einheit 16 hatten wir den
Unterschied zwischen der Gleichheit
und der Identitdt von Objekten
diskutiert.

Alle drei Variablen p1, p2 und p3
zeigen auf verschiedene Objekte.

Waihrend pl is p1l offensichtlich
True ist, miissen pl is p2 und

pl is p3 offensichtlich False sein.

Die drei Objekte sind alle
verschiedene Instanzen von Point,
also erwarten wir das genau so.

Es ist aber argerlich, dass p1 == p3
auch False ergibt.

"""Examples for using our class

from point import Point

pl: Point = Point (3
p2: Point = Point (7
p3: Point = Point (3
print (£" {str(pl) =
print (£" pl =
print (f"{repr(pl) =
print (£" pl =

print (£"{(pl is
print (£"{(pl is
print (£"{(p1 ==
print (£"{(p1
print (£9{(pt

p2)
p3)
p2)
p3)
p2)

print (£"{(p1 != p3)
print (£"{(p1l == 5)
str(pl) = '<point
pl = <point.
repr(pl) = '<point.
pl = <point.
(p1l is p2) = False
(p1 is p3) = False
(p1 == p2) = False
(p1 == p3) = False
(pl !'= p2) = True
(pl !'= p3) = True
(p1 == 5) = False

:class: Point~ without dunder."""

, B) # Create a first point.

, 8) # Create a second, different point.

, 5) # Create a third point, which equals the first
}") # should be a short string representation of pi
{p1!s}") # (almost) the same as the above

}") # should be a representation for programmers
{p1!r}") # (almost) the same as the above

= }") # False, pl and p2 are different objects

= }") # False, pl and p3 are different objects
=" # False, because without dunder “==" = “4s°
= }") # False, but should ideally be True

=0 1) # True, because without dunder “==° = “4s°
=1") # True, but should ideally be False

= }") # comparison with the integer 5 yields False

| python3 point_user_2.py |

.Point object at 0x7f5fd9705b80>'

Point object at 0x7£5£d9705b80 >

Point object at 0x7f5fd9705b80>"'

Point object at 0x7f5fd9705b80>

P TR
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Beispiel: Point und Gleichheit

Alle drei Variablen p1, p2 und p3
zeigen auf verschiedene Objekte.

Wahrend pl is p1 offensichtlich
True ist, missen p1 is p2 und
pl is p3 offensichtlich False sein.

Die drei Objekte sind alle
verschiedene Instanzen von Point,
also erwarten wir das genau so.

Es ist aber argerlich, dass p1 == p3
auch False ergibt.

pl == p2 soll False sein, weil diese
beiden Punkte unterschiedlich sind.

"""Examples for using our class

from point import Point

Point =
Point =
Point =

pl:
p2:
p3:

print (f" {st
print (£"
print (f"{rep
print (£"

print (£"{(p1
print (£"{(p1

print (£"{(p1 ==

print (£"{(p1
print (£"{(p1
print (£"{(p1

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pt is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(pt p2) =
(pt p3) =
(p1 == 5) =

Point (3, 5) # Create a first point.

Point (7, 8) # Create a second, different point.

Point (3, 5) # Create a third point, which equals the first.

r(pl) = }") # should be a short siring representation of pl

pl = A{pi!s}") # (almost) the same as the above

r(pl) = }") # should be a representation for programmers

pl = A{pl!r}") # (almost) the same as the above

is p2) = }") # False, pl and p2 are different objects

is p3) = }") # False, pl and p3 are different objects
p2) = }") # False, because without dunder “==" = “4s°
p3) = }") # False, but should ideally be True
p2) = 1") # True, because without dunder “==° = “4s°

= p3) = }") # True, but should ideally be False
== 5) = }") # comparison with the integer 5 yields False
| python3 point_user_2.py |

<point.Point object at 0x7f5fd9705b80>"'

<point.Point object at 0x7£5fd9705b80 >

<point.Point object at 0x7f5fd9705b80>'

<point.Point object at 0x7f5fd9705b80>

False

False

False

False

True

True

False

:class: Point~ without dunder."""
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Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

e Wihrend pl is p1 offensichtlich
E = 5 pl: Point = Point(3, 5) # Create a first point.
True Ist, mussen pl 1s p2 und p2: Point = Point(7, 8) # Create a second, different point.
p1 is p3 ofFenSIChthCh False Sein p3: Point = Point(3, 5) # Create a third point, which equals the first.

print (£" {str(pl) = }") # should be a short string representation of pl

° B d . : print (£" pl = A{pl!s}") # (almost) the same as the above
Dle drel Objekte Smd a”e print (f£"{repr(pl) = }") # should be a representation for programmers
verschiedene Instanzen von Point print (£" pl = A{pi!r}") # (almost) the same as the above
'
also erwarten Wir das genau SO. print (£"{(pl is p2) = }") # False, pl and p2 are different objects
print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
g £ 2 print (£"{(p1 == p2) = }") # False, because without dunder ‘== = ‘is’
® FEs ist aber argerllch, dass pl == p3 print (£"{(pt p3) = }") # False, but should ideally be True
L print (£"{(p1 p2) = }") # True, because without dunder ‘== = ‘4s°
auch False erglbt. print (£"{(pt !'= p3) = }") # True, but should ideally be False
print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False

® pl == p2 soll False sein, weil diese

beiden Punkte unterschiedlich sind. fREIhons polnt nser 2 Dy
str(pl) '<point.Point object at 0x7f5fd9705b80>"'

5 - pl = <point.Point object at 0x7£f5£d9705b80 >
® Die beiden Punkte pl und p3 haben repr(pl) = '<point.Point object at 0x7£5fd9705b80>"

. . pt <point.Point object at 0x7f5£d9705b80 >
aber die selben Koordinaten. (p1 15 p2) = Pulse

(p1 is p3) = False

(p1l == p2) = False

(p1 == p3) = False

(p1 p2) = True

(p1 p3) = True

(p1 == 5) = False




Beispiel: Point und Gleichheit

® Die drei Objekte sind alle
verschiedene Instanzen von Point,
also erwarten wir das genau so.

® Es ist aber drgerlich, dass p1 == p3
auch False ergibt.

® pl == p2 soll False sein, weil diese
beiden Punkte unterschiedlich sind.

® Die beiden Punkte p1 und p3 haben
aber die selben Koordinaten.

® Sie sollten als gleich betrachtet
werden.

ST W e

"""Examples for using our class

from point import Point

pl: Point =
p2: Point =
p3: Point =

print (f" {st
print (£"
print (f"{rep
print (£"

print (£"{(p1
print (£"{(p1

print (£"{(p1 ==

print (£"{(p1
print (£"{(p1
print (£"{(p1

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pt is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(pt p2) =
(pt p3) =
(p1 == 5) =

:class: Point~ without dunder."""

a
a
a

first point.
second, different point.

third point, which equals the first.

be a short string representation of pl

# (almost) the same as the above

# should be a representation for programmers

# (almost) the same as the above

pl1 and p2 are different objects
pl and p3 are different objects

because without dunder “==° =

but should ideally be True
because without dunder ~==° =
but should ideally be False

# comparison with the integer 5 yields

| python3 point_user_2.py |

Point (3, 5) # Create
Point (7, 8) # C(Create
Point (3, 5) # Create
r(pl) = }") # should
pt = A{pits}")
r(pl) = }")
pt = A{ptitr}")
is p2) = }") # False,
is p3) = }") # False,
p2) = }") # False,
p3) = }") # False,
p2) = }") # True,
= p3) = }") # True,
== 5) = 1}")
<point.Point object at
<point.Point object at
<point.Point object at
<point.Point object at
False
False
False
False
True
True
False
I

0x7£5£d9705b80 > "
0x7£56£d9705b80 >
0x7£5£d9705b80 >
0x7£5£d9705b80 >

is®

“is®

False



Beispiel: Point und Gleichheit

Es ist aber argerlich, dass p1 == p3
auch False ergibt.

pl == p2 soll False sein, weil diese
beiden Punkte unterschiedlich sind.

Die beiden Punkte p1 und p3 haben
aber die selben Koordinaten.

Sie sollten als gleich betrachtet
werden.

Andersherum ist p1 != p2 True, so
wie es seien soll, aber p1 != p3 sollte
eigentlich False seien, ist aber True.

ST W e

"""Examples for using our class

from point import Point

Point =
Point =
Point =

pl:
p2:
p3:

print (f" {st
print (£"
print (f"{rep
print (£"

print (£"{(p1
print (£"{(p1

print (£"{(p1 ==

print (£"{(p1
print (£"{(p1
print (£"{(p1

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pt is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(pt p2) =
(pt p3) =
(p1 == 5) =

Point (3, 5) # Create
Point (7, 8) # C(Create
Point (3, 5) # Create
r(pl) = }") # should
pt = A{pits}")
r(pl) = }")
pt = A{ptitr}")
is p2) = }") # False,
is p3) = }") # False,
p2) = }") # False,
p3) = }") # False,
p2) = }") # True,
= p3) = }") # True,
== 5) = 1}")
<point.Point object at
<point.Point object at
<point.Point object at
<point.Point object at
False
False
False
False
True
True
False
I

:class: Point"

without dunder."""

a first point.
a second, different point.
a third point,

which equals the first.

be a short string representation of pl

# (almost) the same as the above

# should be a representation for programmers

# (almost) the same as the above

p1 and p2 are different
pl and p3 are different

but should ideally be True
because without dunder ~==° =
but should ideally be False

# comparison with the integer 5 yields

| python3 point_user_2.py |

0x7£5£d9705b80 > "
0x7£56£d9705b80 >
0x7£5£d9705b80 >
0x7£5£d9705b80 >

objects
objects
because without dunder “==° =

is®

“is®

False
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Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® pl == p2 soll False sein, weil diese
. - . . pl: Point = Point(3, 5) # Create a first point.
beiden Punkte unterschiedlich sind. p2: Point = Point(7, 8) # Create a second, different point.
p3: Point = Point(3, 5) # Create a third point, which equals the first.
O Dle belden Punkte Pl Und P3 haben print (£" {str(pl) = }") # should be a short string representation of pl
: : print (£" pl = A{pi!s}") # (almost) the same as the above
aber dle selben Koordlnaten. print (f"{repr(pl) = }") # should be a representation for programmers
print (£" pl = A{pi!r}") # (almost) the same as the above

® Sie sollten als gleich betrachtet , ,
print (£"{(pl is p2)

False, pl and p2 are different objects
Werden. print (£"{(pl is p3)

False, pl! and p3 are different objects

o oW oW oW W

print (£"{(pl == p2) " False, because without dunder ‘== = ‘“4s°
N print (£"{(p1 p3) " False, but should ideally be True
® Andersherum ist pl !'= p2 True, so print (£"{(p1 p2) " True, because without dunder ‘== = ‘is’

e

print (£"{(p1 !'= p3) True, but should ideally be False

wie es seien soll, aber p1 !'= p3 sollte
eigentlich False seien, ist aber True.

o
1
-«

print (£"{(pl == ) # comparison with the integer 5 yields False

| python3 point_user_2.py |
® Der Grund dafiir ist das Python nicht str (p1)

'<point.Point object at 0x7f5fd9705b80>'

. pl ; <point.Point object at 0x7£5fd9705b80 >
wissen kann, wann und warum repr(pl) = '<point.Point object at Ox7f5fd9705b80>'
3 pl = <point.Point object at 0x7f5fd9705b80>

Instanzen unserer eigenen Klasse als (p1 15 p2) = Pulse

gleich betrachtet werden sollen. (P 12 P9y T Faree

pl == p2) = False

(p1 == p3) = False

(pl !'= p2) = True

(pl !'= p3) = True

(p1 == 5) = False
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Beispiel: Point und Gleichheit

Die beiden Punkte p1 und p3 haben
aber die selben Koordinaten.

Sie sollten als gleich betrachtet
werden.

Andersherum ist p1 !'= p2 True, so
wie es seien soll, aber p1 != p3 sollte
eigentlich False seien, ist aber True.

Der Grund dafiir ist das Python nicht
wissen kann, wann und warum
Instanzen unserer eigenen Klasse als
gleich betrachtet werden sollen.

Es nimmt einfach an, dass
Gleichheit = Identity, also ein Objekt
nur gleich zu sich selbst ist.

"""Examples for using our class

from point import Point

pl: Point = Point (3
p2: Point = Point (7
p3: Point = Point (3
print (£" {str(pl) =
print (£" pl =
print (f"{repr(pl) =
print (£" plt =

print (£"{(p1 is
print (£"{(pl is
print (£"{(p1 ==
print (£"{(p1
print (£"{(p1

p2)
p3)
p2)
p3)
p2)

print (£"{(p1 != p3)
print (£"{(p1l == 5)
str(pl) = '<point
pl = <point.
repr(pl) = '<point.
pl = <point.
(p1l is p2) = False
(p1 is p3) = False
(p1 == p2) = False
(p1 == p3) = False
(pl !'= p2) = True
(pl !'= p3) = True
(p1 == 5) = False

:class: Point~ without dunder."""

, B) # Create a first point.

, 8) # Create a second, different point.

, 5) # Create a third point, which equals the first
}") # should be a short string representation of pi
{p1!s}") # (almost) the same as the above

}") # should be a representation for programmers
{p1!r}") # (almost) the same as the above

= }") # False, pl and p2 are different objects

= }") # False, pl and p3 are different objects
=" # False, because without dunder “==" = “4s°
= }") # False, but should ideally be True

=0 1) # True, because without dunder “==° = “4s°
=1") # True, but should ideally be False

= }") # comparison with the integer 5 yields False

| python3 point_user_2.py |

.Point object at 0x7f5fd9705b80>'

Point object at 0x7£5fd9705b80 >

Point object at 0x7f5fd9705b80>"'

Point object at 0x7f5fd9705b80>

P TR



Beispiel: Point und Gleichheit

Sie sollten als gleich betrachtet
werden.

Andersherum ist p1 != p2 True, so
wie es seien soll, aber p1 !'= p3 sollte
eigentlich False seien, ist aber True.

Der Grund dafiir ist das Python nicht
wissen kann, wann und warum
Instanzen unserer eigenen Klasse als
gleich betrachtet werden sollen.

Es nimmt einfach an, dass
Gleichheit = Identity, also ein Objekt
nur gleich zu sich selbst ist.

Wir konnten das reparieren, in dem
wir die Dunder-Methode __eq__
selbst implementieren.

"""Examples for using our class

from point import Point

Point =
Point =
Point =

pl:
p2:
p3:

print (f" {st
print (£"
print (f£"{rep
print (£"

print (£"{(p1
print (£"{(p1
print (£"{(p1
print (£"{(p1
print (£"{(p1
print (£"{(pt

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pl is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(ptl !'= p2) =
(pt != p3) =
(p1 == 5) =

:class: Point”~ without dunder."""

Point (3, 5) # Create a first point.
Point (7, 8) # Create a second, different point.
Point (3, 5) # Create a third point, which equals the first.
r(pl) = }") # should be a short siring representation of pl
pl = A{pi!s}") # (almost) the same as the above
r(pl) = }") # should be a representation for programmers
pl = A{pl!r}") # (almost) the same as the above
is p2) = }") # False, pl and p2 are different objects
is p3) = }") # False, pl and p3 are different objects
= p2) = }") # False, because without dunder “==" = “4s°
p3) = }") # False, but should ideally be True
p2) = 1") # True, because without dunder “==° = “4s°
= p3) = }") # True, but should ideally be False
== 5) = }") # comparison with the integer 5 yields False
| python3 point_user_2.py |
<point.Point object at 0x7£5fd9705b80>"'
<point.Point object at 0x7£f5£d9705b80 >
<point.Point object at 0x7f5fd9705b80>'
<point.Point object at 0x7f5fd9705b80>
False
False
False
False
True
True
False
I - -

P TR



Beispiel: Point und Gleichheit

® Der Grund dafiir ist das Python nicht
wissen kann, wann und warum
Instanzen unserer eigenen Klasse als
gleich betrachtet werden sollen.

® Es nimmt einfach an, dass
Gleichheit = Identity, also ein Objekt
nur gleich zu sich selbst ist.

® Wir konnten das reparieren, in dem
wir die Dunder-Methode __eq__
selbst implementieren.

® Diese Methode bekommt ein
beliebiges Objekt other als
Parameter und soll True bei
Gleichheit zuriickliefern und False
sonst.

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

pl: Point =
p2: Point =
p3: Point =

print (f" {st
print (£"
print (f"{rep
print (£"

print (£"{(p1
print (£"{(p1
print (£"{(p1
print (£"{(p1
print (£"{(p1
print (£"{(pt

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pl is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(p1 !'= p2) =
(pt != p3) =
(p1 == 5) =

Point (3
Point (7
Point (3

r(pl) =
pt =
r(pl) =
pl =

is p2)
is p3)
= p2)
p3)
p2)
= )

<point
<point.
<point.
<point.
False
False
False
False
True
True
False

, 5)
, 8)
, 5)

B

# Create a first point.
# Create a second, different point.
# Create a third point, which equals the first

# should be a short string representation of pl

{p1!s}") # (almost) the same as the above

B

# should be a representation for programmers

{p1!r}") # (almost) the same as the above

P

1
&

)
4

.Point

Point
Point
Point

# False, pl and p2 are different objects

# False, pl and p3 are different objects

# False, because without dunder “==" = “4s°
# False, but should tdeally be True

# True, because without dunder “==° = “4s°
#

True, but should ideally be False
# comparison with the integer 5 yields False

python3 point_user_2.py |

object at 0x7£f5£d9705b80>"
object at 0x7£5£d9705b80 >
object at 0x7£5fd9705b80>"'
object at 0x7£5fd9705b80 >

P TR
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Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® Es nimmt einfach an, dass
o - A g . pl: Point = Point(3, 5) # Create a first point.
Gleichheit = Identlty, also ein Ob_]ekt p2: Point = Point(7, 8) # Create a second, different point.

. . . p3: Point = Point(3, 5) # Create a third point, which equals the first.
nur gleich zu sich selbst ist.
print (£" {str(pl) = }") # should be a short string representation of pl

° P : : print (£" pl = {pl!s}") # (almost) the same as the above
Wir kdnnten das reparieren, in dem print (£"{repr(pil) = }") # should be a representation for programmers
wir die Dunder—Methode eq print (£" pl = A{pi!r}") # (almost) the same as the above
Selbst implementieren_ print (£"{(pl is p2) = }") # False, pl and p2 are different objects
print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
s 2 print (£"{(p1 == p2) = }") # False, because without dunder ‘== = ‘is°
® Diese Methode bekommt ein print (£"{(pt p3) = }") # False, but should ideally be True
g » print (£"{(p1 p2) = }") # True, because without dunder ‘== = ‘is°
belleblges Ob_]Ekt other als print (£"{(pt !'= p3) = }") # True, but should ideally be False
Parameter und soll True bei print(s'{(pl == 5) = }') # comparison with the integer 5 yields False
Gleichheit zuriickliefern und False | python3 point_user_2.py |
sonst. str(pl) = '<point.Point object at Ox7£5fd9705b80>"
pl = <point.Point object at 0x7£5£d9705b80 >
. repr(pl) = '<point.Point object at 0x7£5fd9705b80>'
® Genau wie str(o) o.__str__() pl = <point.Point object at 0x7£5£d9705b80>
- B (pl is p2) = False
aufruft, so ruft der a b-Operator (2] (% P30 7 [aiee
(pl == p2) = False
.a.__eq__.(b) auf, wenn a __eq__ SR
implementiert. (p1 != p2) = True
(pl !'= p3) = True
(p1 == 5) = False

ST W e I - .
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Beispiel: Point und Gleichheit

Wir konnten das reparieren, in dem
wir die Dunder-Methode __eq__
selbst implementieren.

Diese Methode bekommt ein
beliebiges Objekt other als
Parameter und soll True bei
Gleichheit zuriickliefern und False
sonst.

Genau wie str(o) o.__str__Q
aufruft, so ruft der a == b-Operator
a.__eq__(b) auf, wenn a __eq__
implementiert.

Wenn Sie __eq__ implementieren,
dann wird Python annehmen das

(a '= b)== not (a == b), also
annehmen, dass zwei Objekte ungleich
sind, wenn-sie-nic ich-sind32.

"""Examples for using our class

from point import Point

:class: Point~ without dunder."""

pl: Point = Point(3, 5) # Create a first point.
p2: Point = Point(7, 8) # Create a second, different point.
p3: Point = Point(3, 5) # Create a third point, which equals the first.
print (£" {str(pl) = }") # should be a short string representation of pl
print (£" pl = A{pi!s}") # (almost) the same as the above
print (f£"{repr(pl) = }") # should be a representation for programmers
print (£" pl = A{pl!r}") # (almost) the same as the above
print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
print (£"{(p1l == p2) = }") # False, because without dunder ‘== = ‘is’
print (£"{(p1 p3) = }") # False, but should ideally be True
print (£"{(p1 p2) = 1") # True, because without dunder “==° = “4s°
print (£"{(p1 !'= p3) = }") # True, but should ideally be False
print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False
| python3 point_user_2.py |

str(pl) = '<point.Point object at Ox7£5fd9705b80>'

pl = <point.Point object at 0x7£5£d9705b80 >
repr(pl) = '<point.Point object at 0x7f5fd9705b80>'

pl = <point.Point object at 0x7f5fd9705b80>
(p1l is p2) = False
(p1 is p3) = False
(p1 == p2) = False
(p1 == p3) = False
(pl !'= p2) = True
(pl !'= p3) = True
(p1 == 5) = False

I - _

P TR



—

Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® Diese Methode bekommt ein
o - X pl: Point = Point(3, 5) # Create a first point.
belleblges Ob_]ekt other als p2: Point = Point(7, 8) # Create a second, different point.
Parameter Und SO” True bel p3: Point = Point(3, 5) # Create a third point, which equals the first.

Gleichheit zuriickliefern und False

print (£" {str(pl) = }") # should be a short string representation of pl

print (£" pl = A{pi!s}") # (almost) the same as the above
sonst print (f£"{repr(pl) = }") # should be a representation for programmers
[ print (£" pl = A{pl!r}") # (almost) the same as the above
o Genau Wie str(o) 0. str () print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
— N R print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
aufruft, so ruft der a == b—Operator print (£"{(pl == p2) = }") # False, because without dunder ‘==' = ‘4s°
print (£"{(p1 p3) = }") # False, but should ideally be True
a.__eq__(b) auf, wenn a __eq__ print (£"{(p1 p2) = }") # True, because without dunder ‘== = ‘4s°
5 z print (£"{(p1 != p3) = }") # True, but should ideally be False
implementiert.
print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False
® Wenn Sie __eq__ implementieren, | python3 point_user_2.py |
dann wird Python annehmen das str(pl) = '<poinmt.Point object at 0x7£5£d9705b80>'
1= p— . pl = <point.Point object at 0x7£5£d9705b80 >
(a !'= b)== not (a == b), also repr(pl) = '<point.Point object at 0x7£5£d9705b80>'
. . . 1= int.Poi bj 0x7£5£d9705b80
annehmen, dass zwei Objekte ungleich =, 5,7 “Fojo0 "ommr o0oecr =8 o g
sind, wenn sie nicht gleich sind>2. (@l 4o p8) = Folee
(pl == p2) = False
. 1 . (p1 == p3) = False
® Das ist muss nicht immer der Fall, (p1 != p2) = True
(pl !'= p3) = True

5) = False

obwohl ich kein Beispiel kenne, wo es (pt

nicht simmt3%. .. . wielleicht war es p— -



Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® Genau wie str(o) o.__str__Q)

pl: Point = Point(3, 5) # Create a first point.
aufruft, so ruft der a == b—Operator p2: Point = Point(7, 8) # Create a second, different point.

3: Point Point (3, 5) # Create a third point, which equals the first.
_eq__(b) auf, wenn a __eq__ P ? ! !
. . print (£" {str(pl) = }") # should be a short string representation of pl
Implementlert- print (£" pl = A{pi!s}") # (almost) the same as the above
print (f£"{repr(pl) = }") # should be a representation for programmers
° Wenn Sle eq implementieren, print (£" pl = A{pl!r}") # (almost) the same as the above
dann erd Python annehmen das print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
(a '= b)== not (a == b), also print (£"{(pl == p2) = }") # False, because without dunder ‘== = ‘4s°
i 3 ) print (f"{(p1 == p3) = }") # False, but should ideally be True
annehmen, dass zwei Objekte ungleich © print(e'€(p1 1= p2) = 310 # True, vecause without dunder == = ‘is
print (£"{(pl != p3) = }") # True, but should ideally be False

sind, wenn sie nicht gleich sind>.

print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False

® Das ist muss nicht immer der Fall,

| python3 point_user_2.py |
obwohl ich kein Beispiel kenne, wo es str(pl) = '<point.Point object at 0x7£5£fd9705b80>'
= 5 36 s 3 pl = <point.Point object at 0x7£f5fd9705b80 >
nicht simmt>° ... vielleicht war es repr(pl) = '<point.Point object at 0x7f5fd9705b80>"
A e e e L R pl = <point.Point object at 0x7£5fd9705b80>
' (pl is p2) = False
FlieBkommazahlen auftreten konnte®>, = (Pt = P35 = faiee
im Moment sehe ich das aber nicht. (@1 == p&) = Felloe
(p1 !'= p2) = True
- (pl !'= p3) = True
® Python erlaubt uns auch, die (pt == 5) = False

Dunder-Methode. ne _:zu —



Beispiel: Point und Gleichheit

Wenn Sie __eq__ implementieren,
dann wird Python annehmen das

(a !'= b)== not (a == b), also
annehmen, dass zwei Objekte ungleich
sind, wenn sie nicht gleich sind>2.

Das ist muss nicht immer der Fall,
obwohl ich kein Beispiel kenne, wo es
nicht simmt3° ... vielleicht war es
fruher mal so, dass das bei
FlieBkommazahlen auftreten konnte3®,
im Moment sehe ich das aber nicht.

Python erlaubt uns auch, die
Dunder-Methode __ne__ zu

implementieren, die von a != b als
a.__ne__(a) aufgerufen wird.3?

Zum Schluss vergleichen wir noch, ob

pl das.selbewie die.Ganzzahl 5 ist.

"""Examples for using our class

from point import Point

Point =
Point =
Point =

pl:
p2:
p3:

print (f" {st
print (£"
print (f£"{rep
print (£"

print (£"{(p1 i
print (£"{(p1 i

print (£"{(p1
print (£"{(p1

print (£"{(p1 !
print (£"{(p1 !

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pl is p2) =
(pt is p3) =
(pt == p2) =
(pt == p3) =
(pt1 !'= p2) =
(pt != p3) =
(p1 == 5) =

Point (3
Point (7
Point (3

r(pl) =
pt =
r(pl) =
pl =

p2)
p3)
p2)
p3)
p2)
p3)

S
oo

5)

<point
<point.
<point.
<point.
False
False
False
False
True
True
False

, 5)
, 8)
, 5)

B

{pi!s}t™)

B

{p1!r}")

w3
my
D)
3
)

)

TR AR

=

et

.Point

Point
Point
Point

:class: Point~ without dunder."""

# Create a
# Create a
# Create a

first point.

second, different point.

third point, which equals the first.
# should be a short string representation of pi
# (almost) the same as the above

# should be a representation for programmers

# (almost) the same as the above

False, pl and p2 are different
False, pl and p3 are different
False, because without dunder
False, but should ideally be True
True, because without dunder
True, but should ideally be False

objects
objects
o2t s vgst

ce=t = vgst

o oW oW oW W

# comparison with the integer 5 yields False

python3 point_user_2.py |

0x7£5£d9705b80 > "
0x7£5£d9705b80 >
0x7£5£d9705b80 > "
0x7£5£d9705b80 >

at
at
at
at

object
object
object
object

TR Ty
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Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® Das ist muss nicht immer der Fall,
o : A4 i pl: Point = Point(3, 5) # Create a first point.
obwohl ich kein Belsplel kenne, WO €es p2: Point = Point(7, 8) # Create a second, different point.

nlcht Slmmt36 Vle”elcht war es p3: Point Point (3, 5) # Create a third point, which equals the first.
o : print (£" {str(pl) = }") # should be a short string representation of pl
friiher mal SO, dass das bei print (£" pl = A{pl!s}") # (almost) the same as the above
i 35 print (£"{repr(pl) = }") # should be a representation for programmers
F||e[§k0mmazah|en antreten konnte 4 print (£" pl = A{pil!r}") # (almost) the same as the above

im Moment sehe ich das aber nicht.

print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
£ print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
° Python erlaubt uns auch, die print (£"{(pl == p2) = }") # False, because without dunder ‘== = ‘4s°
print (£"{(p1 p3) = }") # False, but should ideally be True
Dunder—l\/lethode __ne__ zu print (£"{(p1 p2) = }") # True, because without dunder ‘== = ‘4is°
x ] - print (£"{(pt != p3) = }") # True, but should ideally be False
implementieren, die von a != b als
print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False

a.__ne__(a) aufgerufen wird.3?

| python3 point_user_2.py |

® Zum Schluss vergleichen wir noch, ob str(pl) = '<poinmt.Point object at 0x7£5£d9705b80>"

c 5 . pl = <point.Point object at 0x7£5£d9705b80 >

pl das selbe wie die Ganzzahl 5 ist. repr(pl) = '<point.Point object at O0x7£5fd9705b80>'

pl = <point.Point object at Ox7£5fd9705b80>
° ' 0 (pl is p2) = False
Das sollte offensichtlich False G i S o me
(p1l == p2) = False
ergeben' (p1 == p3) = False
(pl !'= p2) = True
(pl !'= p3) = True
(pl == 5) = False
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Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® Das ist muss nicht immer der Fall,
o : A4 i pl: Point = Point(3, 5) # Create a first point.
obwohl ich kein Belsplel kenne, WO €es p2: Point = Point(7, 8) # Create a second, different point.

nlcht Slmmt36 Vle”elcht war es p3: Point Point (3, 5) # Create a third point, which equals the first.
o : print (£" {str(pl) = }") # should be a short string representation of pl
friiher mal SO, dass das bei print (£" pl = A{pl!s}") # (almost) the same as the above
i 35 print (£"{repr(pl) = }") # should be a representation for programmers
F||e[§k0mmazah|en antreten konnte 4 print (£" pl = A{pil!r}") # (almost) the same as the above

im Moment sehe ich das aber nicht.

print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
£ print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
° Python erlaubt uns auch, die print (£"{(pl == p2) = }") # False, because without dunder ‘== = ‘4s°
print (£"{(p1 p3) = }") # False, but should ideally be True
Dunder—l\/lethode __ne__ zu print (£"{(pl p2) = }") # True, because without dunder ‘== = ‘4s°
x ] - print (£"{(pt != p3) = }") # True, but should ideally be False
implementieren, die von a != b als
print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False

a.__ne__(a) aufgerufen wird.3?

| python3 point_user_2.py |

® Zum Schluss vergleichen wir noch, ob str(pl) = '<poinmt.Point object at 0x7£5£d9705b80>

c 5 . pl = <point.Point object at 0x7£5£d9705b80 >

pl das selbe wie die Ganzzahl 5 ist. repr(pl) = '<point.Point object at O0x7£5fd9705b80>'

pl = <point.Point object at 0x7£5£d9705b80>
® Das sollte offensichtlich False (p 9o po) = roee
(pl is p3) = False
(p1l == p2) = False
ergeben. (pt == p3) = False
(pl !'= p2) = True
® Und das tut es auch. (p1 1= p3) = True
(pl == 5) = False




Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® Python erlaubt uns auch, die
Point = Point(3, 5) # Create a first point.

pl:
Dunder-Methode ne__ zu p2: Point = Point(7, 8) # Create a second, different point.

imp|ementieren, di_e_VOn al=b aIS p3: Point = Point(3, 5) # Create a third point, which equals the first.
32

a.__ne__(a) aufgerufen wird.

print (£" {str(pl) = }") # should be a short string representation of pl

- print (£" pl = A{pi!s}") # (almost) the same as the above
print (f"{repr(pl) = }") # should be a representation for programmers
° Zum Schluss Vergleichen wir noch Ob print (£" pl = A{pi!r}") # (almost) the same as the above
)
p]_ das Selbe Wie d|e Ganzzahl 5 |st print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
. i print (£"{(p1l == p2) = }") # False, because without dunder ‘== = ‘45
® Das sollte offensichtlich False print (£"{(pt == p3) = }") # False, but should ideally be True
print (£"{(pl '= p2) = }") # True, because without dunder '==" = ‘4s°
ergeben. print (£"{(p1 != p3) = }") # True, but should ideally be False
° Und das tut es auch print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False
| python3 point_user_2.py |
® Weil die beiden Objekte p1 und 5 str(pl) = '<poinmt.Point object at 0x7£5£d9705b80>"
E h d . h . d pl = <point.Point object at 0x7£5£d9705b80 >
nicht identisch sina. repr(pl) = '<point.Point object at Ox7f5fd9705b80>'
pl = <point.Point object at Ox7£5£d9705b80>

(p1l is p2) = False

(p1 p3) = False
(p1 p2) = False
(p1 p3) = False
(p1 p2) = True
(p1 p3) = True
(p1 == 5) = False

W iU . s



Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® Zum Schluss vergleichen wir noch, ob
pl: Point = Point(3, 5) # Create a first point.

pl das selbe wie die Ganzzahl 5 ist. p2: Point = Point(7, 8) # Create a second, different point.
p3: Point = Point(3, 5) # Create a third point, which equals the first.
O Das so||te OfFens'ChtIICh False print (£" {str(pl) = }") # should be a short string representation of pl
print (£" pl = A{pi!s}") # (almost) the same as the above
ergeben' print (f£"{repr(pl) = }") # should be a representation for programmers
print (£" pl = A{pi!r}") # (almost) the same as the above

® Und das tut es auch.

print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
[ 1 ' 2 print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
o \Weil die beiden Objekte pl und 5 print (£"{(pl == p2) = }") # False, because without dunder '==" = “is"
) g 2 g print (£"{(p1l == p3) = }") # False, but should ideally be True
nicht identisch sind. print (£"{(p1 != p2) = }") # True, because without dunder ‘==' = ‘is’
print (£"{(pt != p3) = }") # True, but should ideally be False
* Wie gesagt pruft der print (£"{(pl == 5) = }") # comparison with the integer 5 yields False
Standard-Gleichheits-Operator nur auf | python3 point_user_2.py |
Identitat. str(pl) = '<point.Point object at Ox7£5fd9705b80>"
pl = <point.Point object at 0x7£5£d9705b80 >
repr(pl) = '<point.Point object at 0x7f5fd9705b80>'
pl = <point.Point object at Ox7£5fd9705b80>

(p1l is p2) = False

(p1 p3) = False
(p1 p2) = False
(p1 p3) = False
(p1 p2) = True
(p1 p3) = True
(pl == 5) = False

W iU . p—
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Beispiel: Point und Gleichheit

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

® Das sollte offensichtlich False
pl: Point Point (3, 5) # Create a first point.

ergeben. p2: Point = Point(7, 8) # Create a second, different point.

p3: Point Point (3, 5) # Create a third point, which equals the first.
O Und das tut es aUCh- print (£" {str(pl) = }") # should be a short string representation of pl
print (£" pl = A{pi!s}") # (almost) the same as the above
Y q f A . print (f£"{repr(pl) = }") # should be a representation for programmers
Well dle belden Ob-]ekte p1 und 5 print (£" pl = A{pl!r}") # (almost) the same as the above

nicht identisch sind.

print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
i 3 print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
o Wie gesagt pruft der print (£"{(pl == p2) = }") # False, because without dunder ‘==' = ‘4s°
5 5 print (£"{(p1 p3) = }") # False, but should ideally be True
Standard-Gleichheits-Operator nur auf © print(s7{(pt 1= p2) = }*) # True, bvecause without dunder “=-° - “is-
T int (£"{(p1 = p3) = }") # True, but should ideally be False
Identitat. e
print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False
9 Fa”S wir __eq__ SE|bSt | python3 point_user_2.py |
implementieren, dann muss die str(pl) = '<poinmt.Point object at 0x7£5£d9705b80>
- . pl = <point.Point object at 0x7f5fd9705b80>
Methode False zuriickliefern, wenn repr(pl) = '<point.Point object at Ox7£5fd9705b80>'
. 1= int.Poi bj 0x7£5£d9705b80
sie 5 als Argument bekommt (anstatt =, 2", J“Fojas PO orIeer = o g
abzustiirzen oder eine Ausnahme (1 45 pB) = Felse
(pl == p2) = False
auszulGsen. . .). (pt == p3) = False
(p1 p2) = True
(p1 p3) = True
(p1 == 5) = False
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“MMA class for points, with string and equals dunder methods

8 e

- Beispiel: Point mit Dunder Methoden e

from typing import Finmal

2 class Point:

- ° Um dle VOrhin genannten Prob|eme AuWA class for reprasanting a point in the two-dimenaional plana
alle zu l6sen, implementieren wir die T TS (X o g ol o 6 Gl

param x: the x-coordinate of the point

drei Dunder-Methoden __str__, T R e B

def __init__(self, x: int | float, y: int | float) -> Nome:

und __eq__ in unserer e Valuekszor iex-(s} and 7oy} must both be fintte.") :

#: the z-coordinate of the point

_repr
Point-Klasse in Datei e

self.y: Finallint | floatl = y

point_with_dunder.py. det _xepr__(se1t) > st

Get a representation of this object useful for programmers
return: “"Point(x, y)'°

>>> repr(Point (2, 4))
'Point (2, 4)'

return £"Point ({self.x}, {self.yH)"
def __str__(self) -> str

Get a concise string representation useful for end users
ireturn: "(x,y)"°

>>> str(Point(2, 4))
12,4

return £"({self.x},{self.y}"

def __eq__(self, other) -> bool | NotImplementedType:

Check whether this point is equal to amother object

:param other: the other object
:return: “True® if and only if “other’ is also a "Point” and has
the same coordinates; NotImplemented if it is not a point

>>> Point(1, 2) == Point(2, 3)

False

>>> Point(1, 2) == Point(1, 2)

True

revurn (other.x == self.x) and (other.y == self.y) \
if isinstance(other, Point) else NotImplemented

e ———— ———


https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_with_dunder.py

- 1 -~

- Beispiel: Point mit Dunder Methode

Um die vorhin genannten Probleme
alle zu l6sen, implementieren wir die
drei Dunder-Methoden __str__,
__repr__ und __eq__ in unserer
Point-Klasse in Datei
point_with_dunder.py.

Die kurze String-Reprasentation, die
__str__ liefert, beinhaltet einfach
die Punkt-Koordinaten, mit Komma
getrennt, in Klammern.

"""A class for representing a point in the two-dimensional plane

def __init__(self, x: int | float, y: int | float) -> Nome:

The constructor: Create a point and set its coordinates.

:param x: the x-coordinate of the point
:param y: the y-coordinate of the point
if not (isfinite(x) and isfinite(y)):
raise ValueError (f'x={x} and y={y} must both be finite.")
#: the w-coordinate of the point
self.x: Finallint | float] = x
#: the y-coordinate of the point
self.y: Finallint | float] = y

def __repr__(self) -> str:

Get a representation of this object useful for programmers
:return: ~"Point(x, y)"®

>>> repr(Point(2, 4))
'Point (2, 4)°'

return £"Point ({self.x}, {self.y})"
def __str__(self) -> str:

Get a concise string representation useful for end users.
ireturn: “"(x,y)""

>>> str(Point (2, 4))
1(2,4)"

return f"({self.x},{self.y})"

eq__(self, other) -> bool | NotImplementedType:

Check whether this point is equal to another object

:param other: the other object

:return: “True' if and only if “other® is also a “Point and has

the same coordinates; "NotImplemented  if it is not a point

>>> Point(1, 2) == Point(2, 3)
False
>>> Point (1, 2) == Point(1, 2)

e

return (other.x == self.x) and (other.y == self.y) \



https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_with_dunder.py

Beispiel: Point mit Dunder Methode def ;;3n)t,,(se1f, x: int | float, y: int | float) -> None:

-~ """A class for representing a point in the two-dimensional plane.""" NSNS ;’:'.ﬂj‘?-l.'.'i
A
The constructor: Create a point and set its coordinates. ;
param x: the x-coordinate of the point
:param y: the y-coordinate of the point

® Um die vorhin genannten Probleme

if not (isfinite(x) and isfinite(y)):

alle zu I6sen, implementieren wir die 8 (05 S cortire o o pot D e B D Sm.t) ¥
. self.x: Finallint | float] = x
dre| Dunder-Methoden __Str__, #: the y-coordinate of the point E
self.y: Finallint | float] = y
__repr__ und __eq__ in unserer B D) =5 e
Point_KIasse in Datei Get a representation of this object useful for programmers

point_with_dunder.py. et pesmrGe v
>>> repr(Point (2, 4))
'Point (2, 4)°'

® Die kurze String-Reprasentation, die o n frPotnt (ool .xy. (solf.yhe
__str__ liefert, beinhaltet einfach dot __str__Geetn) o> wirs
die Punkt-Koordinaten, mit Komma Get @ concise string representation useful for end users.
getrennt, in Klammern.

ireturn: C"(x,y)"

>>> str(Point (2, 4))

1(2,4)"
® Das liefert alle Informationen auf roturn €% ({aole <}, (s01f .y1)"
einen B||Ck, aber es kénnte m|t der def __eq__(self, other) -> bool | NotlmplementedType:

- . . - Check whether this oint is equal to another object
String-Reprasentation eines Tupels R !
verwechselt werden. D D D e e

>>> Point (1, 2) == Point(2, 3)
False
>>> Point (1, 2) == Point(1, 2)

True

.x == self.x) and (other.y == self.y) \
other, Point) else NotImplemented

return (oth:
if is
—



https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_with_dunder.py

-~ """A class for representing a point in the two-dimensional plane.""" HESESSNS

Beispiel: Point mit Dunder Methode

def __init__(self, x: int | float, y: int | float) -> Nome:
The constructor: Create a point and set its coordinates.

param x: the x-coordinate of the point
:param y: the y-coordinate of the point

® Um die vorhin genannten Probleme

if not (isfinite(x) and isfinite(y)):

.. - - - - raise ValueError (f'x={x} and y={y} must both be finite.")
alle zu 18sen, implementieren wir die 0850 eamottRe & B0 B
self.x: Final[int | float] = x

PN 2

drei Dunder-Methoden __str__, 7 the v coordinate of the point

self.y: Fimallint | float] = y
und __eq__ in unserer B e s

et a representation of this object useful for programmers

__repr
Point-Klasse in Datei
point_with_dunder.py.

ireturn: “"Point(x, y)"®

>>> repr(Point (2, 4))
"Point (2, 4)'

® Die kurze String-Reprasentation, die o n frPotnt (ool .xy. (solf.yhe
__str__ liefert, beinhaltet einfach
die Punkt-Koordinaten, mit Komma
getrennt, in Klammern.

_(self) -> str:

Get a concise string representation useful for end users.
ireturn: “"(x,y)"

>>> str(Point (2, 4))
1(2,4)"
® Das liefert alle Informationen auf roturn €% ({aole <}, (s01f .y1)"

def __eq__(self, other) -> bool | NotImplementedType:

einen Blick, aber es kdnnte mit der oo
String—Représentation emes Tupe|s Check whether this point is equal to another object

:param other: the other object

:return “True® if and only if “other ™ is also a “Point’~ and has
verwechselt werden. D e (S e (i
>>> Point (1, 2) == Point(2, 3)
° 1 1 1 False
Deshalb wird __repr__ einen String T L D = S, &)
- s el
der Form "Point(x, y)" liefern.
return (other.x == self.x) and (other y == self.y) \
if isinstance(other, Point) else NotImplemented
b SRR o i i _



https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_with_dunder.py

- Beispiel: Point mit Dunder Methode

Die kurze String-Reprdsentation, die
__str__ liefert, beinhaltet einfach

die Punkt-Koordinaten, mit Komma
getrennt, in Klammern.

Das liefert alle Informationen auf
einen Blick, aber es kdnnte mit der
String-Reprasentation eines Tupels
verwechselt werden.

Deshalb wird __repr__ einen String
der Form "Point(x, y)" liefern.

Die Dunder-Methode __eq__ priift
erst, ob das andere Objekt eine
Instanz von Point ist.

e . SN,

"""A class for representing a point in the two-dimensional plane

def

__init__(self, x: int | float, y: int | float) -> None:

The constructor: Create a point and set its coordinates.

param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):
raise ValueError (f'x={x} and y={y} must both be finite.")
#: the z-coordinate of the point
self.x: Final[int | float] = x
#: the y-coordinate of the point
self.y: Finallint | float] = y
__repr__(self) -> str:
Get a representation of this object useful for programmers

ireturn: “"Point(x, y)"®

>>> repr(Point (2, 4))
"Point (2, 4)'

return f"Point({self.x}, {self.y})"

str__(self) -> str:

Get a concise string representation useful for end users.
ireturn: U(x,y)""

>>> str(Point (2, 4))
1(2,4)"

return f"({self.x},{self.y})"

q__(self, other) -> bool | NotImplementedType:

Check whether this point is equal to another object

:param other: the other object

:return: “True if and only if “other’ is also a "Point" and has
the same coordinates; “NotImplemented™ if it is not a point

>>> Point(1, 2) == Point(2, 3)

False

>>> Point (1, 2) == Point(1, 2)

True

return (other.x == self.x) and (other.y == self.y) \

if isinstance(other, Point) else NotImplemented
N—

PN 2



Beispiel: Point mit Dunder Methode def ;;3n)t,,(se1f, x: int | float, y: int | float) -> None:

-~ """A class for representing a point in the two-dimensional plane.""" NSNS ;’:‘.ﬂj‘?-lu'i
A
The constructor: Create a point and set its coordinates. ;

param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):

® Das liefert alle Informationen auf
einen Blick, aber es kdnnte mit der 8 (05 D cortire o o pot o e B D Sm.t)

self.x: Finallint | float] = x

String-Reprasentation eines Tupels £: the y-coordinate of the point

self.y: Finallint | float] = y

PN 2

verwechselt werden. 08 s () <> oo
A A g —
® Deshalb wird __repr__ einen String rovern: tposme, -
der Form "Point(x, y)" liefern. >>> repr(roint (2, 4))

'Point (2, 4)'

return f"Point({self.x}, {self.y})"

® Die Dunder-Methode __eq__ priift
. . __(self) -> str:
erst, ob das andere Objekt eine Sl 4 coneien soring represaneation eotul for ond veere.
Instanz von Point ist. creturas e,y

>>> str(Point (2, 4))
1(2,4)"

return f"({self.x},{self.y})"

® \Wenn ja, dann liefert sie True genau
dann wenn die x- und y-Koordinate » ,
ef __eq__(self, other) -> bool | NotImplementedType:

des Punkts other die gleichen sind Check whethar this point ie squal to ansther object

wie dle des Punkts Self :param other: the other object
r :return: “True® if and only if “other’ is also a "Point" and has
the same coordinates; "NotImplemented™ if it is not a point
>>> Point(1, 2) == Point(2, 3)
False
>>> Point (1, 2) == Point(1, 2)
True
return (other.x == self.x) and (other.y == self.y) \
if is

nstance (other, Point) else NotImplemented

B—




Beispiel: Point mit Dunder Methode

® Das liefert alle Informationen auf
einen Blick, aber es kdnnte mit der
String-Reprasentation eines Tupels
verwechselt werden.

® Deshalb wird __repr__ einen String
der Form "Point(x, y)" liefern.

® Die Dunder-Methode __eq__ priift
erst, ob das andere Objekt eine
Instanz von Point ist.

® \Wenn ja, dann liefert sie True genau
dann wenn die x- und y-Koordinate
des Punkts other die gleichen sind
wie die des Punkts self.

® Andernfalls liefert sie die Konstante
NotImplemented zuriick.

R

"""A class for representing a point in the two-dimensional plane."""
def __init__(self, x: int | float, y: int | float) -> Nome:
The constructor: Create a point and set its coordinates.

param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):
raise ValueError (f'x={x} and y={y} must both be finite.")
#: the z-coordinate of the point
self.x: Final[int | float] = x
#: the y-coordinate of the point
self.y: Finallint | float] = y

repr__(self) -> str:

et a representation of this object useful for programmers
:return: ~"Point(x, y)"®

>>> repr(Point (2, 4))
"Point (2, 4)'

return f"Point({self.x}, {self.y})"

_(self) -> str:

Get a concise string representation useful for end users.
ireturn: “"(x,y)"

>>> str(Point (2, 4))

(2,4)"

return f"({self.x},{self.y})"
__eq__(self, other) -> bool | NotImplementedType:

Check whether this point is equal to another object

:param other: the other object

:return: “True® if and only if “other’ is also a "Point" and has
the same coordinates; "NotImplemented™ if it is not a point

>>> Point(1, 2) == Point(2, 3)

False

>>> Point (1, 2) == Point(1, 2)

True

return (other.x == self.x) and (other.y == self.y) \
if isinstance(other, Point) else NotImplemented

PN 2



Beispiel: Point mit Dunder Methoden

® Deshalb wird __repr__ einen String
der Form "Point(x, y)" liefern.

® Die Dunder-Methode __eq__ priift
erst, ob das andere Objekt eine
Instanz von Point ist.

® \Wenn ja, dann liefert sie True genau
dann wenn die x- und y-Koordinate
des Punkts other die gleichen sind
wie die des Punkts self.

® Andernfalls liefert sie die Konstante
NotImplemented zuriick.

A special value which should be returned by
the binary special methods [...] to indicate that
the operation is not implemented with respect to
the other type. . .

Note: When a binary (or in-place) method
TEtUTNS Nottmprenentea the interpreter will try the re-
flected operation on the other type (or some other
fallback, depending on the operator). If all att-
empts TetUrn woimprenentes, the interpreter will rai-
se an appropriate exception. Incorrectly returning
wottmprenentea WIll TESULL i G misleading error messa-
ge or the wetmprenentea value being returned to Python
code.

— /8, 2001




-~ """A class for representing a point in the two-dimensional plane.""" HESESSNS

Beispiel: Point mit Dunder Methode

def __init__(self, x: int | float, y: int | float) -> Nome:
The constructor: Create a point and set its coordinates.
param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):

® Die Dunder-Methode __eq__ priift
erst, ob das andere Objekt eine 8 (05 S cortire o o pot D e B D Sm.t)

self.x: Finallint | float] = x

Instanz von Point ist. T G0 ReoORlntD @ tho et

self.y: Finallint | float] = y

PN 2

repr__(self) -> str:

® Wenn ja, dann liefert sie True genau
= N et a representation of this object useful for programmers
dann wenn die x- und y-Koordinate s B g
des Punkts other die gleichen sind > ropr (Point (2, ©)

'Point (2, 4)°'
wie die des Punkts self. i ORGS0

. . . - _(self) -> str:
S Andernfalls |Iefert SIe dle KonStante ;.L:\, a concise string representation useful for end users.
NotImplemented zuriick. retra: hGe 70"

>>> str(Point (2, 4))
1(2,4)"

® In dem wir NotImplemented bei
other-Objekten, die keine Instanzen

return f"({self.x},{self.y})"

def __eq__(self, other) -> bool | NotImplementedType:

von Point sind, zuriickliefern, dann ot OO YD i €0 I b COET R
verweisen wir einfach auf das fpEm omes @n oine o -

ireturn True if and only if other is also a “Point and has

i the same coordinates; "NotImplemented™ if it is not a point

Standardverhalten des Operators ==.

>>> Point (1, 2) == Point(2, 3)

False

>>> Point (1, 2) == Point(1, 2)

True

return (other.x == self.x) and (other.y == self.y) \

if is

nstance (other, Point) else NotImplemented




Beispiel: Point mit Dunder Methode

® Wenn ja, dann liefert sie True genau
dann wenn die x- und y-Koordinate
des Punkts other die gleichen sind
wie die des Punkts self.

® Andernfalls liefert sie die Konstante
NotImplemented zuriick.

® In dem wir NotImplemented bei
other-Objekten, die keine Instanzen
von Point sind, zuriickliefern, dann
verweisen wir einfach auf das
Standardverhalten des Operators ==.

® Wenn other keine Instanz von
Point, dann gibt es keine
Moglichkeit, auf Gleichheit zu
vergleichen.

"""A class for representing a point in the two-dimensional plane."""
def __init__(self, x: int | float, y: int | float) -> Nome:
The constructor: Create a point and set its coordinates.

param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):
raise ValueError (f'x={x} and y={y} must both be finite.")
#: the z-coordinate of the point
self.x: Final[int | float] = x
#: the y-coordinate of the point
self.y: Finallint | float] = y

def __repr__(self) -> str:

et a representation of this object useful for programmers
:return: ~"Point(x, y)"®

>>> repr(Point (2, 4))
"Point (2, 4)'

return f"Point({self.x}, {self.y})"

_(self) -> str:

Get a concise string representation useful for end users.
ireturn: “"(x,y)"

>>> str(Point (2, 4))
(2,4)"
return f"({self.x},{self.y})"
def __eq__(self, other) -> bool | NotImplementedType:

Check whether this point is equal to another object

:param other: the other object
ireturn: “True if and only if “other” is also a "Point” and has

the same coordinates; ~NotImplemented™ if it is not a point
>>> Point(1, 2) == Point(2, 3)
False
>>> Point (1, 2) == Point(1, 2)
True
return (other.x == self.x) and (other.y == self.y) \
if isinstance(other, Point) else NotImplemented

PN 2



Beispiel: Point mit Dunder Methode

® Andernfalls liefert sie die Konstante
NotImplemented zuriick.

® In dem wir NotImplemented bei
other-Objekten, die keine Instanzen
von Point sind, zuriickliefern, dann
verweisen wir einfach auf das

Standardverhalten des Operators ==.

® \Wenn other keine Instanz von
Point, dann gibt es keine
Méoglichkeit, auf Gleichheit zu
vergleichen.

® Wir kénnten in diesem Fall einfach
False zurickliefern, was auch OK
ware.

"""A class for representing a point in the two-dimensional plane."""

def __init__(self, x: int | float, y: int | float) -> Nome:
The constructor: Create a point and set its coordinates.

param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):
raise ValueError (f'x={x} and y={y} must both be finite.")
#: the z-coordinate of the point
self.x: Final[int | float] = x
#: the y-coordinate of the point
self.y: Finallint | float] = y

repr__(self) -> str:

et a representation of this object useful for programmers
:return: ~"Point(x, y)"®

>>> repr(Point (2, 4))
"Point (2, 4)'

return f"Point({self.x}, {self.y})"

_(self) -> str:

Get a concise string representation useful for end users.
ireturn: “"(x,y)"

>>> str(Point (2, 4))

1(2,4)"

return f"({self.x},{self.y})"
__eq__(self, other) -> bool | NotImplementedType:

Check whether this point is equal to another object

:param other: the other object

:return: “True if and only if “other’ is also a "Point" and has
the same coordinates; ~NotImplemented™ if it is not a point

>>> Point(1, 2) == Point(2, 3)

False

>>> Point (1, 2) == Point(1, 2)

True

return (other.x == self.x) and (other.y == self.y) \
if is

nstance (other, Point) else NotImplemented

PN 2



Beispiel: Point mit Dunder Methode

® In dem wir NotImplemented bei
other-Objekten, die keine Instanzen
von Point sind, zuriickliefern, dann
verweisen wir einfach auf das
Standardverhalten des Operators ==.

® \Wenn other keine Instanz von
Point, dann gibt es keine
Méoglichkeit, auf Gleichheit zu
vergleichen.

® Wir kdnnten in diesem Fall einfach
False zuriickliefern, was auch OK
ware.

® NotImplemented zu liefern gibt uns
das gleiche Ergebnis wenn wir mit
Objekten eines anderen Typs
vergleichen wie z. B. 5.

"""A class for representing a point in the two-dimensional plane."""
def __init__(self, x: int | float, y: int | float) -> Nome:
The constructor: Create a point and set its coordinates.

param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):
raise ValueError (f'x={x} and y={y} must both be finite.")
#: the z-coordinate of the point
self.x: Final[int | float] = x
#: the y-coordinate of the point
self.y: Finallint | float] = y

def __repr__(self) -> str:

et a representation of this object useful for programmers
:return: ~"Point(x, y)"®

>>> repr(Point (2, 4))
"Point (2, 4)'

return f"Point({self.x}, {self.y})"

_(self) -> str:

Get a concise string representation useful for end users.
ireturn: “"(x,y)"

>>> str(Point (2, 4))
(2,4)"
return f"({self.x},{self.y})"
def __eq__(self, other) -> bool | NotImplementedType:

Check whether this point is equal to another object

:param other: the other object

:return: “True if and only if “other’ is also a "Point" and has
the same coordinates; ~NotImplemented™ if it is not a point

>>> Point(1, 2) == Point(2, 3)

False

>>> Point (1, 2) == Point(1, 2)

True

return (other.x == self.x) and (other.y == self.y) \
if isinstance(other, Point) else NotImplemented

PN 2



Beispiel: Point mit Dunder Methode

® \Wenn other keine Instanz von
Point, dann gibt es keine
Méoglichkeit, auf Gleichheit zu
vergleichen.

® Wir kdnnten in diesem Fall einfach
False zuriickliefern, was auch OK
ware.

® NotImplemented zu liefern gibt uns
das gleiche Ergebnis wenn wir mit
Objekten eines anderen Typs
vergleichen wie z. B. 5.

® Es ermoglicht aber anderen
Programmieren, eine neue Klasse zu
schreiben, die einen
Gleichheitsvergleich mit unseren
Point-Instanzen implementiert.

R

"""A class for representing a point in the two-dimensional plane."""
def __init__(self, x: int | float, y: int | float) -> Nome:
The constructor: Create a point and set its coordinates.

param x: the x-coordinate of the point
:param y: the y-coordinate of the point

if not (isfinite(x) and isfinite(y)):
raise ValueError (f'x={x} and y={y} must both be finite.")
#: the z-coordinate of the point
self.x: Final[int | float] = x
#: the y-coordinate of the point
self.y: Finallint | float] = y

def __repr__(self) -> str:

et a representation of this object useful for programmers
:return: ~"Point(x, y)"'

>>> repr(Point (2, 4))
"Point (2, 4)'

return f"Point({self.x}, {self.y})"

_(self) -> str:

Get a concise string representation useful for end users.
ireturn: “"(x,y)"

>>> str(Point (2, 4))
1(2,4)"
return f"({self.x},{self.y})"
def __eq__(self, other) -> bool | NotImplementedType:

Check whether this point is equal to another object

:param other: the other object
ireturn: “True® if and only if “other” is also a "Point” and has

the same coordinates; "NotImplemented™ if it is not a point
>>> Point(1, 2) == Point(2, 3)
False
>>> Point (1, 2) == Point(1, 2)
True
return (other.x == self.x) and (other.y == self.y) \
if isinstance(other, Point) else NotImplemented

PN 2



Beispiel: Point mit Dunder Methode

Wir konnten in diesem Fall einfach
False zuriickliefern, was auch OK
ware.

NotImplemented zu liefern gibt uns
das gleiche Ergebnis wenn wir mit
Objekten eines anderen Typs
vergleichen wie z. B. 5.

Es ermdglicht aber anderen
Programmieren, eine neue Klasse zu
schreiben, die einen
Gleichheitsvergleich mit unseren
Point-Instanzen implementiert.

dann ist der richtige Type Hint fiir
den Riickgabewert
bool | NotImplementedType.

Wenn wir __eq__ implementieren,

e . SN,

"""A class for representing a point in the two-dimensional plane."""

def

__init__(self, x: int | float, y: int | float) -> None:
The constructor: Create a point and set its coordinates.

param x: the x-coordinate of the point
:param y: the y-coordinate of the point
if not (isfinite(x) and isfinite(y)):
raise ValueError (£"x={x} and y={y} must both be finite.")
#: the w-coordinate of the point
self.x: Finallint | float] = x
#: the y-coordinate of the point
self.y: Finallint | float] = y

__Tepr__(self) -> str:
Get a representation of this object useful for programmers

ireturn: “"Point(x, y)"'

>>> repr(Point (2, 4))
"Point (2, 4)'

return f"Point({self.x}, {self.y})"
__str__(self) -> str:
Get a concise string representation useful for end users.

ireturn: C"(x,y)"

>>> str(Point (2, 4))

(2,4)"

return f"({self.x},{self.y})"
__eq__(self, other) -> bool | NotImplementedType:

Check whether this point is equal to another object

:param other: the other object

:return: “True if and only if “other’ is also a "Point" and has
the same coordinates; ~NotImplemented™ if it is not a point

>>> Point(1, 2) == Point(2, 3)

False

>>> Point (1, 2) == Point(1, 2)

True

return (oth:
if is

.x == self.x) and (other.y == self.y) \
nstance (other, Point) else NotImplemented

!
i



Beispiel: Point mit Dunder Methoden henutzen

"""Examples for using our class :class: Point’ without dunder."""

from point import Point

‘ ® Wir benutzen nun unsere neue Klasse
- 0 o 0 g pl: Point = Point(3, 5) # Create a first point.
Point genauso wie wir die alte in p2: Point = Point(7, 8) # Create a second, different point.
Program p01nt user 2 py p3: Point = Point(3, 5) # Create a third point, which equals the first.

verwendet haben print (£" {str(pl) = }") # should be a short string represemtation of pl

print (£" pl = A{pi!s}") # (almost) the same as the above

print (f"{repr(pl) = }") # should be a representation for programmers

print (£" pl = A{pl!r}") # (almost) the same as the above

print (£"{(p1 is p2) = }") # False, pl and p2 are different objects

print (£"{(p1 is p3) = }") # False, pl and p3 are different objects

print (£"{(p1 p2) = }") # False, because without dunder '==" = ‘45
= print (£"{(p1 p3) }") # False, but should ideally be True

print (£"{(p1 p2) = }") # True, because without dunder T o= s

print (£"{(pt != p3) = }") # True, but should ideally be False

print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False

| python3 point_user_2.py |

str(pl) '<point.Point object at 0x7£5fd9705b80>'
pl <point.Point object at 0x7£5£d9705b80 >
repr(pl) = '<point.Point object at 0x7f5fd9705b80>"
pl = <point.Point object at 0x7f5fd9705b80>
(p1l is p2) = False
(p1 i = False
(p1 = False
(p1 = False
(p1 = True
(p1 = True

(pl == 5) = False
e I, e TRV AN T BRET W A T “Hl-i


https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_user_2.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_with_dunder_user.py
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Beispiel: Point mit Dunder Methoden henutzen

"""Examples for using our class :class: Point’ with dunder methods."""

from point_with_dunder import Point

® Wir benutzen nun unsere neue Klasse

- 0 o 0 g pl: Point = Point(3, 5) # Create a first point. |
Point genauso wie wir die alte in p2: Point = Point(7, 8) # Create a second, different point.
Program p01nt user 2 py p3: Point = Point(3, 5) # Create a third point, which equals the first.
verwendet haben.

print (£" {str(pl) = }") # a short string representation of pl

print (£" pl = A{pi!s}") # (almost) the same as the above
print (f"{repr(pl) = }") # sa representation for programmers
° Das tun Wil’ in dem neuen Programm print (£" pl = A{pl!r}") # (almost) the same as the above
point with dunder user.py. print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
7 o 3 print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
print (£"{(p1 == p2) = }") # False, calls our __eq__  method
print (f"{(p1 == p3) = }") # True, as it should be, because of "__eq__"
print (£"{(p1 !'= p2) = }") # True, returns ‘not __eq_ _~
print (£"{(pl !'= p3) = }") # False, as it should be
print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False

J python3 point_with_dunder_user.py |

str(pl) = '(3,5)"'
pl = (3,8
repr(pl) = 'Point (3, 5)°'
pl = Point(3, 5)
(pl is p2) = False
(pl is p3) = False
(p1 p2) = False
(p1 p3) = True
(p1 p2) = True
(p1 p3) = False

(pl == 5) = False
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https://github.com/thomasWeise/programmingWithPythonCode/blob/684823e23c5dd22473c4fc25273c68313cca0353/dunder/point_with_dunder_user.py

Beispiel: Point mit Dunder Methoden henutzen

"""Examples for using our class :class: Point’ with dunder methods."""

® \Wir benutzen nun unsere neue Klasse
Point genauso wie wir die alte in
Program point_user_2.py
verwendet haben.

® Das tun wir in dem neuen Programm
point_with_dunder_user.py.

® Die Ausgabe dieses Programms passt
viel besser zu dem, was wir uns
vorstellen.

T i S s AN N T a RRETE D W A Ty

from point_with_dunder import Point

pl: Point =
p2: Point =
p3: Point =

print (f" {st
print (£"
print (f"{rep
print (£"

print (£"{(p1
print (£"{(p1

print (£"{(p1 ==

print (£"{(p1
print (£"{(p1
print (£"{(p1

print (£"{(p1

str(pl) = '
pl =
repr(pl) = '
pl =
(pl is p2) =
(pt is p3) =
(p1 p2) =
(p1 p3) =
(p1 p2) =
(p1 p3) =
(pt == 5) =

Point (3,
Point (7,
Point (3,

r(p1l) =
pl =
r(pl) =
pl =

is p2)
is p3)
p2)
p3)
p2)
= p3)

== 5) =

6) # Create a first point.
8) # Create a second, different point.
5) # Create a third point, which equals the first.

}") # a short string representation of pl
{p1!s}") # (almost) the same as the above
}") # sa representation for programmers

{p1!r}") # (almost) the same as the above

}") # False, pl and p2 are different objects

}") # False, p! and p3 are different objects

}") # False, calls our '__eq__  method

}") # True, as it should be, because of '__eq__ "
}") # True, returns “not __eq__ "

) #

False, as it should be

}") # comparison with the integer 5 yields False

J python3 point_with_dunder_user.py |

(3,8)"
(3,5)
Point (3,
Point (3,
False
False
False
True
True
False
False

5)"
5)

L ST
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Beispiel: Point mit Dunder Methoden henutzen

"""Examples for using our class :class: Point’ with dunder methods."""

from point_with_dunder import Point

® Wir benutzen nun unsere neue Klasse
- 0 o 0 g pl: Point = Point(3, 5) # Create a first point.
Point genauso wie wir die alte in p2: Point = Point(7, 8) # Create a second, different point.
Program p01nt user 2 py p3: Point = Point(3, 5) # Create a third point, which equals the first.
verwendet haben.

print (£" {str(pl) = }") # a short string representation of pl

print (£" pl = A{pit!s}") # (almost) the same as the above I"
print (f"{repr(pl) = }") # sa representation for programmers '
° Das tun Wir in dem neuen Programm print (£" pl = A{pl!r}") # (almost) the same as the above
point_with_dunder_user_pyl pr?nt(f"{(pi ?s p2) = }") # False, pl and p2 are different objects
print (£"{(p1 p3) = }") # False, pl and p3 are different objects
¢ . print (£"{(p1 == p2) = }") # False, calls our __eq__  method
® Die Ausgabe dieses Programms passt = princ(s"{(pt == p3) = }") # True, as it should bve, because of __eq. "
3 i print (£"{(p1 p2) = }") # True, returns ‘not __eq _ "
viel besser zu dem, Wwas WIr uns print (£"{(ptl '= p3) = }") # False, as 4t should be

vorstellen. print (£"{(pl == 5) = }") # comparison with the integer 5 yields False

® Die Funktion str liefert uns nun L) honstpoinciuitinduncersus orfbyly

3 5 o str(pl) = '(3,5)"
kurzen aber informativen Output fir 2= (3
k repr(pl) = 'Point(3, 5)°'
Instanzen der Klasse Point. S = D@, B
(pl is p2) = False J
(pl is p3) = False
(pl == p2) = False
(p1 == p3) = True [
(pl != p2) = True B
(pt != p3) = False 7
(pt == 5) = False :

T i S T TR T BB W A T “J
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Beispiel: Point mit Dunder Methoden henutzen

"""Examples for using our class :class: Point’ with dunder methods."""

from point_with_dunder import Point

® Das tun wir in dem neuen Programm
. . pl: Point = Point(3, 5) # Create a first point.
point_with_dunder_user.py. p2: Point = Point(7, 8) # Create a second, different point.

p3: Point = Point(3, 5) # Create a third point, which equals the first.
® Die AUSgabe dieses Programms passt print (£" {str(pl) = }") # a short string representation of pl ‘
0 . print (£" pl = A{pi!s}") # (almost) the same as the above i
Vlel besser Zu dem’ was wir uns print (f"{repr(pl) = }") # sa representation for programmers
VOI’Ste”en print (£" pl = A{pi!r}") # (almost) the same as the above
¥ 2 : print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
® Die Funktion str liefert uns nun print (£"{(pl is p3) = }") # False, pl and p3 are different objects
i 4 ot print (£"{(p1 == p2) = }") # False, calls our __eq__  method
kurzen aber informativen Output fiir print (£'{(p1 == p3) = }") # True, as it should be, because of "__eq _°
< print (£"{(p1 p2) = }") # True, returns ‘not __eq__ "
Instanzen der Klasse Point. print (£"{(ptl '= p3) = }") # False, as 4t should be
print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False

® Der repr-Operator gibt uns Text,

den Wir |m Prinzip in den | python3 point_with_dunder_user.py |

2 - str(pl) = '(3,5)"
Python-Interpreter kopieren kénnten o= e
z 2 E (p1) = 'Poi (3, 5)'
und mit dem wir so das gleiche TP I eint(3. 5
R A (p1l is p2) = False 4
Objekt nochmal erstellen kénnten. G i S o me
(p1l == p2) = False
(p1 == p3) = True .
(pl != p2) = True R
(pl !'= p3) = False ?
(pl == 5) = False '
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Beispiel: Point mit Dunder Methoden henutzen

"""Examples for using our class :class: Point’ with dunder methods.""" ‘

from point_with_dunder import Point ‘

® Die Ausgabe dieses Programms passt
0 0 pl: Point = Point(3, 5) # Create a first point.
viel besser zu dem, was WIr uns p2: Point = Point(7, 8) # Create a second, different point.

VOrSte”en. p3: Point Point (3, 5) # Create a third point, which equals the first.
print (£" {str(pl) = }") # a short string representation of pl
° H H : print (£" pl = A{pi!s}") # (almost) the same as the above
Dle Funktlon str ||efert uns nun print (f"{repr(pl) = }") # sa representation for programmers
kurzen aber informativen Output fur print (£" pl = A{pi!r}") # (almost) the same as the above
|nstanzen der Klasse Point. print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
0 print (£"{(p1 == p2) = }") # False, calls our __eq__  method
® Der repr-Operator glbt uns Text, print (£"{(pl == p3) = }") # True, as it should be, because of '__eq _ "
7 x A A print (£"{(p1 !'= p2) = }") # True, returns ‘not __eq__ "
den wir im Pr|n2|p in den print (£"{(p1 !'= p3) = }") # False, as 4t should be
Python'lnterprEter kopleren konnten print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False
Und mit dem WIr so das gleIChe J python3 point_with_dunder user.py |
Objekt nochmal erstellen kdnnten. str(pt) = '(3,5)
pl = (3,5
repr(pl) = 'Point(3, 5)'

® Die Gleicheits- und

pt Point (3, 5)
Ungleichheits-Operatoren zeigen LRt !
ebenfalls viel verniinftigeres Verhalten e s ;-
und sehen, wenn zwei Punkte die Egi - iii - Irue ;
selben Koordinaten haben. (pt == 5) = False |
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Beispiel: Point mit Dunder Methoden henutzen

"""Examples for using our class :class: Point’ with dunder methods.""" ‘

from point_with_dunder import Point ‘

® Die Funktion str liefert uns nun
5 c - pl: Point = Point(3, 5) # Create a first point.
kurzen aber informativen Output fiir P2: Point = Point(7, 8) # Create a second, different point.

3 p3: Point = Point(3, 5) # Create a third point, which equals the first.
Instanzen der Klasse Point.
print (£" {str(pl) = }") # a short string representation of pl

. print (£" pl = A{pi!s}") # (almost) the same as the above
O Der repr_operator glbt uns TeXt' print (f"{repr(pl) = }") # sa representation for programmers
den wir im Prinzip in den print (£f" pl = A{pi!r}") # (almost) the same as the above
Python_lnterpreter kopieren kénnten print (£"{(p1 is p2) = }") # False, pl and p2 are different objects
: 4 < print (£"{(p1 is p3) = }") # False, pl and p3 are different objects
Und mit dem WIr SO daS g|e|Che print (£"{(p1l == p2) = }") # False, calls our "__eq__  method
3 g print (£"{(p1 == p3) = }") # True, as it should be, because of " __eq__ "
Objekt nochmal erstellen kénnten. print(£'{(pl !1= p2) = }") # True, returns ‘not ._eq._
print (£"{(pl != p3) = }") # False, as it should be
P Dle Gleicheits— und print (£"{(p1 == 5) = }") # comparison with the integer 5 yields False
UngleIChhelts_Operatoren Zeigen J python3 point_with_dunder_user.py |
ebenfalls viel verniinftigeres Verhalten str(pl) = '(3,5)
L 2 1 = (3,5)
und sehen, wenn zwei Punkte die ) = TP @, )
selben Koordinaten haben. I SR )
(p1 is p3) = False
® Sie funktionieren auch richtig wenn By P D e .
das andere Objekt kein Punkt ist. (p1 1= p2) = True E
(p1 !'= p3) = False ?
(p1 == 5) = False :
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Zusammenfassung
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Zusammenfassung

® Wir haben nun unsere Reise in das Reich der so genannten Dunder-Methoden begonnen.
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® Wir haben nun unsere Reise in das Reich der so genannten Dunder-Methoden begonnen.
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® Diese Methoden kontrollieren viel von dem Verhalten der Operatoren und Konstrukte der
Sprache Python.
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Zusammenfassung

® Wir haben nun unsere Reise in das Reich der so genannten Dunder-Methoden begonnen.

® Diese Methoden kontrollieren viel von dem Verhalten der Operatoren und Konstrukte der
Sprache Python.

® Mit __str__, __repr__, __eq__ und __ne__ haben wir bereits vier Methoden beriihrt, die
wir bereits sehr oft verwendet haben — wenn auch indirekt.



Zusammenfassung

® Wir haben nun unsere Reise in das Reich der so genannten Dunder-Methoden begonnen.

® Diese Methoden kontrollieren viel von dem Verhalten der Operatoren und Konstrukte der
Sprache Python.

® Mit __str__, __repr__, __eq__ und __ne__ haben wir bereits vier Methoden beriihrt, die

wir bereits sehr oft verwendet haben — wenn auch indirekt.

® Welche anderen Abenteuer erwarten uns so tief im Getriebe der Python-Machine?



R !
Thank youl
Vielen Dank!
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Bash

f-string

Git

GitHub

IT

Linux

Microsoft Windows

Mypy

Python
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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®2*:37 . Learn more at https://www.gnu.org/software/bash.

let you include the results of expressions in strings7'1°_12'22'28. 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 £"...".

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®”'3. Learn more at https://git-scm.com.

is a website where software projects can be hosted and managed via the Git VCS?®'31, Learn more at https://github.com.
information technology

is the leading open source operating system, i.e., a free alternative for Microsoft Windows®'13:26:30:34 \We recommend using
it for this course, for software development, and for research. Learn more at https://www.linux.org. Its variant Ubuntu is
particularly easy to use and install.

is a commercial proprietary operating system?. 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.

is a static type checking tool for Python20 that makes use of type hints. Learn more at https://github.com/python/mypy and
: 36
in®°.

15,19,21,36

The Python programming language , i.e., what you will learn about in our book3®. Learn more at

https://python.org.
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stderr

stdin

stdout

(string) interpolation

terminal

type hint
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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)”. 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.
The standard input stream is one of the three pre-defined streams of a console process (together with the stdout and the
stderr):”A 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.

The standard output stream is one of the three pre-defined streams of a console process (together with the stdin and the
stderr)!?. 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.

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".

A terminal is a text-based window where you can enter commands and execute them®'?. 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 Druck auf @+®, dann Schreiben von cmd, dann Druck auf Under Ubuntu Linux,
[Alt)+[T ] opens a terminal, which then runs a Bash shell inside.

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 bel®33, 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.
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Ubuntu

VCs

QA T

is a variant of the open source operating system Linux®*%. 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.

A Version Control System is a software which allows you to manage and preserve the historical development of your program
code®*. 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.

:
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