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Programming with Python

Dies ist ein Kurs {iber 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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® Tupel sind Listen sehr dhnlich, mit drei wichtigen Unterschieden:
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oder dndern.
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® Tupel sind Listen sehr dhnlich, mit drei wichtigen Unterschieden:

1. Tupel sind unverdnderlich.Sie kdnnen keine Elemente zu einem Tupel hinzufiigen, 16schen,
oder dndern.

2. Listen sind dafiir gedacht, Objekte des selben Typs zu beinhalten. Der Type-Hint 1ist [int]
definiert eine Liste von ints. (Der Python-Interpreter erzwingt das aber nicht.) Tupel sind
von Anfang auch dazu gedacht, Objekte verschiedenen Typs zu beinhalten. Weil sie
unverénderlich sind, ist immer klar, welchen Typ das Objekt an einem bestimmten Index hat.

3. Tupel-Literale werden mit runden Klammern anstelle von eckigen Klammern definiert, also
mit (...).

® Und das lernen wir jetzt.
Gute Praxis

Wenn Sie eine indizierbare Sequenz von Objekten brauchen, benutzen Sie 1ist nur wenn
Sie die Sequenz auch verdndern wollen. Wenn Sie nicht vor haben, die Sequenz zu ver-
anden, benutzen Sie ein Tupel (tuple).
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® Tupel-Literale werden mit runden
Klammern deklariert.
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"""An example of creating, indexing, and type-hinting of tuples."""

fruits: tuplelstr, str, str]l = ("apple", "pear", "orange")
print (f"We got {len(fruits)} fruits: {fruits}.")

veggies: tuple[str, ...] = ("onion", "potato", "leek", "garlic")
print (f"The vegetables are: {veggies}.") # Print the tuple.

print (£"{veggies [0] ) # first element of ‘veggies

print (£"{veggies [1] = }") # second element of ‘weggies'

print (f"{veggies [-1] }") # last element of ‘weggies'

print (£"{veggies[-2] = }") # second-to-last element of ‘weggies'
print (f"is pear in fruits: {'pear' in fruits}")

print (f"is pear in veggies: {'pear' in veggiesl}")
print (f"apple is at index {fruits.index('apple')} in fruits.")

| python3 tuples_1.py |

We got 3 fruits: ('apple', 'pear', 'orange').

The vegetables are: ('onion', 'potato', 'leek', 'garlic').
veggies [0] = 'onion'

veggies[1] = 'potato'

veggies[-1] = 'garlic'

veggies[-2] = 'leek'

is pear in fruits: True

is pear in veggies: False
apple is at index 0 in fruits.
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® Tupel-Literale werden mit runden
Klammern deklariert.

® Der Type-Hint tuple[A, B]
deklariert ein Tupel aus zwei
Elementen, wobei das erste Element
vom Typ A und das zweite vom
Typ B ist®.
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"""An example of creating, indexing, and type-hinting of tuples."""
fruits: tuplelstr, str, str]l = ("apple", "pear", "orange")

print (f"We got {len(fruits)} fruits: {fruits}.")

veggies: tuple[str, ...] = ("onion", "potato", "leek", "garlic")

print (f"The vegetables are: {veggies}.") # Print the tuple.

print (£"{veggies [0] ) # first element of ‘veggies

print (£"{veggies [1] = }") # second element of ‘weggies'

print (f"{veggies [-1] }") # last element of ‘weggies'

print (f"{veggies[-2] = }") # second-to-last element of ‘veggies'

{'pear' in fruits}")
{'pear' in veggies}")
index ('apple')} in fruits.")

print (f"is pear in fruits:
print (f"is pear in veggies:
print (f"apple is at index {fruits.

| python3 tuples_1.py |

We got 3 fruits: ('apple',
The vegetables are: ('onion',
veggies [0] = 'onion'
veggies [1] = 'potato
veggies [-1] = 'garlic
veggies[-2] = 'leek'
is pear in fruits: True

is pear in veggies: False

apple is at index 0 in fruits.

'pear ',
'potato’,

'orange ') .
'leek', 'garlic').
|
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® Tupel-Literale werden mit runden
Klammern deklariert.

® Der Type-Hint tuple[A, B]
deklariert ein Tupel aus zwei
Elementen, wobei das erste Element
vom Typ A und das zweite vom
Typ B ist®.

® Wir kénnen so Tupel mit beliebig
vielen typisierten Elementen
deklarieren.
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"""An example of creating, indexing, and type-hinting of tuples."""

fruits: tuplelstr, str, str]l = ("apple", "pear", "orange")
print (f"We got {len(fruits)} fruits: {fruits}.")

veggies: tuple[str, ...] = ("onion", "potato", "leek", "garlic")
print (f"The vegetables are: {veggies}.") # Print the tuple.

first element of “weggies '

print (f"{veggies [0] #
# second element of ‘weggies '
#
#

")
print (f"{veggies [1] = }")

print (f"{veggies [-1] 3 last element of ‘wveggies'
print (f"{veggies[-2] = 1}") second-to-last element of ‘wveggies '
print (f"is pear in fruits: {'pear' in fruits}")

print (f"is pear in veggies: {'pear' in veggies}")
print (f"apple is at index {fruits.index('apple')} in fruits.")

| python3 tuples_1.py |

We got 3 fruits: ('apple', 'pear', 'orange').

The vegetables are: ('onion', 'potato', 'leek', 'garlic').
veggies [0] = 'onion'

veggies [1] = 'potato'

veggies[-1] = 'garlic'

veggies[-2] = 'leek'

is pear in fruits: True

is pear in veggies: False
apple is at index 0 in fruits.
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® Tupel-Literale werden mit runden

Klammern deklariert.

Der Type-Hint tuple[A, B]
deklariert ein Tupel aus zwei
Elementen, wobei das erste Element
vom Typ A und das zweite vom
Typ B ist®.

Wir kdonnen so Tupel mit beliebig
vielen typisierten Elementen
deklarieren.

len(t) liefert die Anzahl der
Elemente im Tupel t.
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"""An example of creating, indexing, and type-hinting of tuples."""

fruits: tuplelstr, str, str]l = ("apple", "pear", "orange")
print (f"We got {len(fruits)} fruits: {fruits}.")

veggies: tuplel[str, ...] = ("onion", "potato", "leek", "garlic")
print (f"The vegetables are: {veggies}.") # Print the tuple.

print (£"{veggies [0] ) # first element of ‘veggies

print (£"{veggies [1] = }") # second element of ‘weggies'

print (f"{veggies [-1] }") # last element of ‘weggies'

print (f"{veggies[-2] = }") # second-to-last element of ‘wveggies'
print (f"is pear in fruits: {'pear' in fruits}")

print (f"is pear in veggies: {'pear' in veggies}")
print (f"apple is at index {fruits.index('apple')} in fruits.")

| python3 tuples_1.py |

We got 3 fruits: ('apple', 'pear', 'orange').

The vegetables are: ('onion', 'potato', 'leek', 'garlic').
veggies [0] = 'onion'

veggies [1] = 'potato'

veggies[-1] = 'garlic'

veggies[-2] = 'leek'

is pear in fruits: True

is pear in veggies: False
apple is at index 0 in fruits.
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® Der Type-Hint tuple[A, B]

deklariert ein Tupel aus zwei
Elementen, wobei das erste Element
vom Typ A und das zweite vom
Typ B ist®.

Wir konnen so Tupel mit beliebig
vielen typisierten Elementen
deklarieren.

len(t) liefert die Anzahl der
Elemente im Tupel t.

Der Type-Hint tuple[A, ...]
deklariert ein Tupel dessen Elemente
alle vom Typ A sind, das aber ohne
feste Langenangabe deklariert wird.
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"""An example of creating, indexing, and type-hinting of tuples."""

fruits: tuple[str, str, str]l = ("apple", "pear", "orange")

print (f"We got {len(fruits)} fruits: {fruits}.")

veggies: tuplel[str, ...] = ("onion", "potato", "leek", "garlic")

print (f"The vegetables are: {veggies}.") # Print the tuple.

print (£"{veggies [0] ) # first element of ‘veggies

print (£"{veggies[1] = }") # second element of ‘weggies'

print (f"{veggies[-1] = }") # last element of ‘wveggies

print (f"{veggies[-2] = }") # second-to-last element of ‘veggies'

print (f"is pear in fruits: {'pear' in fruits}")
print (f"is pear in veggies: {'pear' in veggies}")
print (f"apple is at index {fruits.index('apple')} in fruits.")

| python3 tuples_1.py |

We got 3 fruits: ('apple', 'pear', 'orange').
The vegetables are: ('onion', 'potato', 'leek', 'garlic').
veggies [0] = 'onion'
veggies [1] = 'potato'
veggies[-1] = 'garlic'
veggies[-2] = 'leek'
is pear in fruits: True
is pear in veggies: False
apple is at index O in fruits.
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Wir konnen so Tupel mit beliebig
vielen typisierten Elementen
deklarieren.

len(t) liefert die Anzahl der
Elemente im Tupel t.

Der Type-Hint tuple[A, ...]
deklariert ein Tupel dessen Elemente
alle vom Typ A sind, das aber ohne
feste Langenangabe deklariert wird.

Tupel kdnnen genau wie Listen und
Strings indiziert und gesliced werden.
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"""An example of creating, indexing, and type-hinting of tuples."""

fruits: tuplelstr, str, str]l = ("apple", "pear", "orange")
print (f"We got {len(fruits)} fruits: {fruits}.")

veggies: tuplel[str, ...] = ("onion", "potato", "leek", "garlic")
print (f"The vegetables are: {veggies}.") # Print the tuple.

print (£"{veggies [0] ) # first element of ‘veggies

print (£"{veggies [1] = }") # second element of ‘weggies'

print (£"{veggies[-1] = }") # last element of ‘wveggies

print (f"{veggies[-2] = }") # second-to-last element of ‘wveggies'
print (f"is pear in fruits: {'pear' in fruits}")

print (f"is pear in veggies: {'pear' in veggies}")
print (f"apple is at index {fruits.index('apple')} in fruits.")

| python3 tuples_1.py |

We got 3 fruits: ('apple', 'pear', 'orange').

The vegetables are: ('onion', 'potato', 'leek', 'garlic').
veggies [0] = 'onion'

veggies [1] = 'potato'

veggies[-1] = 'garlic'

veggies[-2] = 'leek'

is pear in fruits: True
is pear in veggies: False
apple is at index 0 in fruits.
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Wir konnen so Tupel mit beliebig
vielen typisierten Elementen
deklarieren.

len(t) liefert die Anzahl der
Elemente im Tupel t.

Der Type-Hint tuple[A, ...]
deklariert ein Tupel dessen Elemente
alle vom Typ A sind, das aber ohne
feste Langenangabe deklariert wird.

Tupel kdnnen genau wie Listen und
Strings indiziert und gesliced werden.

Auch der in- und der
not in-Operator funktionieren.
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"""An example of creating, indexing, and type-hinting of tuples."""

fruits: tuple[str, str, str]l = ("apple", "pear", "orange")

print (f"We got {len(fruits)} fruits: {fruits}.")

veggies: tuplel[str, ...] = ("onion", "potato", "leek", "garlic")

print (f"The vegetables are: {veggies}.") # Print the tuple.

print (£"{veggies [0] ) # first element of ‘veggies

print (£"{veggies [1] = }") # second element of ‘weggies'

print (£"{veggies[-1] = }") # last element of ‘wveggies

print (f"{veggies[-2] = }") # second-to-last element of ‘veggies'

print (f"is pear in fruits: {'pear' in fruits}")
print (f"is pear in veggies: {'pear' in veggiesl}")
print (f"apple is at index {fruits.index('apple')} in fruits.")

| python3 tuples_1.py |

We got 3 fruits: ('apple', 'pear', 'orange').
The vegetables are: ('onion', 'potato', 'leek', 'garlic').
veggies [0] = 'onion'
veggies [1] = 'potato'
veggies[-1] = 'garlic'
veggies[-2] = 'leek'
is pear in fruits: True
is pear in veggies: False
apple is at index O in fruits.
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len(t) liefert die Anzahl der
Elemente im Tupel t.

Der Type-Hint tuple[A, ...]
deklariert ein Tupel dessen Elemente
alle vom Typ A sind, das aber ohne
feste Langenangabe deklariert wird.

Tupel konnen genau wie Listen und
Strings indiziert und gesliced werden.

Auch der in- und der
not in-Operator funktionieren.

Die Funktion t.index(v) liefert den
Index des Elements v im Tupel t.

eren
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"""An example of creating, indexing, and type-hinting of tuples."""

fruits: tuple[str, str, str]l = ("apple", "pear", "orange")
print (f"We got {len(fruits)} fruits: {fruits}.")

veggies: tuplel[str, ...] = ("onion", "potato", "leek", "garlic")
print (f"The vegetables are: {veggies}.") # Print the tuple.

print (£"{veggies [0] ) # first element of ‘veggies

print (£"{veggies [1] = }") # second element of ‘weggies'

print (f"{veggies[-1] = }") # last element of ‘wveggies'

print (f"{veggies[-2] = }") # second-to-last element of ‘veggies'
print (f"is pear in fruits: {'pear' in fruits}")

print (f"is pear in veggies: {'pear' in veggies}")
print (f"apple is at index {fruits.index('apple')} in fruits.")

| python3 tuples_1.py |

We got 3 fruits: ('apple', 'pear', 'orange').

The vegetables are: ('onion', 'potato', 'leek', 'garlic').
veggies [0] = 'onion'

veggies [1] = 'potato'

veggies [-1] = 'garlic'

veggies[-2] = 'leek'

is pear in fruits: True
is pear in veggies: False
apple is at index O in fruits.
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Tupel mit Elementen verschiedener Typen

"""An example of creating tuples of mixed types.

° o A g mixed: tuple([str, int, float] = ("apple", 12, 1e25) # mized types
er konnen aUCh Tupel mit Elementen print (£"The mixed tuple is {mixed}.") # Print the tuple.

. verschiedener Typen erstellen.

tuples: list[tuplel[str, int, floatl] = [
mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
print (f"tuples list: {tuples}.") #

tuples.sort() # We sort the list of tuples.
print (f"sorted tuples list: {tuples}.")

Print that list.

other: tuple[str, int, float] = ("pear", 1, 1.2) # second such tuple
print (f"the other tuple: {other}.") # Print it as well.

# Create a list of 4 tuples.

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.

print(f"{a = }, {b = }, {c = ")

mixed = "x", 4, 4.5 # Declare a tuple without parentheses.

print (f"mixed is now: {mixedl}")

|} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).
the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear',6 -2, 4.5),
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12, 1e+25), ('pear',k -2,
<~ -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)

('pear’

3.3),

, 1, 1.2), E

('pear',
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Tupel mit Elementen verschiedener Typen

"""An example of creating tuples of mixed types."""

~0 nflBIR

i - g mixed: tuplel[str, int, float] = ("apple", 12, 1e25) # mized types
& er konnen aUCh Tupel mit Elementen print (f"The mixed tuple is {mixed}.") # Print the tuple.
verschiedener Typen erstellen.

other: tuple[str, int, float] = ("pear", 1, 1.2) # second such tuple
g 2 print (f"the other tuple: {other}.") # Print it as well.
® tuple[str, int, float] ist ein
s tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
Tupel WO daS erste Element emn mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
A . P print (f"tuples list: {tuples}.") # Print that list.
String, das zweite eine Ganzzahl und
. . . . tuples.sort() # We sort the list of tuples.
das dritte eine FlieBkommazahl ist. i AR G it . G

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
print(f"{a = }, {b = }, {c = ")

mixed = "x", 4, 4.5 # Declare a tuple without parentheses. ‘
print (f"mixed is now: {mixedl}") ‘

|} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).
the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2), -
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12, 1e+25), ('pear', -2, 3.3), ('pear',
< -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)
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Tupel mit Elementen verschiedener Typen

"""An example of creating tuples of mixed types."""

i - g mixed: tuplel[str, int, float] = ("apple", 12, 1e25) # mized types
® Wir kdnnen auch Tupel mit Elementen print (f"The mixed tuple is {mixed}.") # Print the tuple.
verschiedener Typen erstellen.

other: tuple[str, int, float] = ("pear", 1, 1.2) # second such tuple
print (f"the other tuple: {other}.") # Print it as well.

® tuple[str, int, float] ist ein
s tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
Tupel wo das erste Element ein mixed, ("pear”, -2, 4.5), other, ("pear®, -2, 3.3)]
A . P print (f"tuples list: {tuples}.") # Print that list.
String, das zweite eine Ganzzahl und
das dritte eine FlieRkommazahl ist.

tuples.sort() # We sort the list of tuples.
print (f"sorted tuples list: {tuples}.")

° B = a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
Tupel (und Listen) unterstiitzen alle e T ‘
sechs Vergleichsoperationen <, <=, _ _ i
mixed = "x", 4, 4.5 # Declare a tuple without parentheses. |
==, >=, >, und 1=| print (f"mixed is now: {mixed}")

|} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).
the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2), -
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12, 1e+25), ('pear', -2, 3.3), ('pear',
< -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)
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Tupel mit Elementen verschiedener Typen

® Wir kdnnen auch Tupel mit Elementen
verschiedener Typen erstellen.

® tuple[str, int, float] ist ein
Tupel wo das erste Element ein
String, das zweite eine Ganzzahl und
das dritte eine FlieBkommazahl ist.

® Tupel (und Listen) unterstiitzen alle
sechs Vergleichsoperationen <, <=,
==, >=, >, und !=.

® Natiirlich kénnen wir Tupel auch in
Listen oder Tupel reintun.

~0 nflBIR

< \‘;&}M"

"""An example of creating tuples of mixed types."""

mixed: tuplel[str, int, float] = ("apple", 12,
print (f"The mixed tuple is {mixed}.")

1e25) # mized types
# Print the tuple.

other: tuple[str, int, float] = ("pear", 1, 1.2)
print (f"the other tuple: {otherl}.")

# second such tuple
# Print it as well.

tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
print (f"tuples list: {tuples}.") # Print that list.

tuples.sort() # We sort the list of tuples.
print (f"sorted tuples list: {tuples}.")

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
print(f"{a = }, {b = }, {c = ") =

mixed = "x", 4, 4.5 # Declare a tuple without parentheses.
print (f"mixed is now: {mixedl}")

|} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).

the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2), -
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12,
< -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)

1e+25), ('pear', -2, 3.3),

('pear',
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® Wir kdnnen auch Tupel mit Elementen
verschiedener Typen erstellen.

® tuple[str, int, float] ist ein
Tupel wo das erste Element ein
String, das zweite eine Ganzzahl und
das dritte eine FlieBRkommazahl ist.

® Tupel (und Listen) unterstiitzen alle
sechs Vergleichsoperationen <, <=,
== >=, >, und !=.

® Natiirlich kénnen wir Tupel auch in
Listen oder Tupel reintun.

® Der Type-Hint
list[tuple[str, int, floatl]
definiert eine Liste, die Tupel es oben
genannten Typs beinhalted.

Tupel mit Elementen verschiedener Typen

SRR

=g e

"""An example of creating tuples of mixed types.""" |

mixed: tuplel[str, int, float] = ("apple", 12, 1e25) # mized types
print (f"The mixed tuple is {mixed}.") # Print the tuple.

other: tuple[str, int, float] = ("pear", 1, 1.2) # second such tuple
print (f"the other tuple: {other}.") # Print it as well.

tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
print (f"tuples list: {tuples}.") # Print that list.

tuples.sort() # We sort the list of tuples.
print (f"sorted tuples list: {tuples}.")

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
print(f"{a = }, {b = }, {c = ") =

mixed = "x", 4, 4.5 # Declare a tuple without parentheses. |
print (f"mixed is now: {mixedl}")

|} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).

the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2),
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12,
~ -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)

'

1e+26), ('pear', -2, 3.3), ('pear',
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Tupel mit Elementen verschiedener Typen

® tuple[str, int, float] ist ein
Tupel wo das erste Element ein
String, das zweite eine Ganzzahl und
das dritte eine FlieBkommazahl ist.

® Tupel (und Listen) unterstiitzen alle
sechs Vergleichsoperationen <, <=,
==, >=, >, und !=.

e Natiirlich kénnen wir Tupel auch in
Listen oder Tupel reintun.

® Der Type-Hint
list[tuple[str, int, floatl]
definiert eine Liste, die Tupel es oben
genannten Typs beinhalted.

® Diese arbeiten dann lexikographisch
elementweise.

SRR

=g e

"""An example of creating tuples of mixed types.""" |

mixed: tuplel[str, int, float] = ("apple", 12, 1e25)
print (£"The mixed tuple is {mixedl}.")

# mized types
# Print the tuple.

other: tuplel[str, int, float] = ("pear", 1, 1.2)
print (f"the other tuple: {otherl}.")

# second such tuple
# Print it as well.

tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
print (f"tuples list: {tuples}.") # Print that list.

tuples.sort() # We sort the list of tuples.
print (f"sorted tuples list: {tuples}.")

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
print(f"{a = }, {b =}, {c = }") E

mixed = "x", 4, 4.5 # Declare a tuple without parentheses. |
print (f"mixed is now: {mixedl}")

|} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).

the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2),
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12,
< -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)

'

1e+26), ('pear', -2, 3.3), ('pear',
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Tupel mit Elementen verschiedener Typen

® Tupel (und Listen) unterstiitzen alle
sechs Vergleichsoperationen <, <=,
==, >=, > und !=.

e Natiirlich kénnen wir Tupel auch in
Listen oder Tupel reintun.

® Der Type-Hint
list[tuple[str, int, floatl]
definiert eine Liste, die Tupel es oben
genannten Typs beinhalted.

® Diese arbeiten dann lexikographisch
elementweise.

® Angenommen, wir vergleichen wir
zwei Tupel x und y.

=g e
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"vuAn example of creating tuples of mixed types.

mixed: tuplelstr, int, float] = ("apple", 12, 1e25) # mized types
print (f"The mixed tuple is {mixed}.") # Print the tuple.

other: tuplel[str, int, float] = ("pear", 1, 1.2)
print (f"the other tuple: {otherl}.")

# second such tuple
# Print it as well.

tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
print (f"tuples list: {tuples}.") # Print that list.

tuples.sort() # We sort the list of tuples.
print (f"sorted tuples list: {tuples}.")

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
print(f"{a = }, {b = }, {c = }") =

mixed = "x", 4, 4.5 # Declare a tuple without parentheses. |
print (f"mixed is now: {mixedl}")

|} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).

the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2),
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12,
< -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)

1e+25), ('pear', -2, 3.3),

('pear',
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® Natiirlich kénnen wir Tupel auch in
Listen oder Tupel reintun.

® Der Type-Hint
list[tuple[str, int, floatl]
definiert eine Liste, die Tupel es oben
genannten Typs beinhalted.

® Diese arbeiten dann lexikographisch
elementweise.

® Angenommen, wir vergleichen wir
zwei Tupel x und y. Wenn das erste
Element von x kleiner als das erste
Element von y ist, dann gilt x < y.

Tupel mit Elementen verschiedener Typen

~0 nflBIR - \‘MM"

"""An example of creating tuples of mixed types.

float] = ("apple", 12, 1e25) # mized types
# Print the tuple.

mixed: tuplel[str, int,
print (£"The mixed tuple is {mixedl}.")

other: tuple[str, int, float] = ("pear", 1, 1.2) # second such tuple
print (f"the other tuple: {other}.") # Print it as well.

tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
print (f"tuples list: {tuples}.") # Print that list.

tuples.sort() # We sort the list of tuples.
print (f"sorted tuples list: {tuples}.")

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
print(f"{a = }, {b = }, {c = }") =

mixed = "x", 4, 4.5 # Declare a tuple without parentheses.
print (f"mixed is now: {mixedl}")

J} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).

the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2), -
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12,
< -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)

1e+25), ('pear', -2, 3.3),

('pear',
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Tupel mit Elementen verschiedener Typen

® Der Type-Hint
list[tuplelstr, int, float]]
’5 definiert eine Liste, die Tupel es oben
i genannten Typs beinhalted.
[ )

Diese arbeiten dann lexikographisch
elementweise.

® Angenommen, wir vergleichen wir
zwei Tupel x und y. Wenn das erste
Element von x kleiner als das erste
Element von y ist, dann gilt x < y.
Wenn das erste Element von x groRer
als das erste Element von y ist, dann
gilt x > y.

=g e
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""vAn example of creating tuples of mixed types."""
mixed: tuplelstr, int, float] = ("apple", 12, 1e25) # mized types
print (f"The mixed tuple is {mixed}.") # Print the tuple.

other: tuple[str, int, float] = ("pear", 1, 1.2) # second such tuple
print (f"the other tuple: {other}.") # Print it as well.

tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
print (f"tuples list: {tuples}.") # Print that list.

tuples.sort() # We sort the list of tuples.
print (f"sorted tuples list: {tuplesl}.")

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
print(f"{a = }, {b = }, {c = }") =

mixed = "x", 4, 4.5 # Declare a tuple without parentheses. |
print (f"mixed is now: {mixedl}")

J} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).

the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2),
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12,
< -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)

'

1e+26), ('pear', -2, 3.3), ('pear',
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Tupel mit Elementen verschiedener Typen

® Diese arbeiten dann lexikographisch
elementweise.

® Angenommen, wir vergleichen wir
zwei Tupel x und y. Wenn das erste
Element von x kleiner als das erste
Element von y ist, dann gilt x < y.
Wenn das erste Element von x groRer
als das erste Element von y ist, dann
gilt x > y. Wenn das erste Element
von x gleich dem erste Element
von y ist, dann geht der Vergleich mit
den zweiten Elementen weiter, wenn
beide Tupel mindestens 2 Elemente
haben (andernfalls ist das kiirzere
Tupel kleiner).

=g e
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""vAn example of creating tuples of mixed types."""
mixed: tuplel[str, int, float] = ("apple", 12, 1e25) # mized types
print (f"The mixed tuple is {mixed}.") # Print the tuple.

other: tuple[str, int, float] = ("pear", 1, 1.2) # second such tuple
print (f"the other tuple: {other}.") # Print it as well.

tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
print (f"tuples list: {tuples}.") # Print that list.

tuples.sort() # We sort the list of tuples.
print (f"sorted tuples list: {tuplesl}.")

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
print(f"{a = }, {b = }, {c = }") =

mixed = "x", 4, 4.5 # Declare a tuple without parentheses.
print (f"mixed is now: {mixedl}")

|} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).

the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2),
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12,
~ -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)

'

1e+26), ('pear', -2, 3.3), ('pear',
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Tupel mit Elementen verschiedener Typen

® Angenommen, wir vergleichen wir
zwei Tupel x und y. Wenn das erste
Element von x kleiner als das erste
Element von y ist, dann gilt x < y.
Wenn das erste Element von x groRer
als das erste Element von y ist, dann
gilt x > y. Wenn das erste Element
von x gleich dem erste Element
von y ist, dann geht der Vergleich mit
den zweiten Elementen weiter, wenn
beide Tupel mindestens 2 Elemente
haben (andernfalls ist das kiirzere
Tupel kleiner). Und so weiter.

=g e

gar K.‘!”l]

""“An example of creating tuples of mixed types.

mixed: tuplelstr, int, float] = ("apple", 12, 1e25) # mized types
print (f"The mixed tuple is {mixed}.") # Print the tuple.

other: tuplel[str, int, float] = ("pear", 1, 1.2)
print (f"the other tuple: {otherl}.")

# second such tuple
# Print it as well.

tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
print (f"tuples list: {tuples}.") # Print that list.

tuples.sort() # We sort the list of tuples.
print (f"sorted tuples list: {tuplesl}.")

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
print(f"{a = }, {b =}, {c = }") E

mixed = "x", 4, 4.5 # Declare a tuple without parentheses.
print (f"mixed is now: {mixedl}")

J} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).

the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2),
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12,
~ -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)

'

1e+26), ('pear', -2, 3.3), ('pear',
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""“An example of creating tuples of mixed types.

mixed: tuplel[str,
print (£"The mixed

® Angenommen, wir vergleichen wir
zwei Tupel x und y. Wenn das erste
Element von x kleiner als das erste
Element von y ist, dann gilt x < y.
Wenn das erste Element von x groRer
als das erste Element von y ist, dann
gilt x > y. Wenn das erste Element
von x gleich dem erste Element R & o
von y ist, dann geht der Vergleich mit
den zweiten Elementen weiter, wenn
beide Tupel mindestens 2 Elemente

other: tuplel[str,
print (f"the other

tuples:

mixed,

tuples.sort ()

mixed = "x", 4,

list [tuple[str, int,
("pear"
print (f"tuples list:

", -2,

print (f"sorted tuples list:

4.5
print (f"mixed is now:

int, float] =
tuple is {mixed}.")

float] =
{other}.")

int,
tuple:

float]]
4.5), other,
{tuples}.")

# We sort the list of tuples.
{tuples}.")

# We unpack the tuple of length 3 into 3 wariables.
{v

= T, te = 1)

{mixed}")

J} python3 tuples_2.py |

("apple",

("pear",

s [
("pear",
#

# Declare a tuple without parentheses.

S L

S "WD’I

12, 1e25) # mized types
# Print the tuple.

1, 1.2) # second such tuple
# Print it as well.

# Create a list of 4 tuples.
-2, 3.3)]
Print that list.

haben (andernfalls ist das kiirzere Mo mized Gwplle 48 (“apple’, 13, dosdb).
the other tuple: ('pear', 1, 1.2).
Tupel k|e|ner) Und SO We|ter tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2),
— ('pear', -2, 3.3)].
- = 5 sorted tuples list: [('apple', 12, 1e+25), ('pear', -2, 3.3), ('pear',
® Deshalb kénnen wir Listen von Tupel < -2, 4.5), C'pear’, 1, 1.2)].
a = 'apple', b = 12, c = 1le+25

sortieren.

mixed is now:

('x', 4,

4.5)



® Angenommen, wir vergleichen wir
zwei Tupel x und y. Wenn das erste
Element von x kleiner als das erste
Element von y ist, dann gilt x < y.
Wenn das erste Element von x groRer
als das erste Element von y ist, dann
gilt x > y. Wenn das erste Element
von x gleich dem erste Element
von y ist, dann geht der Vergleich mit
den zweiten Elementen weiter, wenn
beide Tupel mindestens 2 Elemente
haben (andernfalls ist das kiirzere
Tupel kleiner). Und so weiter.

® Deshalb kénnen wir Listen von Tupel
sortieren.

® Genau wie Listen kdnnen wir Tupel
auf mehrere Variablen auspacken.

Tupel mit Elementen verschiedener Typen
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""“An example of creating tuples of mixed types."""

mixed: tuplel[str,
print (£"The mixed

int, float] = ("apple", 12, 1e25) # mized types
tuple is {mixed}.") # Print the tuple.

int,
tuple:

other: tuplel[str,
print (f"the other

float] = ("pear", 1, 1.2) # second such tuple
{other}.") # Print it as well.

tuples: list[tuple[str, int, floatl]
mixed, ("pear", -2, 4.5), other,
print (f"tuples list: {tuples}.")

= [ # Create a list of 4 tuples.
("pear", -2, 3.3)]
# Print that list.

tuples.sort ()
print (f"sorted tuples list:

# We sort the list of tuples.
{tuples}.")

a, b, ¢ = mixed # We unpack the tuple of length 3 into 3 wariables.
print(f"{a = }, {b =}, {c = }")
mixed = "x", 4, 4.5 # Declare a tuple without parentheses.

print (f"mixed is now: {mixedl}")

J} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).

the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2),
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12, 1e+25), ('pear', -2, 3.3), ('pear',
< -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)
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Tupel mit Elementen verschiedener Typen

® Deshalb kénnen wir Listen von Tupel
sortieren.

® Genau wie Listen kdnnen wir Tupel
auf mehrere Variablen auspacken.

® |n Fillen, wo es keine Verwechslung
geben kann, kénnen wir Tupel sogar

ohne die runden Klammern definieren.

~0 nflBIR J,mm“

"""An example of creating tuples of mixed types.

mixed: tuple[str, int, float] =
print (f"The mixed tuple is {mixed}.")

("apple", 12, 1e25) # mized types
# Print the tuple.

other: tuplel[str, int,
print (f"the other tuple:

float] = ("pear", 1, 1.2) # second such tuple
{other}.") # Print it as well.

tuples: list[tuplelstr, int, floatl] = [ # Create a list of 4 tuples.
mixed, ("pear", -2, 4.5), other, ("pear", -2, 3.3)]
print (f"tuples list: {tuples}.") # Print that list.

tuples.sort ()
print (f"sorted tuples list:

# We sort the list of tuples.
{tuples}.")

a, b, ¢ = mixed
print(f"{a = },

# We unpack the tuple of length 3 into 3 wvariables.
{b =13}, {c =1

mixed = "x", 4, 4.5
print (f"mixed is now:

# Declare a tuple without parentheses.
{mixed}")

J} python3 tuples_2.py |

The mixed tuple is ('apple', 12, 1e+25).

the other tuple: ('pear', 1, 1.2).

tuples list: [('apple', 12, 1e+25), ('pear', -2, 4.5), ('pear', 1, 1.2), -
— ('pear', -2, 3.3)].

sorted tuples list: [('apple', 12, 1e+25), ('pear', -2, 3.3), ('pear',
< -2, 4.5), ('pear', 1, 1.2)].

a = 'apple', b = 12, c = 1le+25

mixed is now: ('x', 4, 4.5)



Unveranderlichkeit

unveranderlich sind.

"""An example of testing the immutability of tuples.

® Priifen wir nun, ob Tupel wirklich # Create a tuple comsisting of an immutable object (the integer 1) and
# a mutable object (the list [2]).
mt: tuplelint, list[intl] = (1, [2])
print (f"{mt = }") # This prints mt == (1, [2]).

mt [1].append(2) # We can actually change the list inside the tuple.
print(£"{mt = }") # This prints mt == (1, [2, 2]).

wt[1] = [3, 4] # However, this will fail with an TypeError ezception
print (f"{mt = }") # ...and we never reach this part.

| python3 tuples_3.py |

mt = (1, [2])
mt = (1, [2, 2])
Traceback (most recent call last):
File "{...}/collections/tuples_3.py", line 11, in <module>
mt [1] = [3, 4] # However, this will fail with an TypeError
<> exception.
TypeError: 'tuple' object does not support item assignment
# 'python3 tuples_3.py' failed with exit code 1.
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# a mutable object (the list [2]).
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<> exception.
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"""An example of testing the immutability of tuples.

# Create a tuple conmsisting of an immutable object (the integer “1°) and
# a mutable object (the list [2]).

mt: tuple[int, list[int]] = (1, [2])

print (f"{mt = }") # This prints mt == (1, [2]).

mt [1] . append (2)
print (f"{mt = }")

# We can actually change the list inside the tuple.
# This prints mt == (1, [2, 2]).

mt[1] = [3, 4] # However, this will fail with an TypeError ezception.
print(£"{mt = }") # .and we never reach this part.

| python3 tuples_3.py |

mt = (1, [2])
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Traceback (most recent call last):
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<> exception.
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"vuAn example of testing the immutability of tuples.

# Create a tuple consisting of an immutable object (the integer “1°) and
# a mutable object (the list [2]).

mt: tuple[int, list[int]] = (1, [2])

print (f"{mt = }") # This prints mt == (1, [2]).

mt [1].append(2) # We can actually change the list inside the tuple.

print (f"{mt = }") # This prints mt == (1, [2, 2]).
mt[1] = [3, 4] # However, this will fail with an TypeError ezception.
print(£"{mt = }") # ...and we never reach this part.

| python3 tuples_3.py |

mt = (1, [2])
mt = (1, [2, 2])
Traceback (most recent call last):
File "{...}/collections/tuples_3.py", line 11, in <module>
mt [1] = [3, 4] # However, this will fail with an TypeError
<> exception.
TypeError: 'tuple' object does not support item assignment
# 'python3 tuples_3.py' failed with exit code 1.




Unveranderlichkeit
® Wir kénnen z. B. ein veranderliches
Objekt (die Liste) in ein Tupel tun.

® Diese Liste [2] konne wir natiirlich
spater verandern.

® Das Tupel beinhaltet dann immer
noch genau das selbe Listenobjekt,
nur dass sich eben der Inhalt dieses
Objekts gedndert hat.

| Gute Praxis

Packen Sie immer nur unverdnderliche Ojekte in Tupel.



Unveranderlichkeit

® Wir kdnnen z. B. ein verdnderliches
Objekt (die Liste) in ein Tupel tun.

® Diese Liste [2] konne wir natiirlich
spater verandern.

® Das Tupel beinhaltet dann immer
noch genau das selbe Listenobjekt,
nur dass sich eben der Inhalt dieses
Objekts gedndert hat.

| Gute Praxis

Packen Sie immer nur unveranderliche Ojekte in Tupel. Veranderliche Objekte in Tupel
kénnen immer noch verandert werden, wodurch die Tupel dann keine Konstanten mehr
sind.



Unveranderlichkeit

® Wir kdnnen z. B. ein verdnderliches
Objekt (die Liste) in ein Tupel tun.

® Diese Liste [2] konne wir natiirlich
spater verandern.

® Das Tupel beinhaltet dann immer
noch genau das selbe Listenobjekt,
nur dass sich eben der Inhalt dieses
Objekts gedndert hat.

| Gute Praxis

Packen Sie immer nur unveranderliche Ojekte in Tupel. Veranderliche Objekte in Tupel
kénnen immer noch verandert werden, wodurch die Tupel dann keine Konstanten mehr
sind. Programmierer nehmen aber an, dass Tupel Konstanten sind.
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® Wir kdnnen z. B. ein verdnderliches
Objekt (die Liste) in ein Tupel tun.

® Diese Liste [2] konne wir natiirlich
spater verandern.

® Das Tupel beinhaltet dann immer
noch genau das selbe Listenobjekt,
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Objekts gedndert hat.

Gute Praxis

Packen Sie immer nur unveranderliche Ojekte in Tupel. Veranderliche Objekte in Tupel
kénnen immer noch verandert werden, wodurch die Tupel dann keine Konstanten mehr
sind. Programmierer nehmen aber an, dass Tupel Konstanten sind. Wenn man diese
Annahme verletzt, dann kann das zu sehr eigenartigen Fehlern fiihren.
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nur dass sich eben der Inhalt dieses
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"vnAn example of testing the immutability of tuples.

# Create a tuple consisting of an immutable object (the integer “1°) and
# a mutable object (the list [2]).

mt: tuple[int, list[int]] = (1, [2])

print (f"{mt = }") # This prints mt == (1, [2]).

mt [1].append(2) # We can actually change the list inside the tuple.
print (f"{mt = }") # This prints mt == (1, [2, 2]).
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print(£"{mt = }") # ...and we never reach this part.
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mt = (1, [2])
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File "{...}/collections/tuples_3.py", line 11, in <module>
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<> exception.
TypeError: 'tuple' object does not support item assignment
# 'python3 tuples_3.py' failed with exit code 1.
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# Create a tuple consisting of an immutable object (the integer “1°) and
# a mutable object (the list [2]).

mt: tuple[int, list[int]] = (1, [2])

print(f"{mt = }") # This prints mt == (1, [2]).

mt [1].append(2) # We can actually change the list inside the tuple.
print (f"{mt = }") # This prints mt == (1, [2, 2]).

mt[1] = [3, 4] # However, this will fail with an TypeError ezception.
print(£"{mt = }") # ...and we never reach this part.
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mt = (1, [2])
mt = (1, [2, 2])
Traceback (most recent call last):
File "{...}/collections/tuples_3.py", line 11, in <module>
mt [1] = [3, 4] # However, this will fail with an TypeError
<> exception.
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Priifen wir nun, ob Tupel wirklich
unveranderlich sind.

Wir konnen z. B. ein veranderliches
Objekt (die Liste) in ein Tupel tun.

Diese Liste [2] kdnne wir natiirlich
spater verandern.

Das Tupel beinhaltet dann immer
noch genau das selbe Listenobjekt,
nur dass sich eben der Inhalt dieses
Objekts gedndert hat.

Was aber nicht geht, ist ein anderes
Objekt in ein Tupel reinzuschreiben.

Dann crashed das Programm.

Was sagt Mypy dazu?

"vnAn example of testing the immutability of tuples.

# Create a tuple consisting of an immutable object (the integer “1°) and
# a mutable object (the list [2]).

mt: tuple[int, list[int]] = (1, [2])

print(f"{mt = }") # This prints mt == (1, [2]).

mt [1].append(2) # We can actually change the list inside the tuple.
print (f"{mt = }") # This prints mt == (1, [2, 2]).

mt[1] = [3, 4] # However, this will fail with an TypeError ezception.
print(£"{mt = }") # ...and we never reach this part.

| python3 tuples_3.py |

mt = (1, [2])
mt = (1, [2, 2])
Traceback (most recent call last):
File "{...}/collections/tuples_3.py", line 11, in <module>
mt [1] = [3, 4] # However, this will fail with an TypeError
<> exception.
TypeError: 'tuple' object does not support item assignment
# 'python3 tuples_3.py' failed with exit code 1.
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$ mypy tuples_3.py --no-strict-optional --check-untyped-defs

° Prl'jfen Wir nun, Ob Tupel erk|ICh 1:upile)s[_iiilr;tpy:11115:t [eir;‘:]r]:")UnsElf:;::]ed target for indexed assignment ("tuple
unverénder“ch sind. Found 1 error in 1 file (checked 1 source file)

# mypy 1.17.1 failed with exit code 1.
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$ mypy tuples_3.py --no-strict-optional --check-untyped-defs

° Prl'jfen Wir nun, Ob Tupel erk|ICh 1:upile)s[_iiilr;tpy:11115:t [eir;‘:]r]:")UnsElf:;::]ed target for indexed assignment ("tuple
unverénder“ch sind. Found 1 error in 1 file (checked 1 source file)

# mypy 1.17.1 failed with exit code 1.

® Wir kénnen z. B. ein veranderliches
Objekt (die Liste) in ein Tupel tun.

® Das Tupel beinhaltet dann immer
noch genau das selbe Listenobjekt,
nur dass sich eben der Inhalt dieses
Objekts gedndert hat.

® \Was aber nicht geht, ist ein anderes
Objekt in ein Tupel reinzuschreiben.

® Dann crashed das Programm.

® Was sagt Mypy dazu? Es findet den Fehler.
® Und was sagt Ruff dazu?
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Unveranderlichkeit

$ mypy tuples_3.py --no-strict-optional --check-untyped-defs

° Prl'jfen Wir nun, ob Tupel erkllch 1:\117ileys[_fm‘tpy:11i1s:t [eir;‘:]r]:")UnsElf:;;:]ed target for indexed assignment ("tuple
unverénderlich Sind. Found 1 error in 1 file (checked 1 source file)

# mypy 1.17.1 failed with exit code 1.

er konnen Z B =1 VeranderllChes $ ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,

Objekt (d|e Liste) in ein Tupe| tun. <> COM,D,DJ,DTZ ,E,ERA,EXE,F,FA,FIX ,FLY,FURB,G,I,ICN,INP,ISC,INT,LOG,N
< ,NPY,PERF ,PIE,PLC,PLE,PLR,PLW,PT,PYI,Q,RET ,RSE,RUF,S,SIM,T,T10,TD,

< TID,TRY,UP,W,YTT --ignore=A005,ANNOO1,ANNOO2,ANNOO3,ANN204 , ANN4O1,

® Das Tupel beinhaltet dann immer < B008,B009,B010,C901,D203,D208 ,D212,D401,D407 ,D413, INP0OO1,N801,
h d | o <5 PLC2801 , PLR0904 , PLRO911 ,PLR0912 , PLRO913 , PLRO914 , PLR0915 , PLR0916 ,
noch genau das selbe Listenobjekt, <5 PLR0O917 ,PLR1702 ,PLR2004 , PLR6301 ,PTO11,PT012 ,PT013 ,PYI041 ,RUF100,S,

H H < T201,TRY003 ,UP035,W --line-length 79 tuples_3.py
nur dass sich eben der Inhalt dieses 5. e el

Objekts geandert hat # ruff 0.12.12 succeeded with exit code 0.

® \Was aber nicht geht, ist ein anderes
Objekt in ein Tupel reinzuschreiben.

® Dann crashed das Programm.

® Was sagt Mypy dazu? Es findet den Fehler.
e Und was sagt Ruff dazu? Es findet ihn nicht, denn es sucht nicht nach Typ-Fehlern.
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Unveranderlichkeit

$ mypy tuples_3.py --no-strict-optional --check-untyped-defs

° Prl'jfen Wir nun, ob Tupel erkllch 1:\117ileys[_fm‘tpy:11i1s:t [eir;‘:]r]:")UnsElf::::]ed target for indexed assignment ("tuple
unverénder“ch sind. Found 1 error in 1 file (checked 1 source file)

# mypy 1.17.1 failed with exit code 1.

er konnen Z B =1 VeranderllChes $ ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,

Objekt (d|e Liste) in ein Tupe| tun. < COM,D,DJ,DTZ,E,ERA,EXE,F,FA,FIX,FLY,FURB,G,I,ICN,INP,ISC,INT,LOG,N
< ,NPY,PERF,PIE,PLC,PLE,PLR,PLW,PT,PYI,Q,RET,RSE,RUF,S,SIM,T,T10,TD,
< TID,TRY,UP,W,YTT --ignore=A005,ANNOO1,ANNOO2,ANNOO3,ANN204, ANN4O1,

® Das Tupel beinhaltet dann immer <> B008,B009 ,B010,C901,D203,D208 ,D212,D401 ,D407 ,D413 , INPOO1 ,N801,
h d | o <5 PLC2801 , PLR0904 , PLRO911 ,PLR0912 , PLRO913 , PLRO914 , PLR0915 , PLR0916 ,
noch genau das selbe Listenobjekt, <5 PLR0O917 ,PLR1702 ,PLR2004 , PLR6301 ,PTO11,PT012 ,PT013 ,PYI041 ,RUF100,S,

H H < T201,TRY003 ,UP035,W --line-length 79 tuples_3.py
nur dass sich eben der Inhalt dieses 5 e el

Objekts geandert hat # ruff 0.12.12 succeeded with exit code 0.

® \Was aber nicht geht, ist ein anderes
Objekt in ein Tupel reinzuschreiben.

® Dann crashed das Programm.
® Was sagt Mypy dazu? Es findet den Fehler.
e Und was sagt Ruff dazu? Es findet ihn nicht, denn es sucht nicht nach Typ-Fehlern.

® Es ist also immer sinnvoll, unseren Kode mit mehreren Werkzeugen zu priifen.
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Zusammenfassung

® Tupel und Listen sind beides Kontainer fiir beliebige Anzahlen von Objekten.
® Beide kdnnen mit Ganzzahlen indiziert werden.

® Beide unterstiitzen slicing.

® Tupel sind unverdnderlich, wohingegen Listen verandert werden kdnnen.

® Tupel-Literale werden mit runden Klammern (manchmal auch ganz ohne Klammern)
deklariert, Listen-Literale mit eckigen Klammern.

® Listen sind dafiir gedacht, beliebig viele Elemente eines Datentyps zu beinhalten.

® Tupel kdnnen Elemente verschiedener Datentypen beinhalten.



CinliR IR
| Thank you!
Vielen Dank!
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C

Git

GitHub

linter

literal

Mypy

Python

Ruff

is a programming language, which is very successful in system programming situations®'13.

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®'17. Learn more at https://git-scm.com.

is a website where software projects can be hosted and managed via the Git VCS*217  |earn more at https://github.com.

A linter is a tool for analyzing program code to identify bugs, problems, vulnerabilities, and inconsistent code styles3'14. Ruff
is an example for a linter used in the Python world.

716 |n Python, for example, ["abc" is a string literal,

A literal is a specific concrete value, something that is written down as-is
5 is an integer literal, and 23.3 is a float literal. In contrast, sin(3) is not a literal. Also, while 5 is an integer literal, if we
create a variable a = 5 then a is not a literal either (it is a variable). Hence, literals are values that the Python interpreter
reads directly from the source code and creates as objects in memory. They are not something that is the result from a
computation or the result of a variable lookup. Python supports some type hints for literals, including the type LiteralString

for string literals and the type Literall[xyz] for arbitrary literals xyz.

is a static type checking tool for Python8 that makes use of type hints. Learn more at https://github.com/python/mypy and
;019
mn .

The Python programming Ianguagez'a’g'lg, i.e., what you will learn about in our book®. Learn more at https://python.org.

is a linter and code formatting tool for Python®®*!. Learn more at https://docs.astral.sh/ruff or in®®.


https://git-scm.com
https://github.com
https://github.com/python/mypy
https://python.org
https://docs.astral.sh/ruff
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type hint

VCs

are annotations that help programmers and static code analysis tools such as Mypy to better understand what type a variable
or function parameter is supposed to be®18, 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.

A Version Control System is a software which allows you to manage and preserve the historical development of your program
codel”. 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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