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Programming with Python

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

Die  Webseite  mit  dem Lehrmaterial dieses  Kurses  ist  htt-
ps://thomasweise.github.io/programmingWithPython (siehe auch den QR-Kode
unten rechts). Dort kdnnen Sie das Kursbuch (in Englisch) und diese Slides finden.
Das Repository mit den Beispielprogrammen in Python finden Sie unter htt-
ps:/ /github.com/thomasWeise /programmingWithPythonCode.
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® Listen und Tuples sind klassische Sequenz-basierte Datenstrukturen.
® Eine weitere klassische Datenstruktur ist die Menge, auf English set.
® Listen und Tupels kénnen ein bestimmtes Element beliebig oft beinhalten.

® Mengen implementieren dagegen das mathematische Konzept von Mengen.

Sie konnen ein Element hochstens einmal beihalten.
Gute Praxis

Speichern Sie nur unveranderliche Objekte in Mengen.
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Einleitung

® Listen und Tuples sind klassische Sequenz-basierte Datenstrukturen.

® Eine weitere klassische Datenstruktur ist die Menge, auf English set.

® Listen und Tupels kénnen ein bestimmtes Element beliebig oft beinhalten.
® Mengen implementieren dagegen das mathematische Konzept von Mengen.
® Sie konnen ein Element hdchstens einmal beihalten.

® Man sollte auch nur unverdnderliche Objekte in Mengen speichern, denn wenn man
veranderliche Objekte in Mengen speichern wiirde, dann kénnte man nicht mehr
garantieren, dass ein Element hdchstens einmal vorkommt.

® Mengen selbst sind aber verdnderlich.

Gute Praxis

Mengen sind ungeordnet. Machen Sie niemals irgendwelche Annahmen dariiber, in welche
Reihenfolge Ojekte in Mengen gespeichert werden.
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Einleitung

Eine weitere klassische Datenstruktur ist die Menge, auf English set.

Listen und Tupels kénnen ein bestimmtes Element beliebig oft beinhalten.
Mengen implementieren dagegen das mathematische Konzept von Mengen.
Sie kénnen ein Element hdchstens einmal beihalten.

Man sollte auch nur unverdnderliche Objekte in Mengen speichern, denn wenn man
verdnderliche Objekte in Mengen speichern wiirde, dann kdnnte man nicht mehr
garantieren, dass ein Element hdchstens einmal vorkommt.

Mengen selbst sind aber veranderlich.
Mengen sind ungeordnete Kollektionen®?.
Deshalb kénnen wir Mengen auch nicht indizieren (anders als Listen oder Tupels).

Wahrscheinlich fragen Sie sich nun: Wofiir brauche ich eigentlich Mengen?
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Wofiir wir Mengen brauchen.

o Wofiir brauche ich eigentlich Mengen?

® Elemente in eine Kollektion einfligen oder I6schen und gucken, ob ein Element in einer
Kollektion ist ... das konnen wir auch mit Listen machen.
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Wofiir wir Mengen brauchen.

o Wofiir brauche ich eigentlich Mengen?

® Elemente in eine Kollektion einfligen oder I6schen und gucken, ob ein Element in einer
Kollektion ist ... das kénnen wir auch mit Listen machen.

® Und bei Listen kdnnen wir iiber Indizes auf einzelne Elemente zugreifen, bei Mengen nicht.
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daher die Performanz dieser Datenstrukturen!?:39:64,

Y 3 & R R



Wofiir wir Mengen brauchen.

o Wofiir brauche ich eigentlich Mengen?
® Mengen sind schnell.

® Mengen sind in Python auf dem Konzept von Hash-Tabellen implementiert und haben
daher die Performanz dieser Datenstrukturen!?:39:64,

® Wenn wir priifen wollen, ob ein Element x in einer Menge ist, dann kdnnen wir das im
Durchschnitt in O(1) machen, also in etwa in konstanter Zeit, gleichgiiltig wie viele
Elemente in der Menge sind!33:52
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Wofiir wir Mengen brauchen.

o Wofiir brauche ich eigentlich Mengen?

® Mengen sind schnell.

® Mengen sind in Python auf dem Konzept von Hash-Tabellen implementiert und haben
daher die Performanz dieser Datenstrukturen’:3%:04,

® Wenn wir priifen wollen, ob ein Element x in einer Menge ist, dann kdnnen wir das im
Durchschnitt in O(1) machen, also in etwa in konstanter Zeit, gleichgiiltig wie viele
Elemente in der Menge sind!33:52

® Bei einer Liste mit n Elementen dauert das O(n) im Durchschnitt, also eine Zeit linear in
der Lange der Liste.
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Wofiir wir Mengen brauchen.

o Wofiir brauche ich eigentlich Mengen?
® Mengen sind schnell.

® Mengen sind in Python auf dem Konzept von Hash-Tabellen implementiert und haben
daher die Performanz dieser Datenstrukturen’:3%:04,

® Wenn wir priifen wollen, ob ein Element x in einer Menge ist, dann kdnnen wir das im
Durchschnitt in O(1) machen, also in etwa in konstanter Zeit, gleichgiiltig wie viele
Elemente in der Menge sind!33:52

® Bei einer Liste mit n Elementen dauert das O(n) im Durchschnitt, also eine Zeit linear in
der Lange der Liste.

® \Wenn wir nur wenige Elemente haben oder eine Reihenfolge der Elemente brauchen, dann
nehmen wir Listen.

® Wenn wir mehr Elemente haben und effizient priifen wollen, ob ein Element beinhaltet ist,
oder wenn wir effizient Mengenoperationen ausfiihren wollen, dann nehmen wir Mengen.
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Erstellen, Type Hints, Einfache Operationen

"""An example of creating, modifying, and converting sets.

set [str] =

® Mengen-Literale werden mit S
geschweiften Klammern definiert.

print (f"some uppercase letters are:

upper.add("z") #
upper.add("A") #
upper.add("zZ") #
print (f"some more

upper .update (["K",

print (f"even more

lower_tuple: tuplel[str, ...] = ("b", "i",

lower: set([str] =

print (f"some lowercase letters are:

lower.remove ("b")
print (f"lowercase
— .

letters: set[str]

letters.update (upper)

{"A", "G, “"BM, "T", "yr}

{upper}")

# Print

Add the letter "Z" to the set.
The letter "A" is already in the set.
The letter "Z" is already in the set.

uppercase letters are:

ngn, e, Qe nynl)
uppercase letters are:

{upper}")

# Some uppercase letters...

the set.

# Print the set.

# Try to add 5 letters.

{upper}")

nwan

hl

wen wgn

# Print the set.

win

set (lower_tuple) # Convert a tuple to a set.

{lower}")

# Print

the set 'lower'.

# Delete letter b from the set of lower case letters.

letters after deleting

b

{lower}")

# Print the set

= set(lower) # Copy the set of lowercase characters.

# Add all uppercase characters.

print (f"some letters are: {letters}") # Print the set

'letters '.

# Create a sorted list containing all elements of the set letters.
# Warning: Strings are sorted such that uppercase characters come before
# lowercase characters.

letters_list: list[str] = sorted(letters)
print (f"the sorted list of letters is:

{letters_list}")
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Erstellen, Type Hints, Einfache Operationen

® Mengen-Literale werden mit
geschweiften Klammern definiert.

e Als Type-Hint wird set[T]
verwendet, wobei T der Datentyp fiir
die Elemente der Menge ist (und set
der Datentyp fiir Mengen).

"""An example of creating, modifying, and converting sets."""
upper: set[str] = {"A", "G", "B", "T", "V"} # Some uppercase letters...
print (f"some uppercase letters are: {upperl}") # Print the set.

upper.add("Z") # Add the letter "Z" to the set.

upper.add("A") # The letter "A" is already in the set.
upper.add("Z") # The letter "Z" is already in the set.

print (f"some more uppercase letters are: {upper}") # Print the set.

upper .update (["K", "G", "W", "Q", "W"]) # Try to add 5 letters.

print (f"even more uppercase letters are: {upperl}") # Print the set.
lower_tuple: tuplel[str, ...] = ("b", "i", "j", "c", "t", "i"

lower: set[str] = set(lower_tuple) # Convert a tuple to a set.

print (f"some lowercase letters are: {lower}") # Print the set 'lower'.
lower.remove ("b") # Delete letter b from the set of lower case letters.

print (f"lowercase letters after deleting 'b': {lower}") # Print the set
= o
letters: set[str] = set(lower) # Copy the set of lowercase characters.

letters.update (upper)
print (f"some letters are:

characters.
# Print the set

# Add all uppercase
{letters}") ‘letters'.

# Create a sorted list containing all elements of the set letters.

# Warning: Strings are sorted such that uppercase characters come before
# lowercase characters.
letters_list: list[str] =
print (f"the sorted list of letters is:

sorted(letters)
{letters_list}")
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"""An example of creating,

® Mengen-Literale werden mit upper: set [avr]
geschweiften Klammern definiert.

print (f"some uppercase letters are:

upper.add("z")
upper.add ("A")

e Als Type-Hint wird set[T] upper . add ("2")
verwendet, wobei T der Datentyp fiir

% a upper .update (["K",
die Elemente der Menge ist (Und 'Set ' print(feven more uppercase letters are:

der Datentyp fiir Mengen). P . T

lower: setl[str]

° . o3 g print (f"some lowercase letters are:
Mit s.add(e) konnen wir das B e it
Element e in d|e Menge s elnfugen print (f"lowercase letters after deleting
.

letters: set[str]
letters.update (upper)
print (f"some letters are:

# Create a sorted list containing all elements of the set

and converting sets.

is already in the set.

print (f"some more uppercase letters are:

set (lower_tuple)

letter b from the set of lower

'letters

# Some uppercase letters...
# Print the set.

# Print the set.

# Try to add 5 letters.
# Print the set.

win
# Convert a tuple to a

set.

set 'lower'.
case letters.
Print the set

# Copy the set of lowercase characters.
# Add all uppercase
# Print the set

letters.

# Warning: Strings are sorted such that uppercase characters come before

# lowercase characters.
letters_list: list[str]
print (f"the sorted list of letters is:

sorted(letters)
{letters_list}")
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Erstellen, Type Hints, Einfache Operationen

® Mengen-Literale werden mit
geschweiften Klammern definiert.

e Als Type-Hint wird set[T]
verwendet, wobei T der Datentyp fiir
die Elemente der Menge ist (und set
der Datentyp fiir Mengen).

® Mit s.add(e) kdnnen wir das
Element e in die Menge s einfligen.

® Mit s.update(c) fiigen wir alle
Elemente der Kollektion c in die
Menge s ein.

"""An example of creating, modifying, and converting sets.

upper: set[str] = {"A", "GN, "B, uTw  wyn}
print (f"some uppercase letters are: {upper}")

# Some uppercase letters...
# Print the set.

upper.add("Z") # Add the letter "Z" to the set.

upper.add("A") # The letter "A" is already in the set.
upper.add("Z") # The letter "Z" is already in the set.

print (f"some more uppercase letters are: {upper}") # Print the set.

upper .update (["K", "G", "W, "Q", "W"])
print(f"even more uppercase letters are: {upperl}")

# Try to add 5 letters.
# Print the set.

lower_tuple: tuplelstr, ...l = ("b", "i", "j", "c", "t", "i"

lower: set[str] = set(lower_tuple) # Convert a tuple to a set.

print (f"some lowercase letters are: {lower}") # Print the set 'lower'.
lower.remove ("b") # Delete letter b from the set of lower case letters.

print (f"lowercase letters after deleting 'b': {lower}") # Print the set
= o
letters: set[str] = set(lower) # Copy the set of lowercase characters.

letters.update (upper)
print (f"some letters are: {letters}")

# Add all uppercase characters.
# Print the set 'letters'.

# Create a sorted list containing all elements of the set letters.

# Warning: Strings are sorted such that uppercase characters come before
# lowercase characters.

letters_list: list[str] = sorted(letters)

print (f"the sorted list of letters is: {letters_list}")
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Erstellen, Type Hints, Einfache Operationen

® Mengen-Literale werden mit
geschweiften Klammern definiert.

e Als Type-Hint wird set[T]
verwendet, wobei T der Datentyp fiir
die Elemente der Menge ist (und set
der Datentyp fiir Mengen).

® Mit s.add(e) kdnnen wir das
Element e in die Menge s einfligen.

® Mit s.update(c) fiigen wir alle
Elemente der Kollektion c in die
Menge s ein.

® Mit set(c) erstellen wir eine Menge
mit den Elementen der Kollektion c.

"""An example of creating, modifying, and converting sets."""

upper: set[str] = {"A", "GN, "B, uTw  wyn}
print (f"some uppercase letters are: {upper}")

# Some uppercase letters...
# Print the set. ‘

upper.add("z")
upper.add("A")
upper.add("z")
print (f"some more uppercase letters are: {upper}")

# Add the letter "Z" to the set.

# The letter "A" is already in the set.

# The letter "Z" is already in the set.

# Print the set.

upper .update (["K", "G", "W", "Q", "W"]) # Try to add 5 letters.
print(f"even more uppercase letters are: {upper}") # Print the set.
lower_tuple: tuple([str, ...l = ("b", "i", "j", "c", "t", "i")
lower: set[str] = set(lower_tuple) # Convert a tuple to a set.

print (f"some lowercase letters are: {lower}") # Print the set 'lower'.

lower.remove ("b") # Delete letter b from the set of lower case letters.

print (f"lowercase letters after deleting 'b': {lower}") # Print the set
o .

letters: set[str] = set(lower)
letters.update (upper)
print (f"some letters are: {letters}")

# Copy the set of lowercase characters.
# Add all uppercase characters.
# Print the set 'letters'.

# Create a sorted list containing all elements of the set letters.

# Warning: Strings are sorted such that uppercase characters come before
# lowercase characters.

letters_list: list[str] = sorted(letters)

print (f"the sorted list of letters is: {letters_list}")
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Erstellen, Type Hints, Einfache Operationen

® Als Type-Hint wird set [T]
verwendet, wobei T der Datentyp fiir
die Elemente der Menge ist (und set
der Datentyp fiir Mengen).

® Mit s.add(e) konnen wir das
Element e in die Menge s einfligen.

® Mit s.update(c) fiigen wir alle
Elemente der Kollektion c in die
Menge s ein.

® Mit set(c) erstellen wir eine Menge
mit den Elementen der Kollektion c.

® s.remove(e) entfernt das
Element e aus der Menge s.

"""An example of creating, modifying, and converting sets."""

upper: set[str] = {"A", "GN, BN, T, wyn}
print (f"some uppercase letters are: {upper}")

# Some uppercase letters..

# Print the set. ‘
upper.add("Z") # Add the letter "Z" to the set.
upper.add("A") # The letter "A" is already in the set.
upper.add("Z") # The letter "Z" is already in the set.
print (f"some more uppercase letters are: {upper}") # Print the set.

upper .update (["K", "G", "W", "Q", "W"]) # Try to add 5 letters.
print(f"even more uppercase letters are: {upper}") # Print the set.

lower_tuple: tuple([str, ...l = ("b", "i", "j", "c", "t", "i")

lower: set[str] = set(lower_tuple) # Convert a tuple to a set.

print (f"some lowercase letters are: {lower}") # Print the set 'lower'.

lower.remove ("b") # Delete letter b from the set of lower case letters.

print (f"lowercase letters after deleting 'b': {lower}") # Print the set
— .

letters: set[str] = set(lower) # Copy the set of lowercase characters.
letters.update (upper) # Add all uppercase characters.
print (f"some letters are: {letters}") # Print the set 'letters'.

# Create a sorted list containing all elements of the set letters.

# Warning: Strings are sorted such that uppercase characters come before
# lowercase characters.

letters_list: list[str] = sorted(letters)

print (f"the sorted list of letters is: {letters_list}")
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Erstellen, Type Hints, Einfache Operationen

® Mit s.add(e) konnen wir das
Element e in die Menge s einfligen.

® Mit s.update(c) fiigen wir alle
Elemente der Kollektion ¢ in die
Menge s ein.

® Mit set(c) erstellen wir eine Menge
mit den Elementen der Kollektion c.

® s.remove(e) entfernt das
Element e aus der Menge s.

® Randnotiz: Die Listen-Funktion
sorted(c) erstellt eine sortierte Liste
aus den Elementen der Kollektion c.

"""An example of creating, modifying, and converting sets."""

upper: set[str] = {"A", "G", "B", "T",
print (f"some uppercase letters are:

g
{upper}")

# Some uppercase letters...
# Print the set.

# Add the letter "Z" to the set.

upper.add("A") # The letter "A" is already in the set.
upper.add("Z") # The letter "Z" is already in the set.

print (f"some more uppercase letters are: {upper}") # Print the set.

upper.add("z")

upper .update (["K", "G", "W", "Q", "W"]) # Try to add 5 letters.

print(f"even more uppercase letters are: {upper}") # Print the set.
lower_tuple: tuple([str, ...l = ("b", "i", "j", "c", "t", "i")
lower: set[str] = set(lower_tuple) # Convert a tuple to a set.

{lower}") # Print the set
letter b from the set of lower case

print (f"some lowercase letters are:
lower.remove ("b") # Delete

'lower'.
letters.

print (f"lowercase letters after deleting 'b': {lower}") # Print the set
— .
letters: set[str] = set(lower) # Copy the set of lowercase characters.

letters.update (upper)
print (f"some letters are:

# Add all uppercase characters.
{letters}") # Print the set 'letters'.

# Create a sorted list containing all elements of the set letters.

# Warning: Strings are sorted such that uppercase characters come before
# lowercase characters.

letters_list: list[str] = sorted(letters)

print (f"the sorted list of letters is: {letters_list}")
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Erstellen, Type Hints, Einfache Operationen

® Mit set(c) erstellen wir eine Menge
mit den Elementen der Kollektion c.

® s.remove(e) entfernt das
Element e aus der Menge s.

® Randnotiz: Die Listen-Funktion
sorted(c) erstellt eine sortierte Liste
aus den Elementen der Kollektion c.

Gute Praxis

Vorsicht beim Vergleichen von Strings: StandardmaBig kommen GroRbuchstaben vor
Kleinbuchstaben, also "A" < "a". Wenn Sie Grol- und Kleinbuchstaben gleich behan-
deln wollen, dann miissen Sie sowas wie sorted(my_text, key=str.casefold) machen.



Erstellen, Type Hints, Einfache Operationen

® Mit s.add(e) konnen wir das
Element e in die Menge s einfligen.

® Mit s.update(c) fiigen wir alle
Elemente der Kollektion ¢ in die
Menge s ein.

® Mit set(c) erstellen wir eine Menge
mit den Elementen der Kollektion c.

® s.remove(e) entfernt das
Element e aus der Menge s.

® Randnotiz: Die Listen-Funktion
sorted(c) erstellt eine sortierte Liste
aus den Elementen der Kollektion c.

"""An example of creating, modifying, and converting sets."""

upper: set[str] = {"A", "G", "B", "Tv, "y}
print (f"some uppercase letters are: {upper}")

# Some uppercase letters...
# Print the set.

upper.add("z") # Add the letter "Z" to the set

upper.add("A") # The letter "A" is already in the set
upper.add("z") # The letter "Z" 4is already in the set.

print (f"some more uppercase letters are: {upper}") # Print the set

upper .update (["K", "G", "W", "Q", "W"])
print (£"even more uppercase letters are: {upper}")

# Try to add 5 letters.
# Print the set.

lower_tuple: tuple[str, . = ("b", viv, mgw, wgm, wgm, wg

lower: set[str] = set(lower_tuple) # Convert a tuple to a set.

print (£"some lowercase letters are: {lower}") # Print the set 'lower’

lower.remove("b") # Delete letter b from the set of lower case letters.

print(f"lowercase letters after deleting 'b': {lower}") # Print the set
- .

letters: set[str] = set(lower) # Copy the set of lowercase characters.
letters.update (upper) # Add all uppercase characters.
print(f"some letters are: {letters}") # Print the set 'letters'.

# Create a sorted list containing all elements of the set letters.
# Warning: Strings are sorted such that uppercase characters come before
# lowercase characters.

letters_list: list[str] = sorted(letters)

print (f"the sorted list of letters is: {letters_list}")

| python3 sets_i.py |

some uppercase letters are: {'A', 'G', 'V', 'B', 'T'}

some more uppercase letters are: {'A', 'G', 'V', 'Z', 'B', 'T'}

even more uppercase letters are: {'Z', 'B', 'V', 'Q', 'W', 'A', 'T', 'G
oL kY

some lowercase letters are: {'t', 'i', 'c', 'b', 'j'}

lowercase letters after deleting 'b {'t", 'i', 'c', 'j'}

some letters are: {'A', 't', 'z', 'T', 'B', 'i', 'c', 'V', 'G', 'K', 'Q
S LA

the sorted list of letters is: ['A', 'B', 'G', 'kK', 'Q', 'T', 'V', 'W',

oz, e, i, '3, 'e'd
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"""An example of creating, modifying, and converting sets."""

Erstellen, Type Hints, Einfache Oy
upper: set[str] = {"A", "G", "B", "T",
print (f"some uppercase letters are:

nyny
{upper}")

# Some uppercase
# Print the set.

AN

letters. ..

® Mit s.add(e) konnen wir das upper.add("z") # Add the letter "Z" to the set.
N . . - upper.add ("A") # The letter "A" is already in the set. 1
Element e in die Menge s einfiigen. upper.add("Z") # The letter "Z" is already in the set.
print (f"some more uppercase letters are: {upper}") # Print the set.
°* Mit S~update(C) fugen wir alle upper .update (["K", "G", "W", "Q", "W']) # Try to add 5 letters.
Elemente der KO”ektlon c in d|e print (f"even more uppercase letters are: {upper}") # Print the set.
: lower_tuple: tuple[str, ...] = ("b", "i", "j", "c", "t", "i")
Menge s €én. lower: set[str] = set(lower_tuple) # Convert a tuple to a set.
print (f"some lowercase letters are: {lower}") # Print the set 'lower'.
® Mit set(c) erstellen wir eine Menge lower.remove ("b") # Delete letter b from the set of lower case letters.
i d El : d Kollekti print (f"lowercase letters after deleting 'b': {lower}") # Print the set
mi en ementen aer Koliektion c. = .
letters: set[str] = set(lower) # Copy the set of lowercase characters.
L] S.remove(e) entfemt das letters.update (upper) # Add all uppercase characters.
nrint(f"some letters are: {lettersi") # Print the cet 'lettera!
Element € aus der 'vsome uppercase letters are: {'A', 'G', 'V', 'B', 'T'}
" 4 = some more uppercase letters are: {'A', 'G', 'V', 'Z', 'B', 'T'} X
® Randnotiz: Die Lister even more uppercase letters are: {'Z', 'B', 'V', 'Q', 'W', 'A', 'T', 'G efore
' g
sorted(c) erstellte 7' 'K'J _
some lowercase letters are: {'t', 'i', 'c¢', 'b', 'j'}
aus den Elementen d‘lowercase letters after deleting 'b': {'t', 'i', 'c', 'j'}
some letters are: {'A', 't', 'Z', 'T', 'B', 'i', ‘'¢', 'V', 'G', 'K', 'Q
(SN ' s |j ' B le}
the sorted list of letters is: ['A', 'B', 'G', 'K', 'Q', 'T', 'V', 'W',

cyorzr, ety i,

jt, el
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- ® Schauen wir uns grundlegende Mengenoperationen an. ;
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® Schauen wir uns grundlegende Mengenoperationen an.

odd.intersection(prime) : { y
EARBIREE <o ct 1on (oddd odd.symmetric_difference(prime)

2 prime.symmetric_difference(odd)

SRR
R TR oo e

dd.diff i
i SRR OSS (PRE prime.difference(odd)

odd.union(prime)

prime. unlon(odd) L < N -
A SO e (e T Oy B AR oy, AR X2
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Mengen Operationen

~® in und not in funktionieren genau
wie bei Listen und Tupeln (nur
schneller).

"""An example of creating sets and set operations.

odd: set[int] = {1, 3, 5, 7, 9, 11, 13, 156} # a subset of odd numbers
print (f"some odd numbers are: {odd}") # Print the set.

print (£"is 3 \u2208 odd: {3 in odd}") # Check if 3 is in the set odd.
print(£"is 2 \u2209 odd: {2 not in odd}") # Check if 2 4is NOT in odd.

§
b
prime: set[int] = {2, 3, 5, 7, 11, 13} # a subset of the prime numbers
print (f"some prime numbers are: {primel}") # Print the set. ‘
set_or: set[int] = odd.union(prime) # Create a new set as union of both |
print (f"{len(set_or)} numbers are in odd \u222A prime: {set_or},") ‘f
set_and: set[int] = odd.intersection(prime) # Compute the intersection.
print (f"{len(set_and)} are in odd \u2229 prime: {set_andl},") g
only_prime: set[int] = prime.difference(odd) # Prime but not odd |

print (f"{len(only_prime)} are in prime \u2216 odd: {only_primel},")

# Get the numbers that are in one and only one of the two sets.
set_xor: set[int] = odd.symmetric_difference (prime)
print (f"{len(set_xor)} are in (odd \u222A prime) "

£"\u2216 (odd \u2229 prime): {set_xor}, and")

only_odd: set[int] = odd.difference(prime) # 0dd but not prime \r
print (f"{len(only_odd)} are in odd \u2216 prime: {only_odd},")
odd.difference_update (prime) # delete all prime numbers from odd
print(f"after deleting all primes from odd, we get {odd}")
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"""An example of creating sets and set operations.

odd: set[int] = {1, 3, 5, 7, 9, 11, 13, 156} # a subset of odd numbers
print (f"some odd numbers are: {odd}") # Print the set. f

=~ ® in und not in funktionieren genau

| . ” : ( i "y . i " L
print (£"is 3 \u2208 odd: {3 in odd}") # Check if 3 is in the set odd. !
wie bel LISten und Tupeln oy print(£"is 2 \u2209 odd: {2 not in odd}") # Check if 2 is NOT in odd. §
schneller). ;
prime: set[int] = {2, 3, 5, 7, 11, 13} # a subset of the prime numbers
> s print (f"some prime numbers are: {primel}") # Print the set. ‘
: ® si1.union(s2) erstellt eine neue
" B set_or: set[int] = odd.union(prime) # Create a new set as union of both |
§ Menge mit allen Elementen aus s1 print (£"{len(set_or)} numbers are in odd \u222A prime: {set_or},") ‘[
4
Und s2. set_and: set[int] = odd.intersection(prime) # Compute the intersection.
o print (f"{len(set_and)} are in odd \u2229 prime: {set_and},") \
only_prime: set[int] = prime.difference(odd) # Prime but not odd ‘;,

print (f"{len(only_prime)} are in prime \u2216 odd: {only_primel},")

# Get the numbers that are in one and only one of the two sets.
set_xor: set[int] = odd.symmetric_difference(prime)
print (f"{len(set_xor)} are in (odd \u222A prime) "

£"\u2216 (odd \u2229 prime): {set_xor}, and")

only_odd: set[int] = odd.difference(prime) # 0dd but not prime E
print (f"{len(only_odd)} are in odd \u2216 prime: {only_odd},") I
odd.difference_update (prime) # delete all prime numbers from odd
print(f"after deleting all primes from odd, we get {odd}")
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"""An example of creating sets and set operations.

o5 . =ik odd: set[int] = {1, 3, 5, 7, 9, 11, 13, 15} # a subset of odd numbers
in und not in funktlonleren genau print (f"some odd numbers are: {odd}") # Print the set.

1 A print(£"is 3 \u2208 odd: {3 in odd}") # Check if 3 4s in the set odd. x
wie bel LISten Und TUpe'n (nur print (f"is 2 \u2209 odd: {2 not in odd}") # Check if 2 is NOT in odd.
schneller).

prime: set[int] = {2, 3, 5, 7, 11, 13} # a subset of the prime numbers
print (f"some prime numbers are: {primel}") # Print the set.

® si1.union(s2) erstellt eine neue

B set_or: set[int] = odd.union(prime) # Create a new set as union of bath;;
Menge mit allen Elementen aus s1 print (£"{len(set_or)} numbers are in odd \u222A prime: {set_or},") |
|

Und s2. set_and: set[int] = odd.intersection(prime) # Compute the intersection.

print (f"{len(set_and)} are in odd \u2229 prime: {set_and},") |

® sl.intersection(s2) erstellt eine

P only_prime: set[int] = prime.difference(odd) # Prime but not odd
neue Menge mlt a”en Elementen dle print (f"{len(only_prime)} are in prime \u2216 odd: {only_primel},")

B sowoh!l in s1 als auch in s2 sind. # Get the numbers that are in one and only ome of the two sets.

?‘ set_xor: set[int] = odd.symmetric_difference(prime)

print(f"{len(set_xor)} are in (odd \u222A prime) "
£"\u2216 (odd \u2229 prime): {set_xor}, and")

only_odd: set[int] = odd.difference(prime) # 0dd but not prime
print (f"{len(only_odd)} are in odd \u2216 prime: {only_odd},") [
odd.difference_update (prime) # delete all prime numbers from odd 1
print(f"after deleting all primes from odd, we get {odd}") |

VR LEEY N R R N @R TR AAE S
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Mengen Operationen

in und not in funktionieren genau
wie bei Listen und Tupeln (nur
schneller).

sl.union(s2) erstellt eine neue
Menge mit allen Elementen aus s1
und s2.

sl.intersection(s2) erstellt eine
neue Menge mit allen Elementen die
sowohl in s1 als auch in s2 sind.

sl.difference(s2) erstellt eine
neue Menge mit allen Elementen die
in s1 aber nicht in s2 sind.

T S RS AT e eSdety TN e PR SO EY N R BT N @ SRR A =

"""An example of creating sets and set operations.
odd: set[int] = {1, 3, 5, 7, 9, 11, 13, 16} # a subset of odd numbers
print (f"some odd numbers are: {odd}") # Print the set.

print(£"is 3 \u2208 odd: {3 in odd}") # Check if 3 4s in the set odd.
print (£"is 2 \u2209 odd: {2 not in odd}") # Check if 2 is NOT 4in odd.

prime: set[int] = {2, 3, 5, 7, 11, 13}
print (f"some prime numbers are: {primel}")

# a subset of the prime numbers
# Print the set.

set_or: set[int] = odd.union(prime)
print(f"{len(set_or)} numbers are in odd \u222A prime: {set_orl},")

set_and: set[int] = odd.intersection(prime) # Compute the intersection.
print (f"{len(set_and)} are in odd \u2229 prime: {set_andl},")

only_prime: set[int] = prime.difference(odd) # Prime but not odd
print (f"{len(only_prime)} are in prime \u2216 odd: {only_primel},")

# Get the numbers that are in one and only one of the two sets.
set_xor: set[int] = odd.symmetric_difference (prime)
print(f"{len(set_xor)} are in (odd \u222A prime) "

£"\u2216 (odd \u2229 prime): {set_xor}, and")

only_odd: set[int] = odd.difference(prime) # 0dd but not prime
print (f"{len(only_odd)} are in odd \u2216 prime: {only_odd},")
odd.difference_update (prime) # delete all prime numbers from odd
print(f"after deleting all primes from odd, we get {odd}")

# Create a new set as union of both |
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AR AR

® in und not in funktionieren genau
wie bei Listen und Tupeln (nur
schneller).

® si.union(s2) erstellt eine neue
Menge mit allen Elementen aus s1
und s2.

® sl.intersection(s2) erstellt eine
neue Menge mit allen Elementen die
sowohl in s1 als auch in s2 sind.

® si.difference(s2) erstellt eine
neue Menge mit allen Elementen die
in s1 aber nicht in s2 sind.

® sl.symmetric_difference(s2)
erstellt eine neue Menge mit allen
Elementen die entweder nur in s1
oder nur in s2 sind.

W s nher PV YL

"""An example of creating sets and set operations.

odd: set[int] = {1, 3, 5, 7, 9, 11, 13, 16} # a subset of odd numbers
print (f"some odd numbers are: {odd}") # Print the set.

print(£"is 3 \u2208 odd: {3 in odd}") # Check if 3 4s in the set odd.
print (£"is 2 \u2209 odd: {2 not in odd}") # Check if 2 is NOT in odd

prime: set[int] = {2, 3, 5, 7, 11, 13} # a subset of the prime numbers
print (f"some prime numbers are: {primel}") # Print the set
set_or: set[int] = odd.union(prime) # Create a new set as union of both

print (f"{len(set_or)} numbers are in odd \u222A prime: {set_or},")

set_and: set[int] = odd.intersection(prime)
print (f"{len(set_and)} are in odd \u2229 prime:

# Compute the intersection.
{set_and},")

only_prime: set[int] = prime.difference(odd) # Prime but not odd
print (f"{len(only_prime)} are in prime \u2216 odd: {only_primel},")

# Get the numbers that are in one and only one of the two sets.
set_xor: set[int] = odd.symmetric_difference(prime)
print(f"{len(set_xor)} are in (odd \u222A prime) "

£"\u2216 (odd \u2229 prime): {set_xor}, and")

only_odd: set[int] = odd.difference(prime) # 0dd but not prime
print (f"{len(only_odd)} are in odd \u2216 prime: {only_odd},")
odd.difference_update (prime) # delete all prime numbers from odd
print(f"after deleting all primes from odd, we get {odd}")
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.
o """An example of creating sets and set operations.

. . odd: set[int] = {1, 3, 5, 7, 9, 11, 13, 16} # a subset of odd numbers
i Sl'unlon(sz) erSte”t €ine neue print (f"some odd numbers are: {odd}") # Print the set.

o print(£"is 3 \u2208 odd: {3 in odd}") # Check if 3 4s in the set odd.
Menge mit a”en Elementen aus s1 print (£"is 2 \u2209 odd: {2 not in odd}") # Check if 2 is NOT 4in odd.

¥
und s2. , . :
prime: set[int] = {2, 3, 5, 7, 11, 13} # a subset of the prime numbers
print (f"some prime numbers are: {primel}") # Print the set.

¥
{

® si.intersection(s2) erstellt eine

£ y set_or: set[int] = odd.union(prime) # Create a new set as union of bath;
neue Menge mit allen Elementen die print (£'{len(set_or)} mumbers are in odd \u2224 prime: {set_or},") |
sowoh! in s1 als auch in s2 sind. Bot_erdls oot Eime) o odd. imtcrcetion(EEmey) & Gommte Mo HHHerEeEiten.

print (f"{len(set_and)} are in odd \u2229 prime: {set_and},")
® si.difference(s2) erstellt eine

v only_prime: set[int] = prime.difference(odd) # Prime but not odd
neue Menge m|t a”en Elementen d|e print (f"{len(only_prime)} are in prime \u2216 odd: {only_primel},")
in s1 aber nicht in s2 sind # Get the numbers that are in one and only one of the two sets.

: set_xor: set[int] = odd.symmetric_difference(prime)
. : print(f"{len(set_xor)} are in (odd \u222A prime) "
[ sl.symmetrlc_dlfference(SQ) £'\u2216 (odd \u2229 prime): {set_xor}, and")
erste”t eine neue Menge m|t a”en only_odd: set[int] = odd.difference(prime) # 0dd but not prime
g . print (f"{len(only_odd)} are in odd \u2216 prime: {only_odd},")
Elementen dle entWeder nurin 31 odd.difference_update (prime) # delete all prime numbers from odd

print (f"after deleting all primes from odd, we get {odd}")

i oder nurin s2 sind.

. ® len(s) gibt uns die Anzahl der
' Elemente in Menge s.
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Mengen Operationen

® si.union(s2) erstellt eine neue
Menge mit allen Elementen aus s1
und s2.

® si.intersection(s2) erstellt eine
neue Menge mit allen Elementen die
sowohl in sl als auch in s2 sind.

® si.difference(s2) erstellt eine
neue Menge mit allen Elementen die
in s1 aber nicht in s2 sind.

® sl.symmetric_difference(s2)
erstellt eine neue Menge mit allen
Elementen die entweder nur in s1
oder nurin s2 sind.

® len(s) gibt uns die Anzahl der
Elemente in Menge s.
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"""An example of creating sets and set operations."""

odd: set[int] = {1, 3, 5, 7, 9, 11, 13, 15}
print (f"some odd numbers are: {odd}") # Print the set

print (£"is 3 \u2208 odd: {3 in odd}") # Check if 3 is in the set odd.
print (£"is 2 \u2209 odd: {2 not in odd}") # Check if 2 is NOT in odd.

# a subset of odd numbers

prime: set[int] = {2, 3, 5, 7, 11, 13} # a subset of the prime numbers
print (f"some prime numbers are: {prime}") # Print the set.
set_or: set[int] = odd.union(prime) # Create a mew set as union of both

print (f£"{len(set_or)} numbers are in odd \u222A prime: {set_or},")
set_and: set[int] = odd.intersection(prime) # Compute the intersection.
print (f"{len(set_and)} are in odd \u2229 prime: {set_and},")

only_prime: set[int] = prime.difference(odd) # Prime but not odd
print(£"{len(only_prime)} are in prime \u2216 odd: {only_primel},")

# Get the numbers that are in one and only one of the two sets
set_xor: set[int] = odd.symmetric_difference (prime)
print (£"{len(set_xor)} are in (odd \u222A prime) "

£"\u2216 (odd \u2229 prime): {set_xor}, and")

only_odd: set[int] = odd.difference(prime) # 0dd but not prime
print (£"{len(only_odd)} are in odd \u2216 prime: {only_odd},")
odd.difference_update(prime) # delete all prime numbers from odd
print (f"after deleting all primes from odd, we get {odd}")

| python3 sets_2.py |

some odd numbers are: {1, 3, 5, 7, 9, 11, 13, 15}
is 3 € odd: True

is 2 ¢ odd: True

some prime numbers are: {2, 3, 5, 7, 11, 13}

9 numbers are in odd U prime: {t, 2, 3, 5, 7, 9, 11, 13, 15},
5 are in odd N prime: {3, 5, 7, 11, 13},

1 are in prime \ odd: {2},

4 are in (odd U prime) \ (odd N prime): {1, 2, 9, 15}, and

3 are in odd \ prime: {1, 9, 15},

after deleting all primes from odd, we get {1, 9, 15}
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sl.intersection(s2) erstellt eine
neue Menge mit allen Elementen die
sowohl in s1 als auch in s2 sind.

sl.difference(s2) erstellt eine
neue Menge mit allen Elementen die
in s1 aber nicht in s2 sind.

sl.symmetric_difference(s2)
erstellt eine neue Menge mit allen
Elementen die entweder nurin s1
oder nurin s2 sind.

len(s) gibt uns die Anzahl der
Elemente in Menge s.

Sind lhnen die coolen
Unicode-Escapes aufgefallen?
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J Zusammenfassung

® Mengen implementieren viele Operationen sehr effizient.
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; Zusammenfassung

~

® Mengen implementieren viele Operationen sehr effizient.

® Sie sind schnell darin, zu priifen ob ein Element in der Kollektion ist.
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: Zusammenfassung

® Mengen implementieren viele Operationen sehr effizient.

® Sje sind schnell darin, zu priifen ob ein Element in der Kollektion ist.

® Dadurch werden auch Operationen schneller, die solche Look-Ups machen miissen,
z. B. Mengenoperationen.
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Zusammenfassung

® Mengen implementieren viele Operationen sehr effizient.

® Sje sind schnell darin, zu priifen ob ein Element in der Kollektion ist.

® Dadurch werden auch Operationen schneller, die solche Look-Ups machen miissen,
z. B. Mengenoperationen.

[}

Dafiir sind Mengen aber auch ungeordnet und kénnen jedes Element hochstens einmal
beinhalten.
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Zusammenfassung

® Mengen implementieren viele Operationen sehr effizient.
® Sje sind schnell darin, zu priifen ob ein Element in der Kollektion ist.

® Dadurch werden auch Operationen schneller, die solche Look-Ups machen miissen,
z. B. Mengenoperationen.

® Dafiir sind Mengen aber auch ungeordnet und kénnen jedes Element hochstens einmal
beinhalten.

e Wihrend viele Operationen wie z. B. das Hinzufligen von Elementen zwar in O(1) sind
sind sie auf Grund der technischen Realisierung manchmal doch etwas langsamer als
vergleichbare Operationen von Listen.
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Zusammenfassung

® Mengen implementieren viele Operationen sehr effizient.

® Sje sind schnell darin, zu priifen ob ein Element in der Kollektion ist.

® Dadurch werden auch Operationen schneller, die solche Look-Ups machen miissen,

z. B. Mengenoperationen.

® Dafiir sind Mengen aber auch ungeordnet und kénnen jedes Element hochstens einmal
beinhalten.

e Wihrend viele Operationen wie z. B. das Hinzufligen von Elementen zwar in O(1) sind,
sind sie auf Grund der technischen Realisierung manchmal doch etwas langsamer als
vergleichbare Operationen von Listen.

® Das Suchen bestimmter Elemente ist bei Mengen aber schneller (auRer die Menge/Liste
sehr klein. . .).
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Thank youl
Vielen Dank!
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Glossary (in English) |

Bash is a the shell used under Ubuntu Linux, i.e., the program that “runs” in the terminal and interprets your commands, allowing
you to start and interact with other programs*°1:8° | earn more at https://www.gnu.org/software/bash.

C is a programming language, which is very successful in system programming situations®2/57

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

client-server architecture is a system design where a central server receives requests from one or multiple clients®46:54,58.61 Thege requests and
responses are usually sent over network connections. A typical example for such a system is the World Wide Web (WWW),
where web servers host websites and make them available to web browsers, the clients. Another typical example is the structure
of database (DB) software, where a central server, the DBMS, offers access to the DB to the different clients. Here, the client
can be some terminal software shipping with the DBMS, such as psql, or the different applications that access the DBs.

DB A database is an organized collection of structured information or data, typically stored electronically in a computer system.
Databases are discussed in our book Databases®".

DBMS A database management system is the software layer located between the user or application and the DB. The DBMS allows
the user/application to create, read, write, update, delete, and otherwise manipulate the data in the DB®5,

escape sequence Escaping is the process of presenting “forbidden” characters or symbols in a sequence of characters or symbols. In Pythonsz,
string escapes allow us to include otherwise impossible characters, such as string delimiters, in a string. Each such character is
represented by an escape sequence, which usually starts with the backslash character (“\")?. In Python strings, the escape
sequence \", for example, stands for ", the escape sequence \\ stands for \, and the escape sequence \n stands for a
newline or linebreak character. In Python f-strings, the escape sequence {{ stands for a single curly brace {. In
PostgreSQL®?, similar C-style escapes (starting with “\"") are supported”®.
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f-string

Git

GitHub

IT

LAMP Stack

Linux

literal

MariaDB

ey Bl IR

let you include the results of expressions in string512,26—28,49,66A They can contain expressions (in curly braces) like
£"a{6-1}b" that are then transformed to text via (string) interpolation, which turns the string to "a5b". F-strings are

delimited by £"...".

is a distributed Version Control Systems (VCS) which allows multiple users to work on the same code while preserving the
history of the code change565'77. Learn more at https://git-scm.com.

is a website where software projects can be hosted and managed via the Git VCS®%77 . Learn more at https://github.com.

information technology

A system setup for web applications: Linux, Apache (a webserver), MySQL, and the server-side scripting language PHP3:32,
is the leading open source operating system, i.e., a free alternative for Microsoft Windows®'31:63:76:80 \We recommend using
it for this course, for software development, and for research. Learn more at https://www.linux.org. Its variant Ubuntu is
particularly easy to use and install.

4474 |n Python, for example, "abc" is a string

A literal is a specific concrete value, something that is written down as-is
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
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 Literallxyz] for arbitrary literals xyz.

An open source relational database management system that has forked off from MySQL2'3'6'23'43'59. See

https://mariadb.org for more information.

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

is a static type checking tool for Python®® that makes use of type hints. Learn more at https://github.com/python/mypy and
. 82
in®2.

An open source relational database management system?:23:60:73,84  \ySQL is famous for its use in the LAMP Stack. See
https://www.mysql.com for more information.

An open source object-relational DBMS2%/53:56:73  See https://postgresql.org for more information.

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

The Python programming language3#43:47:82 i e what you will learn about in our book®2. Learn more at

https://python.org.

A relational DB is a database that organizes data into rows (tuples, records) and columns (attributes), which collectively form
tables (relations) where the data points are related to each other®:29:30:67,72,81,83

In a client-server architecture, the server is a process that fulfills the requests of the clients. It usually waits for incoming
communication carring the requests from the clients. For each request, it takes the necessary actions, performs the required
computations, and then sends a response with the result of the request. Typical examples for servers are web servers> in the
internet as well as DBMSes. It is also common to refer to the computer running the server processes as server as well, i.e., to
call it the “server computer’4°.

The Structured Query Language is basically a programming language for querying and manipulating relational
databases'#/18-20,35,50,68=70,72 4 i \inderstood by many DBMSes. You find the Structured Query Language (SQL)

commands supported by PostgreSQL in the reference®®.

—


https://www.microsoft.com/windows
https://github.com/python/mypy
https://www.mysql.com
https://postgresql.org
https://python.org

Glossary (in English) IV

(string) interpolation

terminal

type hint

Ubuntu

Unicode

VCs

WwWwW

Lt -’

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

A terminal is a text-based window where you can enter commands and execute them®®. Knowing what a terminal is and
how to use it is very essential in any programming- or system administration-related task. If you want to open a terminal
under Microsoft Windows, you can Druck auf (88 ]+[ R, dann Schreiben von cmd, dann Druck auf [ . Under Ubuntu Linux,
pens a terminal, which then runs a Bash shell inside.

are annotations that help programmers and static code analysis tools such as Mypy to better understand what type a variable
or function parameter is supposed to bed279 . 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.

is a variant of the open source operating system Linux*®32, We recommend that you use this operating system to follow this
class, for software development, and for research. Learn more at https://ubuntu.com. If you are in China, you can download it
from https://mirrors.ustc.edu.cn/ubuntu-releases.

A standard for assigning characters to numbers3® 7278 The Unicode standard supports basically all characters from all
languages that are currently in use, as well as many special symbols. It is the predominantly used way to represent characters
in computers and is regularly updated and improved.

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.

World Wide Web?'2*
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If f(z) = ©(g(x)), then there exist positive numbers zg € RT and ¢ € RT such that f(z) > c * g(z) > OV > x0>7"328. In
other words, €2(g(x)) describes a lower bound for function growth.

If f(z) = O(g(x)), then there exist positive numbers o € RT and ¢ € RT such
that 0 < f(x) < ¢ * g(z)Va > zo*373841 In other words, O(g(x)) describes an upper bound for function growth.

If f(z) = ©(g(x)), then f(z) = O(g(z)) and f(x) = 2(g(z))3"'>2. In other words, ©(g(x)) describes an exact order of
function growth.

the set of the real numbers.

the set of the positive real numbers, i.e., RT = {z €R:z > 0}.
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