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ps:/ /github.com/thomasWeise /programmingWithPythonCode.

Y N N A AR - N T . -


https://thomasweise.github.io/programmingWithPython
https://thomasweise.github.io/programmingWithPython
https://github.com/thomasWeise/programmingWithPythonCode
https://github.com/thomasWeise/programmingWithPythonCode

Qutline

1. Einleitung

2. List Comprehension
3. Beispiele

4. Performanz

5. Zusammenfassung

e — ]



Einleitung




- Einleitung

o \Wir konnen Listen erstellen, in dem wir diese als Literale hinschreiben.
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Einleitung

® Wir kdnnen Listen erstellen, in dem wir diese als Literale hinschreiben.

® Zum Beispiel erstellt [1, 2, 3, 4, 5] eine Liste mit den ersten fiinf natiirlichen Zahlen.

® Das ist sehr nutzlich, kann aber umstandlich werden wenn wir entweder viele Elemente
haben oder diese irgendwie transformieren wollen.

® Ein Literal fiir eine Liste mit den ersten hundert natiirlichen Zahlen zu schreiben ist
umstandlich.

® So etwas wie [log(1), log(2), log(3), log(4), log(5)] zu schreiben sieht auch nicht
sehr gut aus.

e Zum Gliick bietet Python die viel bequemere Syntax fiir list comprehension*®.
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Syntax

"""List Comprehension in Python."""

# Create a list from all the items in a sequence.
# 'expression' ts usually an expression whose result depends on 'item'.
[expression for item in sequence]

Create a list from those items in a sequence for which 'condition'
evaluates to True.

#

#

# 'expression' and 'condition'’
#

[

are usually expressions whose results
depend on 'item'.

expression for item in sequence if condition]

® Diese Syntax erzeugt eine neue Liste deren Inhalt das Ergebnis einem Ausdruck expression
auf die Elemente item einer sequence sind*®.
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Syntax

"""List Comprehension in Python."""

# Create a list from all the items in a sequence.
# 'expression' ts usually an expression whose result depends on 'item'.
[expression for item in sequence]

1"

Create a list from those items in a sequence for which 'condition'

evaluates to True. -

#

#

# 'expression' !
#

[

and 'condition' are usually exzpressions whose results

depend on 'ttem'.
expression for item in sequence if condition]

® Diese Syntax erzeugt eine neue Liste deren Inhalt das Ergebnis einem Ausdruck expression
auf die Elemente item einer sequence sind*®.

® Sie kdnnen sich das wie eine for-Schleife vorstellen, bei der jede Iteration einen Wert
erzeugt, der dann in einer Liste gespeichert wird.



Syntax

"""List Comprehension in Python."""

# Create a list from all the items in a sequence.
# 'expression' ts usually an expression whose result depends on 'item'.
[expression for item in sequence]

Create a list from those items in a sequence for which 'condition'

evaluates to True.

' 1

and 'condition' are usually exzpressions whose results
depend on 'ttem'.

#
#
# 'expression
#
[expression for item in sequence if condition]

® Diese Syntax erzeugt eine neue Liste deren Inhalt das Ergebnis einem Ausdruck expression
auf die Elemente item einer sequence sind*®.

® Sie kdnnen sich das wie eine for-Schleife vorstellen, bei der jede Iteration einen Wert
erzeugt, der dann in einer Liste gespeichert wird.

® Z.B. [i for i in range(10)] erzeugt eine Liste mit den Ganzzahlen von 0 bis 9.

1"



Syntax

"""List Comprehension in Python."""

# Create a list from all the items in a sequence.

# 'expression' ts usually an expression whose result depends on 'item'.
[expression for item in sequence]

# Create a list from those items in a sequence for which 'condition'
# evaluates to True.

# 'expression
#
[

' 1

and 'condition' are usually exzpressions whose results

depend on 'ttem'.
expression for item in sequence if condition]

® Sie kdnnen sich das wie eine for-Schleife vorstellen, bei der jede Iteration einen Wert
erzeugt, der dann in einer Liste gespeichert wird.

® Z.B. [i for i in range(10)] erzeugt eine Liste mit den Ganzzahlen von 0 bis 9.

® Die List Comprehension [i ** 2 for i in range(10)] erzeugt dagegen eine Liste mit den
Quadraten dieser Zahlen, wobei der Quadrieren hier der Ausdruck expression ist.
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Syntax

"""List Comprehension in Python."""

# Create a list from all the items in a sequence.

# 'expression' ts usually an expression whose result depends on 'item'.
[expression for item in sequence]

# Create a list from those items in a sequence for which 'condition'
# evaluates to True.

# 'expression
#
[

' 1

and 'condition' are usually exzpressions whose results

depend on 'ttem'.
expression for item in sequence if condition]

® Z.B. [i for i in range(10)] erzeugt eine Liste mit den Ganzzahlen von 0 bis 9.

® Die List Comprehension [i ** 2 for i in range(10)] erzeugt dagegen eine Liste mit den
Quadraten dieser Zahlen, wobei der Quadrieren hier der Ausdruck expression ist.

® Wir kdnnen optional auch die Elemente auswahlen, die wir in der Liste haben wollen, in dem
wir eine if-Klausel anfiigen.
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Syntax

"""List Comprehension in Python."""

# Create a list from all the items in a sequence. 1
# 'expression' ts usually an expression whose result depends on 'item'.
[expression for item in sequence]

1N

Create a list from those items in a sequence for which 'condition'

evaluates to True. 9

#
#
# 'expression' ' are usually expressions whose results
#
[

and 'condition
depend on 'ttem'.
expression for item in sequence if condition]

® Z.B. [i for i in range(10)] erzeugt eine Liste mit den Ganzzahlen von 0 bis 9.

® Die List Comprehension [i ** 2 for i in range(10)] erzeugt dagegen eine Liste mit den
Quadraten dieser Zahlen, wobei der Quadrieren hier der Ausdruck expression ist.

® Wir kdnnen optional auch die Elemente auswahlen, die wir in der Liste haben wollen, in dem
wir eine if-Klausel anfiigen. 1

® Z. B. [i for i in range(10)if i != 3] schlieRt die Zahl 3 von unserer List aus.




Syntax

"""List Comprehension in Python."""

# Create a list from all the items in a sequence.
# 'expression' ts usually an expression whose result depends on 'item'.
[expression for item in sequence]

Create a list from those items in a sequence for which 'condition'

evaluates to True.

#
#
# 'expression' and 'condition' are usually exzpressions whose results
#

depend on 'ttem'.
expression for item in sequence if condition]

e Wir konnen optional auch die Elemente auswahlen, die wir in der Liste haben wollen, in dem
wir eine if-Klausel anfiigen.

® 7Z.B. [i for i in range(10)if i != 3] schlieBt die Zahl 3 von unserer List aus.

® |nteressanter Weise kann die Sequenz iiber die List Comprehension iteriert selbst auch so ein
Comprehension-Ausdruck sein.
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Syntax

"""List Comprehension in Python."""

# Create a list from all the items in a sequence.
# 'expression' ts usually an expression whose result depends on 'item'.
[expression for item in sequence]

Create a list from those items in a sequence for which 'condition'

evaluates to True.

' 1

and 'condition' are usually exzpressions whose results

depend on 'ttem'.

#
#
# 'expression
#
[expression for item in sequence if condition]

® 7Z.B. [i for i in range(10)if i != 3] schlieBt die Zahl 3 von unserer List aus.

® |nteressanter Weise kann die Sequenz iiber die List Comprehension iteriert selbst auch so ein
Comprehension-Ausdruck sein.

® Esist OK zu schreiben [i * j for i in range(2)for j in range(2)], was uns die Liste

[0, 0, 0, 1] liefert, weil i und j beide jeweils unabhingig von einander nacheinander die
Werte 0 und 1 annehmen.
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Beispiel

® Schauen wir uns das mal an.

"""Simple examples for list comprehension."""

= squares_1: list[int] = [1 # We can start with an empty list.
4 for i in range(11): # Then we use a for-loop over the numbers 0 to 10.

Y S v s

squares_1.append (i *x 2) # And append the squares to the list.
print (f" result of construction: {squares_1}") # Print the result.

# 0r we use list comprehension as follows:
squares_2: list[int] = [j ** 2 for j in range(11)]

print (f"result of comprehension: {squares_1}") # Print the result.

# A4 very simple ezample of how to use ‘if  4n list comprehension.

even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
print (f"even numbers: {even_numbers}")
# 0f course, that we just an example, I know, I know, we can also...

print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
print (f"letter combinations: {combinations}")

nested: list[tuple[str, str]] = [(o, p) for o in "abc" for p in "xy"]
print (f"letter combinations as tuples: {nested}")
4
| python3 simple_list_comprehension.py | 5-

result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

result of comprehemsion: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] =

even numbers: [0, 2, 4, 6, 8]

even numbers: [0, 2, 4, 6, 8]

letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']

letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
', 'y, (e, 'x'), ('c', 'y"D]
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Beispiel

: ® Schauen wir uns das mal an. winSimple examples for list comprehemsion. """
nised . . squares_1: list[int] = [] # We can start with an empty list.
® Zuerst wollen wir eine Liste mit den for i in range(11): # Then we use a for-loop over the numbers 0 to 10.

squares_1.append (i *x 2) # And append the squares to the list.
] Quadraten der Ganzzahlen von 0 print (f" result of construction: {squares_1}") # Print the result.
. bis 10 erstellen.

# Or we use list comprehension as follows:
squares_2: list[int] = [j ** 2 for j in range(11)]
print (f"result of comprehension: {squares_1}") # Print the result.

# A very simple ezample of how to use 'if’ 4in list comprehension. 0
even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]

print (f"even numbers: {even_numbers}")

# 0f course, that we just an example, I know, I know, we can also...

print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
print (f"letter combinations: {combinations}")

nested: list[tuple[str, str]] = [(o, p) for o in "abc" for p in "xy"]
print (f"letter combinations as tuples: {nested}")

a1 =

| python3 simple_list_comprehension.py | ¥

result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

result of comprehemsion: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] =

even numbers: [0, 2, 4, 6, 8]

even numbers: [0, 2, 4, 6, 8]

letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']

letter combinations as tuples: [('a', 'x'), ('a', 'y"), ('b', 'x"), ('b
=0, 0gT), ("0, R0), (@, "y0)I
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Beispiel

® Schauen wir uns das mal an.

® Zuerst wollen wir eine Liste mit den
Quadraten der Ganzzahlen von 0
bis 10 erstellen.

® Bevor wir iiber List Comprehension
gelernt haben wiirden wir das ganz
einfach mit einer normalen
for-Schleife machen.

wr B

"""Simple examples for list comprehension."""

squares_1: list[int] = [] # We can start with an list.
for i inm range (11):
squares_1.append (i *x 2)

print (f" result of construction:

empty

# And append the squares to the
fequazestin)

# Or we use list comprehension as follows:
squares_2: list[int] = [j ** 2 for j in range(11)]
print (f"result of comprehension: {squares_1}")

list.

# Print the result.

# Print the result.

# Then we use a for-loop over the numbers 0 to 10.

# 4 very simple ezample of how to use ‘if ' in list comprehension.
even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
print (f"even numbers: {even_numbers}")
# 0f course, that we just an example, I know, I know, we can also...
print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
print (f"letter combinations: {combinations}")
nested: list[tuple[str, str]] = [(o, p) for o in "abc" for p in "xy"]
print (f"letter combinations as tuples: {nested}")
| python3 simple_list_comprehension.py |

result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
even numbers: [0, 2, 4, 6, 8]
even numbers: [0, 2, 4, 6, 8]
letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b

', 'y, (e, 'x'), Cce', 'y")]
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Beispiel

Schauen wir uns das mal an.

Zuerst wollen wir eine Liste mit den

Quadraten der Ganzzahlen von 0

bis 10 erstellen.

Bevor wir iiber List Comprehension
gelernt haben wiirden wir das ganz
einfach mit einer normalen

for-Schleife machen.

Wir wiirden anfangen, in dem wir eine

leere Liste squares_1 erstellen.

¥ 4 )

wr Y.

""nSimple examples for list comprehension.

squares_1: 1i

for i in range(11):

squares_1

print (f" result of construction:

st [int] = []

.append (i ** 2)

# We can start
# Then we use a for-loop over the numbers 0 to 10.
# And append the squares to the
fequazestin)

# Or we use list comprehension as follows:

squares_2:
print (f"resul

# 4 wvery simple ezample of how to use

even_numbers:
print (£"even
# 0f course,
print (£"even

combinations:

print (f"letter combinations:

list[int] =

t of comprehension:

it

with an empty

# Prin

[j ** 2 for j in range(11)]
{squares_11}")

# Prin

list[int] = [k for k in range(10) if k %
numbers: {even_numbers}")
that we just an ezample, I know, I know,

numbers: {list(range (0,

list[str] =

10, 2))}") # ok

[£"{m}{n}" for m in
{combinations}")

abc" for n in

list.

list.
t the result.

t the result.

in list comprehension.

A = @

we can also...
, ok, yes...

xy"]

nested: list[tuple[str, str]] = [(o, p) for o in "abc" for p in "xy"]
print (f"letter combinations as tuples: {nested}")
| python3 simple_list_comprehension.py |
result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
even numbers: [0, 2, 4, 6, 8]
even numbers: [0, 2, 4, 6, 8]
letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
', 'y, (e, 'x'), Cce', 'y")]
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Beispiel

® Schauen wir uns das mal an. winSimple examples for list comprehemsion. """ :
i
- g 2 . . squares_1: list[int] = [1 # We can start with an empty list.
3 ® Zuerst wollen wir eine Liste mit den for i in ramge(i1): # Then we use a for-loop over the numbers 0 to 10. M
squares_1.append (i ** 2) # And append the squares to the list.
Quadraten der Ganzzahlen von 0 print (f" result of construction: {squares_1}") # Print the result.
bis 10 erstellen. # 0r we use list comprehension as follows:

squares_2: list[int] = [j ** 2 for j in range(11)]
print (f"result of comprehension: {squares_1}") # Print the result.

® Bevor wir iiber List Comprehension

% o # 4 very simple ezample of how to use ‘if  4n list comprehension. )
gelernt haben wiirden wir das ganz even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]

E 2 H print (f"even numbers: {even_numbers}") A
elnfaCh mlt €iner normalen # 0f course, that we just an ezample, I know, I know, we can also... '
for-Schleife machen print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
: Y er W'Lirden anfangen' in dem wir eine print (f"letter combinations: {combinations}")
"
A Ieere Liste squares_l erstellen. ne;ced: llst[tuple[%tr,.str]] = [(o, p) for o in "abc" for p in "xy"]
print (f"letter combinations as tuples: {nested}")
.l ® |n der for-Schleife wiirden wir eine Wby thons =inple_Tiat_comprshension pyih
5 E i A result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
Variable i iiber range (O; 11) result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
5 g even numbers: [0, 2, 4, 6, 8]
iterieren lassen. even mumbers: [0, 2, 4, 6, 8]
letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b

', 'y, (e, 'x'), Cce', 'y")]
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Beispiel

® Bevor wir iiber List Comprehension i 53 np Vo oxanpleal Eor13stlc ompz shomad on MLl :

: gelernt haben wiirden wir das ganz eqmoren_ il lissEm) = [ 6 o cm Shert ooth op cmpty Kok .

-3 . . . for i in range(11): # Then we use a for-loop over the numbers 0 to 10. 0
einfach mit einer normalen EOn. el o &) 0 M s G oo 0o 0o B0k,

. print (f" result of construction: {squares_1}") # Print the result.
for-Schleife machen.

# Or we use list comprehension as follows:

squares_2: list[int] = [j ** 2 for j in range(11)]

o er Wurden anfangenl n dem wir eine print (f"result of comprehension: {squares_1}") # Print the result.
leere Liste squares_1 erstellen.

# 4 very simple ezample of how to use if ' in list comprehension. )
even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
° L P 4 g g print (f"even numbers: {even_numbers}") A
In der for SChlelfe Wurden wir €ine # 0f course, that we just an ezample, I know, I know, we can also... '
Variable i iiber range(o 11) print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
b
1 1 combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
iterieren lassen‘ print (f"letter combinations: {combinations}")
"
A ° |m K('jrper der Schleife wijrden wir nested: list[tuplel[str, strl] = [(o, p) for o in "abc" for p in "xy"]
4 i ! \ print (f"letter combinations as tuples: {nested}")
| dann jeweils i ** 2 an die Liste - ;
. 5 3 | python3 simple_list_comprehension.py |
{ squares_1 anhdngen, in dem wir result of comstruction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
g result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
SquareS_l.append(l 3 2) even numbers: [0, 2, 4, 6, 8]
even numbers: [0, 2, 4, 6, 8]
au{rUfen' letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']

letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b

', 'y, (e, 'x'), Cce', 'y")]
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Beispiel

® Bevor wir iiber List Comprehension i 53 np Vo oxanpleal Eor13stlc ompz shomad on MLl
gelernt haben wiirden wir das ganz eqmoren_ il lissEm) = [ 6 o cm Shert ooth op cmpty Kok .
: 7 5 for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
einfach mit einer normalen EOn. el o &) 0 M s G oo 0o 0o B0k, .

. int (f" result of construction: {squares_1}") # Print the result. B
for-Schleife machen. pran
# 0r we use list comprehension as follows: ;
. . . . . squares_2: list[int] = [j ** 2 for j in range(11)]
] er Wurden anfangen' In dem wir €ine print (f"result of comprehension: {squares_1}") # Print the result. T
g .
& leere Liste Squares_l erstellen. # 4 very simple ezample of how to use ‘if  4n list comprehension.
i even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
° i s = = 2 print (f"even numbers: {even_numbers}") X
In der for SChlelfe Wurden wir eine # 0f course, that we just an ezample, I know, I know, we can also...
Variable i Uber range(o 11) print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
b
H H combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"] ;
iterieren lassen‘ print (f"letter combinations: {combinations}") ‘5

»
A Y |m K('jrper der Schleife wijrden Wir nested: list[tuplel[str, strl] = [(o, p) for o in "abc" for p in "xy"]

4 i ! \ print (f"letter combinations as tuples: {nested}")
| dann jeweils i ** 2 an die Liste . . ;
. = 5 3 | python3 simple_list_comprehension.py |
{ squares_1 3nhangeny in dem wir result of comstruction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
2 1 d(' *ok 2) result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
i Squares— 'appen 1 even numbers: [0, 2, 4, 6, 8]

even numbers: [0, 2, 4, 6, 8]

" au{rUfen' letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
4 letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
5 ® Das bendtigt drei Zeilen von Kode. =0 g ety =1, (6%, "y
._\ Aber es geht.
f'\. T el . T A T B | AETTEEEY Rl bt o 5




Beispiel

® In der for-Schleife wiirden wir eine winSinple examples for list comprehemsion. it :
Variable i tber range (O, 11) squares_1: list[int] = [] # We can start with an empty list. E

- { | for i in range(11): # Then we use a for-loop over the numbers 0 to 10.

iterieren lassen. squares_1.append(i ** 2) # And append the squares to the list.
print (f" result of construction: {squares_1}") # Print the result. B
. ® Im Korper der Schleife wiirden wir 5 6 oD 0D ) IR @O SoRaDs i
- . - - . squares_2: list[int] = [j ** 2 for j in range(11)]

dann Jewells 1 %% 2 an dle LISte print (f"result of comprehension: {squares_1}") # Print the result. ?
Squares—l anhangen, in dem wir # 4 very simple ezample of how to use 'if' in list comprehension. {

even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]

print (f"even numbers: {even_numbers}")

# 0f course, that we just an ezample, I know, I know, we can also...
print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

squares_1.append (i ** 2)
aufrufen.

X

° A+ 1 H combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
Das benOtlgt drei Zeilen von Kode. print (£"letter combinations: {combinations}")
& 2
A Aber es geht' nested: list[tuplelstr, str]] = [(o, p) for o in "abc" for p in "xy"]
o 3 print (f"letter combinations as tuples: {nested}")
| Stattdessen kdnnen wir aber auch . . ;
. . 3 | python3 simple_list_comprehension.py |
{ einfach schreiben result of conmstruction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
:‘ ry . . result of comprehension: [o, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] =~
1 [j #* 2 for j in range(11)], even numbers: [0, 2, 4, 6, 8]
. . even numbers: [0, 2, 4, 6, 8]
g was genau das selbe Ergebnis mit nur S Gty Mch, feiy 00, Wl Ol OG0
einer Zeile Kode erreicht. S s L e oo 02 Y e o

ey NN e

2 - £ y am \l wr Y. -



Beispiel

® |Im Korper der Schleife wiirden wir winSimple examples for list comprehemsion."""
dann _]eWGIIS i %% 2 an die Liste squares_1: list[int] = [] # We can start with an empty list. E
h3 £ F for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
squares_l anhangen, In daem wir squares_1.append(i ** 2) # And append the squares to the list.
. print (f" result of comstruction: {squares_1}") # Print the result. B
squares_1.append(i ** 2)
fruf # 0r we use list comprehension as follows: "
autruren. squares_2: list[int] = [j *x 2 for j in range (11)]
print (f"result of comprehension: {squares_1}") # Print the result. ?

® Das benotigt drei Zeilen von Kode.

# 4 wvery simple ezample of how to use 'if" in list comprehension.

even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
Aber es geht. L T e e ITL) ¢
# 0f course, that we just an ezample, I know, I know, we can also... X
Y Stattdessen konnen wir aber auch print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
H H combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"] ,
einfach schreiben print (f"letter combinations: {combinations}") .

[j #x 2 for j in range(11)], nested: 1istltuplelstr, strl] = [(o, p) for o im
was genau das Se‘be Ergebnis mlt nur print (f"letter combinations as tuples: {nested}")

einer Zeile Kode erreicht. J python3 simple_list_comprehension.py |
result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -

® Wir kdnnen uns auch aussuchen, o wticms [, B & @ o
welche Elemente einer Sequenz wir in e antenet Clast. layt, thxt, oyt text eyl
unsere LiSte einf"jgen WO”en, in dem let',:jry combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
wir ein if-Statement in der List

5 15, @'y =), ("8, "F")I
Comprehension verwenden, > Ev.

abc" for p in "xy"]

b AN e 8- N g
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Beispiel

® Das bendtigt drei Zeilen von Kode. winSinple examples for list comprehemsion. it

Aber es geht. squares_1: list[int] = [1 # We can start with an empty list. E
for i in range(11): # Then we use a for-loop over the numbers 0 to 10.

e Stattdessen kdnnen wir aber auch R e R e T e
einfach schreiben # Or we use list comprenemsion as follows: i
[j ** 2 for j in range(11)], e e R g
was genau das selbe Ergebnis mit nur # A very simple ezample of how to use ‘if  4n list comprehension.

einer Zeile Kode erreicht even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]

print (f"even numbers: {even_numbers}")
# 0f course, that we just an ezample, I know, I know, we can also...

A
° er kénnen uns auch aussuchen, print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes... '
welche Elemente einer Sequenz wir in S I
: unsere Liste einfligen wollen, in dem pested: List[tuplelotr, stx1] = [(o, p) for o in "abe’ for p in "xy]
wir ein if-Statement in der List print (f"letter combinations as tuples: {nested}")
! Comprehension verwenden. | python3 simple_list_comprehension.py |
\ result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
. ® Im Beispiel probieren wir das aus, in B o ecomPTonensions [0yt 4 90 16, 25, 36, 49, 64, 81, 100] E
y dem wir eine Liste'der geraden Zahlen iZi'@ef“‘ZZ:i;aE‘;;njg B o,y et el
aus der Range 0 bis 9 erstellen. S s L e oo 02 S e

&

o
]
3
4
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Beispiel

® Stattdessen kdnnen wir aber auch winSinple examples for list comprehemsion. it
einfach schreiben squares_1: list[int] = [1 # We can start with an empty list. E
5 R for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
[J *x*x 2 for J in range(ll)] b squares_1.append(i ** 2) # And append the squares to the list.

print (£" result of construction: {squares_1}") # Print the result. B

was genau das selbe Ergebnis mit nur
einer Zeile Kode erreicht. e S T ) 1 s o e

print (f"result of comprehension: {squares_1}") # Print the result.

TN AR

# 4 wvery simple ezample of how to use 'if  in list comprehension.

® \Wir konnen uns auch aussuchen,
3 o ¥o even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
welche Elemente einer Sequenz wir in print (f£"even numbers: {even_numbers}")
f F 11 0 # 0f course, that we just an ezample, I know, I know, we can also...
unsere Liste emegen WOllen' in dem print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
wir ein if-Statement in der List

A
4
3

combinations: list([str] = [£"{m}{n}" for m in "abc" for n in "xy"]
H print (f"letter combinations: {combinations}")
5 Comprehension verwenden.
A nested: list[tuplel[str, str]l]l = [(o, p) for o in "abc" for p in "xy"l
I ® |m Beispiel probieren wir das aus, in print (f"letter combinations as tuples: {nested}")
. dem wir eine Liste der geraden Zahlen NEyEhonS e o Loni st oompr ohons o i
» 5 result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
_ aus der Range 0 bis 9 erstellen. LTy o Gemercrenen [ A 0o O 16, G5, S0, 0. () R A0 .
> even numbers: [0, 2, 4, 6, 8]
y d q o even numbers: [0, 2, 4, 6, 8]
] ® Wir lassen eine Variable k iiber e Gty M, feiy 00, Wby Ol OG0
3 4 letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
range (10) iterieren. TSy ARt

&

T
]
A
4
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Beispiel

® Wir kénnen uns auch aussuchen, winSimple examples for list comprehension. """ :

: welche Elemente einer Sequenz wir in squares_i: list[int] = [1 # We can start with an empty List. i

3 . =iz 4 for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
unsere Liste einfiigen wollen, in dem TEOr. el o &) 0 M s G oo 0o 0he B0k,

print (£" result of construction: {squares_1}") # Print the result.

wir ein if-Statement in der List
Comprehension verwenden. el v o s S

= [j ** 2 for j in range(11)]
print (f"result of comprehension: {squares_1}") # Print the result.

® |m Beispiel probieren wir das aus, in

# 4 very simple ezample of how to use ‘if  4n list comprehension. )
3 A D even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
dem wir eine Liste der geraden Zahlen e Sy ML G el ¢
5 # 0f course, that we just an ezample, I know, I know, we can also... X
aus der Range 0 bis 9 erstellen. print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
o 1 1 1 i1 combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
Wir lassen eine Variable k iiber print (f"letter combinations: {combinations}")
. ) ;
" range(lO) iterieren. nested: list[tuplelstr, str]l] = [(o, p) for o in "abc" for p in "xy"]
3 y print (f"letter combinations as tuples: {nested}")
| ® k nimmt also die Werte 0, 1, 2, ..., . . .
. | python3 simple_list_comprehension.py |
{ 8, und 9 an. result of comstruction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
result of comprehemnsion: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -

even numbers: [0, 2, 4, 6, 8]

even numbers: [0, 2, 4, 6, 8]

letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']

letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
', 'y, (e', 'x"), (c', 'y"]

Ty AN e 8-
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Beispiel

® Wir kénnen uns auch aussuchen, winSimple examples for list comprehension. """ .
: welche Elemente einer Sequenz wir in squares_i: list[int] = [1 # We can start with an empty List. i
3 . =iz 4 for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
unsere Liste einfiigen wollen, in dem TEOr. el o &) 0 M s G oo 0o 0he B0k,
i I LG e e e raleist print (£" result of construction: {squares_1}") # Print the result. B
C Ik . d # 0r we use list comprehension as follows: |
omprenension verwenden. squares_2: list[int] = [j #* 2 for j in range(11)] 2

print (f"result of comprehension: {squares_1}") # Print the result.

® |m Beispiel probieren wir das aus, in

# 4 wvery simple ezample of how to use 'if  in list comprehension. )

PR, o 2 even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
dem wir eine Liste der geraden Zahlen e Sy ML G el ¢
s # 0f course, that we just an ezample, I know, I know, we can also... X
aus der Range 0 bis 9 erstellen. print(f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
° P P i i combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
Wir lassen eine Variable k iiber print (f"letter combinations: {combinations}")
i Bl
" range(lO) iterieren. nested: list[tuplelstr, str]l] = [(o, p) for o in "abc" for p in "xy"]
3 y print (f"letter combinations as tuples: {nested}")
| ® k nimmt also die Werte 0, 1, 2, ..., . . .
. | python3 simple_list_comprehension.py |
{ 8, und 9 an. result of comstruction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -

even numbers: [0, 2, 4, 6, 8]

® \on diesem Werten nehmen wir nur rom mnbemos [, 2. 4. 6. &
. . . 0 S . letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
d|e, fur dle k A 2 — 0 ZUtrIfft' letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
=0, 0gT), ("0, R0), (@, "y0)I

g & 38 TR B o
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]
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Beispiel

® |m Beispiel probieren wir das aus, in
dem wir eine Liste der geraden Zahlen

aus der Range 0 bis 9 erstellen.

® Wir lassen eine Variable k tiber
range (10) iterieren.

® k nimmt also die Werte 0, 1, 2, ...,

8, und 9 an.

® \on diesem Werten nehmen wir nur

die, fir die k % 2 == 0 zutrifft.

® Wir berechnen also den Rest der
Division von k und 2.

¥ 4 )

wr Y.

""nSimple examples for list comprehension.

squares_1: 1i

for i in range(11):

squares_1

print (f" result of construction:

st [int] = []

.append (i ** 2)

# We can start

# Or we use list comprehension as follows:

squares_2:
print (f"resul

# 4 wvery simple ezample of how to use

even_numbers:
print (£"even
# 0f course,
print (£"even

combinations:

print (f"letter combinations:

list[int] =

t of comprehension:

it

with an empty
# Then we use a for-loop over the numbers 0 to 10.
# And append the squares to the
fequazestin)

# Prin

[j ** 2 for j in range(11)]
{squares_11}")

# Prin

list[int] = [k for k in range(10) if k %
numbers: {even_numbers}")
that we just an ezample, I know, I know,

numbers: {list(range(0,

list[str] =

10, 2))}") # ok

[£"{m}{n}" for m in
{combinations}")

abc" for n in

list.

list.
t the result.

t the result.

in list comprehension.

A = @

we can also...
, ok, yes...

xy"]

nested: list[tuple[str, str]] = [(o, p) for o in "abc" for p in "xy"]
print (f"letter combinations as tuples: {nested}")
| python3 simple_list_comprehension.py |
result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
even numbers: [0, 2, 4, 6, 8]
even numbers: [0, 2, 4, 6, 8]
letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy'l
letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
', 'y, (e, 'x'), Cc', 'y"]
4 &
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Beispiel
® Wir lassen eine Variable k liber
range (10) iterieren.

® k nimmt also die Werte 0, 1, 2, ..
8, und 9 an.

® \Von diesem Werten nehmen wir nur
die, fir die k % 2 == 0 zutrifft.

® Wir berechnen also den Rest der
Division von k und 2.

® \Wenn der 0 ist, dann ist k durch 2
teilbar und daher gerade.

¥ 4 ) wr Y.

""nSimple examples for list comprehension.

squares_1: list[int] = [1 # We can start with an empty list.

for i in range(11): #
squares_1.append (i *x 2)
print (f" result of construction:

# And append the squares to the
fequazestin)

# Or we use list comprehension as follows:
squares_2: list[int] = [j ** 2 for j in range(11)]
print (f"result of comprehension: {squares_1}")

# 4 very simple ezample of how to use if’
even_numbers: list[int] = [k for k in range (10)
print (f"even numbers: {even_numbers}")

# 0f course, that we just an ezample,
print (f"even numbers: {list(range(0,

if k % 2 == 0]
I know, I know,
10, 2))3}") # ok, ok,

[£"{m}{n}" for m in
{combinations}")

combinations: list[str] = abc" for n in

print (f"letter combinations:

[(o, p) for o in "abc

{nested}")

nested: list[tuplelstr, str]]l =

print (f"letter combinations as tuples:

| python3 simple_list_comprehension.py |

result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81,

result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81,

even numbers: [0, 2, 4, 6, 8]

even numbers: [0, 2, 4, 6, 8]

letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']

letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b',
', 'y, Cc', 'x"), (‘c¢', 'y"NI]

DAY S Pt Bt 5 wrr e 5

for p in

list.

# Print the result.

# Print the result.
in list comprehension.
we can also...
yes. ..

xy"]

1001
100]

Then we use a for-loop over the numbers 0 to 10.

xy"]

FXARD i D

>
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Beispiel

® k nimmt also die Werte 0, 1, 2, ..., winSimple examples for list comprehension. """ :
8 do E
5 , un an. squares_1: list[int] = [1 # We can start with an empty list.
3 for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
s . squares_1.append (i ** 2) # And append the squares to the list.
® Von diesem Werten nehmen wir nur print (" result of comstruction: {squares.i}") # Print the result.
S T Ll 5
d|e, fiir die h2==0 zutrifft. # Or we use list comprehension as follows:

squares_2: list[int] = [j ** 2 for j in range(11)]
print (f"result of comprehension: {squares_1}") # Print the result.

® Wir berechnen also den Rest der

YT # 4 very simple ezample of how to use ‘if ' in list comprehension. )
Division von k und 2. even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
print (f"even numbers: {even_numbers}") A
o 3 A # 0f course, that we just an ezample, I know, I know, we can also...
Wenn der 0 |St' dann ist k CIUI’Ch 2 print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

teilbar und daher gerade.

combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]

print (f"letter combinations: {combinations}")

R ® Ja, ja, ich weiR ... wir hatten das

A nested: list[tuple[str, str]] = [(o, p) for o in "abc" for p in "xy"]
auch ohne if machen kannen, wenn print (f"letter combinations as tuples: {nested}")
! Wir dle Range range(o’ 10, 2) | python3 simple_list_comprehension.py |
5 e g result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
genommen hatten ... oder wenn wir result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
2 . even numbers: [0, 2, 4, 6, 8]
gleich 1ist(range(0, 10, 2)) oven mumbers: [0, 2, 4, 6, &l
- T 4 -, letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
gemaCht hatten g siesiist .Ja nur ein letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b

<= ', 'y, (e, 'x'), Cec', 'y"]

Beispiel.

Ty AN e 8-
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Beispiel

® \on diesem Werten nehmen wir nur "irSimple examples for 1ist comprehemsion.’"" 3.
5 H 2 g — o i
5 dle, fur die k A 2 == 0 zutrifft. squares_1: list[int] = [1 # We can start with an empty list. :
-3 for i in range(11): # Then we use a for-loop over the numbers 0 to 10. &
. squares_1.append(i ** 2) # And append the squares to the list.
® Wir berechnen also den Rest der A (G oy O CemBmetATns SNl Bt (e oot
Division von k und 2. # Or we use list comprehension as follows:
squares_2: list[int] = [j ** 2 for j in range(11)]
° Wenn der 0 iSt, dann iSt k durCh 2 print (f"result of comprehension: {squares_1}") # Print the result.
0 # 4 very simple ezample of how to use ‘if  4n list comprehension. )
teilbar und daher gerade. even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
print (f"even numbers: {even_numbers}") A
° ' 5 R 2 = # 0f course, that we just an ezample, I know, I know, we can also... '
Jav Ja, ich weif ... wir hatten das print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

auch ohne if machen kdnnen, wenn

combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
1 H rint (f"letter combinations: {combinations}")
8 wir die Range range(0, 10, 2 P
A genommen hétten pgual) oder wenn Wil’ nested: list[tuplelstr, str]l]l = [(o, p) for o in "abc" for p in "xy"]
| 8 h - print (f"letter combinations as tuples: {nested}")
! g €ic list (range (0 > 10’ 2)) 4 | python3 simple_list_comprehension.py |
i gemacht hdtten... ...es ist ja nur ein result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
- result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] B
BEISpIe|. even numbers: [0, 2, 4, 6, 8]
even numbers: [0, 2, 4, 6, 8]
- H ot letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
> SO Oder SO, wir bekommen dle LISte letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b

[0, 2, 4, 6, 8]. =70 gs U6% "mWo a7, gl

Ty AN e 8-
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Beispiel

® Wir berechnen also den Rest der winSimple examples for list comprehension. """ :
5 Division von k und 2. squares_1: list[int] = [1 # We can start with an empty list. E
S for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
® Wenn der 0 ist, dann ist k durch 2 pring i somait oe consteuction: (aqiren iy o print he vesurs.
teilbar und daher gel’ade. # Or we use list comprehension as follows:

squares_2: list[int] = [j ** 2 for j in range(11)]
print (f"result of comprehension: {squares_1}") # Print the result.

® Ja, ja, ich weiR ... wir hitten das

. 23 # A very simple ezample of how to use '4if  in list comprehension. 3
auch ohne if machen kdnnen, wenn even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]

c 2 print (f"even numbers: {even_numbers}") A
wir dle Range range(o’ 10’ 2) # 0f course, that we just an ezample, I know, I know, we can also... '
genommen héitten oder wenn wir print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

1 3 combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
gleICh list (range(o’ 10’ 2)) print (f"letter combinations: {combinations}")
. = . 5 -
A gemaCht hatten' .. ...€s st Ja nur €in nested: list[tuplelstr, str]l]l = [(o, p) for o in "abc" for p in "xy"]
l Belsplel print (f"letter combinations as tuples: {nested}")
. ¢ 4 L | python3 simple_list_comprehension.py |
{ ® So oder so, wir bekommen die Liste result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] B
[03 2’ 4: 6, 8] . even numbers: [0, 2, 4, 6, 8]
even numbers: [0, 2, 4, 6, 8]
e -~ M letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
> Nun Splelen wir nOCh mlt letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b

verschachtelter Comprehension. =0 g ety Py (6%, 'y

Ty AN e 8-
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Beispiel

® Ja, ja, ich weil ... wir hatten das winSimple examples for list comprehensionm.""" :
: auch ohne if machen kdnnen, wenn emEren_is MceEEs] o @ © o e sterd o 6 aply Dok .
-3 . . for i in range(11): # Then we use a for-loop over the numbers 0 to 10. 0
wir die Range range(O, 10, 2) squares_1.append(i **x 2) # And append the squares to the list.
+ . print (f" result of construction: {squares_1}") # Print the result.
genommen hatten ... oder wenn wir

# Or we use list comprehension as follows:

glelCh list (range(O, 10, 2)) squares_2: list[int] = [j ** 2 for j in range(11)]
gemacht hatten es |St ja nur ein print (f"result of comprehension: {squares_1}") # Print the result.

Beispiel # 4 very simple ezample of how to use ‘if ' in list comprehension. )
piel. even_mumbers: list[int] = [k for k in range(10) if k % 2 == 0]
print (f"even numbers: {even_numbers}") A
Y ¥ 7 3 # 0f course, that we just an ezample, I know, I know, we can also...
SO Oder SO, wir bekommen dle LISte print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

[O’ 2’ 4’ 6’ 8] b combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "

print (f"letter combinations: {combinations}")

xy"]

i Fs x 7 h
A Nun Splelen wir noch mit nested: list[tuplel[str, str]l] = [(o, p) for o in "abc" for p in "xy"]
verschachtelter Comprehension. print (f"letter combinations as tuples: {nested}")
! X % S | python3 simple_list_comprehension.py |
{ ) Sagen wir, dass wir zwei Iterables result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
AT 4 result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
habe und alle moglichen even numvers: [0, 2, 4, 6, 8]
\ i s even numbers: [0, 2, 4, 6, 8]
Komblnatlonen Ihres OUtPUt letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy'l]
d letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
produzieren wollen. o e T T e At
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Beispiel

® So oder so, wir bekommen die Liste

[0, 2, 4, 6, 8].

® Nun spielen wir noch mit
verschachtelter Comprehension.

® Sagen wir, dass wir zwei Iterables

habe und alle méglichen

Kombinationen ihres Output
produzieren wollen.

® Nebenbei: Strings sind auch
wir kdnnen uber ihre
Zeichen iterieren.

Iterables

¥ 4 )

wr Y.

""nSimple examples for list comprehension.

squares_1: 1i

for i in range(11):

squares_1

print (f" result of construction:

st [int] = []

.append (i ** 2)

# We can start

# Or we use list comprehension as follows:

squares_2:
print (f"resul

# 4 wvery simple ezample of how to use

even_numbers:
print (£"even
# 0f course,
print (f"even

combinations:

print (f"letter combinations:

list[int] =

t of comprehension:

it

with an empty
# Then we use a for-loop over the numbers 0 to 10.
# And append the squares to the
fequazestin)

# Prin

[j ** 2 for j in range(11)]
{squares_11}")

# Prin

list[int] = [k for k in range (10) if k %
numbers: {even_numbers}")
that we just an ezample, I know, I know,

numbers: {list(range(0,

list[str] =

10, 2))}") # ok

[£"{m}{n}" for m in
{combinations}")

abc" for n in

list.

list.
t the result.

t the result.

in list comprehension.

A = @

we can also...

, ok, yes...

xy"]

nested: list[tuple[str, str]] = [(o, p) for o in "abc" for p in "xy"]
print (f"letter combinations as tuples: {nested}")
| python3 simple_list_comprehension.py |
result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
even numbers: [0, 2, 4, 6, 8]
even numbers: [0, 2, 4, 6, 8]
letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
', 'y, (e, 'x'), Cec', 'y"]
4 &




Beispiel

® So oder so, wir bekommen die Liste winSimple examples for list comprehension. """ :
. [O: 2’ 4: 6, 8] . squares_1: list[int] = [] # We can start with an empty list. L
3 for i in range(11): # Then we use a for-loop over the numbers 0 to 10. 0
® Nun spielen wir noch mit o R e L
verschachtelter Comprehension. ¢ Or we use list comprehension as follows:

squares_2: list[int] = [j ** 2 for j in range(11)]
print (f"result of comprehension: {squares_1}") # Print the result.

® Sagen wir, dass wir zwei Iterables

ol # 4 very simple ezample of how to use if ' in list comprehension. )
habe und alle mdglichen even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]

o s 2 print (f"even numbers: {even_numbers}") A
Komblnatlonen Ihres OUtpl‘It # 0f course, that we just an ezample, I know, I know, we can also... '
produzieren onIen print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
° 1. i H print (f"letter combinations: {combinations}")
: Nebenbei: Strings sind auch
A TIterables Wir kénnen uber ihre nested: list[tuplelstr, str]l] = [(o, p) for o in "abc" for p in "xy"]
% h 3 I print (f"letter combinations as tuples: {nested}")
! ZelC en iterieren. | python3 simple_list_comprehension.py |
» b 5 3 result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
® Nehmen wir an, wir haben eine erste LTy o R [ A o O f6. G5, §6, 9, G, R A0 5
. 5 bers: [0, 2, 4, 6, 8]
Sequenz "abc" und die zweite e et T B A o &
2 1] " letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
Ist Xy d letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
', 'y, (e, 'x), Cet', 'y D]

Ty AN e 8-
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Beispiel

® Nun spielen wir noch mit winSimple examples for list comprehension. """

verschachtelter Comprehension. cemomcais MgsEmel = @ ¢ o eop ctori o op enpty Dist. .
for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
. . . squares_1.append(i ** 2) # And append the squares to the list.
] Sagen wir, dass wir zwei Iterables print (f" result of construction: {squares_1}") # Print the result. B
habe und alle méglichen 5 G 0B Coo 08 AORCIGITD O JOUaTt i
. . . squares_2: list[int] = [j ** 2 for j in range(11)]
Komb'natlonen Ihres OUtPUt print (f"result of comprehension: {squares_1}") # Print the result. ?
M .
& prOdUZ|eren wollen. # 4 very simple ezample of how to use ‘if  4n list comprehension.
5 even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]

° =S ' 2 print (f"even numbers: {even_numbers}") X
Nebenbel' Strlngs Slnd aUCh # 0f course, that we just an ezample, I know, I know, we can also...
Tterables wir kdnnen tber ihre print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

H H H combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"] 2
ZeIChen Iterieren. print (f"letter combinations: {combinations}") ?

»
A ° Nehmen wir an, wir haben eine erste nested: list[tuplel[str, strl]l = [(o, p) for o in "abc" for p in "xy"]
print (f"letter combinations as tuples: {nested}")
n n 1 1
! Sequenz abc Und dle zweite | python3 simple_list_comprehension.py |
ist "xy" .
» y o result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
4 result of comprehemnsion: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
. g 1, 4 A s ] bers: [0, 2, 4, 6, 8]
| ® Wir kdnnen wir eine Liste mit allen e et T A o &
; P e = ! letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy'l]
J moglichen Paaren bauen, die jeweils oo oyt 05 Saracos Toah. g Aiat. 0% 4050, tmiD, QU

ein Zeichen aus jedem der beiden =0 g ety Ty (8%, "y

Strings beinhalten?
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Beispiel

® Sagen wir, dass wir zwei Iterables PPgEle crompion foF Lt ErpECheRmien.
habe und alle mogllchen squares_1: list[int] = [ # We can start with an empty list. L
5 7 x for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
Kombinationen ihres Output EOn. el o &) 0 M s G oo 0o 0he B0k,

. Il print (f" result of construction: {squares_1}") # Print the result. B
produzieren wollen.

# Or we use list comprehension as follows:
squares_2: list[int] = [j ** 2 for j in range(11)]

o NEbenbel: Strlngs Slnd aUCh print (f"result of comprehension: {squares_1}") # Print the result.
Iterables ... wir kdnnen iiber ihre # 4 very simple ezample of how to use ‘if ' in list comprehension.
Zeichen iterieren even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]

print (f"even numbers: {even_numbers}")
# 0f course, that we just an ezample, I know, I know, we can also...

TN AR

A
2 = - int (£" b : {1list( (0, 10, 2))}") # k, ok,
L4 Nehmen WIr an, wir haben eine erste o even numbers R @0 @9 P '
" " H ¥ combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"] 4
Sequenz abc und dle zweite print (f"letter combinations: {combinations}") ?

» 1 n n
X ist "xy". nested: list([tuplelstr, strll = [(o, p) for o in "abc" for p in "xy"]

y 3 4 y 3 print (f"letter combinations as tuples: {nested}")
| ® Wir kdnnen wir eine Liste mit allen : . :
. . o=, 5 5 | python3 simple_list_comprehension.py |
{ m0g|lChen Paaren bauen, die JGWGI'S result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
: . - . . result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] .
. ein Zeichen aus jedem der beiden oo Seacns. . 8, A G B

. . even numbers: [0, 2, 4, 6, 8]
] Strmgs beinhalten? letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy'l

letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b

Einfach: in dem wir zwei = % 9o (6%, 20, 6%, gl

for Statements schreiben!
> £ ¥ R | B B Y. Yy g Wl TS
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Beispiel

® Nebenbei: Strings sind auch winSimple examples for list comprehension. """ :
: Iterables ... wir kdnnen uber ihre cemomcais MgsEmel = @ ¢ o eop ctori o op anpty Dist.
2 ioh - 5 for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
Zeichen iterieren. squares_1.append(i ** 2) # And append the squares to the list.
print (£" result of construction: {squares_1}") # Print the result. B
- ® Nehmen wir an, wir haben eine erste D G o o0 O GO €5 Jones i
n " . . squares_2: list[int] = [j ** 2 for j in range(11)]
Sequenz abc und d|e ZWEIte print (f"result of comprehension: {squares_1}") # Print the result. ?
4 n n
Ist Xy . # A wvery simple ezample of how to use 'if  in list comprehension. )
even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]

print (f"even numbers: {even_numbers}")
# 0f course, that we just an ezample, I know, I know, we can also...

® \Wir kdnnen wir eine Liste mit allen

X

mogllchen Paaren bauen. die jeweils print(f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes... '
'

1 1 H H combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"] 4

ein Zeichen aus JEdem der beiden print (£"letter combinations: {combinations}") !

" 1 H ?
A Strmgs beinhalten? nested: list[tuplelstr, strl]l = [(o, p) for o in "abc" for p in "xy"]
3 2 g z print (f"letter combinations as tuples: {nested}")
1 * Einfach: in dem wir zwei S ;
. ) | python3 simple_list_comprehension.py |
i for Statements schreiben! result of comstruction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
3 result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] =
B . " n even numbers: [0, 2, 4, 6, 8]
" & Wirschreiben [£"{m}{n}"for m cven mumbers: [0, 2, 4, 6, 5]
1 g n n . n n letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
in abC for n in Xy ] letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b

', 'y, (e, 'x'), Cc', 'y"]

ey NN e
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Beispiel

® Nehmen wir an, wir haben eine erste winSimple examples for list comprehension. """ :

: Sequenz "abc" und die zweite emEren_ils MceEEs] o @ 6 o e sterd o 6 aply Bk .
2 5 Wi W for i in range(11): # Then we use a for-loop over the numbers 0 to 10.

Ist Xy"©. squares_1.append(i ** 2) # And append the squares to the list.
print (£" result of construction: {squares_1}") # Print the result. B
. ® Wir kénnen wir eine Liste mit allen ¢ Or we use list comprehension as follows: i
PPN H -3 . squares_2: list[int] = [j ** 2 for j in range(11)]
moglIChen Paaren bauen! dle JeWEIlS print (f"result of comprehension: {squares_1}") # Print the result. ?

ein Zeichen aus jedem der beiden
Strings beinhalten?

\

# 4 very simple ezample of how to use ‘if ' in list comprehension.
even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]

print (f"even numbers: {even_numbers}")

# 0f course, that we just an ezample, I know, I know, we can also...

A
° Einfach: in dem wir zwei print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes... '
for Statements SChI’erenl col?lbinations: 11st[§tr].: [£"{m}{n}" for m in "abc" for n in "xy"] 4
print (f"letter combinations: {combinations}") I
n =
A ° er schreiben [f"{m}{n}"for m ne;ced: llst[tuple[%tr,.str]] = [(o, p) for o in "abc" for p in "xy"]
print (f"letter combinations as tuples: {nested}")
: n n : n n
! in abc"for n in 29 ] 1 | python3 simple_list_comprehension.py |
5 3 R = result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
® Die Variable m nimmt als Wert alle result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
. . b : [0, 2, 4, 6, 8]
h Zeichen aus dem String "abc" e Ny e w
; . letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
naChelnander an. letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
', 'y, (e, 'x), (e, 'y D]

ey NN e

2 - £ y am \l wr Y. -



Beispiel

® Wir kénnen wir eine Liste mit allen winSimple examples for list comprehension. """ :

: moglichen Paaren bauen, die jeweils eqmores_ il LissEm) = [ 6 o cm Sbert ooth oo cmpty Kok .

-3 . . . g for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
ein Zeichen aus jedem der beiden Eon. el o &) 0 M s G osres 0o 0he B0k,

. . print (f" result of construction: {squares_1}") # Print the result.
Strings beinhalten?

# Or we use list comprehension as follows:

squares_2: list[int] = [j ** 2 for j in range(11)]

® EInfaCh: n dem WIr zwel print (f"result of comprehension: {squares_1}") # Print the result.
for Statements schreiben!

# 4 very simple ezample of how to use ‘if  4n list comprehension. )
even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
° H T n n print (f"even numbers: {even_numbers}") X
er SChreren [f {m}{n} for m # 0f course, that we just an ezample, I know, I know, we can also...
in "abc"for n in "Xy"] print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
° 1 1 1 print (f"letter combinations: {combinations}")
. Die Variable m nimmt als Wert alle
A Zeichen aus dem String "abc" nested: list[tuplelstr, strll = [(o, p) for o in "abc" for p in "xy"]

print (f"letter combinations as tuples: {nested}")

nacheinander an.

| python3 simple_list_comprehension.py |

PR . result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
Fiir Jeden Wert, den m annimmt, result of comprehenmsion: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] =

iteriert die Variable n iiber "xy" and O U0 o Bo o G B

even numbers: [0, 2, 4, 6, 8]
und erd daher erst g Und letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy'l
dann Ilyll ', 'y, (e, 'x), (e, 'y D]

letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b

Ty AN e 8-
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Beispiel p

® Einfach: in dem wir zwei winSimple examples for list comprehension. """ :
5 for Statements schreiben! squares_1: list[int] = [1 # We can start with an empty list. E
‘; for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
5 5 " n squares_1.append (i *x 2) # And append the squares to the list.
® Wir schreiben [f {m}{n} for m print (f" result of construction: {squares_1}") # Print the result. |
3 n n 2 [ " o
1 in "abc"for n in "xy 1. # 0r we use list comprehension as follows: i
squares_2: list[int] = [j ** 2 for j in range(11)]
° Die Variable m nimmt aIS Wert a“e print (f"result of comprehension: {squares_1}") # Print the result. ’:
. 5 n n # 4 very simple ezample of how to use ‘if  4n list comprehension. )
Zeichen aus dem String "abc even_numbers: list[int] = [k for k in range(10) if k % 2 == 0
L print (f"even numbers: {even_numbers}") A
naCheInander an. # 0f course, that we just an ezample, I know, I know, we can also... )
print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
o s B G
Fur Jeden Wert’ den m annlmmt' combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"] 4
9 iteriert dle Varlable n uber "Xy" and print (f"letter combinations: {combinations}") :
A und erd daher erst "x" und nested: list[tuplel[str, strl] = [(o, p) for o in "abc" for p in "xy"]
d print (f"letter combinations as tuples: {nested}")
([Pl
’ ann y | python3 simple_list_comprehension.py | <
5 o " n 3 =i result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
7 ® Der f-Stl'lng f {m}{n} wird fiir Jede result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
b £ N even numbers: [0, 2, 4, 6, 8]
g Kombination von m und n o oot [0 3. A G 6
; . E letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
InterPOhert‘ letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
', 'y, Cety, 'x), (e, 'y D]

ey NN e
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Beispiel p

® \Wir schreiben [f"{m}{n}"for m I Eie coamplen fop 196t corpEEhemEien . 0T :
"' in "abc"for n in ”Xy"] 3 squares_1: list[int] = [1 # We can start with an empty list. E
4 for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
. . . squares_1.append(i ** 2) # And append the squares to the list.
® Dije Variable m nimmt als Wert alle (R0 momls OF Comprnetion: Ioauenon ALY 5 Pront 006 sesnih. i
1 Zeichen aus dem Strlng "abc" # Or we use list comprehension as follows: i
h . d squares_2: list[int] = [j ** 2 for j in range(11)]
nacneinanaer an. print (f"result of comprehension: {squares_1}") # Print the result. ’:
e . # 4 very simple ezample of how to use if ' in list comprehension. \
® Fiir jeden Wert, den m annimmt, cvon mumbate: Aiscline] < DX for k in range(10) 1€ % A3 e 0] )
. . E ¢ . n n print (f"even numbers: {even_numbers}") A
Iterlert dle Varlable n Uber Xy and # 0f course, that we just an ezample, I know, I know, we can also... )
und erd daher erst "x" und print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
dann ([ 1] combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"] ¢
Y print (f"letter combinations: {combinations}")
‘ >
Y 3 g n n 1 e nested: list[tuple[str, str]] = [(o, p) for o in "abc" for p in "xy"]
N Der f Strlng f {m}{n} erd fur JEde print (f"letter combinations as tuples: {nested}")
’ Komblnatlon von m Und n | python3 simple_list_comprehension.py | ©
{ interpoliert. result of comstruction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
F result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] .
. - . - even numbers: [0, 2, 4, 6, 8]
h ® Als Ergebnis bekommen wir die Liste even numbers: [0, 2, 4, 6, 8]
i n " n " n n letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
[ ax’, ay E) bx E) letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b
', oy, (e, 'x), Cet, 'y D]

Ilbyll’ |ICXII, "Cy"] 4

ey NN e
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Beispiel

erstellen.
2 > £ y U e Y. -

® Die Variable m nimmt als Wert alle winSimple examples for list comprehension. """ :
: Zeichen aus dem String "abc" emEren_ils MceEEs] o @ 6 o e sterd o 6 aply Bk .
-4 h . d for i in range(11): # Then we use a for-loop over the numbers 0 to 10. f
nacheinanaer an. squares_1.append(i ** 2) # And append the squares to the list.
print (£" result of construction: {squares_1}") # Print the result.
® Fiir jeden Wert, den m annimmt, # Or we use list comprenension as follous:
/| a = A i " " squares_2: list[int] = [j ** 2 for j in range(11)]
Iterlert dle Varlable he} Uber Xy and print (f"result of comprehension: {squares_1}") # Print the result.
- n n
und wird daher erst "x" und # 4 very simple ewzample of how to use “if" in list comprehension. {
dann "y even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
y print (f"even numbers: {even_numbers}") A
# 0f course, that we just an ezample, I know, I know, we can also... X
® Der f—String £"{m}{n}" wird fiir jede print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
H H combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
Kombination von m und n print (£"letter combinations: {combinations}")
8 d 3
A mterp()hert' nested: list[tuplel[str, str]l] = [(o, p) for o in "abc" for p in "xy"]
! i \ . print (f"letter combinations as tuples: {nested}")
1 e Als Ergebnis bekommen wir die Liste . . ;
. | python3 simple_list_comprehension.py |
n n n n n n
4 ["ax", ay", "bx", result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
g " n n m n n result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
9 by N cx', cy ] . even numbers: [0, 2, 4, 6, 8]
o even numbers: [0, 2, 4, 6, 8]
i Y L 1 3 e $ letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
J ® Natiirlich kdnnen wir Listen beliebiger e CTAreD 0 racse [oa0 . Bmo%. Qoat. g% (B0, Um0, GO
4 Datentypen mit List Comprehension =0 g ety =1, (8%, 'y




Beispiel

® Fiir jeden Wert, den m annimmt, winSimple examples for list comprehension. """
: iteriert die Variable n iiber "xy" and oamErea.ds TamMme) = B ¢ 06 e otow oot oo ey . i
. . for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
n n
und wird daher erst "x" und squares_1.append(i ** 2) # And append the squares to the list.
TP print (f" result of construction: {squares_1}") # Print the result. B
dann "y
# 0r we use list comprehension as follows: ;
. n " . T squares_2: list[int] = [j ** 2 for j in range(11)]
® Der f_StrIng f {m}{n} erd furJEde print (f"result of comprehension: {squares_1}") # Print the result. -
Kombination von m und n # 4 very simple ezample of how to use ‘if  4n list comprehension. )
4 & even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
lnterpollert. print (f"even numbers: {even_numbers}") A
# 0f course, that we just an ezample, I know, I know, we can also... X
Y AlS Ergebnis bekommen Wil’ d|e Liste print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
n n n " n n combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
[ X, ay’, bx 2 print (f"letter combinations: {combinations}")

" n n n n n n
A by", "cx &y 1) nested: list[tuplelstr, str]] = [(o, p) for o in "abc" for p in "xy"]
> o A : d g s print (f"letter combinations as tuples: {nested}")
1 ® Natiirlich kdnnen wir Listen beliebiger . :
. B 2 2 | python3 simple_list_comprehension.py |
{ Datentypen mit List Comprehen5|0n result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
result of comprehension: [o, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] =~
erstellen. even numbers: [0, 2, 4, 6, 8]
even numbers: [0, 2, 4, 6, 8]
E |+ - S letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
® Dies beinhaltet Listen anderer Listen, e T 0B racse [0R0 . Bmo%. Qoat. g% (B0, Um0, GO0

Listen von Tupeln, Mengen, oder =" s LE, 1=, (1ets Tyl

Dictionaries ... was immer wir wollen.
> £ ¥ R | B B Y. Yy g Wl TS

g & 38 TR B o

2
\




Beispiel

® Der f-String £"{m}{n}" wird fiir jede WS nple exanples) Eox) 14at compr eheanadonl i
i e F
Kombination von m und n semeree_il Mamslamed) = @ ¢ e oo stert widh oo ety Dest.
. 4 for i in range(11): # Then we use a for-loop over the numbers 0 to 10.
lnterpollert. squares_1.append(i ** 2) # And append the squares to the list.
print (f" result of construction: {squares_1}") # Print the result. B
e Als Ergebnis bekommen wir die Liste # Or we use list comprehension as follows: ;
0 TR . — squares_2: list[int] = [j ** 2 for j in range(11)]
[ ax ) ay ) bX ) print (f"result of comprehension: {squares_1}") # Print the result. T
n n n n n n
by", "cx", "cy 1. # 4 very simple ezample of how to use ‘if" in list comprehension.
even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
° T e E 3 E E print (f"even numbers: {even_numbers}")
NaturIICh konnen wir LlSten belleblger # 0f course, that we just an ezample, I know, I know, we can also...

A
!
.

print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...

Datentypen mit List Comprehension
erstellen combinations: list[str] = [£"{m}{n}" for m in

print (f"letter combinations: {combinations}")

"abc" for n in "xy"]

»
Y s F 1 . nested: list[tuple[str, str]] = [(o, p) for o in "abc" for p in "xy"]
~ DIeS belnhaltet LISten anderer LISten’ print (f"letter combinations as tuples: {nested}")
! LISten von Tupeln! Mengen' Oder | python3 simple_list_comprehension.py |
{ Dictionaries ... was immer wir wollen. result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
result of comprehemnsion: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
4 - even numbers: [0, 2, 4, 6, 8]
® Wir wiederholen den selben Ansatz even numbers: [0, 2, 4, 6, 8]
3 b d . h d letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
WI€ ODben und speichern die letter combinations as tuples: [('a', 'x'), ('a', 'y'), C('b', 'x'), ('b

Buchstabenkombinationen diesmal als =0 gy ety Py (6%, "y

Tupel.

2 > £ ¥ R | B B Y. Yy g Wl TS
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Beispiel

® Als Ergebnis bekommen wir die Liste PgEle crompion foF Lt ErpECheRmien. :
s ["ax", "ay", "bX”, squares_1: list[int] = [1 # We can start with an empty list. E
2 for i in range(11): # Then we use a for-loop over the numbers 0 to 10. M
"by" , 'ex", "Cy"] > squares_1.append(i ** 2) # And append the squares to the list.
print (f" result of construction: {squares_1}") # Print the result.
® Natiirlich kdnnen wir Listen beliebiger # Or we use list comprehension as follows:
. . . squares_2: list[int] = [j ** 2 for j in range(11)]
Datentypen mlt LISt ComprehenSI()n print (f"result of comprehension: {squares_1}") # Print the result.
erstellen. # 4 very simple ezample of how to use ‘if  4n list comprehension. )
even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
° - : d . print (f"even numbers: {even_numbers}") X
Dles belnhaltet LISten anderer LISten’ # 0f course, that we just an ezample, I know, I know, we can also...
Listen von Tupeln Mengen oder print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok, yes...
' '
1 H 1 H 1 combinations: list[str] = [£"{m}{n}" for m in "abc" for n in "xy"]
chtlonarles ... Was immer wir WO”en‘ print (f"letter combinations: {combinations}")
"
A ® er Wiederh0|en den selben Ansatz nested: list[tuplelstr, str]l] = [(o, p) for o in "abc" for p in "xy"]
E 3 i print (f"letter combinations as tuples: {nested}")
| wie oben und speichern die . . ;
. 2 A k | python3 simple_list_comprehension.py |
i Buchstabenkombinationen diesmal als result of construction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
8T | result of comprehemnsion: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100] -
upel. even numbers: [0, 2, 4, 6, 8]
even numbers: [0, 2, 4, 6, 8]
° letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']
[(O, p) for o letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b', 'x'), ('b

in "abc"for p in "xy"] macht = % 9o (6%, 20, 6%, gl

genau das.
2 > £ y U e Y. -
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Beispiel

® Dies beinhaltet Listen anderer Listen,
Listen von Tupeln, Mengen, oder
Dictionaries ... was immer wir wollen.

® Wir wiederholen den selben Ansatz
wie oben und speichern die
Buchstabenkombinationen diesmal als
Tupel.

® [(o, p)for o
in "abc"for p in "xy"]
genau das.

macht

® Dieser Ausdruck produziert

[(uan, "X"), (uau, nyn) R
("b", Nyt s ("b", nyu)’
("C", an) s ("C", uyu)] i
it o TN ¥ 4 ) wr Y.

"""Simple examples for list comprehension."""

squares_1: # We can start list.
for i inm range (11):
squares_1.append (i *x 2)

print (f" result of construction:

list[int] = [] with an empty
# Then we use a for-loop over the numbers
# And append the squares to the
fequazesiin)

# Or we use list comprehension as follows:
squares_2: list[int] = [j ** 2 for j in range(11)]
print (f"result of comprehension: {squares_1}")

# 4 wvery simple ezample of how to use

it

even_numbers: list[int] = [k for k in range(10) if k % 2 == 0]
print (f"even numbers: {even_numbers}")

# 0f course, that we just an ezample, I know, I know,

print (f"even numbers: {list(range(0, 10, 2))}") # ok, ok,

combinations: list[str] = [£"{m}{n}" for m in "abc" for n in
print (f"letter combinations: {combinations}")

[(o, p) for o in "
{nested}")

nested: list[tuplelstr, str]]l =

print (f"letter combinations as tuples:

| python3 simple_list_comprehension.py |

result of comnstruction: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81,

result of comprehension: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81,

even numbers: [0, 2, 4, 6, 8]

even numbers: [0, 2, 4, 6, 8]

letter combinations: ['ax', 'ay', 'bx', 'by', 'cx', 'cy']

letter combinations as tuples: [('a', 'x'), ('a', 'y'), ('b',
', 'y, Cc', 'x"), (‘c¢', 'y"N]

45 P

abc" for p in

0 to
list.

# Print the result.

# Print the result.
in list comprehension.
we can also...
yes...

xy"]

1001
100]

10.

xy"]

v
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Performanz




Was sagt Ruff dazu?

e Wenden wir Ruff auf unser
Beispielprogramm
simple_list_comprehension.py
an.

$

PE

o

he

Fo
#

ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,
CcoM,D,DJ,DTZ,E,ERA ,EXE,F,FA,FIX,FLY,FURB,G,I,ICN,INP,ISC,INT,LOG,N
,NPY , PERF ,PIE,PLC,PLE,PLR,PLW,PT,PYI,Q,RET ,RSE,RUF,S,SIM,T,T10,TD,
TID,TRY,UP,W,YTT --ignore=A005,ANNOO1,ANNOO2,ANNOO3,ANN204 ,ANN401,
B008,B009,B010,C901,D203,D208,D212,D401,D407 ,D413,INPO0O1,N801,
PLC2801,PLR0904 ,PLR0911,PLR0912,PLR0913,PLR0914 ,PLR0915,PLR0916,
PLRO917 ,PLR1702 ,PLR2004 ,PLR6301 ,PT011,PT012,PT013,PYI041,RUF100,8S,
T201,TRY003,UP035,W --line-length 79 simple_list_comprehension.py
RF401 Use a list comprehension to create a transformed list

-> simple_list_comprehension.py:5:5

LLLrred

squares_1: list[int] = [] # We can start with an empty list.
| for i in range(11): # Then we use a for-loop over the numbers 0 to
< 10.

squares_1.append (i *x 2)

# And append the squares to the list.

|
|
| print(f" result of construction: {squares_1}") # Print the result.
|

1p: Replace for loop with list comprehension

und 1 error.

ruff 0.15.2 failed with exit code 1.

i,

"
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https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/simple_list_comprehension.py

Was sagt Ruff dazu?

e Wenden wir Ruff auf unser
Beispielprogramm
simple_list_comprehension.py
an.

® Ruff sieht die Konstruktion der Liste
liber die append-Funktion in einer
Schleife als Performanz-Problem an,
was durch die Kennung PERF
ausgedriickt wird.

$ ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,
< COM,D,DJ,DTZ,E,ERA,EXE,F,FA,FIX,FLY,FURB,G,I,ICN,INP,ISC,INT,LOG,N
< ,NPY,PERF,PIE,PLC,PLE,PLR,PLW,PT,PYI,Q,RET,RSE,RUF,S,SIM,T,T10,TD,
<5 TID,TRY,UP,W,YTT --ignore=A005,ANN0OO1,ANNOO2,ANNOO3 ,ANN204 ,ANN401,
< B008,B009,B010,C901,D203,D208,D212,D401,D407 ,D413, INPOO1,N801,
—» PLC2801 ,PLR0904 ,PLR0O911 ,PLR0912,PLR0913 ,PLR0914 ,PLR0915,PLR0916,
< PLR0917 ,PLR1702 ,PLR2004 ,PLR6301 ,PT011,PT012,PT013,PYI041 ,RUF100,S,
< T201,TRY003 ,UP035,W --line-length 79 simple_list_comprehension.py

PERF401 Use a list comprehension to create a transformed list

--> simple_list_comprehension.py:5:5

3 | squares_1: list[int] = [] # We can start with an empty list.

4 | for i in range(11): # Then we use a for-loop over the numbers 0 to
< 10.

b squares_1.append (i ** 2) # And append the squares to the list.

|

|

6 | print(f" result of construction: {squares_1}") # Print the result.
|

help: Replace for loop with list comprehension

Found 1 error.

# ruff 0.15.2 failed with exit code 1.

P ——t. . BR


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/simple_list_comprehension.py

Was sagt Ruff dazu?

® \Wenden wir Ruff auf unser
Beispielprogramm
simple_list_comprehension.py
an.

® Ruff sieht die Konstruktion der Liste
liber die append-Funktion in einer
Schleife als Performanz-Problem an,
was durch die Kennung PERF
ausgedriickt wird.

' ® Das ist natiirlich nur ein |3sbares
Problem, wenn wir auch eine andere

: Méoglichkeit haben, die Liste zu

A erstellen.

TR i i

$ ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,
< COM,D,DJ,DTZ,E,ERA,EXE,F,FA,FIX,FLY,FURB,G,I,ICN,INP,ISC,INT,LOG,N
< ,NPY,PERF,PIE,PLC,PLE,PLR,PLW,PT,PYI,Q,RET,RSE,RUF,S,SIM,T,T10,TD,
<5 TID,TRY,UP,W,YTT --ignore=A005,ANN0OO1,ANNOO2,ANNOO3 ,ANN204 ,ANN401,
< B008,B009,B010,C901,D203,D208,D212,D401,D407 ,D413, INPOO1,N801,
—» PLC2801 ,PLR0904 ,PLR0O911 ,PLR0912,PLR0913 ,PLR0914 ,PLR0915,PLR0916,
< PLR0917 ,PLR1702 ,PLR2004 ,PLR6301 ,PT011,PT012,PT013,PYI041 ,RUF100,S,
<5 T201,TRY003 ,UP035,W --line-length 79 simple_list_comprehension.py

PERF401 Use a list comprehension to create a transformed list

--> simple_list_comprehension.py:5:5

3 | squares_1: list[int] = [] # We can start with an empty list.

4 | for i in range(11): # Then we use a for-loop over the numbers 0 to
< 10.

5 | squares_1.append (i ** 2) # And append the squares to the list.
T S O

6 | print(f" result of construction: {squares_1}") # Print the result.
|

help: Replace for loop with list comprehension

Found 1 error.
# ruff 0.15.2 failed with exit code 1.

P ——t. . BR


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/simple_list_comprehension.py

Was sagt Ruff dazu?

® \Wenden wir Ruff auf unser
Beispielprogramm
simple_list_comprehension.py
an.

® Ruff sieht die Konstruktion der Liste
liber die append-Funktion in einer
Schleife als Performanz-Problem an,
was durch die Kennung PERF
ausgedriickt wird.

' ® Das ist natiirlich nur ein |3sbares
Problem, wenn wir auch eine andere

: Méoglichkeit haben, die Liste zu

A erstellen.

® Nun, wir kennen eine andere
Méoglichkeit.

o 1 T v i |

$ ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,
<5 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,
<5 TID,TRY,UP,W,YTT --ignore=A005,ANN0OO1,ANNOO2,ANNOO3 ,ANN204 ,ANN401,
< B008,B009,B010,C901,D203,D208,D212,D401,D407 ,D413, INPO0O1,N801,
—» PLC2801 ,PLR0904 ,PLR0O911 ,PLR0912,PLR0913 ,PLR0914 ,PLR0915,PLR0916,
< PLR0917 ,PLR1702 ,PLR2004 ,PLR6301 ,PT011,PT012,PT013,PYI041 ,RUF100,S,
<5 T201,TRY003 ,UP035,W --line-length 79 simple_list_comprehension.py

PERF401 Use a list comprehension to create a transformed list

--> simple_list_comprehension.py:5:5

3 | squares_1: list[int] = [] # We can start with an empty list.

4 | for i in range(11): # Then we use a for-loop over the numbers 0 to
< 10.

5 | squares_1.append (i ** 2) # And append the squares to the list.
T O

6 | print(f" result of construction: {squares_1}") # Print the result.
|

help: Replace for loop with list comprehension

Found 1 error.
# ruff 0.15.2 failed with exit code 1.



https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/simple_list_comprehension.py

Was sagt Ruff dazu?

L] RUfF Sleht dle KOI’]StI’UktIOﬂ der LISte $ ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,
- . . . . <> COM,D,DJ,DTZ,E,ERA ,EXE ,F,FA,FIX ,FLY ,FURB,G,I,ICN, INP,ISC, INT,LOG,N
uber dle append—Funktlon In elner < ,NPY,PERF,PIE,PLC,PLE,PLR,PLW,PT,PYI,Q,RET,RSE,RUF,S,SIM,T,T10,TD,
Schleife als Perf Probl. <> TID,TRY,UP,W,YTT --ignore=A005,ANNOO1,ANNOO2 ,ANNOO3 ,ANN204 , ANN4O1 ,

chleire als Ferrormanz-Froblem an, <> B0OS ,B009 ,B010 ,C901 ,D203 , D208 , D212 , D401 ,D407 ,D413 , INPOO1 , N8O1 ,
. <5 PLC2801,PLRO904 ,PLRO911,PLR0912 ,PLR0913 ,PLRO914 ,PLRO915 , PLRO916 ,
was durch die Kennung PERF < PLR0917 , PLR1702 , PLR2004 , PLR6301 , PTO11 ,PT012 ,PT013 ,PYI041 ,RUF100,S,
. . <5 T201,TRY003 ,UP035,W --line-length 79 simple_list_comprehension.
ausgedriickt wird. PERFAOL Use a List comprehension to create a tramsformed list o

--> simple_list_comprehension.py:5:5

® Das ist natiirlich nur ein |8sbares '

3 | squares_1: list[int] = [] # We can start with an empty list.
8 o 4 | for i in range(i1): # Then we use a for-loop over the numbers 0 to
Problem, wenn wir auch eine andere fer
Aol H 1 H 5 | squares_1.append(i *x 2) # And append the squares to the list.
Méoglichkeit haben, die Liste zu | squares.1.a ppend (i »x 2) PP a
6 | print(f" result of construction: {squares_1}") # Print the result.
erstellen. |
help: Replace for loop with list comprehension
' ® Nun, wir kennen eine andere

Found 1 error.

M0g||chke|t # ruff 0.15.2 failed with exit code 1.

® Wir kénnen die Liste via List
Comprehension erstellen, was aber
nicht immer geht.

o TR N, 4 i MR J o P ———l. B



Was sagt Ruff dazu?

® Das ist natiirlich nur ein |3sbares
Problem, wenn wir auch eine andere
Méglichkeit haben, die Liste zu
erstellen.

® Nun, wir kennen eine andere
Maoglichkeit.

® Wir kénnen die Liste via List
Comprehension erstellen, was aber
nicht immer geht.

® Wenn es geht, was in unserem
Beispiel ja der Fall ist, dann sehen wir
oft, dass List Comprehension
kompakter ist.

o 1 T v i |

$ ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,
< COM,D,DJ,DTZ,E,ERA,EXE,F,FA,FIX,FLY,FURB,G,I,ICN,INP,ISC,INT,LOG,N
< ,NPY,PERF,PIE,PLC,PLE,PLR,PLW,PT,PYI,Q,RET,RSE,RUF,S,SIM,T,T10,TD,
<5 TID,TRY,UP,W,YTT --ignore=A005,ANNOO1,ANNOO2,ANNOO3 ,ANN204 ,ANN401,
< B008,B009,B010,C901,D203,D208,D212,D401,D407 ,D413, INPOO1,N801,
—» PLC2801 ,PLR0904 ,PLR0O911 ,PLR0912,PLR0913 ,PLR0914 ,PLR0915,PLR0916,
< PLR0917 ,PLR1702 ,PLR2004 ,PLR6301 ,PT011,PT012,PT013,PYI041 ,RUF100,S,
<5 T201,TRY003 ,UP035,W --line-length 79 simple_list_comprehension.py

PERF401 Use a list comprehension to create a transformed list

--> simple_list_comprehension.py:5:5

3 | squares_1: list[int] = [] # We can start with an empty list.

4 | for i in range(11): # Then we use a for-loop over the numbers 0 to
< 10.

5 | squares_1.append (i ** 2) # And append the squares to the list.
[T

6 | print(f" result of construction: {squares_1}") # Print the result.
|

help: Replace for loop with list comprehension

Found 1 error.
# ruff 0.15.2 failed with exit code 1.




Was sagt Ruff dazu?

® Nun, wir kennen eine andere
Maoglichkeit.

e Wir kénnen die Liste via List
Comprehension erstellen, was aber
nicht immer geht.

® \Wenn es geht, was in unserem
Beispiel ja der Fall ist, dann sehen wir
oft, dass List Comprehension
kompakter ist.

® Kode, der kompakter ist, ist oft
lesbarer und daher aus Sicht eines
Softwareingenieurs, oftmals zu
bevorzugen.

o 1 T v i |

$ ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,
< COM,D,DJ,DTZ,E,ERA,EXE,F,FA,FIX,FLY,FURB,G,I,ICN,INP,ISC,INT,LOG,N
< ,NPY,PERF,PIE,PLC,PLE,PLR,PLW,PT,PYI,Q,RET,RSE,RUF,S,SIM,T,T10,TD,
< TID,TRY,UP,W,YTT --ignore=A005,ANNOO1,ANNOO2,ANNOO3 ,ANN204 ,ANN4O1,
< B008,B009 ,B010,C901,D203,D208,D212,D401,D407 ,D413 , INPOO1 ,N801,

< PLC2801,PLR0904 ,PLRO911 ,PLR0912 ,PLR0913 ,PLR0914 , PLRO915 , PLR0916 ,
< PLR0917 ,PLR1702 ,PLR2004 , PLR6301 ,PT011,PT012,PT013,PYI041,RUF100,S,
< T201,TRY003 ,UP035,W --line-length 79 simple_list_comprehension.py
PERF401 Use a list comprehension to create a transformed list

--> simple_list_comprehension.py:5:5

6

he

|
|
|
|
1

p:

squares_1: list[int] = [] # We can start with an empty list.
for i in range(11): # Then we use a for-loop over the numbers 0 to
< 10.

squares_1.append (i ** 2) # And append the squares to the list.

print (f" result of construction:

Found 1 error.
# ruff 0.15.2 failed with exit code 1.

{squares_1}") # Print the result.

Replace for loop with list comprehension
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Was sagt Ruff dazu?

Nun, wir kennen eine andere
Maoglichkeit.

Wir kdénnen die Liste via List
Comprehension erstellen, was aber
nicht immer geht.

Wenn es geht, was in unserem
Beispiel ja der Fall ist, dann sehen wir
oft, dass List Comprehension
kompakter ist.

Kode, der kompakter ist, ist oft
lesbarer und daher aus Sicht eines
Softwareingenieurs, oftmals zu
bevorzugen.

Aber warum wiére die urspriingliche
Schleife ein Performanz-Problem, also
irgendwie langsam?

SR T 1 |

$ ruff check --target-version py312 --select=A,AIR,ANN,ASYNC,B,BLE,C,C4,
< COM,D,DJ,DTZ,E,ERA,EXE,F,FA,FIX,FLY,FURB,G,I,ICN,INP,ISC,INT,LOG,N
< ,NPY,PERF,PIE,PLC,PLE,PLR,PLW,PT,PYI,Q,RET,RSE,RUF,S,SIM,T,T10,TD,
<5 TID,TRY,UP,W,YTT --ignore=A005,ANNOO1,ANNOO2,ANNOO3 ,ANN204 ,ANN401,
< B008,B009,B010,C901,D203,D208,D212,D401,D407 ,D413, INPOO1,N801,
—» PLC2801 ,PLR0904 ,PLR0O911,PLR0912,PLR0913 ,PLR0914 ,PLR0915,PLR0916,
< PLRO917 ,PLR1702 ,PLR2004 ,PLR6301 ,PT011,PT012,PT013,PYI041 ,RUF100,S,
<5 T201,TRY003 ,UP035,W --line-length 79 simple_list_comprehension.py

PERF401 Use a list comprehension to create a transformed list

--> simple_list_comprehension.py:5:5

3 | squares_1: list[int] = [] # We can start with an empty list.

4 | for i in range(11): # Then we use a for-loop over the numbers 0 to
< 10.

5 | squares_1.append (i ** 2) # And append the squares to the list.
T

6 | print(f" result of construction: {squares_1}") # Print the result.
|

help: Replace for loop with list comprehension

Found 1 error.
# ruff 0.15.2 failed with exit code 1.
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® Um diese Sache zu untersuchen, kdnnten wir versuchen, zwei Listen mit dem selben Inhalt
zu erstellen.
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® Nun, die Laufzeit, die etwas braucht, zu messen ist immer ein bischen schwierig.
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® Sie wird auch vom Betriebssystem,
dem zur Verfiigung stehenden RAM,
der Festplattengeschwindigkeit, und
natiirlich von anderen Prozessen, die Niitzliches Werkzeug
zur selben Zeit auf dem Computer

laufen, beeinflusst®. timeit ist ein Werkzeug um die Laufzeit
® Natiirlich hingt sie auch von der von kleinen Kodestiicken zu messen. Es ist
4 Version des Python-Iterpreters ab und direkt Teil von Python. Dieses Modul ver-
das Ergebnis der Messung kénnte also meidet eine Menge von Fallen, in die man
nach jedem Systemupdate anders sein. beim Zeit-Messen oftmals hereintappt36:45.
® \Was immer wir messen, wir miissen
s sehr vorsichtig sein ... aber wir

probieren es trotzdem.

. ® timeit erlaubt uns also, die Laufzeit
eines Statements zu messen.
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® Natiirlich hangt sie auch von der
Version des Python-Iterpreters ab und
das Ergebnis der Messung kdnnte also

nach jedem Systemupdate anders sein.

® \Was immer wir messen, wir mussen
: sehr vorsichtig sein ... aber wir
probieren es trotzdem.

.
? ® timeit erlaubt uns also, die Laufzeit
eines Statements zu messen.

® Wir wollen messen, wie lange es
dauert, eine Liste mit den geraden
Zahlen aus 0..1 000000 zu erstellen.
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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® \Was immer wir messen, wir mussen
sehr vorsichtig sein ... aber wir
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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® timeit erlaubt uns also, die Laufzeit
eines Statements zu messen.

® Wir wollen messen, wie lange es
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e Wir implementieren dafiir zuerst eine
Funktion create_by_append, die die
Liste mit der append-Methode in
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_comprehension.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_append.py

Priifen wir das nach

e Wir implementieren dafiir zuerst eine
Funktion create_by_append, die die
Liste mit der append-Methode in
einer Schleife erstellt.
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an.
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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range (1_000_001) fligen wir die
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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Priifen wir das nach

® Um die Laufzeit dieser Funktion zu
messen, importieren wir zuerst die
Funktion repeat aus dem
Modul timeit.

® Wir sagen repeat, dass es unsere
-{ Funktion create_by_append einmal
(number=1) aufrufen und die

; gemessen Zeit zuriickliefern soll.

@ Es wird die Laufzeit dann in Sekunden
als float liefern.

’ ® Allerdings ware eine einzige Messung

q

nicht sehr verl3sslich, sie konnte durch
das Scheduling durch das
Betriebssystem oder durch Garbage
Collection vom Python-Interpreter
verunreinigt werden3¢.
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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Priifen wir das nach

® Wir sagen repeat, dass es unsere
Funktion create_by_append einmal
(number=1) aufrufen und die
gemessen Zeit zuriickliefern soll.

® Es wird die Laufzeit dann in Sekunden

% als float liefern.

] ® Allerdings wére eine einzige Messung

? nicht sehr verlasslich, sie konnte durch

: das Scheduling durch das
Betriebssystem oder durch Garbage
Collection vom Python-Interpreter

d verunreinigt werden°.

Deshalb sagen wir der
repeat-Funktion, 50 solcher
Messungen durchzufiihren (Argument
repeat=50).
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.

# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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Priifen wir das nach

® Es wird die Laufzeit dann in Sekunden
als float liefern.

® Allerdings wére eine einzige Messung
nicht sehr verlasslich, sie konnte durch
das Scheduling durch das
-i Betriebssystem oder durch Garbage
' Collection vom Python-Interpreter
verunreinigt werden3®.

s T

® Deshalb sagen wir der
repeat-Funktion, 50 solcher
Messungen durchzufiihren (Argument
repeat=50).

& L.

Dadurch bekommen wir alle
gemessenen Laufzeiten als
list[float].

Vil
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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Priifen wir das nach

® Es wird die Laufzeit dann in Sekunden
als float liefern.

® Allerdings wére eine einzige Messung
nicht sehr verlasslich, sie konnte durch
das Scheduling durch das

4 Betriebssystem oder durch Garbage
Collection vom Python-Interpreter
: verunreinigt werden°.

® Deshalb sagen wir der
repeat-Funktion, 50 solcher
Messungen durchzufiihren (Argument
repeat=50).

Dadurch bekommen wir alle
gemessenen Laufzeiten als
g list[float].

vl T .
[ ]
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Die Dokumentation von timeit sagt*’:

Note: it’s tempting to calculate mean and stan-
dard deviation from the result vector and report
these. However, this is not very useful. In a ty-
pical case, the lowest value gives a lower bound
for how fast your machine can run the given code
snippet; higher values in the result vector are ty-
pically not caused by variability in Python’s speed,
but by other processes interfering with your timing
accuracy. So the min() of the result is probably
the only number you should be interested in. Af-
ter that, you should look at the entire vector and
apply common sense rather than statistics.

— 5], 2001
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Priifen wir das nach

® Es wird die Laufzeit dann in Sekunden Gute Praxis

als float liefern.
Wenn wir die Laufzeit von Kode fiir bestimm-

* Allerdlngs Warfe. Sine eerZ|g<.e. Messung te Inputs priifen, dann ergibt es Sinn, mehre-
nicht sehr verlasslich, sie konnte durch re Messungen zu machen und das Minimum
das Scheduling durch das der beobachteten Ergebnisse zu nehmen?.

Betriebssystem oder durch Garbage
Collection vom Python-Interpreter
verunreinigt werden3®.

® Deshalb sagen wir der
repeat-Funktion, 50 solcher
Messungen durchzufiihren (Argument

3 repeat=50).

© ® Dadurch bekommen wir alle
- gemessenen Laufzeiten als
s list[float].

e T T e
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Priifen wir das nach

® Es wird die Laufzeit dann in Sekunden Gute Praxis

als float liefern.
Wenn wir die Laufzeit von Kode fiir bestimm-

te Inputs priifen, dann ergibt es Sinn, mehre-
re Messungen zu machen und das Minimum

® Allerdings wére eine einzige Messung
nicht sehr verlasslich, sie konnte durch

das scheduling durch das der beobachteten Ergebnisse zu nehmen?.
Betrleb_ssystem oder durch Garbage Der Grund ist, das viele Faktoren (CPU-
Collection vom Python-Interpreter Temperatur, andere Prozesse, ...) die Laufzeit

g 36
verunreinigt werden™. negativ beeinflussen kénnen.

® Deshalb sagen wir der
repeat-Funktion, 50 solcher
Messungen durchzufiihren (Argument

3 repeat=50).

© ® Dadurch bekommen wir alle
- gemessenen Laufzeiten als
s list[float].

e T T e
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Priifen wir das nach

® Es wird die Laufzeit dann in Sekunden
als float liefern.

® Allerdings wére eine einzige Messung
nicht sehr verlasslich, sie konnte durch
das Scheduling durch das
Betriebssystem oder durch Garbage
Collection vom Python-Interpreter
verunreinigt werden3®.

® Deshalb sagen wir der
repeat-Funktion, 50 solcher
Messungen durchzufiihren (Argument

3 repeat=50).

© ® Dadurch bekommen wir alle
- gemessenen Laufzeiten als
s list[float].

e T T e

Gute Praxis

Wenn wir die Laufzeit von Kode fiir bestimm-
te Inputs priifen, dann ergibt es Sinn, mehre-
re Messungen zu machen und das Minimum
der beobachteten Ergebnisse zu nehmen?.
Der Grund ist, das viele Faktoren (CPU-
Temperatur, andere Prozesse, ... ) die Laufzeit
negativ beeinflussen kénnen. Es gibt aber kei-
nen Faktor, der unseren Kode schneller machen
kann, als die Hardware zul3sst.
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Priifen wir das nach

® Es wird die Laufzeit dann in Sekunden

als float liefern.

Allerdings wére eine einzige Messung
nicht sehr verlasslich, sie konnte durch
das Scheduling durch das
Betriebssystem oder durch Garbage
Collection vom Python-Interpreter
verunreinigt werden3®.

Deshalb sagen wir der
repeat-Funktion, 50 solcher
Messungen durchzufiihren (Argument
repeat=50).

Dadurch bekommen wir alle
gemessenen Laufzeiten als
list[float].

Gute Praxis

Wenn wir die Laufzeit von Kode fiir bestimm-
te Inputs priifen, dann ergibt es Sinn, mehre-
re Messungen zu machen und das Minimum
der beobachteten Ergebnisse zu nehmen?.
Der Grund ist, das viele Faktoren (CPU-
Temperatur, andere Prozesse, ... ) die Laufzeit
negativ beeinflussen kénnen. Es gibt aber kei-
nen Faktor, der unseren Kode schneller machen
kann, als die Hardware zuldsst. Also gibt uns das
Minimum den akuratesten Eindruck darauf, wie
schnell unser Kode auf unserem Computer lau-
fen kann.
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Priifen wir das nach

® Es wird die Laufzeit dann in Sekunden

als float liefern.

Allerdings wére eine einzige Messung
nicht sehr verlasslich, sie konnte durch
das Scheduling durch das
Betriebssystem oder durch Garbage
Collection vom Python-Interpreter
verunreinigt werden3®.

Deshalb sagen wir der
repeat-Funktion, 50 solcher
Messungen durchzufiihren (Argument
repeat=50).

Dadurch bekommen wir alle
gemessenen Laufzeiten als
list[float].

Gute Praxis

Wenn wir die Laufzeit von Kode fiir bestimm-
te Inputs priifen, dann ergibt es Sinn, mehre-
re Messungen zu machen und das Minimum
der beobachteten Ergebnisse zu nehmen?.
Der Grund ist, das viele Faktoren (CPU-
Temperatur, andere Prozesse, ... ) die Laufzeit
negativ beeinflussen kénnen. Es gibt aber kei-
nen Faktor, der unseren Kode schneller machen
kann, als die Hardware zuldsst. Also gibt uns das
Minimum den akuratesten Eindruck darauf, wie
schnell unser Kode auf unserem Computer lau-
fen kann. Beachte, dass Effekte wie Caching im-
mer noch unsere Messwerte verunreinigen kon-
nen.
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Priifen wir das nach

o Allerdings wiare eine einzige Messung
nicht sehr verlasslich, sie konnte durch
das Scheduling durch das
Betriebssystem oder durch Garbage
Collection vom Python-Interpreter

i verunreinigt werden>¢.

® Deshalb sagen wir der
repeat-Funktion, 50 solcher
Messungen durchzufiihren (Argument
repeat=50).

s T

® Dadurch bekommen wir alle
gemessenen Laufzeiten als
list[float].

& L.

Vil

® Also machen wir genau das.
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.

# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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Priifen wir das nach

O DeShalb Sagen wir der """Measure the runtime of list construction via the append method."""
repeat-Funktion, 50 solcher
Messungen durchzufiihren (Argument
repeat=50). def create_by_append() -> list[int]:

from timeit import repeat # needed for measuring the runtime

Create the list of even numbers within 0..1'000'000.

® Dadurch bekommen wir alle
gemessenen Laufzeiten als bore: et - D
numbers: 1is in =

list[float]. for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)

® Also machen wir genau das. return numbers

:return: the list of even numbers within 0..1'000'000

® repeat glbt uns eine Liste mit # Perform 50 repetitions of 1 ewmecution of create_by_append.
. # Obtain the minimum runtime of any ezecution as the lower bound of how
gemessenen Laufzeiten. G Foet the Gote Goo D
time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))

print ("==== iterative list construction via append ====
print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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Priifen wir das nach

® Dadurch bekommen wir alle
gemessenen Laufzeiten als
list[float].

® Also machen wir genau das.

® repeat gibt uns eine Liste mit
gemessenen Laufzeiten.

® Die Funktion min akzeptiert eine
Sequenz von Elementen und gibt uns
das kleinste Element daraus zuriick.®

"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the runtime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if 1 % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the Lower bound of how
# fast this code can run.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ===="

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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Priifen wir das nach

® Dadurch bekommen wir alle
gemessenen Laufzeiten als
list[float].

® Also machen wir genau das.

"""Measure the runtime of list construction via the append method."""

from timeit import repeat

# needed for measuring the runtime

create_by_append () -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

. ® repeat gibt uns eine Liste mit
gemessenen Laufzeiten. mmERgs L] = @
for i in range(1_000_001):
if i % 2 == 0:

® Die Funktion min akzeptiert eine
Sequenz von Elementen und gibt uns

=M s Teo

numbers.append (i)
return numbers

- .

das kleinste Element daraus zuriick.® 5 Porjorm B0 Fapeittions of f cEeentten 0] CraCie.BY-aand.
# Obtain the minimum runtime of any exzecution as the lower bound of how
# fast this code can Tun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

® Also drucken wir das Ergebnis von
min angewandt auf die von repeat

Zurﬂckge“eferte Liste. J python3 list_of_numbers_append.py /|

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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Priifen wir das nach

® Also machen wir genau das.

"""Measure the runtime of list construction via the append method."""

'Y repeat glbt uns eine Liste mlt from timeit import repeat # needed for measuring the runtime
gemessenen Laufzeiten.

def create_by_append() -> list[int]:

Y Dle Funktion min akzeptiert eine Create the list of even numbers within 0..1'000'000.
é Sequenz von Elementen und g|bt uns :return: the list of even numbers within 0..1'000'000
-5 e
q das kleinste Element daraus zuriick.® numbers: list(int] = [J
for i in range(1_000_001):
i i < if i % 2 == 0:
: ® Also drucken wir das Ergebnis von numbers . append (1)
. return numbers
\ min angewandt auf die von repeat
zur'dckgelieferte Liste. # Perform 50 repetitions of 1 ezecution of create_by_append.
# Obtain the minimum runtime of any ewecution as the lower bound of how
. . x # fast this code can run.
e Wir formatieren die Ausgabe als Mo fin_0p Flent = mim(EeRent (ERIeHo Y eRpand , MEROET, FORCeE=E))
2 - - print ("==== iterative list construction via append ====")
: Millisekunden gerundet auf drei print (£'runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.
3 Dezimalste”en, damlt es etwas | python3 list_of_numbers_append.py |
? Iesbarer W“'d ====}iterative list construction via append ====
4 runtime/call: 60.0 ms.

N
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Priifen wir das nach

® repeat gibt uns eine Liste mit
gemessenen Laufzeiten.

® Die Funktion min akzeptiert eine
Sequenz von Elementen und gibt uns
das kleinste Element daraus zuriick.®

® Also drucken wir das Ergebnis von
] min angewandt auf die von repeat
zurlickgelieferte Liste.

e Wir formatieren die Ausgabe als
Millisekunden gerundet auf drei
Dezimalstellen, damit es etwas
lesbarer wird.

& L.

Nun wird das Portable Document
Format (PDF)-Dokument dieser
Slides automatisch von einer
GitHub Action’ gebaut.
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.

# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.
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Priifen wir das nach

® Die Funktion min akzeptiert eine
Sequenz von Elementen und gibt uns
das kleinste Element daraus zuriick.®

® Also drucken wir das Ergebnis von
min angewandt auf die von repeat

-{ zuriickgelieferte Liste.

~® Wir formatieren die Ausgabe als

4 Millisekunden gerundet auf drei
Dezimalstellen, damit es etwas
lesbarer wird.

‘, ® Nun wird das Portable Document

q

Format (PDF)-Dokument dieser
Slides automatisch von einer
GitHub Action” gebaut.
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aus und webt ihren Output in die

"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.

# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_comprehension.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_append.py

Priifen wir das nach
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zuriickgelieferte Liste.

e Wir formatieren die Ausgabe als
Millisekunden gerundet auf drei
-{ Dezimalstellen, damit es etwas
; lesbarer wird.

? ® Nun wird das Portable Document
Format (PDF)-Dokument dieser
Slides automatisch von einer
GitHub Action” gebaut.
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ich die Slides update.
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_comprehension.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_append.py

Priifen wir das nach

e Wir formatieren die Ausgabe als
Millisekunden gerundet auf drei
Dezimalstellen, damit es etwas
lesbarer wird.

® Nun wird das Portable Document
: Format (PDF)-Dokument dieser
Slides automatisch von einer

; GitHub Action” gebaut.

: ® Diese fiihrt alle Beispielprogramme
aus und webt ihren Output in die
Slides.

v ® Dies wird wiederholt, jedesmal wenn

ich die Slides update.

Vil

® Das bedeutet, dass wenn ich diesen
Text schreibe, ich nicht wissen kann,
welchen Wert Sie letztendlich sehen

Z

"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_comprehension.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_append.py

Priifen wir das nach

® Nun wird das Portable Document
Format (PDF)-Dokument dieser
Slides automatisch von einer
GitHub Action” gebaut.

® Diese fiihrt alle Beispielprogramme
: aus und webt ihren Output in die
Slides.

.
? ® Dies wird wiederholt, jedesmal wenn
ich die Slides update.
® Das bedeutet, dass wenn ich diesen
’ Text schreibe, ich nicht wissen kann,
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welchen Wert Sie letztendlich sehen
werden.
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® Auf meiner lokalen Maschine habe ich
runtime/call: 30.1 ms.

bekommen.
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_append() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_comprehension.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_append.py

Priifen wir das nach

® Diese fiihrt alle Beispielprogramme
aus und webt ihren Output in die
Slides.

® Dies wird wiederholt, jedesmal wenn
ich die Slides update.

L sl

® Das bedeutet, dass wenn ich diesen
Text schreibe, ich nicht wissen kann,
welchen Wert Sie letztendlich sehen
werden.
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"""Measure the runtime of list construction via the append method."""

from timeit import repeat

# needed for measuring the runtime

create_by_append () -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

numbers: list[int] = []
for i in range(1_000_001):
if i % 2 == 0:

numbers.append (i)
return numbers

- .

# Perform 50 repetitions of 1 emecution of create_by_append.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can rTun.

time_in_s: float = min(repeat(create_by_append, number=1, repeat=50))
print ("==== iterative list construction via append ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

e Auf meiner lokalen Maschine habe ich
runtime/call: 30.1 ms.

bekommen.
| python3 list_of_numbers_append.py |

==== jterative list construction via append ====
runtime/call: 60.0 ms.

® Egal.
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Priifen wir das nach

® Dies wird wiederholt, jedesmal wenn
ich die Slides update.

® Das bedeutet, dass wenn ich diesen
Text schreibe, ich nicht wissen kann,
welchen Wert Sie letztendlich sehen
werden.

® Auf meiner lokalen Maschine habe ich
runtime/call: 30.1 ms.
bekommen.

® Egal.

® Um nun zu testen, ob List
Comprehension nun wirklich schneller
als die iterative Listenkonstruktion via
append ist, schreiben wir Programm
list_of_numbers_comprehension.py.
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"""Measure the runtime of list construction via list comprehension."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can Tun.

time_in_s: float = min(repeat(
create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_comprehension.py |
==== list comprehension ====

runtime/call: 54.2 ms.

==== iterative list construction via append ====
runtime/call: 60.0 ms.


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_comprehension.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_append.py
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Priifen wir das nach

® Auf meiner lokalen Maschine habe ich
runtime/call: 30.1 ms.
bekommen.

® Egal.

® Um nun zu testen, ob List
Comprehension nun wirklich schneller
als die iterative Listenkonstruktion via
append ist, schreiben wir Programm
list_of_numbers_comprehension.py.

® Dieses Programm macht fast das
gleiche wie Programm
list_of _numbers_append.py von
eben.

"""Measure the runtime of list construction via list comprehension."""

from timeit import repeat # needed for measuring the runtime

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can Tun.

time_in_s: float = min(repeat(
create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension ===="

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_comprehension.py |
==== list comprehension ====

runtime/call: 54.2 ms.

==== iterative list construction via append ====
runtime/call: 60.0 ms.


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_comprehension.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_append.py

Vil

R vor il

Priifen wir das nach

® Egal.

® Um nun zu testen, ob List

Comprehension nun wirklich schneller
als die iterative Listenkonstruktion via
append ist, schreiben wir Programm

list_of_numbers_comprehension.py.

Dieses Programm macht fast das
gleiche wie Programm

list_of _numbers_append.py von
eben.

Es definiert eine Funktion
create_by_comprehension, die die
selbe Liste wie create_by_append
erstellt.

"""Measure the runtime of list construction via list comprehension."""

from timeit import repeat # needed for measuring the runtime

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can Tun.

time_in_s: float = min(repeat(
create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension ===="

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_comprehension.py |
==== list comprehension ====

runtime/call: 54.2 ms.

==== iterative list construction via append ====
runtime/call: 60.0 ms.


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_comprehension.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_append.py
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Priifen wir das nach

® Egal.

® Um nun zu testen, ob List
Comprehension nun wirklich schneller
als die iterative Listenkonstruktion via
append ist, schreiben wir Programm
list_of_numbers_comprehension.py.

® Dieses Programm macht fast das
gleiche wie Programm
list_of _numbers_append.py von
eben.

® Es definiert eine Funktion
create_by_comprehension, die die
selbe Liste wie create_by_append
erstellt.

® Nur das die Funktion List
Comprehension verwendet.
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"""Measure the runtime of list construction via list comprehension.

from timeit import repeat

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# needed for measuring the runtime

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how

# fast this code can run.
time_in_s: float = min(repeat(

create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension
print (f"runtime/call: {1000 * time_in_s:

.3} ms.") # Print

| python3 list_of_numbers_comprehension.py |

==== list comprehension
runtime/call: 54.2 ms.

iterative list construction via append ====
runtime/call: 60.0 ms.

the result.


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_comprehension.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_append.py
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Priifen wir das nach

® Dieses Programm macht fast das
gleiche wie Programm
list_of_numbers_append.py von
eben.

® Es definiert eine Funktion
create_by_comprehension, die die
selbe Liste wie create_by_append
erstellt.

® Nur das die Funktion List
Comprehension verwendet.

® Wir messen die Laufzeit dieser
Funktion genauso wie vorhin.

"""Measure the runtime of list construction via list comprehension.

from timeit import repeat

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# needed for measuring the runtime

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how

# fast this code can Tun.

time_in_s: float = min(repeat(
create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension ===="

print (f£"runtime/call: {1000 * time_in_s:.3} ms.") # Print

| python3 list_of_numbers_comprehension.py |
==== list comprehension ====

runtime/call: 54.2 ms.

==== iterative list construction via append ====
runtime/call: 60.0 ms.

the result.
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Priifen wir das nach

® Dieses Programm macht fast das
gleiche wie Programm
list_of_numbers_append.py von
eben.

® Es definiert eine Funktion

: create_by_comprehension, die die
selbe Liste wie create_by_append
erstellt.
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® Nur das die Funktion List
Comprehension verwendet.

® Wir messen die Laufzeit dieser
Funktion genauso wie vorhin.
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Natiirlich ist das Ergebnis jedesmal
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"""Measure the runtime of list construction via list comprehension."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can Tun.

time_in_s: float = min(repeat(
create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_comprehension.py |
==== list comprehension ====

runtime/call: 54.2 ms.

==== iterative list construction via append ====
runtime/call: 60.0 ms.


https://github.com/thomasWeise/programmingWithPythonCode/blob/d0e675ea1f378425359d8608b0a5f1892c816fd8/iteration/list_of_numbers_append.py

Priifen wir das nach

® Es definiert eine Funktion
create_by_comprehension, die die
selbe Liste wie create_by_append
erstellt.

® Nur das die Funktion List
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® Auf meiner lokalen Machine habe ich
runtime/call: 28.7 ms.
bekommen.
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"""Measure the runtime of list construction via list comprehension.

from timeit import repeat

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.
:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# needed for measuring the runtime

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how

# fast this code can Tun.

time_in_s: float = min(repeat(
create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print

| python3 list_of_numbers_comprehension.py |
==== list comprehension ====

runtime/call: 54.2 ms.

==== iterative list construction via append ====
runtime/call: 60.0 ms.

the result.



Priifen wir das nach

® Nur das die Funktion List
Comprehension verwendet.

® Wir messen die Laufzeit dieser
Funktion genauso wie vorhin.

i ® Natiirlich ist das Ergebnis jedesmal
anders, wenn ich die Slides update.

® Auf meiner lokalen Machine habe ich
runtime/call: 28.7 ms.
bekommen.
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® Das bestatigt, das List
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schneller als iterative Konstruktion ist.

"""Measure the runtime of list construction via list comprehension."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can Tun.

time_in_s: float = min(repeat(
create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_comprehension.py |

==== list comprehension ====
runtime/call: 54.2 ms.

==== iterative list construction via append ====
runtime/call: 60.0 ms.



Priifen wir das nach

® Wir messen die Laufzeit dieser
Funktion genauso wie vorhin.

® Natiirlich ist das Ergebnis jedesmal
anders, wenn ich die Slides update.

i ® Auf meiner lokalen Machine habe ich
runtime/call: 28.7 ms.
bekommen.
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® Das bestatigt, das List
Comprehension tatsachlich etwas

schneller als iterative Konstruktion ist.

® |n 3lteren Python-Versionen ist der
Unterschied groRer.
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"""Measure the runtime of list construction via list comprehension."""

from timeit import repeat

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.
:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# needed for measuring the runtime

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how

# fast this code can Tun.

time_in_s: float = min(repeat(
create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print

| python3 list_of_numbers_comprehension.py |

==== list comprehension ====
runtime/call: 54.2 ms.

==== iterative list construction via append ====
runtime/call: 60.0 ms.

the result.



Priifen wir das nach

® Natiirlich ist das Ergebnis jedesmal
anders, wenn ich die Slides update.

® Auf meiner lokalen Machine habe ich
runtime/call: 28.7 ms.
bekommen.

® Das bestitigt, das List
Comprehension tatsachlich etwas

=My T

® |n dlteren Python-Versionen ist der
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schneller als iterative Konstruktion ist.

"""Measure the runtime of list construction via list comprehension."""

from timeit import repeat # needed for measuring the Tuntime

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.

:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how
# fast this code can Tun.

time_in_s: float = min(repeat(
create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print the result.

| python3 list_of_numbers_comprehension.py |

==== list comprehension ====
runtime/call: 54.2 ms.

==== iterative list construction via append ====
runtime/call: 60.0 ms.



Priifen wir das nach

e Auf meiner lokalen Machine habe ich
runtime/call: 28.7 ms.
bekommen.

® Das bestitigt, das List
Comprehension tatsichlich etwas

® |n 3lteren Python-Versionen ist der
Unterschied groRer.
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® Aber er ist auch heute noch da und
messbar.

® Aber selbst wenn es keinen
Unterschied gabe ... List
Comprehension ist kiirzerer und
eleganterer Kode.
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: schneller als iterative Konstruktion ist.

"""Measure the runtime of list construction via list comprehension.

from timeit import repeat

def create_by_comprehension() -> list[int]:

Create the list of even numbers within 0..1'000'000.
:return: the list of even numbers within 0..1'000'000

return [i for i in range(1_000_001) if i % 2 == 0]

# needed for measuring the runtime

# Perform 50 repetitions of 1 ewecution of create_by_comprehension.
# Obtain the minimum runtime of any ezecution as the lower bound of how

# fast this code can Tun.

time_in_s: float = min(repeat(
create_by_comprehension, number=1, repeat=50))
print ("==== list comprehension ====")

print (f"runtime/call: {1000 * time_in_s:.3} ms.") # Print

| python3 list_of_numbers_comprehension.py |

==== list comprehension ====
runtime/call: 54.2 ms.

==== iterative list construction via append ====
runtime/call: 60.0 ms.

the result.
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for-Schleifen.
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Zusammenfassung

e Mit List Comprehension haben wir eine elegante, compakte, und machtige Methode zum
Erstellen von Listen kennengelernt.

® Sie generalisiert die Idee von Listen-Literalen und kombiniert sie mit verschachtelbaren
for-Schleifen.

® Nicht nur das diese Methode, Listen zu konstruieren, kompakter ist als Elemente in einer
Schleife an eine Liste anzufiigen, sie ist auch noch schneller.

e Comprehension lasst sich auch auf ein paar andere Kollektionstypen anwenden. . .



oS4 !
Thank youl
Vielen Dank!
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Glossary (in English) |

EA An evolutionary algorithm is a metaheuristic optimization method that maintains a population of candidate solutions, which
undergo selection (where better solutions are chosen with higher probability) and reproduction (where mutation and

L recombination create a new candidate solution from one or two existing ones, repectively)z"w.
- C is a programming language, which is very successful in system programming situations'2:37.

f-string let you include the results of expressions in strings®'14:15:17:33:42 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

3 delimited by £"...".

FFA Frequency Fitness Assignment is a algorithm plugin for optimization methods applied to discrete or combinatorial problems

" with not-too-many different possible objective values. It replaces the objective values in all comparisons with their absolute

H encounéer frequency so far during the search. FFA has successfully been applied to the Quadratic Assignment Problem

‘ (QAP)°.

Git is a distributed Version Control Systems (VCS) which allows multiple users to work on the same code while preserving the
‘ history of the code changes‘u'“. Learn more at https://git-scm.com.

GitHub is a website where software projects can be hosted and managed via the Git VCS3%4%. Learn more at https://github.com.

JSSP  The Job Shop Scheduling Problem®3 is one of the most prominent and well-studied scheduling tasks. In a JSSP instance,
there are k machines and m jobs. Each job must be processed once by each machine in a job-specific sequence and has a
job-specific processing time on each machine. The goal is to find an assignment of jobs to machines that results in an overall
shortest makespan, i.e., the schedule which can complete all the jobs in the shortest time. The JSSP is NP-complete®23. %

linter A linter is a tool for analyzing program code to identify bugs, problems, vulnerabilities, and inconsistent code sty|e52°'39. Ruff
is an example for a linter used in the Python world.
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= literal A literal is a specific concrete value, something that is written down as-is . In Python, for example, "abc" is a string

literal, 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 P
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.

modulo division is, in Python, done by the operator % that computes the remainder of a division. 15 % 6 gives us 3.

Mypy is a static type checking tool for Python?” that makes use of type hints. Learn more at https://github.com/python/mypy and

in5°.

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

13,563

PDF The Portable Document Format is the format in which provide this book. It is the standard format for the exchange of

documents in the internet.

19,25,30,50

Python The Python programming language , i.e., what you will learn about in our book®°. Learn more at

https://python.org.

PESA T T 0 wAS A B ES T BRESY WA CER F ¥ oo T {


https://github.com/python/mypy
https://python.org

AR 4 Rk <

< SF A . il

Glossary (in English) 111

- QAP The Quadratic Assignment Problem is an optimization problem where the goal is to assign a set of n facilities to a set of

= n locations®2:222%  Such an assignment can be represented as a permutation x of the first n natural numbers, where

'.S x; specifies the location where facility 7 should be placed. For each QAP, a distance matrix D is given, where D, specifies

i the distance from location p to location g, as well as a flow matrix F', where F;; is the amount of material flowing from
facility 4 to facility j. The objective function f then rates a permutation z as f(z) = >7" 4 Z;L:]_ Dy, ’ F;j. The QAP is

N P-complete?®.

Ruff is a linter and code formatting tool for Python31:32. Learn more at https://docs.astral.sh/ruff or in®°.

(string) interpolation In Python, string interpolation is the process where all the expressions in an f-string are evaluated and the final string is
constructed. An example for string interpolation is turning f"Rounded {1.234:.2f}" to "Rounded 1.23".

TSP In an instance of the Traveling Salesperson Problem, also known as Traveling Salesman Problem, a set of n cities or locations
as well as the distances between them are defined?18:24:28,51,52 T goal is to find the shortest round-trip tour that starts
at one city, visits all the other cities one time each, and returns to the origin. The TSP is one of the most well-known

NP-hard combinatorial optimization problemsls. )

type hint are annotations that help programmers and static code analysis tools such as Mypy to better understand what type a variable
or function parameter is supposed to be>247 . 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.

VCS 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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NP

N P-complete

N P-hard

with 72,7 € Z and 7 < j is the set that contains all integer numbers in the inclusive range from i to j. For example, 5..9 is
equivalent to {5,6,7,8,9}

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

A decision problem is A/P-complete if it is in A”P and all problems in NP are reducible to it in polynomial time%38. A
problem is N'P-complete if it is N'P-hard and if it is in N'P.

Algorithms that guarantee to find the correct solutions of N P-hard problemss'm'23

need a runtime that is exponential in the

problem scale in the worst case. A problem is A/P-hard if all problems in A/P are reducible to it in polynomial time'®.

the set of the real numbers.

the set of the integers numbers including positive and negative numbers and 0, i.e., ..., -3,-2,-1,0, 1, 2, 3, ..., and so on.
It holds that Z C R.
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