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

Die  Webseite  mit  dem Lehrmaterial dieses  Kurses  ist  htt-
ps:/ /thomasweise.github.io/programmingWithPython (sieche auch den QR-Kode
unten rechts). Dort kdnnen Sie das Kursbuch (in Englisch) und diese Slides finden.
Das Repository mit den Beispielprogrammen in Python finden Sie unter htt-
ps:/ /github.com /thomasWeise /programmingWithPythonCode.
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Viel von dem Verhalten der Syntax von Python ist in Dunder-Methoden implementiert.
Selbst arithmetische Operatoren wie +, -, * und /!
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Und da wir schon viel SpaRR mit Mathematik in diesem Kurs hatten. ..
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® b wird Denominator oder Z3hler bezeichnet.
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“nvA new numerical type for fractions."""

Fraction: Initialisierer und Konstanten

from types import NotImplementedType
from typing import Final, Union

® Fangen wir an, unsere Klasse e R
"""The class for fractions, i.e., rational numbers."""
Fraction fiir Briiche in der Datei zu B S
implementieren. B0 @ EEEERE) SO,

:param a: the numerator
aram b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
0, A0
>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 10
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
Py
>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1, e
>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
1, 6
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
1, e
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1
>>> try:

Fraction(1, 0)
except ZeroDivisionError as z:

print (z) «

1/0

if b

0: # A demominator of zero is mot permitted.

raise ZeroDivisionError (f"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to mormalize the fraction.
sign: dint = -1 if ((a < 0) '= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Finall[int] = sign * abs(a // g)
#: the denominator of the fraction will aluays be positive
self.b: Finallint] = abs(b // g)

#: the constant zero
ZERO: Final[Fraction] = Fraction(0, 1)
#: the constant ome
ONE: Final[Fraction] = Fraction(1, 1)
#: the constant 0.5
ONE_HALF: Final[Fraction] = Fraction(1, 2)
e e —

|
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Fraction: Initialisierer und Konstanten

® Fangen wir an, unsere Klasse
Fraction fiir Briiche in der Datei zu
implementieren.

® Diesmal arbeiten wir uns
Stiickchen-weise durch, denn die
Klasse ist etwas langer.

"""A new numerical type for fractions.

from math import ged
from types import NotImplementedType
from typing import Final, Union

class Fraction:
“nMThe class for fractionms, i.e.,

def __init__(self, a: int, b: int

Create a normalized fraction.

:param a: the numerator
:param b: the demominator

rational numbers."""

= 1) -> Nome:

>>> f£"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

0am, 10

>>> f£"{Fraction(12, 2).a}, {Fraction(12, 2).b}"

6, 1

>>> f£"{Fraction(2, 12).a}, {Fraction(2, 12).b}"

‘1, 6"

>>> f£"{Fraction(2, -12).a}, {Fraction(2, -12).b}"

6
>>> f£"{Fraction(-2, -12).a}, {
1, 6

Fraction(-2, -12).b}"

>>> f£"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"

6
>>> £"{Fraction(0, -9).a}, {Fraction(0, -9).b}"

1@, 10
>>> try
Fraction(1, 0)

except ZeroDivisionError as z:

print (2)

raise ZeroDivisionError (f"

g: int = gcd(a, b) # We use the GCD to mormalize the fraction.

sign: int = -1 if ((a < 0) !=
#: the numerator of the fracti

0: # 4 denominator of zero is not permitted.

{a}/{b}")

(b < 0)) else 1 # The sign
on will also include the sign

self.a: Finallint] = sign * abs(a // g)
#: the denominator of the fraction will aluays be positive
self.b: Final[int] = abs(b // g)

#: the constant zero
ZERO: Final[Fraction] = Fraction(0, 1)
#: the constant ome
ONE: Final[Fraction] = Fraction(1, 1)
#: the constant 0.5
ONE_HALF: Final[Fraction] = Fraction(1

22)
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class Fraction:

Fraction: Initialisierer und Konstanten "t"The class for fractions, i.e., rational numbers."""
def init__(self, a: int, b: int = 1) -> None:
® Fangen wir an, unsere Klasse Frenio o mosmANized SrocHaen,
% Fraction fiir Briiche in der Datei zu SEOEED @8 HRO DUCHORES
: implementieren. :param b: the denominator
" >>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
~ ® Diesmal arbeiten wir uns s>y’ $*(Fraction (12, 2).a}, (Fraction(i2, 2).b}"
Stiickchen-weise durch, denn die 353 1n{Fraction(z, 12).a}, {Fraction(z, 12).b}"
Klasse ist etwas langer. N i“'{Fraction(Z, “12).a}, {Fraction(2, -12).b}"
® Zuerst miissen wir uns entscheiden, %;'Z?meonu, -12).a}, {Fraction(-2, -12).b}"
welche Attribute unsere Klasse >>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
braucht. ;;>,f?;Fraction(0, -9).a}, {Fraction(0, -9).b}"
2y

Fraction(1l, 0)
except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.

raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Final[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)
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® Diesmal arbeiten wir uns
Stiickchen-weise durch, denn die
Klasse ist etwas langer.

® Zuerst missen wir uns entscheiden,
welche Attribute unsere Klasse
braucht.

® \Wir bauen uns also zuerst den
Initialisierer __init__ zusammen.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

nit__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6"
>>> £"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
1, 6"
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1"
>>> try:
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print (z)
1/0
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Fraction: Initialisierer und Konstanten

® Fangen wir an, unsere Klasse
Fraction fiir Briiche in der Datei zu
implementieren.

® Diesmal arbeiten wir uns
Stiickchen-weise durch, denn die
Klasse ist etwas langer.

® Zuerst missen wir uns entscheiden,
welche Attribute unsere Klasse
braucht.

® \Wir bauen uns also zuerst den
Initialisierer __init__ zusammen.

® Weil der Bruch # durch zwei
Ganzzahlen a und b definiert werden
kann, entscheidden wir uns fur zwei
int-Attribute a und b.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1

>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1

>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
"1, 6

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Final[int] = sign * abs(a // g)

#: the demominator of the fraction will aluways be positive

self.b: Final[int] = abs(b // g)
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Fraction: Initialisierer und Konstanten

® Diesmal arbeiten wir uns
Stiickchen-weise durch, denn die
Klasse ist etwas langer.

® Zuerst mussen wir uns entscheiden,
welche Attribute unsere Klasse
braucht.

® Wir bauen uns also zuerst den
Initialisierer __init__ zusammen.

® Weil der Bruch ¢ durch zwei
Ganzzahlen a und b definiert werden
kann, entscheidden wir uns fiir zwei
int-Attribute a und b.

® Wir wollen, das unserer Briiche
unveranderlich.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1!

>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1°

>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
"1, 6

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1, 6

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Final[int] = sign * abs(a // g)

#: the demominator of the fraction will aluways be positive

self.b: Final[int] = abs(b // g)
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Fraction: Initialisierer und Konstanten

® Zuerst miissen wir uns entscheiden,
welche Attribute unsere Klasse
braucht.

® \Wir bauen uns also zuerst den
Initialisierer __init__ zusammen.

® Weil der Bruch 7 durch zwei
Ganzzahlen a und b definiert werden
kann, entscheidden wir uns fur zwei
int-Attribute a und b.

® Wir wollen, das unserer Briiche
unveranderlich.

® Man kann den Wert von 5 nicht
verandern und sollte daher auch den
Wert von 1/3 nicht verandern
kdnnen.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def

__init__(self, a: int, b: int = 1) -> Nome:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6"
>>> £"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
1, 6"
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1"
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Final[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)
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Fraction: Initialisierer und Konstanten

® \Wir bauen uns also zuerst den
Initialisierer __init__ zusammen.

® Weil der Bruch ¢ durch zwei
Ganzzahlen a und b definiert werden
kann, entscheidden wir uns fur zwei
int-Attribute a und b.

® \Wir wollen, das unserer Briiche
unveranderlich.

® Man kann den Wert von 5 nicht
verandern und sollte daher auch den
Wert von 1/3 nicht verandern
kdnnen.

® Die Attribute werden daher mit dem
Type Hint Final [int]?! annotiert.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

‘12, 1

>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1°
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>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Final[int] = sign * abs(a // g)

#: the demominator of the fraction will aluways be positive

self.b: Final[int] = abs(b // g)
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class Fraction:

Fractlon: Initialisierer und Konstanten """The class for fractions, i.e., rational numbers."""
def __init__(self, a: int, b: int = 1) -> None:
® Weil der Bruch ¢ durch zwei Create a mormalized fraction.

Ganzzahlen a und b definiert werden
kann, entscheidden wir uns fur zwei

:param a: the numerator
:param b: the denominator

int-Attribute a und b. Ti;,flfFraction(l2, 1).a}, {Fraction(12, 1).b}"
>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
® Wir wollen, das unserer Briiche 2 ;:*{Fraction<2, 12).a}, {Fraction(2, 12).b}"
unveranderlich. o i:*{Fraction(z, -12) .a}, {Fraction(2, -12).b}"
® Man kann den Wert von 5 nicht ;;i’f?LFraction(—2, -12).a}, {Fraction(-2, -12).b}"
verandern und sollte daher auch den >i> i‘v'{Fraction(f2, 12) .a}, {Fraction(-2, 12).b}"
Wert von 1/3 nicht verdndern s> £+ (Fraction(0, -9).a}, {Fraction(0, -9).b}"
konnen. RS

Fraction(1l, 0)
. except ZeroDivisionError as z:
print(z)

® Die Attribute werden daher mit dem
Type Hint Final [int]?! annotiert. b

if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio

® Unsere Briiche sollten in einer
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.

kanonischen Normalform sein. #: the numerator of the fraction will also include the sign

self.a: Final[int] = sign * abs(a // g)
#: the demominator of the fraction will always be positive
self.b: Final[int] = abs(b // g)



class Fraction:

Fractlon: Initialisierer und Konstanten """The class for fractions, i.e., rational numbers."""
def __init__(self, a: int, b: int = 1) -> None:
® Wir wollen, das unserer Briiche Create a mormalized fraction.

unveranderlich.

:param a: the numerator
:param b: the denominator

Man kann den Wert von 5 nicht

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

o Rl >ul L
[ ]

o 12, 1!
Verandern Und So”te daher aUCh den >>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
] .. 5 e
Wert von 1/3 nICht Verandern >>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
konnen iy 8
* >>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
e
® Die Attribute werden daher mit dem 0 Boeenen(s =100y Ttnerion(s <ibp Lo
Type H|nt Flnal [1nt] 21 annotiert. >>; f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6
by J g >>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
® Unsere Briiche sollten in einer 0, 1
. 5 >>> try:
kanonischen Normalform sein. Fraction(l, 0)
. except ZeroDivisionError as z:
P ol n . print (z)
® Es ist moglich, dass zwei Briiche 1/0
% = § mit a 7é cund b 7& @5 if b == 0: # A denominator of zero s mot permitted.

raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Final[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)




Fraction: Initialisierer und Konstanten

® Wir wollen, das unserer Briiche
unveranderlich.

Man kann den Wert von 5 nicht
verandern und sollte daher auch den
Wert von 1/3 nicht verandern
kdnnen.

o Rl >ul L
[ ]

® Die Attribute werden daher mit dem
Type Hint Final[int]?! annotiert.

® Unsere Briiche sollten in einer
kanonischen Normalform sein.

® Es ist moglich, dass zwei Briiche
g=gmita#cundb#c.

® Das ist der Fall fiir z. B. _79 und %.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

__init__(self, a: int, b: int = 1) -> Nome:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6"
>>> £"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
1, 6"
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1"
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Final[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)



TS XET SemepT

class Fraction:

Fractlon: Initialisierer und Konstanten """The class for fractions, i.e., rational numbers."""
def __init__(self, a: int, b: int 1) -> None:
® Man kann den Wert von 5 nicht Groiio © noEmERiAed Smackion,
verdndern und sollte daher auch den -
Wert von 1/3 nicht veridndern PEE DR OO Ceneminates
= >>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
kdnnen. et
>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
o . . . 6, 1
Dle AttrIbUte Werden da2hler mit dem >>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
’ - . . "1, 6
Type Hint Final [int] annotiert. >>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
-1, 6"
° Unsere Bruche sollten in einer >i> Z“'(Fraction(—2, -12) .a}, {Fraction(-2, -12).b}"
kanonischen Normalform Sein_ T>i f‘f;fFraction(Q, 12) .a}, {Fraction(-2, 12).b}"
o e d . >>>,f“{Fract:ion(0, -9).a}, {Fraction(0, -9).b}"
® Es ist moglich, dass zwei Briiche 0, 1
c >>> try:
% = g mit a 7& cund b 7é c. Fraction (1, 0)
. except ZeroDivisionError as z:
), £l - print (z)
® Das ist der Fall fiir z.B. 52 und 12. 170
a p if b == 0: # A demominator of zero is not permitted.
® |n solchen Fillen sollte man sie raise ZeroDivisionError (£"{a}/{b}")
o o Z 5 5 5 g: int = gcd(a, b) # We use the GCD to normalize the fractio
idealerweise in Objekten speichern, die sign: int = -1 if ((a < 0) != (b < 0)) else 1 # The sign.
. d #: th t f the fract 1l al lude th
die selben Attributwerde haben. e Ty G A gietion wut e et €00 S

#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)



Fraction: Initialisierer und Konstanten

® Die Attribute werden daher mit dem
Type Hint Final [int]?! annotiert.

Unsere Briiche sollten in einer
kanonischen Normalform sein.

o Rl >ul L
[ ]

® Es ist moglich, dass zwei Briiche
7 =g mita#cundb#c

® Das ist der Fall fiir z. B. %9 und %.

® |n solchen Fallen sollte man sie
idealerweise in Objekten speichern, die
die selben Attributwerde haben.

® Die Briiche % und % sind gleich.

def

class Fraction:
"""The class for fractions, i.e., rational numbers.""

__init__(self, a: int, b: int = 1) -> Nome:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

‘12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
1, 6"
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1°
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z:
print(z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Finall[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)
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class Fraction:

Fractlon: Initialisierer und Konstanten """The class for fractions, i.e., rational numbers."""
def __init__(self, a: int, b: int = 1) -> None:
® Die Attribute werden daher mit dem Gronio o mommEied Seasion.
Type Hint Final [int]?! annotiert. ey ——
:param b: the denominator
O Unsere BrUChe SOHten In einer >>> f"{Fraction(12, 1).a}, {Fraction(12, 1).Db}"
a a 112, 1t
kanonISChen Normalform sein. >>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1
Y H Soli H i >>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
Es ist moglich, dass zwei Briiche S
% — 5 mit a 7& c und b 7& c. Tii’f;fFraction(Z, -12) .a}, {Fraction(2, -12).b}"
o 15 >>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
e . o -9 12 "1, 6'
Das Ist der Fa” fur Z. B 3 und —4" >>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
-1, 6'
® |n solchen Fillen sollte man sie >>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1
idealerweise in Objekten speichern, die SO AT
raction B
die selben Attributwerde haben. - cEED bl o o
print (z
. = 5 a 1/0
® Die Briiche % und % sind gleich.
if b == 0: # A demominator of zero is not permitted.
. \ 1 ! raise ZeroDivisionError (£"{a}/{b}") -
(] Sle SO”ten belde aIS 5 gespelchert g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
werden. #: the numerator of the fraction will also include the sign

self.a: Finall[int] = sign * abs(a // g)
#: the demominator of the fraction will always be positive
self.b: Final[int] = abs(b // g)
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Fraction: Initialisierer und Konstanten

® Unsere Briiche sollten in einer
kanonischen Normalform sein.

® Es ist moglich, dass zwei Briiche
g=<mita#cundb#c

® Das ist der Fall fiir z.B. 52 und 12.

® |n solchen Fillen sollte man sie
idealerweise in Objekten speichern, die
die selben Attributwerde haben.

® Die Briiche 1 und 2 sind gleich.

® Sie sollten beide als % gespeichert
werden.

® Esist klar, dass 7 = <7 gilt fur alle

Ganzzahlen a,b,c € Z und b, ¢ > 0.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1

>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1

>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
"1, 6

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Final[int] = sign * abs(a // g)

#: the demominator of the fraction will aluways be positive

self.b: Final[int] = abs(b // g)



TS XET SemepT

class Fraction:

Fractlon: Initialisierer und Konstanten """The class for fractions, i.e., rational numbers."""
def __init__(self, a: int, b: int = 1) -> None:
® Dajs ist der Fall fir z. B. %9 und % Create a normalized fraction.
. A :param a: the numerator
® |n solchen Fillen sollte man sie SPCRED Di GO COmemfnenes
idealerweise in Objekten speichern, die >>> t'{Fraction(12, 1).a}, {Fraction(12, 1).b}"
. . 12, 1
die selben Attributwerde haben. >>> £"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
‘6, 1¢
° Dle Brijche % und % Sind g|e|ch >’IT 2“‘{Fract10n(2, 12) .a}, {Fraction(2, 12).b}"
>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
. ) . 1, 6
® Sie sollten beide als % geSpeIChel’t >>> £"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
1, 6
werden. >>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
"1, 6
° o a __ cxa H o >>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
Es ist klar, dass 7 = <7 gilt fiir alle o1
Ganzzahlen a,b,c € Z und b,c > 0. R e
raction (1, 0)

. except ZeroDivisionError as z:

® Bevor wir also a und b speichern, e print (z)
teilen wir beide Zahlen durch ihren
» i i if b == 0: # A denominator of zero is nmot permitted. -
grogten gemeinsamen Te,/er (ggT, raise ZeroDivisionError (f£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
engl. gcd)_ sign: int = -1 if ((a < 0) != (b < 0)) else 1 # The sign.

#: the numerator of the fraction will also include the sign
self.a: Finall[int] = sign * abs(a // g)

#: the demominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)



Fraction:

TS XET SemepT

® |n solchen Fallen sollte man sie
idealerweise in Objekten speichern, die
die selben Attributwerde haben.

® Die Brijche und 2 7 sind gleich.

® Sie sollten beide als % 5 gespeichert
werden.

® Es st klar, dass % — ‘é’:‘; gilt fir alle

Ganzzahlen a,b,c € Z und b,c > 0.

® Bevor wir also a und b speichern,
teilen wir beide Zahlen durch ihren
grolten gemeinsamen Teiler (ggT,
engl. ged).

® |n Einheit 26 haben wir den
Euklidischen Algorithmus zum
Berechnen des ggT implementiert.

e e —

Initialisierer und Konstanten

class Fraction:
"""The class for fractions, i.e., rational numbers."""

__init__(self, a: int, b: int = 1) -> Nome:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

‘12, 1
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1, 6"
>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z
. print (z)
1/0
if b == 0: # A denominator of zero is not permitted
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Finall[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)
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Fraction: Initialisierer und Konstanten

® Die Briiche 1 und 2 sind gleich.

® Sie sollten beide als % gespeichert
werden.

® Esist klar, dass § = <7 gilt fiir alle
Ganzzahlen a,b,¢ € Z und b,c > 0.

® Bevor wir also a und b speichern,
teilen wir beide Zahlen durch ihren
groBten gemeinsamen Teiler (ggT,
engl. ged).

® |n Einheit 26 haben wir den
Euklidischen Algorithmus zum
Berechnen des ggT implementiert.

® Diesmal verwenden wir die
gcd-Funktion aus dem Modul math
direkt.

ol . eaaay e —

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

‘12, 1!

>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1°

>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
"1, 6

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1, 6

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

Fraction(1l, 0)
. except ZeroDivisionError as z:
print(z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Finall[int] = sign * abs(a // g)

#: the demominator of the fraction will aluways be positive

self.b: Final[int] = abs(b // g)
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class Fraction:

Fraction: Initialisierer und Konstanten """The class for fractions, i.e., rational numbers."""
def __init__(self, a: int, b: int = 1) -> None:
® Bevor wir also a und b speichern, T
teilen wir beide Zahlen durch ihren SEERED 08 G0 SRmORCEeE
grolten gemeinsamen Teiler (ggT, PEERCH) BR G CLRCRRInEes
>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
engl ng) ;iz,f%'l(Fraction(lz, 2).a}, {Fraction(12, 2).b}"
® In Einheit 26 haben wir den o M@ (53, (e, (5.
Euklidischen Algorithmus zum s>3 te{Fraction(z, -12).a}, {Fraction(z, -12).b}"
BereChnen des ggT implementiert' ;;i’f?LFraction(—2, -12) .a}, {Fraction(-2, -12).b}"
® Diesmal verwenden wir die >i> i“'{Fraction(72, 12) .a}, {Fraction(-2, 12).b}"
gcd—Funktion aus dem Modul math %él‘f?"(Fraccion(O, -9).a}, {Fraction(0, -9).b}"
direkt. >>5 try:

Fraction(1l, 0)
. except ZeroDivisionError as z:

® So oder so, in dem wir Zahler @ und

P ()

Nenner b durch ihren ggT teilen, s

stellen wir sicher, dass die Briiche in D e P oy 00 Dttt

der kompaktesten Art dargestellt i i = e (e S ) i 5 & ) em d T i

#: the numerator of the fraction will also include the sign
self.a: Final[int] = sign * abs(a // g)

#: the demominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)

werden.
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Fraction: Initialisierer und Konstanten

® In Einheit 26 haben wir den
Euklidischen Algorithmus zum
Berechnen des ggT implementiert.

® Diesmal verwenden wir die
gcd-Funktion aus dem Modul math
direkt.

® So oder so, in dem wir Zahler @ und
Nenner b durch ihren ggT teilen,
stellen wir sicher, dass die Briiche in
der kompaktesten Art dargestellt
werden.

® Das lasst nur noch die Frage offen,
wie das Vorzeichen gespeichert
werden soll.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1

>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1

>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
"1, 6

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Final[int] = sign * abs(a // g)

#: the demominator of the fraction will aluways be positive

self.b: Final[int] = abs(b // g)
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class Fraction:

Fraction: Initialisierer und Konstanten "iiThe class for fractioms, i.e., ratiomal numbers."""
def __init__(self, a: int, b: int = 1) -> None:
® |n Einheit 26 haben wir den T
Euklidischen Algorithmus zum Apeem @ RO mGROEeS

Berechnen des ggT implementiert. fparan bi the denominater
>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
12, 1"

® Dlesmal VerWenden wir dle >>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"

. 6, 1
gcd-Funktion aus dem Modul math >>> f'{Fraction(2, 12).a}, {Fraction(2, 12).b}"
R "1, 6"
dlrekt' >>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1, e
) SO oder S0, in dem Wir Zah|er a und >>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
1, 6
Nenner b durch ihren ggT teilen, >>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
1, 6
stellen wir sicher, dass die Briiche in >>> £"(Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1
der kompaktesten Art dargestellt >>> try:
Fraction (1, 0)
Werden. ... except ZeroDivisionError as z:
print (z)
® Das lasst nur noch die Frage offen, i
4 ) b if b == 0: # A demominator of zero is not permitted.
wie das Vorzeichen gespeichert raise ZeroDivisionError (£"{a}/{b}")
d ” g: int = gcd(a, b) # We use the GCD to normalize the fractio
werden soll. sign: int = -1 if ((a < 0) != (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
o . -5 L 5 5 e B 5) self.a: Final[int] = sign * abs(a // g)
L] Naturllch gllt  Phaliis) und 7). s G o #: the demominator of the fraction will always be positive

self.b: Final[int] = abs(b // g)
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class Fraction:

Fraction: Initialisierer und Konstanten "iiThe class for fractioms, i.e., rational numbers."""
def __init__(self, a: int, b: int = 1) -> None:
® Diesmal verwenden wir die T
gcd-Funktion aus dem Modul math EEm 08 (O SO
direkt. :param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
Ui, Qo

® SO Oder SO, In dem wir Zahler a Und >>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"

A . 6, 1
Nenner b durch ihren ggT teilen, >>> £'{Fraction(2, 12).a}, {Fraction(2, 12).b}"
ol . . . . @
stellen wir SICher' dass die Briiche in >>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1, 6
der kompakteSten Art dargeSte”t >>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
werden. 2, e
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
1, 6
® Das lasst nur noch die Frage ofFen, >>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
. . . ’O’ 1
wie das Vorzeichen gespeichert >>> try:
Fraction (1, 0)
werden soll. ... except ZeroDivisionError as z:
print (z)
o (|0 . Wb - 1/0
® Natiirlich gilt —2—5 = _i2 und % = _—g
if b == 0: # A denominator of zero is mot permitted.
o 5 iz raise ZeroDivisionError (f"{a}/{b}")
L er entSChe|den uns dafury dass das g: int = gcd(a, b) # We use the GCD to mormalize the fractios
. - - sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
Zeichen des Bruchs immer im #: the numerator of the fraction will also include the sign
. . self.a: Final[int] = sign * abs(a // g)
Attribut a gespelchert werden soll. #: the denominator of the fraction will always be positive

self.b: Final[int] = abs(b // g)
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class Fraction:

Fraction: Initialisierer und Konstanten  ''the ciass for fractions, i.e., rational numbers. """
def __init__(self, a: int, b: int = 1) -> None:
® So oder so, in dem wir Zahler a und R
Nenner b durch ihren ggT teilen, Apeem @ RO mGROEeS

:param b: the denominator

stellen wir sicher, dass die Briiche in
der kompaktesten Art dargestellt

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

12, 1!
Wel’den. >’;> f“‘{Fraction(l2, 2).a}, {Fraction(12, 2).b}"
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
° . . '1, 6
Das lasst nur noch die Frage OfFen’ >>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1 1 1 -1, 6'
wie das Vorzelchen gespelchert >>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
werden soll. ‘1, 6 _ _
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
o QihLE 5 5 5 b
e Natiirlich gilt e und == 2 £ Eaeon(, D)l P @, 25
3 o = >>> try:
® Wir entscheiden uns dafiir, dass das Fraction (1, 0)
, 2 . . except ZeroDivisionError as z:
Zeichen des Bruchs immer im print (z)
5 g 1/0
Attribut a gespeichert werden soll.
if b == 0: # A denominator of zero is not permitted.
a raise ZeroDivisionError (£"{a}/{b}")
® In anderen Worten, wenn ¢ < 0, dann G i o Gaioe ) L v G G Uo oRmen Hio frEs
. . . L sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
wird a negativ sein, sonst positiv #: the numerator of the fraction will also include the sign

self.a: Final[int] = sign * abs(a // g)
oder 0. #: the demominator of the fraction will always be positive
self.b: Final[int] = abs(b // g)



Fraction: Initialisierer und Konstanten

® Das lasst nur noch die Frage offen,

b ) ; ¢
% wie das Vorzeichen gespeichert

b werden soll.

5 e Natiirlich gilt _75 = % und % = }g

® Wir entscheiden uns dafiir, dass das
Zeichen des Bruchs immer im
Attribut a gespeichert werden soll.

® In anderen Worten, wenn ¢ < 0, dann
wird a negativ sein, sonst positiv
oder 0.

® Es kann nur sein, dass % < 0 wenn
genau eins von a < 0 oder b < 0
zutrifft.

class Fraction:

"""The class for fractions, i.e., rational numbers."""

def

__init__(self, a: int, b: int = 1) -> Nome:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

‘12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
-1, 6"
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1°
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Final[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)



Fraction: Initialisierer und Konstanten

e Natiirlich gilt _75 = _i2 und g — =5

® Wir entscheiden uns dafiir, dass das
Zeichen des Bruchs immer im
Attribut a gespeichert werden soll.

o Rl >ul L

® |n anderen Worten, wenn £ <0, dann
wird ‘a negativ sein, sonst positiv
oder 0.

® Es kann nur sein, dass % <0 wenn
genau eins von a < 0 oder b < 0
zutrifft.

® Deshalb kénnen wir das Vorzeichen
unserers Bruch als
-1 if ((a < 0)!'= (b < 0))else 1
bestimmen.

class Fraction:

"""The class for fractions, i.e., rational numbers."""

def

__init__(self, a: int, b: int = 1) -> Nome:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

‘12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
-1, 6"
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1°
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Final[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)
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Fraction: Initialisierer und Konstanten

® Wir entscheiden uns dafiir, dass das
Zeichen des Bruchs immer im
Attribut ‘a gespeichert werden soll.

® In anderen Worten, wenn ¢ < 0, dann
wird @ negativ sein, sonst positiv
oder 0.

® Es kann nur sein, dass % < 0 wenn
genau eins von a < 0 oder b < 0
zutrifft.

® Deshalb kdnnen wir das Vorzeichen
unserers Bruch als
-1 if ((a < 0)!= (b < 0))else
bestimmen.

® |m Initialisierer mussen wir auch
sicherstellen, dass so etwas wie %
nicht passiert.

e —

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def

__init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

‘12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
1, 6"
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Finall[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)



class Fraction:

Fractlon: Initialisierer und Konstanten """The class for fractions, i.e., rational numbers."""
def __init__(self, a: int, b: int = 1) -> None:
\ ® In anderen Worten, wenn ¢ < 0, dann Create a mormalized fraction.
R 0 0 0 0no
wird @ negativ sein, sonst positiv :param a: the numerator
oder 0 :param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
'12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"

o Rl >ul L

® Es kann nur sein, dass § < 0 wenn

genau eins von a < 0 oder b <0 2 ;“‘{Fraction(Q, 12).a}, {Fraction(2, 12).b}"
ZUtrifft ;i; i“‘{Fraction(Z, -12) .a}, {Fraction(2, -12).b}"

® Deshalb konnen wir das Vorzeichen ;;i’f?LFraction(—2, -12) .a}, {Fraction(-2, -12).b}"
unserers Bruch als s> $(Fraction(-2, 12).a}, (Fraction(-2, 12) b}"
-1 if ((a < 0)!'= (b < 0))else 1 %;l,f?%l’raccion(o, -9).a}, {Fraction(0, -9).b}"
bestimmen. 2 by

Fraction(1l, 0)
. except ZeroDivisionError as z:

® |m Initialisierer miissen wir auch

print (z)
c 4 1/0
sicherstellen, dass so etwas wie =
y : if b == 0: # A demominator of zero is not permitted.
nlCht P355|ert- raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
. P H - sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
® |n diesem Fall I6sen wir einen #: the numerator of the fraction will also include the sign

—— self.a: Final[int] = sign * abs(a // g)
ZeroDivisionError aus. #: the demominator of the fraction will always be positive

self.b: Final[int] = abs(b // g)




class Fraction:

Fractlon: Initialisierer und Konstanten """The class for fractions, i.e., rational numbers."""
def __init__(self, a: int, b: int = 1) -> None:
' ® Es kann nur sein, dass 7 < 0 wenn Emcein o meEmtad SocEion.
! .
% genau eins von a < 0 oder b < 0 T S ——
: zutrifft :param b: the denominator
5’ >>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
‘ = d o 112, 1!
® DeShalb konnen wir das VorzeIChen >>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
®, it
unserers BrUCh als >>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
1 i 1= ", @
1 lf ((a < 0) - (b < 0))else 1 >>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1 U5l (50
beStImmen >>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
@
® |m Initialisierer miissen wir auch >>> f'{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
T, @
sicherstellen, dass so etwas wie % >>> £"{Fraction(0, -9).a}, {Fraction(0, -8).b}"
5 b 'o, 1
nicht passiert. >>5 try
Fraction(1, 0)
5 i3 J . . except ZeroDivisionError as z:
® |n diesem Fall 16sen wir einen -
. . . 1/0
ZeroDivisionError aus.
if b == 0: # A denominator of zero s not permitted.

raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio

® Natiirlich miissen wir noch richtige
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.

Doctests fiir den Initialisierer bauen. #: the numerator of the fraction will also include the sign

self.a: Finall[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Final[int] = abs(b // g)
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Fraction: Initialisierer und Konstanten

® Deshalb kdnnen wir das Vorzeichen
unserers Bruch als
-1 if ((@a < 0)!'= (b < 0))else 1
bestimmen.

® |m Initialisierer miissen wir auch
sicherstellen, dass so etwas wie %
nicht passiert.

® |n diesem Fall |6sen wir einen
ZeroDivisionError aus.

® Natiirlich miissen wir noch richtige
Doctests fiir den Initialisierer bauen.

e \Wir priifen, ob die Werte a und b
ordentlich in den Attributen a und b
gespeichert werden.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1!

>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1°

>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
"1, 6

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1, 6

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Final[int] = sign * abs(a // g)

#: the demominator of the fraction will aluways be positive

self.b: Final[int] = abs(b // g)
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Fraction: Initialisierer und Konstanten

® |m Initialisierer missen wir auch
sicherstellen, dass so etwas wie %
nicht passiert.

® |n diesem Fall 16sen wir einen
ZeroDivisionError aus.

® Natiirlich miissen wir noch richtige
Doctests fiir den Initialisierer bauen.

e Wir priifen, ob die Werte a und b
ordentlich in den Attributen a und b
gespeichert werden.

® Dann miissen wir priifen, ob das mit
dem Teilen durch den ggT auch

funktioniert, also ob der Initialisierer

12—2 auf% umrechnet.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1!

>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1°

>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
"1, 6

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Finall[int] = sign * abs(a // g)

#: the demominator of the fraction will aluways be positive

self.b: Final[int] = abs(b // g)
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Fraction: Initialisierer und Konstanten

® |n diesem Fall 16sen wir einen
ZeroDivisionError aus.

® Natiirlich miissen wir noch richtige
Doctests fiir den Initialisierer bauen.

e Wir priifen, ob die Werte a und b
ordentlich in den Attributen a und b
gespeichert werden.

® Dann miissen wir priifen, ob das mit
dem Teilen durch den ggT auch
funktioniert, also ob der Initialisierer
% auf% umrechnet.

® Und wir missen priifen, dass 12 und

1—22 korrekt zu % werden, wahred
12 ZUu 5 erd.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

__init__(self, a: int, b: int = 1) -> Nome:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1, 6"
>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1"
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Finall[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)



Fraction:

TS XET SemepT

Natiirlich miissen wir noch richtige
Doctests fiir den Initialisierer bauen.

Wir priifen, ob die Werte a und b
ordentlich in den Attributen a und b
gespeichert werden.

Dann miissen wir priifen, ob das mit
dem Teilen durch den ggT auch
funktioniert, also ob der Initialisierer
% auf% umrechnet.

Und wir miissen priifen, dass

—2 korrekt zu

2 i
= AT wird.

12 und

:6- werden, wahred

Der Spezialfall der Zahl 0 muss auch
geprift werden.

e e —

Initialisierer und Konstanten

class Fraction:
"""The class for fractions, i.e., rational numbers."""

__init__(self, a: int, b: int = 1) -> Nome:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1, 6"
>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z
. print (z)
1/0
if b == 0: # A denominator of zero is not permitted
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Final[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)
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Fraction:

e Wir priifen, ob die Werte a und b
ordentlich in den Attributen a und b
gespeichert werden.

® Dann miissen wir priifen, ob das mit
dem Teilen durch den ggT auch
funktioniert, also ob der Initialisierer

% auf% umrechnet.

® Und wir missen priifen, dass 12 und

52 korrekt zu = werden, wihred
:—122 zu —é: wird.

® Der Spezialfall der Zahl 0 muss auch
geprift werden.

® Wir wissen, dass gcd(0, -9)= -9,

also sollte _19 zu % werden.

Initialisierer und Konstanten

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def

__init__(self, a: int, b: int = 1) -> Nome:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
'12, 1!

>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"

6, 1

>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"

'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
1, 6"

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'
>>> f"{Fraction (0,
0, 1"
>>> try:
Fraction(1l, 0)

. except ZeroDivisionError as z:

print(z)

-9).a}, {Fraction(0, -9).b}"

1/0
if b == 0: # A denominator of zero is not permitted.

raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Finall[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)



Fraction: Initialisierer und Konstanten

® Dann miissen wir priifen, ob das mit

o Rl >ul L

-2
15 korrekt zu
2 1

nachzupriifen.

T

=5 Zlis wird.

® Wir wissen, dass gcd (0,
also sollte % zu 2 werden.

dem Teilen durch den ggT auch
funktioniert, also ob der Initialisierer
12—2 auf% umrechnet.

® Und wir miissen prufen dass 12 und
werden, wahred

® Der Spezialfall der Zahl 0 muss auch
gepriift werden.

~9)= -9

® Aber es ist besser, das auch

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def

__init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

‘12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
=il @O

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z:

print (z)
1/0
if b == 0: # A denominator of zero is not permitted.

raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Finall[int] = sign * abs(a // g)
#: the demominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)
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class Fraction:

Fractlon: Initialisierer und Konstanten """The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

® Und wir miissen priifen, dass -5 und Greao @ nommined Sxocon.
=2 korrekt zu =L werden, wihred ‘param a: the mumerator
122 1 6 :param b: the denominator
12 Zu 3 Wll’d. >>> f"{Fraction (12, 1).a}, {Fraction(12, 1).b}"
12, 1
® Der Spezia|fa” der Zahl 0 muss auch >’;> f“‘{Fraction(l2, 2).a}, {Fraction(12, 2).b}"
gepruft Werden. >>; f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
-t
. . >>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
® Wir wissen, dass gcd(0, -9)= -9, 11, G
0 0 >>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
also sollte =5 zu 7 werden. 1, e
G >>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
\ 1, 6
® Aber es ist besser, das auch >>> £"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
% 0, 1
nachzupriifen. P 8

Fraction(1l, 0)
. except ZeroDivisionError as z:

® Genauso miissen wir priifen, ob auch

print (z)
wirlich ein ZeroDivisionError e
P H 1 if b == 0: # A denominator of zero is not permitted.
ausgeldst wird, wenn wir versuchen o e 0 o
H 1 H g: int = gcd(a, b) # We use the GCD to normalize the fractio
eine Zahl mit einem Nenner von 0 sign: int = -1 if ((a < 0) != (b < 0)) else 1 # The sign.
anzu|egen' #: the numerator of the fraction will also include the sign

self.a: Finall[int] = sign * abs(a // g)
#: the demominator of the fraction will always be positive
self.b: Final[int] = abs(b // g)
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Fraction: Initialisierer und Konstanten

® Der Spezialfall der Zahl 0 muss auch
gepriift werden.

® Wir wissen, dass gcd(0, -9)= -9,

also sollte % zu % werden.

® Aber es ist besser, das auch
nachzupriifen.

® Genauso miissen wir priifen, ob auch
wirlich ein ZeroDivisionError
ausgeldst wird, wenn wir versuchen
eine Zahl mit einem Nenner von 0
anzulegen.

® Ohne den Kode von __init__ zu
lesen, kann ein Benutzer bereits viel
tber unsere Klasse Fraction nur von

den Doctests lernen.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

‘12, 1!

>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1°

>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
"1, 6

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6"

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Finall[int] = sign * abs(a // g)

#: the demominator of the fraction will aluways be positive

self.b: Final[int] = abs(b // g)
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class Fraction:

Fractlon: Initialisierer und Konstanten """The class for fractions, i.e., rational numbers."""
def __init__(self, a: int, b: int = 1) -> None:
® Wir wissen, dass gcd(0, -9)= -9, Broenn & PEEEOA SHeHien.
also sollte _&9 zZu % werden. ey —
:param b: the denominator
® Aber es ist besser, das auch >>> '{Fraction(12, 1).a}, {Fraction(i2, 1).b}"
. 112, 1
nachzuprufen. >>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1
o ' e >>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
® Genauso miissen wir priifen, ob auch e
o _flo . e >>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
wirlich ein ZeroDivisionError St
ausgelést erd wenn wir versuchen >>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
) 1, 6
eine Zah| mit einem Nenner von 0 >>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
1, 6
anzulegen_ >>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1
sl >>> try:
® Ohne den Kode von __init__ zu Fraction(1, 0)

. except ZeroDivisionError as z:

lesen, kann ein Benutzer bereits viel

print (z)
by 1 1/0
tiber unsere Klasse Fraction nur von
if b == 0: # A denominator of zero is not permitted.
den DOCteStS |el’nen. raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
° N . d . . ” sign: int = -1 if ((a < 0) != (b < 0)) else 1 # The sign.
un |St es SO, ass e|n|ge SpeZIe e #: the numerator of the fraction will also include the sign
B - h . . I B h self.a: Final[int] = sign * abs(a // g)
rucne In vielen berecnnungen #: the demominator of the fraction will always be positive

self.b: Final[int] = abs(b // g)

vorkommen.

ol . eaaay e —
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Fraction: Initialisierer und Konstanten

® Genauso miissen wir priifen, ob auch
wirlich ein ZeroDivisionError
ausgeldst wird, wenn wir versuchen
eine Zahl mit einem Nenner von 0
anzulegen.

® Ohne den Kode von __init__ zu
lesen, kann ein Benutzer bereits viel
iiber unsere Klasse Fraction nur von
den Doctests lernen.

® Nun ist es so, dass einige spezielle
Briiche in vielen Berechnungen
vorkommen.

® Anstatt sie immer wieder neu
anzulegen, kénnten wir sie als
Konstanten definieren.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1!

>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1

>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
"1, 6

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6

>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
‘-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

Fraction(1l, 0)
. except ZeroDivisionError as z:
print(z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Finall[int] = sign * abs(a // g)

#: the demominator of the fraction will aluways be positive

self.b: Final[int] = abs(b // g)



Fraction: Initialisierer und Konstanten

® Ohne den Kode von __init__ zu
lesen, kann ein Benutzer bereits viel
tiber unsere Klasse Fraction nur von

den Doctests lernen.

o Rl >ul L

® Nun ist es so, dass einige spezielle
Briiche in vielen Berechnungen
vorkommen.

® Anstatt sie immer wieder neu
anzulegen, kénnten wir sie als
Konstanten definieren.

® Eine Konstante ist eine Variable, die
sich niemals verandern kann.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

__init__(self, a: int, b: int = 1) -> Nome:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"

'12, 1!
>>> f"{Fraction (12, 2).a}, {Fraction(12, 2).Db}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"
'1, 6'

>>> f"{Fraction(2, -12).a}, {Fraction(2, -12).b}"
"1, 6"
>>> f£"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"
"1, 6"
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
1, 6"
>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1"
>>> try:
Fraction(1l, 0)
. except ZeroDivisionError as z:
print (z)
1/0
if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")
g: int = gcd(a, b) # We use the GCD to normalize the fractio
sign: int = -1 if ((a < 0) !'= (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign
self.a: Finall[int] = sign * abs(a // g)
#: the denominator of the fraction will always be positive
self.b: Finall[int] = abs(b // g)



Fraction: Initialisierer und Konstanten

® Ohne den Kode von __init__ zu Gute Praxis

lesen, kann ein Benutzer bereits viel
tiber unsere Klasse Fraction nur von
den Doctests lernen.

Konstanten sind Modul-level Variablen denen ein
Wert bei ihrer Erstellung zugewiesen wird und die
mit dem Type Hint Final annotiert werden?.

® Nun ist es so, dass einige spezielle
Briiche in vielen Berechnungen
vorkommen.

® Anstatt sie immer wieder neu
7 anzulegen, kdnnten wir sie als
Konstanten definieren.

® Eine Konstante ist eine Variable, die
sich niemals verandern kann.
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Fraction: Initialisierer und Konstanten

® Ohne den Kode von __init__ zu
lesen, kann ein Benutzer bereits viel
iber unsere Klasse Fraction nur von
den Doctests lernen.

® Nun ist es so, dass einige spezielle
Briiche in vielen Berechnungen
vorkommen.

® Anstatt sie immer wieder neu
anzulegen, kdnnten wir sie als
Konstanten definieren.

® Eine Konstante ist eine Variable, die
sich niemals verandern kann.

Gute Praxis

Konstanten sind Modul-level Variablen denen ein
Wert bei ihrer Erstellung zugewiesen wird und die
mit dem Type Hint Final annotiert werden?.

Gute Praxis

Die Namen von Konstanten bestehen nur aus GroB-
buchstaben, wobei Unterstriche Worte trennen.
Beispiele sind MAX_OVERFLOW und TOTAL?®.



Fraction: Initialisierer und Konstanten

® Ohne den Kode von __init__ zu Gute Praxis

lesen, kann ein Benutzer bereits viel
tiber unsere Klasse Fraction nur von
den Doctests lernen.

Konstanten sind Modul-level Variablen denen ein
Wert bei ihrer Erstellung zugewiesen wird und die
mit dem Type Hint Final annotiert werden?.

o d-te B
[

Nun ist es so, dass einige spezielle
Briiche in vielen Berechnungen
vorkommen. Gute Praxis

® Anstatt sie immer wieder neu
anzulegen, kdnnten wir sie als
Konstanten definieren.

Die Namen von Konstanten bestehen nur aus GroB-
buchstaben, wobei Unterstriche Worte trennen.
Beispiele sind MAX_OVERFLOW und TOTAL?®.

® Eine Konstante ist eine Variable, die

sich niemals verandern kann.
Gute Praxis

Konstanten werden dokumentiert, in dem ein Kom-
mentar der mit #: anfingt direkt iiber die Konstan-
tendefinition geschrieben wird?°.
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Fraction: Initialisierer und Konstanten

® Ohne den Kode von __init__ zu
lesen, kann ein Benutzer bereits viel
tiber unsere Klasse Fraction nur von

den Doctests lernen.

® Nun ist es so, dass einige spezielle
Briiche in vielen Berechnungen
vorkommen.

® Anstatt sie immer wieder neu
anzulegen, kénnten wir sie als
Konstanten definieren.

® Eine Konstante ist eine Variable, die
sich niemals verandern kann.

® Wir definieren die drei Konstanten
ZERO, ONE und ONE_HALF.

class Fraction:
"""The class for fractions, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
12, 1
>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"

"{Fraction(2, -12).a}, {Fraction(2, -12).b}"

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"

1, 6t
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

. Fraction(1, 0)

. except ZeroDivisionError as z:

print (z)

1/0

if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fraction.
sign: int = -1 if ((a < 0) != (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Final[int] = sign * abs(a // g)

#: the demominator of the fraction will always be positive

self.b: Finallint] = abs(b // g)

#: the constant zero

ZERD: Final[Fraction] = Fraction(0, 1)

#: the constant one

ONE: Final[Fraction] = Fraction(1, 1)

#: the constant 0.5

ONE_HALF: Final([Fraction] = Fraction(i, 2)

bl
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Fraction: Initialisierer und Konstanten

® Nun ist es so, dass einige spezielle
Briiche in vielen Berechnungen
vorkommen.

® Anstatt sie immer wieder neu
anzulegen, kdnnten wir sie als
Konstanten definieren.

® FEine Konstante ist eine Variable, die
sich niemals verandern kann.

e Wir definieren die drei Konstanten
ZERO, ONE und ONE_HALF.

® Diese Briiche werden oft benutzt und
sie als Konstanten vorzuhalten spart
Laufzeit und Speicher.

class Fraction:
"""The class for fractioms, i.e., rational numbers."""

def __init__(self, a: int, b: int = 1) -> None:

Create a normalized fraction.

:param a: the numerator
:param b: the denominator

>>> f"{Fraction(12, 1).a}, {Fraction(12, 1).b}"
12, 1'
>>> f"{Fraction(12, 2).a}, {Fraction(12, 2).b}"
6, 1t
>>> f"{Fraction(2, 12).a}, {Fraction(2, 12).b}"

"{Fraction(2, -12).a}, {Fraction(2, -12).b}"

>>> f"{Fraction(-2, -12).a}, {Fraction(-2, -12).b}"

1, 6t
>>> f"{Fraction(-2, 12).a}, {Fraction(-2, 12).b}"
-1, 6'

>>> f"{Fraction(0, -9).a}, {Fraction(0, -9).b}"
0, 1

>>> try:

. Fraction(1, 0)

. except ZeroDivisionError as z:

print (z)

1/0

if b == 0: # A denominator of zero is not permitted.
raise ZeroDivisionError (£"{a}/{b}")

g: int = gcd(a, b) # We use the GCD to normalize the fraction.
sign: int = -1 if ((a < 0) != (b < 0)) else 1 # The sign.
#: the numerator of the fraction will also include the sign

self.a: Final[int] = sign * abs(a // g)

#: the demominator of the fraction will always be positive

self.b: Finall[int] = abs(b // g)

#: the constant zero

ZERD: Final[Fraction] = Fraction(0, 1)

#: the constant one

ONE: Final[Fraction] = Fraction(1, 1)

#: the constant 0.5

ONE_HALF: Final([Fraction] = Fraction(i, 2)

bl

|
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Fraction: __str__ und __repr__
def
® |st lhnen aufgefallen, dass wir die
Doctests im Docstring unserer Klasse
sehr umstandlich geschrieben haben?
def

B

__str__(self) -> str:

o

Convert this number to a string fractional.

:return: the string representation
>>> print(Fraction(-5, 12))
-5/12
>>> print(Fraction(3, -1))
-3
>>> print(Fraction (12, 23))
12/23
W
return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"
__repr__(self) -> str: \
Convert this number to a string. |
:return: the string representation j
>>> Fraction(-5, 12)
Fraction (-5, 12)
>>> Fraction(3, -1)
Fraction(-3, 1)
>>> Fraction (12, 23)
|

Fraction (12, 23)

o

return f"Fraction({self.a}, {self.b})"
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Fraction: __str__ und

® |st lhnen aufgefallen, dass wir die

Doctests im Docstring unserer Klasse
sehr umstandlich geschrieben haben?

® Das war weil wir und

str__
_Trepr_

__repr__

noch nicht definiert hatten.

44

def

ARSI T R & Sk R

__str__(self) -> str:

o

Convert this number to a string fractional.

:return: the string representation

>>> print(Fraction(-5, 12))

-5/12

>>> print(Fraction(3, -1))

-3

>>> print(Fraction (12, 23))

12/23

W

return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"

__repr__(self) -> str:

Convert this number to a string. ¢
|

:return: the string representation ﬁ

>>> Fraction(-5, 12)
Fraction(-5, 12)
>>> Fraction(3, -1)
Fraction(-3, 1)
>>> Fraction (12, 23)
Fraction (12, 23)

o

return f"Fraction({self.a}, {self.b})"




Fraction: __str__ und

® |st lhnen aufgefallen, dass wir die
Doctests im Docstring unserer Klasse
sehr umstandlich geschrieben haben?

® Das war weil wir __str__ und
_Trepr_

® Das machen wir jetzt.

E-wﬁgru- LTSRN TEERT i R
i
14

__repr__

noch nicht definiert hatten.

ey o~ W a0 %
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def __str__(self) -> str:
Wi
Convert this number to a string fractional.

:return: the string representation

>>> print(Fraction(-5, 12))

-5/12

>>> print(Fraction(3, -1))

-3

>>> print(Fraction (12, 23))

12/23

W

return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"

def __repr__(self) -> str:

Convert this number to a string.
:return: the string representation

>>> Fraction(-5, 12)
Fraction(-5, 12)
>>> Fraction(3, -1)
Fraction(-3, 1)
>>> Fraction (12, 23)
Fraction (12, 23)

o

return f"Fraction({self.a}, {self.b})"

i i~
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Fraction: __str__ und

® |st lhnen aufgefallen, dass wir die
Doctests im Docstring unserer Klasse
sehr umstandlich geschrieben haben?

® Das war weil wir __str__ und

_Trepr_
® Das machen wir jetzt.

__str__ soll eine
kompakte Reprasentation eines
Objekts liefern.

® Die Methode __str

__repr__

noch nicht definiert hatten.

£ AL e il

__str__(self) -> str:
Wi
Convert this number to a string fractional.

:return: the string representation

>>> print(Fraction(-5, 12))

-5/12

>>> print (Fraction(3, -1))

-3

>>> print(Fraction (12, 23))

12/23

W

return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"

__repr__(self) -> str:

Convert this number to a string.
:return: the string representation

>>> Fraction(-5, 12)
Fraction(-5, 12)

>>> Fraction(3, -1)

Fraction(-3, 1)

>>> Fraction (12, 23)
Fraction (12, 23)

return f"Fraction({self.a}, {self.b})"




Fraction: __str__ und __repr__

def __str__(self) -> str: )
® Ist lhnen aufgefallen, dass wir die Convert this mumber to a string fractional. ;
Doctests im Docstring unserer Klasse S ;
sehr umstandlich geschrieben haben? s mEmResient-B, 93 _
-5/12 |
3 5 . . |
® Das war weil wir __str__ und 2% prmbEesion@, =) j’
. . . : i |
__repr__ noch nicht definiert hatten. 7 print(Fraction(12, 23)) :

® Das machen wir jetzt. return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"

def __repr__(self) -> str:

® Die Methode __str__ soll eine

kompakte Reprasentation eines

Convert this number to a string.

Objekts |Iefel’n :return: the string representation
, >>> Fraction(-5, 12)
e Wir implementieren sie so, dass sie Broction(<E, 17)

) £ ; >>> Fraction(3, -1)
self.a als String zuriickliefert, wenn Fraction(-3, 1) |
¥ >>> Fraction (12, 23) ]
der Nenner 1 ist, also Fraction (12, 23) s
wenn self.b == 1. return f"Fraction({self.a}, {self.b})" ‘

N P r - TR | pem— YW



Fraction: __str__ und __repr__

def __str__(self) -> str: ]
® |st lhnen aufgefallen, dass wir die GomveEs il bR §o & ChElng frocklened, !
Doctests im Docstring unserer Klasse s AP
sehr umstandlich geschrieben haben? 6 et (GO 5 _
-5/12 |
3 5 . . |
® Das war weil wir __str__ und >7> print(Fraction(3, -1)) 1’
__repr__ noch nicht definiert hatten. ot e, P :‘

® Das machen wir jetzt. return str(self.a) if self.b == 1 else f£"{self.a}/{self.b}"

def __repr__(self) -> str:

® Die Methode __str__ soll eine

§ kompakte Repréisentation eines Convert this number to a string.

E Objekts |Iefel’n :return: the string representation

‘ 2 ) ; ; >>> Fraction(-5, 12)

e Wir implementieren sie so, dass sie Broction(<E, 17)

] ) £ ; >>> Fraction(3, -1)
self.a als String zuriickliefert, wenn Fraction(-3, 1) :

: >>> Fraction (12, 23) ‘

der Nenner 1 ist, also Fraction (12, 23) s
wenn self.b == 1. return £"Fraction({self.a}, {self.b})" ‘

® Dann ist der Bruch ja eine Ganzzahl.




Fraction: __str__ und

__repr__

g
(]

Das war weil wir __str__ und

K

_repr
® Das machen wir jetzt.

__str__ soll eine
kompakte Reprasentation eines
Objekts liefern.

® Die Methode __str

: ® Wir implementieren sie so, dass sie

: self.a als String zuriickliefert, wenn

% der Nenner 1 ist, also

: wenn self.b == 1.

® Dann ist der Bruch ja eine Ganzzahl.

4 .

{ ® Sonst soll sie
f"{self.a}/{self.b}" liefern.

.

L e B e / ¥ P —

noch nicht definiert hatten.

AL e g

__str__(self) -> str:
Wi
Convert this number to a string fractional.

:return: the string representation

>>> print(Fraction(-5, 12))

-5/12

>>> print (Fraction(3, -1))

-3

>>> print (Fraction (12, 23))

12/23

win

return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"

__repr__(self) -> str:

Convert this number to a string.
:return: the string representation

>>> Fraction(-5, 12)
Fraction(-5, 12)
>>> Fraction(3, -1)
Fraction(-3, 1)
>>> Fraction (12, 23)
Fraction (12, 23)

return f"Fraction({self.a}, {self.b})"

j
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Fraction:

_str__ und __repr__
Das machen wir jetzt.
Die Methode __str__ soll eine

kompakte Reprasentation eines
Objekts liefern.

Wir implementieren sie so, dass sie
self.a als String zuriickliefert, wenn
der Nenner 1 ist, also

wenn self.b == 1.

Dann ist der Bruch ja eine Ganzzahl.

Sonst soll sie
f"{self.a}/{self.b}" liefern.

Das ist klar genug, um den Wert eines
Bruches zu erkennen.

__str__(self) -> str:
Wi
Convert this number to a string fractional.

:return: the string representation

>>> print(Fraction(-5, 12))

-5/12

>>> print (Fraction(3, -1))

-3

>>> print (Fraction (12, 23))

12/23

win

return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"

__repr__(self) -> str:

Convert this number to a string.
:return: the string representation

>>> Fraction(-5, 12)
Fraction(-5, 12)
>>> Fraction(3, -1)
Fraction(-3, 1)
>>> Fraction (12, 23)
Fraction (12, 23)

return f"Fraction({self.a}, {self.b})"
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A,

Fraction:

_str__ und __repr__

Wir implementieren sie so, dass sie
self.a als String zuriickliefert, wenn
der Nenner 1 ist, also

wenn self.b == 1.

Dann ist der Bruch ja eine Ganzzahl.

Sonst soll sie
f"{self.a}/{self.b}" liefern.

Das ist klar genug, um den Wert eines
Bruches zu erkennen.

Es ist aber auch uneindeutig, denn wir
kdnnen str(Fraction(12, 1)) und
str(12) nicht voneinander
unterscheiden.

__str__(self) -> str:
win
Convert this number to a string fractional.

:return: the string representation

>>> print(Fraction(-5, 12))

-5/12

>>> print (Fraction(3, -1))

-3

>>> print (Fraction (12, 23))

12/23

win

return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"

__repr__(self) -> str:

Convert this number to a string.
:return: the string representation

>>> Fraction(-5, 12)
Fraction(-5, 12)
>>> Fraction(3, -1)
Fraction(-3, 1)
>>> Fraction (12, 23)
Fraction (12, 23)

return f"Fraction({self.a}, {self.b})"

PEE—

;
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A,

Fraction:

_str__ und __repr__

Dann ist der Bruch ja eine Ganzzahl.

Sonst soll sie
f"{self.a}/{self.b}" liefern.

Das ist klar genug, um den Wert eines
Bruches zu erkennen.

Es ist aber auch uneindeutig, denn wir
konnen str(Fraction(12, 1)) und
str(12) nicht voneinander
unterscheiden.

Briiche, die Ganzzahlen
reprasentieren, haben die gleiche
textuelle reprasentation wie diese
Ganzzahlen.

__str__(self) -> str:
Wi
Convert this number to a string fractional.

:return: the string representation

>>> print (Fraction(-5, 12))

-5/12

>>> print (Fraction(3, -1))

-3

>>> print (Fraction (12, 23))

12/23

win

return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"

__repr__(self) -> str:

Convert this number to a string.
:return: the string representation

>>> Fraction(-5, 12)
Fraction(-5, 12)
>>> Fraction(3, -1)
Fraction(-3, 1)
>>> Fraction (12, 23)
Fraction (12, 23)

return f"Fraction({self.a}, {self.b})"

PEE—

;
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Fraction: __str__ und __repr__

def __str__(self) -> str: )
L4 SOhSt SO” Sle Convert this number to a string fractional. A
f"{self-a}/{self-b}" “efern- :return: the string representation 51
® Das ist klar genug, um den Wert eines S el S i
. . |
Bruches zu erkennen. e et (Fuseia(@, D) i[
% T i iy >>> print(Fraction (12, 23)) ‘
® Es ist aber auch uneindeutig, denn wir 12/23 B
konnen str(Fraction(12, 1)) und return str(self.a) if self.b == 1 else f£"{self.a}/{self.b}"
str(12) nicht voneinander of __vope._ (BENE) > sim
unterscheiden. ooy Ghis munbes o @ CoEng.
° Bruche d|e Ganzzahlen :return: the string representation
reprasentieren, haben die gleiche > Dracien(B, 12)
B 1 N = Fraction(-5, 12)
textuelle reprasentation wie diese >>> Fraction(3, -1)
Fraction(-3, 1)
Ganzzahlen. >>> Fraction (12, 23) 1
Fraction (12, 23) 3
® Die __repr__-Methode existieret, return f'Fraction({self.a}, {self.b})" \
um eindeutige und klare Ausgaben zu
erzeugen.

N P r - TR | pem— YW



Fraction: __str__ und __repr__

def __str__(self) -> str: )
® Das ist klar genug, um den Wert eines Convert this mumber to a string fractional. |
BrUChes zu erkennen- :return: the string representation §
® Es ist aber auch uneindeutig, denn wir S el S i
. . . . |
konnen str(Fraction(12, 1)) und =t e GEe ClEe S 1’
str(12) nicht voneinander >>> print (Fraction (12, 23)) |
3 12/23 b
unterscheiden.
return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"
® Briiche, die Ganzzahlen o __vope._ (BENE) > sim
: reprasentieren, haben die gleiche Convert this mumber to a string.
; teXtue”e reprasentatlon Wle dlese :return: the string representation
‘ Ganzzahlen- >>> Fraction(-5, 12)
4 = .4 Fraction(-5, 12)
' ® Die __repr__-Methode existieret, 2> reiony =
. B raction(-3,
um eindeutige und klare Ausgaben zu >>> Fraction(12, 23) ]
Fraction (12, 23) 3

return f"Fraction({self.a}, {self.b})"

erzeugen. o |

® \Wir implementieren sie so, dass sie
f"Fraction({self.a}, {self.b})"
liefert.




Fraction: __str__ und __repr__

def __str__(self) -> str: ]

® Es ist aber auch uneindeutig, denn wir Gonvart ‘tnis) muabar! tol s wtzing) crecriona.

kénnen str(Fraction(12, 1)) und Gl

str(12) nicht voneinander >>> print (Fraction(-5, 12)) ;

unterscheiden. ;filf)rint(Fraction(B, -1)) ;i’

° Brﬂche, die Ganzzahlen iz;zgrint(}?raction(12, 23)) :‘
reprasentleren’ haben dle gleIChe le‘;:urn str(self.a) if self.b == 1 else f"{self.a}/{self.b}"

textuelle reprasentation wie diese
GanZZahlen def __repr__(self) -> str:

% Convert this number to a string.
3 3 o
E s Dle ——repr——_MethOde eXIStIeret’ :return: the string representation
Y um eindeutige und klare Ausgaben zu rs Fraction(s. 12)
4 erzeugen Fraction(-5, 12)
: o >>> Fraction(3, -1)
e . X - Fraction(-3, 1)
* Wir lmplementleren Sie SO, dass sie >>> Fraction(12, 23) 4I
. Fraction (12, 23) |
f"Fraction({self.a}, {self.b})" ‘
Ilefert return f"Fraction({self.a}, {self.b})" ‘

® In den Docstrings beider Methoden

schreiben wir wieder Doctests.
P — e | v YW




Fraction: __str__ und __repr__

def __str__(self) -> str: )
L4 Brﬂche, d|e Ganzzahlen Convert this number to a string fractional.
représentiereny haben dle gleIChe :return: the string representation §
textuelle reprasentation wie diese 56 et (GRS 5
-5/12 |
Ganzzahlen. >>> print (Fraction (3, -1)) }i
-3 |
® Die __repr__-Methode existieret, 7 print(Fraction(12, 23)) :‘
um eindeutige und klare Ausgaben zu
return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"
erzeugen.
def __repr__(self) -> str:
: ® Wir implementieren sie so, dass sie Convert this mumber to a string.
= n g "
E f FraCtlon({self‘a}’ {Self-b}) :return: the string representation
‘ I|efert. >>> Fraction(-5, 12)
4 y : Fraction(-5, 12)
' ® In den Docstrings beider Methoden b e S
H - 7 raction(-3,
schreiben wir wieder Doctests. >>> Fraction(12, 23) :
Fraction(12, 23) 3
® Die Dunder-Methode __str__ wird return £'Fraction({self.a}, {self.b})" \

automatisch verwendet, wenn wir ein
Objekt an print iibergeben.
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Fraction: __str__ und __repr__

Die __repr__-Methode existieret,
um eindeutige und klare Ausgaben zu
erzeugen.

Wir implementieren sie so, dass sie
f"Fraction({self.a}, {self.b})"
liefert.

In den Docstrings beider Methoden
schreiben wir wieder Doctests.

Die Dunder-Methode __str__ wird

automatisch verwendet, wenn wir ein
Objekt an print iibergeben.

Das bedeutet, dass wir den erwarteten
Output von f.__str__() fiir einen
Bruch £ mit dem Ergebnis von
print (£f) vergleichen kdnnen.

def

__str__(self) -> str:

o

Convert this number to a string fractional.

:return: the string representation

>>> print(Fraction(-5, 12))
-5/12

>>> print (Fraction(3, -1))
-3

>>> print (Fraction (12, 23))
12/23

o

return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"

__repr__(self) -> str:

Convert this number to a string.

:return: the string representation

>>> Fraction(-5, 12)
Fraction(-5, 12)
>>> Fraction(3, -1)
Fraction(-3, 1)
>>> Fraction (12, 23)
Fraction (12, 23)

return f"Fraction({self.a},

{self.b})"

B
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Fraction: __str__ und __repr__

def __str__(self) -> str: )
® Wir implementieren sie so, dass sie Gemvest Ghis mmmber 0 6 StEing Sracticmal .
f"FraCtiOn({Self.a}, {Self-b})" :return: the string representation §
liefert. >>> print(Fraction (=5 12)) ]
. : B/ i
® |n den Docstrings beider Methoden >7> print(Fraction(d, -1)) I
. . . : s f
schreiben wir wieder Doctests. o e Py PR :
® Die Dunder-Methode __str__ wird return str(self.a) if self.b == 1 else f£"{self.a}/{self.b}"
automatisch verwendet, wenn wir ein daf _repr . (self)l -> str:
% Objekt an print Ubergeben- Convert this number to a string.
g-: X X
= ® Das bedeutet, dass wir den erwarteten BEOIIERE U0 EREHE3 SRRORCINCRCE
Output von f.__str__() fiir einen % Preeiion(=s, 12)
4 ¥ " Fraction(-5, 12)
/ Bruch £ mit dem Ergebnis von 2> rerion(y =
g - raction (-3,
print (f) vergleichen kdnnen. >>> Fraction(12, 23) :
Fraction(12, 23) 3
e Andernfalls konvertieren Doctests return £'Fraction({self.a}, {self.b})" \

Objekte immer mit repr zu strings.




Fraction: __str__ und __repr__

def __str__(self) -> str: ;
® In den Docstrings beider Methoden Gemvems thie mmbeE o & iy Sreckiomal,
SChreiben Wir WIEder DOCteStS- :return: the string representation §
¢ Die Dunder-Methode __str__ wird 0 e ;
¥ BT B . . N i i i}
automatisch verwendet, wenn wir ein e e (GEe Ol S :’
Objekt an print ubergeben' >>> print (Fraction (12, 23)) ‘
12/23 @
® Das bedeutet, dass wir den erwarteten O REONRe) A EEE.D == il OlE0 EUEEE el S
Output von f.__str__() fiir einen o __mopE__(Seld) <> mime
Bruch £ mit dem Ergebnis von GereEs oD e 00 6 CHEnG.
prlnt(f) VerglelChen konnen' :return: the string representation L
® Andernfalls konvertieren Doctests > BreciHon(=D, 12) !
g i . . - Fraction(-5, 12) 8
/ Objekte immer mit repr zu strings. >>> Fraction(3, -1) |
Fraction(-3, 1) :
- i >>> Fraction (12, 23) ]
® Das bedeutet, dass die Zeile Fraction (12, 23) ;
Fraction(—5, 12) in dem DOCteSt return f"Fraction({self.a}, {self.b})" ‘

von __repr__ tatsichlich
repr (Fraction(-5, 12) aufruft.




Fraction: __str__ und __repr__

def __str__(self) -> str: h
L Dle DUnder—Methode __Str__ W|rd Convert this number to a string fractional.
automatisch verwendet, wenn wir ein T~

Objekt an print i‘jbergeben' >>> print(Fraction(-5, 12))
-5/12 |
® Das bedeutet, dass wir den erwarteten >>> print (Fraction(3, -1)) I

-3
OUtpUt von f._ Str__() fur einen >>> print (Fraction (12, 23))
Bruch £ mit dem Ergebnis von

12/23 i

e

3 £ = return str(self.a) if self.b == 1 else f"{self.a}/{self.b}"
print (£f) vergleichen kdnnen.
def __repr__(self) -> str:

® Andernfalls konvertieren Doctests Convert this mumber to a string.
Ob.]ekte immer mlt I‘epr Zu St”ngs. :return: the string representation L
® Das bedeutet, dass die Zeile >>> Fraction(-5, 12) !
;. s R Fraction(-5, 12) 8
: Fraction(-5, 12) in dem Doctest 2> Zreiony = |
« - s raction (- N -
< von __repr__ tatsichlich >>> Fraction(12, 23) :

repr (Fraction(-5, 12) aufruft. Tetienz, 29

return f"Fraction({self.a}, {self.b})"
® Mit der String-Konversation aus dem
Weg kdnnen wir nun mathematische
Operatoren implementieren.

£ Y PEEmm———d Yo
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Fraction: Addition und Subtraktic «.:

® Wir wollen nun Instanzen unserer
Klasse Fraction mit den + und -
Operatoren verwendbar machen.

.

__add__(self, "Fraction"]:

o

other) -> Union[NotImplementedType,
Add this fraction to another fraction.

:param other: the other number

:return: the result of the addition

>>> print (Fraction(1, 3) + Fraction(1, 2))

5/6

>>> print(Fraction(1l, 2) + Fraction(1l, 2))

1

>>> print(Fraction(21, -12) + Fraction(-33, 42))
-71/28

return Fraction((self.a * other.b) + (other.a * self.b),
self .b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self,

o

other) -> Union[NotImplementedType, "Fraction"]: ‘1

Subtract this fraction from another fraction.

:param other: the other fraction

:return: the result of the subtraction

>>> print(Fraction(1, 3) - Fraction(1l, 2))

-1/6

>>> print (Fraction(1, 2) - Fraction(3, 6))

0

>>> print(Fraction(21, -12) - Fraction(-33, 42))
-27/28

return Fraction(

(self.a * other.b) -
if isinstance (other,

(other.a * self.b), self.b * other.b)\
Fraction) else NotImplemented

|

L §F



Fraction: Addition und Subtraktic «.:

® Wir wollen nun Instanzen unserer
Klasse Fraction mit den + und -
Operatoren verwendbar machen.

® In Python ruft x + y ndmich
x.__add__(y) auf, wenn die Klasse
von x die Dunder-Methode __add__
definiert.

-y

__add__(self, "Fraction"]:

other) -> Union[NotImplementedType,
Add this fraction to another fraction.

:param other: the other number

:return: the result of the addition

>>> print (Fraction(1, 3) + Fraction(1, 2))

5/6

>>> print(Fraction(1l, 2) + Fraction(1l, 2))

1

>>> print(Fraction(21, -12) + Fraction(-33, 42)) 1

-71/28
return Fraction((self.a * other.b) + (other.a * self.b),
self .b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self,

other) -> Union[NotImplementedType, "Fraction"]:

Subtract this fraction from another fraction.

:param other: the other fraction

:return: the result of the subtraction 4

>>> print(Fraction (1, 3) - Fraction(i, 2)) m

-1/6 o

>>> print (Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28

return Fraction( |
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented ]

~— e



Fraction: Addition und Subtraktic

® Wir wollen nun Instanzen unserer
Klasse Fraction mit den + und -
Operatoren verwendbar machen.

® In Python ruft x + y ndmich
x.__add__(y) auf, wenn die Klasse
von x die Dunder-Methode __add__
definiert.

® |n der Grundschule haben wir gelernt,

c _ axd+cxb op £
dass ¢ +|S|=|2rere gt [fiir bjd # 0.

def

-y

__add__(self, other)

-> Union[NotImplementedType, "Fraction"]:
Add this fraction to another fraction.

:param other: the other number
ireturn: the result of the addition

>>> print (Fraction(1, 3) + Fraction(1, 2))

5/6

>>> print(Fraction(1l, 2) + Fraction(1l, 2))

i |
>>> print(Fraction(21, -12) + Fraction(-33, 42)) 1
-71/28

return Fraction((self.a * other.b) + (other.a * self.b),
self .b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other)

-> Union[NotImplementedType, "Fraction"]: &
Subtract this fraction from another fraction.

:param other: the other fraction

T

:return: the result of the subtraction
>>> print(Fraction (1, 3) - Fraction(i, 2)) m
-1/6 "

>>> print (Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction (21, -12) - Fraction(-33, 42))
-27/28
B |
return Fraction( M
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented ]
— -



Fraction: Addition und Subtraktic

® Wir wollen nun Instanzen unserer
Klasse Fraction mit den + und -
Operatoren verwendbar machen.

® In Python ruft x + y ndmich
x.__add__(y) auf, wenn die Klasse
von x die Dunder-Methode __add__
definiert.

® |n der Grundschule haben wir gelernt,

c _ axd+cxb op £
dass ¢ +|S|=|2rere gt [fiir bjd # 0.

® \Wenn other auch eine Instanz von
Fraction ist, dann berechnet
__add__(other) das Ergebnis genau
so und liefert eine neue Fraction
zurtick.

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
ireturn: the result of the addition

>>> print(Fraction(1,
5/6

>>> print (Fraction (1,
1

>>> print (Fraction (21,
-71/28

3) + Fraction(1, 2))
2) + Fraction(1l, 2)) ‘

-12) + Fraction(-33, 42))

return Fraction((self.a * other.b) + (other.a * self.b),
self .b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType,

"Fraction"]l: M
Subtract this fraction from another fraction.

:param other: the other fraction

:return: the result of the subtraction

>>> print(Fraction (1, 3) - Fraction(i, 2)) ‘I
-1/6 3
>>> print (Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction (21, -12) - Fraction(-33, 42))

-27/28 B
W |

return Fraction(
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented !



Fraction: Addition und Subtraktic

® [n Python ruft x + y ndmich
x.__add__(y) auf, wenn die Klasse
von x die Dunder-Methode __add__
definiert.

® |n der Grundschule haben wir gelernt,
dtckb rop £
dass & 4 £ = 2x&ctd st fiir b, d #£ 0.

® \Wenn other auch eine Instanz von
Fraction ist, dann berechnet
__add__(other) das Ergebnis genau
so und liefert eine neue Fraction
zuriick.

® Der Initialisierer des neuen Bruchs
wird diesen automatisch unter
Benutzung des ggT normalisieren.

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
:return: the result of the addition
>>> print(Fraction(l, 3) + Fraction(l, 2))
5/6

>>> print (Fraction (1,
1

>>> print (Fraction (21,
-71/28

2) + Fraction(1l, 2)) ‘

-12) + Fraction(-33, 42))

return Fraction((self.a * other.b) + (other.a * self.b),
self .b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType,

"Fraction"]l: M
Subtract this fraction from another fraction.

:param other: the other fraction

:return: the result of the subtraction

>>> print(Fraction(1, 3) - Fraction(i, 2)) ‘I
-1/6 3
>>> print (Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction (21, -12) - Fraction(-33, 42))

-27/28 B
W |

return Fraction(
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented !



Fraction: Addition und Subtraktic

® |n der Grundschule haben wir gelernt,

I e
dass & 4 € = % ist, fiir b, d # 0.

® \Wenn other auch eine Instanz von
Fraction ist, dann berechnet
__add__(other) das Ergebnis genau
so und liefert eine neue Fraction
zuriick.

® Der Initialisierer des neuen Bruchs
wird diesen automatisch unter
Benutzung des ggT normalisieren.

® \Wenn other keine Instanz von
Fraction ist, dann geben wir einfach
NotImplemented zuriick.

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
:return: the result of the addition
>>> print(Fraction(l, 3) + Fraction(l, 2))
5/6

>>> print (Fraction (1,
1

>>> print (Fraction (21,
-71/28

2) + Fraction(1l, 2)) ‘

-12) + Fraction(-33, 42))

return Fraction((self.a * other.b) + (other.a * self.b),
self.b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType,

"Fraction"]l:
Subtract this fraction from another fraction.

:param other: the other fraction

:return: the result of the subtraction

>>> print(Fraction(1, 3) - Fraction(i, 2)) ‘I
-1/6 3
>>> print (Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 B
W |

return Fraction(
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented !



Fraction: Addition und Subtraktic

® \Wenn other auch eine Instanz von
Fraction ist, dann berechnet
__add__(other) das Ergebnis genau
so und liefert eine neue Fraction
zurtick.

® Der Initialisierer des neuen Bruchs
wird diesen automatisch unter
Benutzung des ggT normalisieren.

® Wenn other keine Instanz von
Fraction ist, dann geben wir einfach
NotImplemented zuriick.

® Das kennen wir schon von unserer
Implementierung von __eq__ fiir
Punkte.

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
ireturn: the result of the addition

>>> print(Fraction(1,
5/6

>>> print (Fraction (1,
1

>>> print (Fraction (21,
-71/28

3) + Fraction(1l, 2))
2) + Fraction(1l, 2)) ‘

-12) + Fraction(-33, 42))

return Fraction((self.a * other.b) + (other.a * self.b),
self.b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType,

"Fraction"]l: M
Subtract this fraction from another fraction.

:param other: the other fraction

:return: the result of the subtraction

>>> print(Fraction(1, 3) - Fraction(i, 2)) ‘I
-1/6 3
>>> print (Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 B
W |

return Fraction(
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented !



Fraction: Addition und Subtraktic

® Der Initialisierer des neuen Bruchs
wird diesen automatisch unter
Benutzung des ggT normalisieren.

® \Wenn other keine Instanz von
Fraction ist, dann geben wir einfach
NotImplemented zuriick.

® Das kennen wir schon von unserer
Implementierung von __eq__ fiir
Punkte.

® Das ermdoglicht Python, nach anderen
moglichen Routen zu suchen, eine
Addition hinzubekommen.

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
ireturn: the result of the addition

>>> print(Fraction(1,
5/6

>>> print (Fraction (1,
1

>>> print (Fraction (21,
-71/28

3) + Fraction(1l, 2))
2) + Fraction(1l, 2)) ‘

-12) + Fraction(-33, 42))

return Fraction((self.a * other.b) + (other.a * self.b),
self.b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType,

"Fraction"]l: M
Subtract this fraction from another fraction.

:param other: the other fraction

:return: the result of the subtraction

>>> print(Fraction(1, 3) - Fraction(i, 2)) ‘I
-1/6 3
>>> print (Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 B
W |

return Fraction(
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented !



Fraction: Addition und Subtraktic

® Der Initialisierer des neuen Bruchs
wird diesen automatisch unter
Benutzung des ggT normalisieren.

® \Wenn other keine Instanz von
Fraction ist, dann geben wir einfach
NotImplemented zuriick.

® Das kennen wir schon von unserer
Implementierung von __eq__ fiir
Punkte.

® Das ermdoglicht Python, nach anderen
moglichen Routen zu suchen, eine
Addition hinzubekommen.

® Python wiirde schauen, ob other
eine __radd__-Methode hat, die
nicht NotImplemented zurlickliefert.

RV T

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number

:return: the result of the addition

>>> print (Fraction(1, 3) + Fraction(1, 2))

5/6

>>> print(Fraction(1l, 2) + Fraction(1l, 2))

1

>>> print (Fraction(21, -12) + Fraction(-33, 42)) 1

-71/28
return Fraction((self.a * other.b) + (other.a * self.b),
self.b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType, "Fraction"]: 8
W -
Subtract this fraction from another fraction.

:param other: the other fraction .
:return: the result of the subtraction E
>>> print(Fraction(1, 3) - Fraction(i, 2)) m
-1/6 3
>>> print(Fraction(1l, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 |-

W |
return Fraction( '
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented




Fraction: Addition und Subtraktic

® \Wenn other keine Instanz von
Fraction ist, dann geben wir einfach
NotImplemented zuriick.

® Das kennen wir schon von unserer
Implementierung von __eq__ fiir
Punkte.

® Das ermdoglicht Python, nach anderen
moglichen Routen zu suchen, eine
Addition hinzubekommen.

® Python wiirde schauen, ob other
eine __radd__-Methode hat, die
nicht NotImplemented zurlickliefert.

® \Wir wollen hier aber nicht alle
moglichen arithmetischen Operationen
implementieren, also lassen wir
__radd__ mal aus.
M AV T

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
:return: the result of the addition
>>> print(Fraction(l, 3) + Fraction(1l, 2))
5/6

>>> print (Fraction (1,
1

>>> print (Fraction (21,
-71/28

2) + Fraction(1l, 2)) '

-12) + Fraction(-33, 42))

return Fraction((self.a * other.b) + (other.a * self.b),
self .b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType, "Fraction"]: 8
W -
Subtract this fraction from another fraction.

:param other: the other fraction .
:return: the result of the subtraction E
>>> print(Fraction (1, 3) - Fraction(i, 2)) m
-1/6 3
>>> print(Fraction(1l, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 |-

W |
return Fraction( '
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented




Fraction: Addition und Subtraktic

® Das kennen wir schon von unserer
Implementierung von __eq__ fiir
Punkte.

® Das ermdoglicht Python, nach anderen
moglichen Routen zu suchen, eine
Addition hinzubekommen.

® Python wiirde schauen, ob other
eine __radd__-Methode hat, die
nicht NotImplemented zuriickliefert.

® \Wir wollen hier aber nicht alle
moglichen arithmetischen Operationen
implementieren, also lassen wir
__radd__ mal aus.

® So oder so, wir miissen unsere
Methode wieder mit Doctests testen.

RV T

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number

:return: the result of the addition

>>> print (Fraction(1, 3) + Fraction(1, 2))

5/6

>>> print(Fraction(1l, 2) + Fraction(1l, 2))

1

>>> print (Fraction(21, -12) + Fraction(-33, 42)) 1

-71/28
return Fraction((self.a * other.b) + (other.a * self.b),
self .b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType, "Fraction"]: 8
W -
Subtract this fraction from another fraction.

:param other: the other fraction .
:return: the result of the subtraction E
>>> print(Fraction (1, 3) - Fraction(i, 2)) m
-1/6 3
>>> print(Fraction(1l, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 |-

W |
return Fraction( '
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented




Fraction: Addition und Subtraktic

® Das ermoglicht Python, nach anderen
moglichen Routen zu suchen, eine
Addition hinzubekommen.

® Python wiirde schauen, ob other
eine __radd__-Methode hat, die
nicht NotImplemented zurlickliefert.

® \Wir wollen hier aber nicht alle
moglichen arithmetischen Operationen
implementieren, also lassen wir
__radd__ mal aus.

® So oder so, wir miissen unsere
Methode wieder mit Doctests testen.

® Wir priifen ob % + % wirklich 2 ergibt.

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
:return: the result of the addition

>>> print(Fraction(1,
5/6

>>> print (Fraction (1,
1

>>> print (Fraction (21,
-71/28

3) + Fraction(1, 2))
2) + Fraction(1l, 2)) '

-12) + Fraction(-33, 42))

return Fraction((self.a * other.b) + (other.a * self.b),
self.b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType, "Fraction"]: 8
W -
Subtract this fraction from another fraction.

:param other: the other fraction .
:return: the result of the subtraction E
>>> print(Fraction (1, 3) - Fraction(i, 2)) m
-1/6 3
>>> print(Fraction(l, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 |-

W |
return Fraction( '
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented




Fraction: Addition und Subtraktic

® Python wiirde schauen, ob other
eine __radd__-Methode hat, die
nicht NotImplemented zurlickliefert.

® Wir wollen hier aber nicht alle
moglichen arithmetischen Operationen
implementieren, also lassen wir
__radd__ mal aus.

® So oder so, wir miissen unsere
Methode wieder mit Doctests testen.

® Wir priifen ob %—i— % wirklich % ergibt.
e Wir priifen ob % + 1 wirklich 1 ergibt.

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
ireturn: the result of the addition

>>> print (Fraction(1, 3) + Fraction(1, 2))

5/6

>>> print(Fraction(1l, 2) + Fraction(1l, 2)) |
i

>>> print (Fraction(21, -12) + Fraction(-33, 42)) 1
-71/28

return Fraction((self.a * other.b) + (other.a * self.b),
self .b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType,

"Fraction"]l: M
Subtract this fraction from another fraction.

:param other: the other fraction

:return: the result of the subtraction

>>> print(Fraction (1, 3) - Fraction(i, 2)) m
-1/6 3
>>> print (Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction (21, -12) - Fraction(-33, 42))

-27/28 B
W |

return Fraction(
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented !



Fraction: Addition und Subtraktic

® Wir wollen hier aber nicht alle
moglichen arithmetischen Operationen
implementieren, also lassen wir
_radd__ mal aus.

® So oder so, wir miissen unsere
Methode wieder mit Doctests testen.

® Wir priifen ob =z + 5 wirklich 2 ergibt.

e Wir priifen ob 5 + 5 wirklich 7 ergibt.

Nl= W=
== oo

N[= N[=

® Wir priifen auch auf korrekte
Normalisierung, in dem wir gucken, ob

4 =8 733 __ 8824396 __ 1278 __
—12 — 504  —504
18*1278 —71

18,25/~ 25 Stimmt.

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
ireturn: the result of the addition

>>> print(Fraction(1,
5/6

>>> print (Fraction (1,
1

>>> print (Fraction (21,
-71/28

3) + Fraction(1, 2))
2) + Fraction(1l, 2)) ‘

-12) + Fraction(-33, 42))

return Fraction((self.a * other.b) + (other.a * self.b),
self.b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType,

"Fraction"]l: M
Subtract this fraction from another fraction.

:param other: the other fraction

:return: the result of the subtraction

>>> print(Fraction(1, 3) - Fraction(i, 2)) ‘I
-1/6 3
>>> print (Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 B
W |

return Fraction(
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented !



Fraction: Addition und Subtraktic

® So oder so, wir miissen unsere
Methode wieder mit Doctests testen.

® Wir priifen ob 1 + 1 wirklich 2 ergibt.

Nl= W=
Nl= N|=

6
® Wir priifen ob wirklich 1

+ ergibt.

e Wir priifen auch auf korrekte
Normalisierung, in dem wir gucken, ob

4 =38 733 _ 8824396 __ 1278 __
—12 — T 504  —504
18*1278 —71
L) g 1 il

® Nachdem wir bestatigt haben, dass
diese Tests erfolgreich sind, wollen wir
nun die __sub__-Methode ganz

genauso implementieren.

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
:return: the result of the addition
>>> print(Fraction(l, 3) + Fraction(l, 2))
5/6

>>> print (Fraction (1,
1

>>> print (Fraction (21,
-71/28

2) + Fraction(1l, 2)) ‘

-12) + Fraction(-33, 42))

return Fraction((self.a * other.b) + (other.a * self.b),
self.b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType,

"Fraction"]l: M
Subtract this fraction from another fraction.

:param other: the other fraction

:return: the result of the subtraction

>>> print(Fraction(1, 3) - Fraction(i, 2)) ‘I
-1/6 3
>>> print (Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 B
W |

return Fraction(
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented !



Fraction: Addition und Subtraktic

e Wir priifen ob z + 5 wirklich 2 ergibt.

Nl= W[

Nl= N[=
== oo

e \Wir priifen ob 5 + 5 wirklich + ergibt.

e Wir priifen auch auf korrekte
Normalisierung, in dem wir gucken, ob

21 —33 _ 8824396 _ 1278 __
—12 42 —  —504 ~— 504
18%1278 __ —71 4+

lgw—28 — 28 Summt.

® Nachdem wir bestatigt haben, dass
diese Tests erfolgreich sind, wollen wir
nun die __sub__-Methode ganz
genauso implementieren.

® Das erlaubt namlich Subtraktion
mit -, denn x - y ruft
x.__sub__(y) auf, wenn die Klasse
von x die __sub__-Methode
definiert.

RV T

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number

:return: the result of the addition

>>> print (Fraction(1, 3) + Fraction(1, 2))

5/6

>>> print(Fraction(1l, 2) + Fraction(1l, 2)) |
1

>>> print (Fraction(21, -12) + Fraction(-33, 42)) 1

-71/28
return Fraction((self.a * other.b) + (other.a * self.b),
self.b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType, "Fraction"]: 8
W -
Subtract this fraction from another fraction.

:param other: the other fraction .
:return: the result of the subtraction E
>>> print(Fraction(1, 3) - Fraction(i, 2)) m
-1/6 3
>>> print(Fraction(l, 2) - Fraction(3, 6))

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 |-

W |
return Fraction( '
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented




Fraction: Addition und Subtraktic

® Wir priifen ob % + 1 wirklich 1 ergibt.

e Wir priifen auch auf korrekte
Normalisierung, in dem wir gucken, ob

+ 733 __ 8824396 __ 1278 __
—12 — T 504 ~ —504
18*1278 _ 1 7

i8+—28 = 28 Summt.

® Nachdem wir bestatigt haben, dass
diese Tests erfolgreich sind, wollen wir
nun die __sub__-Methode ganz

genauso implementieren.

® Das erlaubt namlich Subtraktion
mit -, denn x - y ruft

x.__sub__(y) auf, wenn die Klasse
von x die __sub__-Methode
definiert.

® Esist klar, dass & — & = 2xd=cxb fjjr

b,d +# 0.

RV T

def

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number

:return: the result of the addition

>>> print (Fraction(1, 3) + Fraction(1l, 2))

5/6

>>> print(Fraction(1l, 2) + Fraction(1l, 2))

1

>>> print (Fraction(21, -12) + Fraction(-33, 42)) 1

-71/28
return Fraction((self.a * other.b) + (other.a * self.b),
self.b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType, "Fraction"]: 8

W -

Subtract this fraction from another fraction.

:param other: the other fraction .

:return: the result of the subtraction E

>>> print(Fraction(1, 3) - Fraction(i, 2)) m

-1/6 5

>>> print(Fraction(1, 2) - Fraction(3, 6))

>>> print(Fraction (21, -12) - Fraction(-33, 42))

-27/28 |-

W |

return Fraction( '
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |

if isinstance(other, Fraction) else NotImplemented




Fraction: Addition und Subtraktic

Nachdem wir bestatigt haben, dass
diese Tests erfolgreich sind, wollen wir
nun die __sub__-Methode ganz

genauso implementieren.

Das erlaubt ndmlich Subtraktion
mit -, denn x - y ruft
x.__sub__(y) auf, wenn die Klasse

von x die __sub__-Methode
definiert.
Es ist klar, dass & — & = axd=cxb fjj

b,d # 0.

Als Doctests nehmen wir dann die
selben drei Falle wie fiir die
__add__-Methode.

def

i

__add__(self, other) -> Union[NotImplementedType, "Fraction"]:

Add this fraction to another fraction.

:param other: the other number
ireturn: the result of the addition

>>> print (Fraction(1, 3) + Fraction(1, 2))

5/6

>>> print(Fraction(1l, 2) + Fraction(1l, 2)) |
i |
>>> print (Fraction(21, -12) + Fraction(-33, 42)) 1
-71/28

return Fraction((self.a * other.b) + (other.a * self.b),
self.b * other.b) if isinstance(other, Fraction)
=\
else NotImplemented

__sub__(self, other) -> Union[NotImplementedType, "Fraction"]:

Subtract this fraction from another fraction.

:param other: the other fraction
:return: the result of the subtraction

>>> print(Fraction(1, 3) - Fraction(i, 2)) ‘I

-1/6 2

>>> print (Fraction(1, 2) - Fraction(3, 6))

0

>>> print(Fraction(21, -12) - Fraction(-33, 42))

-27/28 i

return Fraction( .
(self.a * other.b) - (other.a * self.b), self.b * other.b)\ |
if isinstance(other, Fraction) else NotImplemented !

— —
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Fraction: Multiplikation, Division,

® Schauen wir uns nun Multiplikation
und Division an.

e

def __mul__(self, other) -> Union[NotImplementedType, "Fraction"]:

R R R e e e e

Multiply this fraction with another fraction.

:param other: the other fraction
:return: the result of the multiplication

>>> print(Fraction(6, 19) * Fraction(3, -7))
-18/133
Wi
return Fraction(self.a * other.a, self.b * other.b) \
if isinstance(other, Fraction) else NotImplemented
def __truediv__(self, other) -> Union[NotImplementedType, "Fraction"
=73

Divide this fraction by another fraction.

:param other: the other fraction
:return: the result of the division

>>> print (Fraction(6, 19) / Fraction(3, -7))

-14/19

Wi

return Fraction(self.a * other.b, self.b * other.a) \
if isinstance(other, Fraction) else NotImplemented

def __abs__(self) -> "Fraction":
Wi

Get the absolute value of this fraction.
:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2
>>> print (abs(Fraction(3, 5)))
3/5

Wi

return self if self.a > O else Fraction(-self.a, self.b)

|
|
7
f
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def __mul__(self, other) -> Union[NotImplementedType, "Fractlon"]

-

L

Lol i
- Fraction: Multiplikation, Division,

Multiply this fraction with another fraction.

:param other: the other fraction

° SChauen Wir uns nun Mu|t|p|lkatlon :return: the result of the multiplication
o Aehei >>> print (Fraction(6, 19) * Fraction(3, -7))
und Division an. Py
Y Der * Operator benutzt dle Methode return Fraction(self.a * other.a, self.b * other.b) \

J ) 2 if isinstance(other, Fraction) else NotImplemented
__mul__, wenn diese implementiert

2 def __truediv__(self, other) -> Union[NotImplementedType, "Fraction"
Ist. =73

Divide this fraction by another fraction.

:param other: the other fraction
:return: the result of the division

>>> print (Fraction(6, 19) / Fraction(3, -7))
-14/19

Wi

return Fraction(self.a * other.b, self.b * other.a) \
if isinstance(other, Fraction) else NotImplemented

def __abs__(self) -> "Fraction":

Wi

Get the absolute value of this fraction.
:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2
>>> print (abs (Fraction(3, 5)))
3/5

Wi

return self if self.a > O else Fraction(-self.a, self.b)
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 Fraction: Multiplikation, Division,

® Schauen wir uns nun Multiplikation
und Division an.

® Der x Operator benutzt die Methode
mul wenn diese implementiert

ist.

® Der / Operator benutzt die Methode
__truediv__, wenn diese
implementiert ist.

7

T B

S .

other) -> Union[NotImplementedType,

SRR e e S

def __mul__(self, "Fraction"]:

Multiply this fraction with another fraction.

:param other: the other fraction
:return: the result of the multiplication

>>> print(Fraction(6,
-18/133

19) * Fraction(3, -7))

self.b * other.b) \
Fraction) else NotImplemented

return Fraction(self.a * other.a,
if isinstance (other,

def __truediv__(self, other) "Fraction"
=73

-> Union[NotImplementedType,

Divide this fraction by another fraction.

:param other: the other fraction
:return: the result of the division

>>> print(Fraction(6,
-14/19

Wi

19) / Fraction(3, -7))

self.b * other.a) \
Fraction) else NotImplemented

return Fraction(self.a * other.b,
if isinstance (other,

def __abs__(self) ->

Wi

"Fraction":
Get the absolute value of this fraction.

:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2
>>> print (abs(Fraction(3,
3/5

Wi

5)))

return self if self.a > 0 else Fraction(-self.a, self.b)

,)’_,
¢
:
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Fraction: Multiplikation, Division,

e R

LR

® Schauen wir uns nun Multiplikation
und Division an.

® Der * Operator benutzt die Methode
.n _mul__, wenn diese implementiert

ist.

® Der / Operator benutzt die Methode
__truediv__, wenn diese
implementiert ist.

® Wenn wir die Briiche ¢ und 4
* multiplizieren, dann bekommen wir
gx¢ fiir b,d # 0.

AR

S . SR e e S

ul__(self, other) -> Union[NotImplementedType, "Fraction"]:
Multiply this fraction with another fraction.

:param other: the other fraction
:return: the result of the multiplication

>>> print (Fraction(6, 19) * Fraction(3, -7))

-18/133

return Fraction(self.a * other.a, self.b * other.b) \
if isinstance(other, Fraction) else NotImplemented

def __truediv__(self, other) -> Union[NotImplementedType, "Fraction"
=73

Divide this fraction by another fraction.

:param other: the other fraction
:return: the result of the division

>>> print (Fraction(6, 19) / Fraction(3, -7))

-14/19

return Fraction(self.a * other.b, self.b * other.a) \
if isinstance (other, Fraction) else NotImplemented

def __abs__(self) -> "Fraction":

Wi

Get the absolute value of this fraction.
:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2
>>> print (abs (Fraction(3, 5)))
3/5

Wi

return self if self.a > 0 else Fraction(-self.a, self.b)
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Fraction: Multiplikation, Division,

® Schauen wir uns nun Multiplikation
und Division an.

® Der * Operator benutzt die Methode
mul wenn diese implementiert

= p—

ist.

® Der / Operator benutzt die Methode
_truediv__, wenn diese
implementiert ist.

® Wenn wir die Briiche ¢ und 4
multiplizieren, dann bekommen wir

gx¢ fiir b,d # 0.

axd
bxc

® Das Teilen von ¢ durch § ergibt

fiir b,c,d # 0.

R . B R

Multiply this fraction with another fraction.

:param other: the other fraction
:return: the result of the multiplication

>>> print (Fraction(6, 19) * Fraction(3, -7))

-18/133

return Fraction(self.a * other.a, self.b * other.b) \
if isinstance(other, Fraction) else NotImplemented

__truediv__(self, other) -> Union[NotImplementedType, "Fraction"

> 1

Divide this fraction by another fraction.

:param other: the other fraction
:return: the result of the division

>>> print (Fraction(6, 19) / Fraction(3, -7))

-14/19

return Fraction(self.a * other.b, self.b * other.a) \
if isinstance (other, Fraction) else NotImplemented

__abs__(self) -> "Fraction":

Wi

Get the absolute value of this fraction.
:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2
>>> print (abs (Fraction(3, 5)))
3/5

return self if self.a > 0 else Fraction(-self.a, self.b)

s 20 B LR =

self, other) -> Union[NotImplemente e, raction"
_(self her) U [NotImpl dType, "F 1:

5
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def __mul__(self, other) -> Union[NotImplementedType, "Fraction"]:

AR e (i, LY N I SN A e L

? Fraction: Multiplikation, Division,

Multiply this fraction with another fraction.

i :param other: the other fraction

m ) Der * Operator benutzt dle Methode :return: the result of the multiplication

5;‘ mul wenn dlese imp'ementlel’t >>> print (Fraction(6, 19) * Fraction(3, -7))
™ ==l -18/133

ist. -

return Fraction(self.a * other.a, self.b * other.b) \
if isinstance(other, Fraction) else NotImplemented

® Der / Operator benutzt die Methode
3 A def __truediv__(self, other) -> Union[NotImplementedType, "Fraction"
__truediv wenn diese ST

Imp|ementiert |St Divide this fraction by another fraction.

:param other: the other fraction

® Wenn W|r dle BrUChe % Und § :return: the result of the division
multiplizieren, dann bekommen wir 5> print(Fraction(s, 19) / Fraction(3, -7))
axc £ -14/19
azc fiir b, d # 0.

return Fraction(self.a * other.b, self.b * other.a) \

° Das Tellen von % durch g el’glbt (;:g if isinstance(other, Fraction) else NotImplemented
ﬁjr b’ @ d ;é 0. def :;?bs__(self) -> "Fraction":
2 Get the absolute value of this fractiom.

® Die Dunder-Methoden kénnen nach
dem selben Schema wie vorher
; < >>> print (abs(Fraction(-1, 2)))
implementiert werden. 1/2

>>> print (abs(Fraction(3, 5)))
3/5

:return: the absolute value.

return self if self.a > 0 else Fraction(-self.a, self.b)
s 20 B LR = —

=N

e s WU | WY
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Fraction: Multiplikation, Division,

Der / Operator benutzt die Methode
__truediv__, wenn diese
implementiert ist.

M N S R SN S
[ ]

® Wenn wir die Briiche ¢ und §
multiplizieren, dann bekommen wir
oo fiir b,d # 0.

v

-

axd
bxc

® Das Teilen von ¢ durch 5 ergibt
fir b, ¢, d # 0.

® Die Dunder-Methoden kénnen nach
dem selben Schema wie vorher
implementiert werden.

|
)

® \Wir testen die Multiplikation, in dem

wir bestdtigen das
e 0 15 18
T g STy g R R

AN . LA

def

A S e o S o -
__mul__(self, other) -> Union[NotImplementedType, "Fraction"]:

Multiply this fraction with another fraction.

:param other: the other fraction

:return: the result of the multiplication
>>> print(Fraction(6, 19) * Fraction(3,
-18/133

-7))

return Fraction(self.a * other.a, self.b * other.b) \
if isinstance(other, Fraction) else NotImplemented

__truediv__(self, other) -> Union[NotImplementedType, "Fraction

> ]

Divide this fraction by another fraction.

:param other: the other fraction
:return: the result of the division
>>> print(Fraction(6, 19) / Fraction(3,
-14/19

-7))

return Fraction(self.a * other.b, self.b * other.a) \
if isinstance(other, Fraction) else NotImplemented

__abs__(self) -> "Fraction":

Wi

Get the absolute value of this fraction.

:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2
>>> print (abs (Fraction(3,
3/5

5)))

return self if self.a > 0 else Fraction(-self.a, self.b)

s 20 B LR =

—

=N
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def mul _(self, other) -> Unlon[NotImplementedType, ”Fractlon s
Fraction: Multiplikation, Division,

Multiply this fraction with another fraction.

:param other: the other fraction
a c :return: the result of the multiplication
und D

Wenn wir die Briiche = 5

mu|t|p|IZIeI’en dann bekommen Wir >>> print (Fraction(6, 19) * Fraction(3, -7))
-18/133

8¢ fiir b,d # 0.

return Fraction(self.a * other.a, self.b * other.b) \
if isinstance(other, Fraction) else NotImplemented

M N s R SN S e
[ ]

® Das Teilen von ¢ durch ¢ ergibt Z*d , . .
*C def __truediv__(self, other) -> Union[NotImplementedType, "Fraction"

ﬁjrb,C,d;’éO. —1:

v

Divide this fraction by another fraction.

i ® Die Dunder-Methoden kénnen nach

:param other: the other fraction

:' dem Se|ben SChema wie VOrheI’ :return: the result of the division
! implementiert werden. >>> print (Fraction(6, 19) / Fraction(3, -7))
-14/19

® Wir testen die Multiplikation, in dem

return Fraction(self.a * other.b, self.b * other.a) \

Wir bestatlgen das if isinstance(other, Fraction) else NotImplemented
i * i . & —_ i —_ __18 def __abs__(self) -> "Fraction":
) 2= =77 19%—7 —133 133 ° e

Get the absolute value of this fraction.

® Wir testen die Division, in dem wir

bestatigen, dass (at (abs (Fraction (1. 2))
>>> print(abs raction(-1,

B * SR SO 425 3% —14 1/2

19 =7 ~ 19:3 — 57 3+19 >>> print (abs (Fraction(3, 5)))

wirklich =¢* erglbt 3/5

:return: the absolute value.

return self if self.a > 0 else Fraction(-self.a, self.b)
ds o B LR =R —
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Fraction: Multiplikation, Division,

Das Teilen von 7 durch § ergibt ¢ “*d

fiir b,c,d # 0.

Die Dunder-Methoden kénnen nach
dem selben Schema wie vorher
implementiert werden.

Wir testen die Multiplikation, in dem

wir bestdtigen das
6 3 6*3 L LGS il

19 — 19%—7 T —133 133 °

Wir testen die Division, in dem wir

bestatigen, dass
6 % RS0 = 7= | S DRSS 1)
-4 = 19*3 MAEE = a0

wirklich =¢* erglbt

Wir implementieren auch eine
Unterstiitzung fiir die abs-Function.

- S o
mul _(self, other) -> Unlon[NotImplementedType o ”Fractlon s

Multiply this fraction with another fraction.

:param other: the other fraction
:return: the result of the multiplication

>>> print (Fraction(6, 19) * Fraction(3, -7))
-18/133
return Fraction(self.a * other.a, self.b * other.b) \

if isinstance(other, Fraction) else NotImplemented
__truediv__(self, other) -> Union[NotImplementedType, "Fraction"
> ]

Divide this fraction by another fraction.

:param other: the other fraction
:return: the result of the division

>>> print (Fraction(6, 19) / Fraction(3, -7))

-14/19

return Fraction(self.a * other.b, self.b * other.a) \
if isinstance(other, Fraction) else NotImplemented

__abs__(self) -> "Fraction":

Wi

Get the absolute value of this fraction.
:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2

>>> print (abs(Fraction(3, 5)))
3/5

return self if self.a > 0 else Fraction(-self.a, self.b)

s 20 B LR =

—

=N

et AT, Y T
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def __mul__(self, other) -> Union[NotImplementedType, ”Fractlon 18
Fraction: Multiplikation, Division,

Multiply this fraction with another fraction.

:param other: the other fraction

i
7
]

Divide this fraction by another fraction.

® Wir testen die Multiplikation, in dem

:param other: the other fraction

. iret ¢ th 1t of th ltiplicati
® Das Teilen von ¢ durch < ergibt 4x4 Fotuy the mesaih of The mumpiicarion
.. >>> print (Fraction(6, 19) * Fraction(3, -7))
J fiir b,c,d # 0. oy
}’; o =S return Fraction(self.a * other.a, self.b * other.b) \
g O Dle Dunder—MEthOden konnen naCh if isinstance(other, Fraction) else NotImplemented
; dem Selber.] SChema wie Vorher def __truediv__(self, other) -> Union[NotImplementedType, "Fraction"
4 implementiert werden. =1

Wir bestétlgen daS :return: the result of the division
l E*i— 0x3 | 118 - _ 18 >>> int (Fraction(6, 19) / Fraction(3 7))
= — - prin raction (6, raction(3, -
{ 19 I9+—7 . —133 . 133 o
g L W'r teSten dle DiViSion, in dem Wir return Fraction(self.a * other.b, self.b * other.a) \
bestatlgen daSS if isinstance(other, Fraction) else NotImplemented
6 % RS0 = 7= | S DRSS 1) def __abs__(self) -> "Fraction":
19 -7 19*3 My 573519 e

Get the absolute value of this fraction.

wirklich =¢* erglbt

:return: the absolute value.

* Wir |mp|ement|eren auch eine >>> print (abs(Fraction(-1, 2)))
Unterstiitzung fiir die abs-Function. o

>>> print (abs(Fraction(3, 5)))
3/5
® abs liefert den Betrag einer Zahl.
return self if self.a > 0 else Fraction(-self.a, self.b)
s e i = = D

=N
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Fraction: Multiplikation, Division,

® Wir testen die Multiplikation, in dem

wir bestdtigen das
Rl o3« idils

g T = e e KR

B
133 °

® \Wir testen die Division, in dem wir
bestatigen, dass

L, i _ 6x—7 _ —42 _ 3x—14
) = T 1953~ 57 T 739
W|rkl|ch erglbt

° Wir implementieren auch eine
Unterstiitzung fiir die abs-Function.

® abs liefert den Betrag einer Zahl.
® Es gilt das abs(5) = abs(-5)

e . e

_(self, other) -> Union[NotImplementedType,

SonTEmEEEE e

”Fractlon"]
Multiply this fraction with another fraction.

the other fraction
the result of the multiplication

:param other:
ireturn:

>>> print (Fraction(6,
-18/133

19) * Fraction(3, -7))

self.b * other.b) \
Fraction) else NotImplemented

return Fraction(self.a * other.a,
if isinstance (other,

__truediv__(self, other) "Fraction

> ]

-> Union[NotImplementedType,

Divide this fraction by another fraction.

:param other:
:return:

the other fraction
the result of the division

>>> print(Fraction(6,
-14/19

19) / Fraction(3, -7))

self.b * other.a) \
Fraction) else NotImplemented

return Fraction(self.a * other.b,
if isinstance (other,

__abs__(self)

Wi

-> "Fraction":
Get the absolute value of this fraction.

:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2
>>> print (abs(Fraction(3,
3/5

5)))

return self if self.a > 0 else Fraction(-self.a, self.b)

#
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Fraction: Multiplikation, Division,

TN o R I RN A P L

® \Wir testen die Division, in dem wir
bestatigen, dass
oW i Vi (s o R Y
19 i 19*3 = G7 T
W|rk||ch erglbt

o Wir implementieren auch eine
Unterstiitzung fiir die abs-Function.

® abs liefert den Betrag einer Zahl.
® Es gilt das abs(5) = abs(-5)

® abs(x) ruft x.__abs__() auf, wenn
diese Methode definiert ist.

e e . SR e e

se , other) -> Union[NotImplemente e, raction
_(self h ) U [NotImpl dTyp U '1

Multiply this fraction with another fraction.

:param other: the other fraction
:return: the result of the multiplication
19) * Fraction(3, -7))

>>> print (Fraction(6,

-18/133

return Fraction(self.a * other.a, self.b * other.b) \
if isinstance(other, Fraction) else NotImplemented

__truediv__(self, other) "Fraction"

=73

-> Union[NotImplementedType,

Divide this fraction by another fraction.

:param other: the other fraction
:return: the result of the division
19) / Fraction(3, -7))

>>> print(Fraction(6,

-14/19

return Fraction(self.a * other.b, self.b * other.a) \
if isinstance(other, Fraction) else NotImplemented

(self)

__abs__ -> "Fraction":

Wi

Get the absolute value of this fraction.

:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2
>>>
3/5

Wi

print (abs (Fraction(3, 5)))

return self if self.a > 0 else Fraction(-self.a, self.b)
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?f Fraction: Multlpllkatlon Division,

® Wir implementieren auch eine
Unterstiitzung fiir die abs-Function.

® abs liefert den Betrag einer Zahl.

® Es gilt das abs(5) = abs(-5) = 5.

® abs(x) ruft x.__abs__() auf, wenn
diese Methode definiert ist.

® Wir implementieren diese Methode so:

|
|

A P LT

def

S e . B

__mul__(self, other) -> Union[NotImplementedType,

SonTEmEEEE e

”Fractlon"]
Multiply this fraction with another fraction.

:param other: the other fraction
:return: the result of the multiplication
19) * Fraction(3, -7))

>>> print (Fraction(6,

-18/133

return Fraction(self.a * other.a, self.b * other.b) \
if isinstance(other, Fraction) else NotImplemented

__truediv__(self, other) "Fraction

> 1

-> Union[NotImplementedType,

Divide this fraction by another fraction.

:param other: the other fraction
:return: the result of the division
19) / Fraction(3, -7))

>>> print(Fraction(6,

-14/19

return Fraction(self.a * other.b, self.b * other.a) \
if isinstance(other, Fraction) else NotImplemented

__abs__(self)

Wi

-> "Fraction":
Get the absolute value of this fraction.

:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2
>>> print (abs(Fraction(3,
3/5

Wi

5)))

return self if self.a > 0 else Fraction(-self.a, self.b)
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?f Fraction: Multlpllkatlon Division,

abs liefert den Betrag einer Zahl.
Es gilt das abs(5) = abs(-5)

abs(x) ruft x.__abs__() auf, wenn
diese Methode definiert ist.

Wir implementieren diese Methode so:

Wenn unser Bruch positiv ist, dann
liefern wir ihn direkt zurtick.

Lol g8 e g8 L 8

def

ST e e S e
__mul__(self, other) -> Union[NotImplementedType,

Multiply this fraction with another fraction.

:param other: the other fraction

:return: the result of the multiplication

>>> print (Fraction(6, 19) * Fraction(3, -7))

-18/133

return Fraction(self.a * other.a, self.b * other.b) \
if isinstance(other, Fraction) else NotImplemented

__truediv__(self,
> 1:

Divide this fraction by another fraction.

:param other: the other fraction

:return: the result of the division

>>> print (Fraction(6, 19) / Fraction(3, -7))

-14/19

return Fraction(self.a * other.b, self.b * other.a) \
if isinstance(other, Fraction) else NotImplemented

__abs__(self) -> "Fraction":

Wi
Get the absolute value of this fraction.
:return: the absolute value.
>>> print (abs (Fraction(-1, 2)))
1/2

>>> print (abs (Fraction(3, 5)))
3/5

Wi

return self if self.a > 0 else Fraction(-self.a, self.b)

”Fractlon"]

other) -> Union[NotImplementedType, "Fraction
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Fraction: Multiplikation, Division,

® abs liefert den Betrag einer Zahl.
® Es gilt das abs(5) = abs(-5) = 5.

® abs(x) ruft x.__abs__() auf, wenn
diese Methode definiert ist.

o L
[ ]

Wir implementieren diese Methode so:

® \Wenn unser Bruch positiv ist, dann
liefern wir ihn direkt zurtick.

Dee—

® Sonst erstellen wir eine neue, positive
* Variante unserers Bruchs.

SRR Sl B0 Rl o B L e e

e e s SR e e

ul__(self, other) -> Union[NotImplementedType, "Fraction"]:

Multiply this fraction with another fraction.

:param other: the other fraction
:return: the result of the multiplication

>>> print (Fraction(6, 19) * Fraction(3, -7))

-18/133

return Fraction(self.a * other.a, self.b * other.b) \
if isinstance(other, Fraction) else NotImplemented

def __truediv__(self, other) -> Union[NotImplementedType, "Fraction"
=73

Divide this fraction by another fraction.

:param other: the other fraction
:return: the result of the division

>>> print (Fraction(6, 19) / Fraction(3, -7))

-14/19

return Fraction(self.a * other.b, self.b * other.a) \
if isinstance(other, Fraction) else NotImplemented

def __abs__(self) -> "Fraction":

Wi

Get the absolute value of this fraction.
:return: the absolute value.

>>> print (abs(Fraction(-1, 2)))
1/2
>>> print (abs (Fraction(3, 5)))
3/5

Wi

return self if self.a > 0 else Fraction(-self.a, self.b)
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def __eq__(self, other) -> bool | NotImplementedType: ¥

Fraction: Vergleichsoperatoren Check whether this fraction equals another fraction.

:param other: the other fraction
ireturns: "True® if "self’ equals "other®, "False® otherwise

return (self.a == other.a) and (self.b == other.b) \

Y Zu|etZt imp|ementieren Wir noch die if isinstance(other, Fraction) else NotImplemented

def __ne__(self, other) -> bool | NotImplementedType:

sechs Vergleichsoperatoren als ’
Dunder-Methoden, wie in [26] Y y— ’

:returns: "False® if 'self’ equals ‘other’, 'True" otherwise

SpeZIfIZIert return (self.a != other.a) or (self.b != other.b)

if isinstance(other, Fraction) else NotImplemented

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

s
3

:param other: the other fraction
:returns: "True® if "self’ less than “other’, "False' otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

def __le__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than or equal to another

:param other: the other fraction

returns: “True® if "self <= other", "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \ .
if isinstance(other, Fraction) else NotImplemented

gt__(self, other) -> bool | NotImplementedType:

Check whether this fraction is greater than another fraction.

e s & __ _ o

:param other: the other fraction
ireturns: “True® if “self > other’, "False® otherwise

return ((self.a * other.b) > (other.a % self.b)) \
if isinstance(other, Fraction) else NotImplemented

def __ge__(self, other) -> bool | NotImplementedType:

:param other: the other fraction

Check whether this fraction is greater than or equal to amother. ..
- - - - 5 F
Toturns: "True® if “self >= other’, "False' otherwise

return ((self.a * other.b) >= (other.a * self.b)) \ |
if isinstance(other, Fraction) else NotImplemented

Vo Sl F & & 9 D BT TN | o N - B ;"-Lﬁ!
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Fraction: Vergleichsoperatoren

: ® Zuletzt implementieren wir noch die
sechs Vergleichsoperatoren als
Dunder-Methoden, wie in [26]
spezifiziert

y ® __eq__ implementiert die
Funktionalitat von ==.

1

PV T Y | N

def

__eq__(self, other) -> bool | NotImplementedType:
Check whether this fraction equals another fraction.

:param other: the other fraction
:returns: “True® if "self’ equals other™, "False® otherwise
return (self.a == other.a) and (self.b == other.b) \

if isinstance(other, Fraction) else NotImplemented

__me__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

:param other: the other fraction
returns: "False® if "self equals "other™, ~True® otherwise
return (self.a != other.a) or (self.b != other.b) \

stance (other, Fraction) else NotImplemented

£ isi

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

:param other: the other fraction
:returns: "True® if "self’ less than "other’, "False® otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

le__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than or equal to another

:param other: the other fraction

returns: “True® if "self <= other", "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

__gt__(self, other) -> bool | NotImplementedType:

Check whether this fraction is greater than another fraction.

:param other: the other fraction
ireturns: “True® if “self > other’, "False® otherwise
return ((self.a * other.b) > (other.a % self.b)) \

if isinstance(other, Fraction) else NotImplemented

e__(self, other) -> bool | NotImplementedType:

Check whether this fraction is greater than or equal to amother.

:param other: the other fraction
:returns: “True® if “self >= other", "False® otherwise
return ((self.a * other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

— — R
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Fraction: Vergleichsoperatoren

® Zuletzt implementieren wir noch die
sechs Vergleichsoperatoren als
Dunder-Methoden, wie in [26]
spezifiziert

® __eq__ implementiert die
Funktionalitdt von ==.
® __ne__ implementiert die

Funktionalitat von !=.

:
]
1
A
|

— FE & 9 il v

F " e

def

__eq__(self, other) -> bool | NotImplementedType:
Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals “other™, False® otherwise
return (self.a == other.a) and (self.b == other.b) \

if isinstance(other, Fraction) else NotImplemented

__me__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

return (self.a != other.a) or (self.b != other.b) \
if isinstance(other, Fraction) else NotImplemented

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

:param other: the other fraction
:returns: "True® if "self’ less than "other’, "False® otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

__le__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than or equal to another

iparam other: the other fraction
“True® if “self <= other’, False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented
__gt__(self, other) -> bool | NotImplementedType

Check whether this fraction is greater than another fraction.

:param other: the other fraction
eturns: “True® if self > other’, "False® otherwise

return ((self.a * other.b) > (other.a * self.b)) \
if isinstance (other, Fraction) else NotImplemented

__ge__(self, other) -> bool | NotImplementedType:

Check whether this fraction is greater than or equal to amother.

:param other: the other fraction

:returns: “True® if “self >= other", "False® otherwise

return ((self.a * other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

e, g
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Fraction: Vergleichsoperatoren

® Zuletzt implementieren wir noch die
sechs Vergleichsoperatoren als
Dunder-Methoden, wie in [26]
spezifiziert

® __eq__ implementiert die
Funktionalitdt von ==.

® __ne__ implementiert die
Funktionalitdt von !=.

® __1t__ implementiert die

Funktionalitat von <.

FE & 9 s A

F " e

__eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals

“other, “False® otherwise
other.a) and (self.b == other.b) \
Fraction) else NotImplemented

return (self.a ==
if isinstance(other,

__me__(self, other) -> bool | NotImplementedType:
Check whether this fraction does mot equal anmother fraction
param other: the other fraction
returns: "False if ~self’ equals “other, "True® otherwise
other.a) or (self.b != other.b) \

nce (other, Fraction) else NotImplemented

return (self.a
£ isin;

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

the other fraction
self” less than

param other:

ireturns: True® if other™, "False ' otherwise

return ((self.a * other.b) < (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

__le__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than or equal to amother

the other fraction

:param other:
: “self <= other’,

ireturns: “True® if “False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

__gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

the other fraction
self > other’,

:param other:
“True” if “False™ otherwise
return ((self.a * other.b) > (other.a % self.b)) \

if isinstance(other, Fraction) else NotImplemented

__ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to another

:param other:
returns: “True if
return ((self.a * other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

e e . e~ >

the other fraction

“self >= other’, "False' otherwise
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Fraction: Vergleichsoperatoren

® Zuletzt implementieren wir noch die
sechs Vergleichsoperatoren als
Dunder-Methoden, wie in [26]
spezifiziert

/]

® __eq__ implementiert die
Funktionalitdt von ==.

® __ne__ implementiert die
Funktionalitdt von !=.

® __1t__ implementiert die
Funktionalitdt von <.
__le__ implementiert die
Funktionalitdt von <=.

FE & 9

O |  a

def __eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals

“other®, “False™ otherwise
return (self.a == other.a) and (self.b == other.b) \
if isinstance(other, Fraction) else NotImplemented

def __ne__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction

returns: "False® if “self’ equals other’, "True otherwise

other.a) or (self.b != other.b) \
nce (other, Fraction) else NotImplemented

return (self.a
if isin

def __1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

the other fraction
self” less

param other
:returns: ~True if
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

than “other’, "False ' otherwise

def __le__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than or equal to amother

the other fraction

:param other:
: “self <= other’,

ireturns: “True® if “False®

otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

__gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

the other fraction
self > other’,

:param other:
:returns: “True® if
return ((self.a * other.b) > (other.a % self.b)) \

if isinstance(other, Fraction) else NotImplemented

“False® otherwise

def __ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to another

:param other:
returns: ~True® if
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

e ———— B AER——— T e

the other fraction

“self >= other’, "False' otherwise
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def __eq__(self, other) -> bool | NotImplementedType:

Fraction: Vergleichsoperatoren Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals “other’, “False' otherwise

return (self.a == other.a) and (self.b == other.b) \

Y Zu|etZt imp|ementieren Wil’ noch d|e if isinstance(other, Fraction) else NotImplemented

def __ne__(self, other) -> bool | NotImplementedType:

sechs Vergleichsoperatoren als

Check whether this fraction does not equal another fraction

Dunder-Methoden, wie in [26] Y -

SpeZ|f|Z|ert return (self.a != other.a) or (self.b != other.b) \
. if isinstance(other, Fraction) else NotImplemented
/| ° . . . def __1t__(self, other) -> bool | NotImplementedType:
| __eq__ implementiert die

Funktionalitdt von ==.

ireturns: “True' if “self’ less than "other’, "False® otherwise

J a 5 a
} ® __ne__ implementiert die ey (EC 0 AT & (T 0 (D §

N if isinstance(other, Fraction) else NotImplemented

: Funktionalitat von !=. £ i i ) < L ) e Rgs

|
. ° __lt__ imp|ementiert dle Check whether this fraction is less than or equal to another

r X R -

Funkt|ona||tat von <. eturns: “True® if ‘self <= other", 'False® otherwise
. . . return ((self.a * other.b) <= (other.a * self.b)) \

(] le |mp|ement|ert die W OGN FROGEAG) (0 MG

__gt__(self, other) -> bool | NotImplementedType

Funktionalitat von <=.

Check whether this fraction is greater than another fraction.

® __gt__ implementiert die
Funkt|ona||tat von >. return ((self.a * other.b) > (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented
def __ge__(self, other) -> bool | NotImplementedType:

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

T g i F 4 & W s s A T . e —— . e el < T 2
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-
def __eq__(self, other) -> bool | NotImplementedType:

Fraction: Vergleichsoperatoren Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals “other’, “False' otherwise

return (self.a == other.a) and (self.b == other.b) \

Y Zu|etZt imp|ementieren Wil’ noch d|e if isinstance(other, Fraction) else NotImplemented

def __ne__(self, other) -> bool | NotImplementedType:

sechs Vergleichsoperatoren als

Check whether this fraction does not equal another fraction

Dunder-Methoden, wie in [26] Y -

SpeZ|f|Z|ert return (self.a != other.a) or (self.b != other.b) \
. if isinstance(other, Fraction) else NotImplemented
/| . . . . def __1t__(self, other) -> bool | NotImplementedType:
| __ne__ implementiert die

Funktionalitdt von !=.

ireturns: “True' if “self’ less than "other’, "False® otherwise

F 5 - 5
} ® __1t__ implementiert die s ((aett.a = ovher.b) < Gosher.n = seld 20 \

N if isinstance(other, Fraction) else NotImplemented

: Funktionalitat von <. £ i i ) < et ) e Rgs

|
. ° __1e__ imp|ementiert dle Check whether this fraction is less than or equal to another

r X R -

Funkt|ona||tat von <=. eturns: “True® if "self <= other’, "False® otherwise
. . . return ((self.a * other.b) <= (other.a * self.b)) \

(] gt |mp|ement|ert die W OGN BROGEAG) (IC0 ORI

__gt__(self, other) -> bool | NotImplementedType

Funktionalitat von >.

Check whether this fraction is greater than another fraction.

® __ge__ implementiert die
Funkt|ona||tat von >=. return ((self.a * other.b) > (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented
def __ge__(self, other) -> bool | NotImplementedType:

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

T g i F 4 & W s s A T . e —— . el < > 2
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Fraction: Vergleichsoperatoren

® Zuletzt implementieren wir noch die
sechs Vergleichsoperatoren als
Dunder-Methoden, wie in [26]
spezifiziert
w ® __1t__ implementiert die
Funktionalitdt von <.
__le__ implementiert die
’ Funktionalitdt von <=.
\ ® __gt__ implementiert die
Funktionalitdt von >.
" ® __ge__ implementiert die
) Funktionalitit von >=.

Der Gleichheits- und der
Ungleichheitsoperator sind sehr
einfach.

B A& B O - A

__eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if "self equals “other™, False® otherwise
return (self.a == other.a) and (self.b == other.b) \

if isinstance(other, Fraction) else NotImplemented

__me__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

return (self.a
if isinst

other.a) or (self.b != other.b) \
ce(other, Fraction) else NotImplemented

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

param other: the other fraction
:returns: “True® if "self’ less than “other’, "False® otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

__le__(self, other) -> bool | NotImplementedType:
Check whether this fraction is less than or equal to another

:param other: the other fraction

:returns: “True® if "self <= other", "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

:param other: the other fraction
ireturns: “True® if “self > other™, -False® otherwise
return ((self.a * other.b) > (other.a * self.b)) \

if isinstance (other, Fraction) else NotImplemented

__ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented
e —— e —
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Fraction: Vergleichsoperatoren

® Zuletzt implementieren wir noch die
sechs Vergleichsoperatoren als
Dunder-Methoden, wie in [26]
spezifiziert

__le__ implementiert die

Funktionalitdt von <=.

® __gt__ implementiert die
Funktionalitdt von >.

® __ge__ implementiert die

Funktionalitdt von >=.

® Der Gleichheits- und der
Ungleichheitsoperator sind sehr
~ einfach.

® Unsere Briiche sind ja normalisiert.

B A& B O - A

__eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if "self equals “other™, False® otherwise
return (self.a == other.a) and (self.b == other.b) \

if isinstance(other, Fraction) else NotImplemented

__me__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

return (self.a
if isinst

other.a) or (self.b != other.b) \
ce(other, Fraction) else NotImplemented

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

param other: the other fraction
:ireturns: "True® if "self’ less than “other’, "False® otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

le__(self, other) -> bool | NotImplementedType:
Check whether this fraction is less than or equal to another

:param other: the other fraction

:returns: “True® if "self <= other", "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

:param other: the other fraction
ireturns: “True® if “self > other™, -False® otherwise
return ((self.a * other.b) > (other.a * self.b)) \

if isinstance (other, Fraction) else NotImplemented

__ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented
e —— e —
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. def __eq__(self, other) -> bool | NotImplementedType:
Fraction. Verg|eichsoperat0ren e Thoior G Sreion CoreiD Aneies Smneaton.
: param other: the other fraction
EOmeE S {5 O G SR, SHCE0° GEARAD
return (self.a == other.a) and (self.b == other.b) \
if isinstance(other, Fraction) else NotImplemented

® Zuletzt implementieren wir noch die
. def __ne__(self, other) -> bool | NotImplementedType:
sechs Vergleichsoperatoren als

Check whether this fraction does not equal another fraction

Dunder-Methoden, wie in [26] e e e o gvenen
spezifiziert

return (self.a != other.a) or (self.b != other.b) \
if isinstance(other, Fraction) else NotImplememted

def __1t__(self, other) -> bool | NotImplementedType:

® __gt__ implementiert die ) ) ;
Funktionalitat von >. S
® __ge__ implementiert die
= > if isinstance(other, Fraction) else NotImplemented
Funktionalitat von >=. €8 i (e, ) < B (| EeES e s

Check whether this fraction is less than or equal to another

® Der Gleichheits- und der pares ot e oer grscrion
Ungleichheitsoperator sind sehr
einfach.

return ((self.a * other.b) < (other.a * self.b)) \

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

gt__(self, other) -> bool | NotImplementedType

Check whether this fraction is greater than another fraction.

® Unsere Briiche sind ja normalisiert.

. ireturns: “True® if “self > other™, -False® otherwise
return ((self.a * other.b) > (other.a * self.b)) \
if isinstance (other, Fraction) else NotImplemented

® Fiir zwei Briiche x und y gilt x ==y

G

dann und nur dann, wenn

x.a == y.a und x.b == y.b.

o P~ -~ 2 A E B O o

__ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction

returns: “True® if “self >= other™, "False® otherwise

return ((self.a x other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

s I
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Fraction: Vergleichsoperatoren

® Zuletzt implementieren wir noch die
sechs Vergleichsoperatoren als
Dunder-Methoden, wie in [26]
spezifiziert
w ® __ge__ implementiert die

Funktionalitat von >=.

i ® Der Gleichheits- und der
Ungleichheitsoperator sind sehr
einfach.

4
" ® Unsere Briiche sind ja normalisiert.

® Fiir zwei Briiche x und y gilt x == y
~ dann und nur dann, wenn
= y.a und x.b == y.b.

X.a

® |st daher schnell implementiert.

B A& B O - A

__eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if "self equals “other™, False® otherwise
return (self.a == other.a) and (self.b == other.b) \

if isinstance(other, Fraction) else NotImplemented

__me__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

other.a) or (self.b != other.b) \
ce(other, Fraction) else NotImplemented

return (self.a
if isinst

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

param other: the other fraction
:returns: “True® if "self’ less than “other’, "False  otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

le__(self, other) -> bool | NotImplementedType:
Check whether this fraction is less than or equal to another

:param other: the other fraction

:returns: “True® if "self <= other", "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

:param other: the other fraction
ireturns: “True® if “self > other™, False® otherwise
return ((self.a * other.b) > (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

__ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented
-

e — R = N
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Fraction: Vergleichsoperatoren

® Der Gleichheits- und der
Ungleichheitsoperator sind sehr
einfach.

® Unsere Briiche sind ja normalisiert.

® Fiir zwei Briiche x und y gilt x ==y
dann und nur dann, wenn
x.a == y.a und x.b == y.b.

® |st daher schnell implementiert.

ist das Komplement davon
-Operator.

® ne__

fur den

,~ = FE & 9 YT e

def __eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if "self equals “other™, False® otherwise
return (self.a == other.a) and (self.b == other.b) \

if isinstance(other, Fraction) else NotImplemented

def __ne__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

other.a) or (self.b != other.b) \
nce (other, Fraction) else NotImplemented

return (self.a
£ isin;

def __1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

param other: the other fraction
:ireturns: "True® if "self’ less than “other’, "False® otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

def __le__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than or equal to amother

:param other: the other fraction
ireturns: True® if “self <= other’, "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

def __gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

:param other: the other fraction
“True® if “self > other’, “False' otherwise

return ((self.a * other.b) > (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

def __ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to another

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

e ———————— - - ———lEE. - W
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Fraction: Vergleichsoperatoren

-

Unsere Briiche sind ja normalisiert.

Fiir zwei Briiche x und y gilt x
dann und nur dann, wenn
x.a == y.a und x.b == y.b.

Ist daher schnell implementiert.

_ne__ ist das Komplement davon
-Operator.

x != y ist True wenn x.a != y.a

oderr x.b != y.b wahr sind.

,~ — FE & 9 s A

def __eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if "self equals “other™, "False® otherwise
return (self.a == other.a) and (self.b == other.b) \

if isinstance(other, Fraction) else NotImplemented

def __ne__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

other.a) or (self.b != other.b) \
nce (other, Fraction) else NotImplemented

return (self.a
£ isin;

def __1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

:param other: the other fraction
:ireturns: “True® if "self’ less than “other’, "False® otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

def __le__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than or equal to another

:param other: the other fraction
ireturns: True® if “self <= other’, "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

def __gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

:param other: the other fraction
“True® if “self > other’, "False  otherwise

return ((self.a * other.b) > (other.a % self.b)) \
if isinstance(other, Fraction) else NotImplemented

def __ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to another

:param other: the other fraction

:returns: “True® if “self >= other", "False® otherwise

return ((self.a * other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

F B - 0 LW ==
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Fraction: Vergleichsoperatoren

® Fiir zwei Briiche x und y gilt x == y
dann und nur dann, wenn
x.a == y.a und x.b == y.b.

Ist daher schnell implementiert.

' ® _ne__ ist das Komplement davon

/ fiur den !'=-Operator.

® x !=y ist True wenn x.a != y.a
oderr x.b != y.b wahr sind.

Die anderen vier Operatoren kdnnen
implementiert werden, wenn wir uns
daran erinnern, wie wir den

‘ gemeinsamen Nenner fiir Addition
und Subtraktion verwendet haben.

2 A E B O o -

y

__eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.
:param other: the other fraction

returns: “True® if self’ equals “other”,

False® otherwise

return (self.a == other.a) and (self.b == other.b) \
if isinstance(other, Fraction) else NotImplemented

__me__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other
returns: "False® if “self’ equals other’, "True otherwise

the other fraction

return (self.a != other.a) or (self.b != other.b) \
if isinstance(other, Fraction) else NotImplememted

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

param other
ireturns: “True' if "self’ less than "other’, “False

the other fraction
otherwise

return ((self.a * other.b) < (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

__le__(self, other) -> bool | NotImplementedType:
Check whether this fraction is less than or equal to another

:param other: the other fraction

returns: “True® if "self <= other", "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

:param other: the other fraction
ireturns: “True® if “self > other’,

“False® otherwise

return ((self.a * other.b) > (other.a * self.b)) \
if isinstance (other, Fraction) else NotImplemented

__ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction
returns: “True® if “self >= other’, “False

otherwise

return ((self.a x other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented
e — I
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*
def __eq__(self, other) -> bool | NotImplementedType:

Fraction: Vergleichsoperatoren Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals “other’, “False' otherwise

return (self.a == other.a) and (self.b == other.b) \

e |st daher schnell implementiert. it iainstanca(ather, Fraction) elss Notlnplenentad

‘ def __ne__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

fiir den !'=-Operator.

® _ne__ ist das Komplement davon
other.a) or (self.b != other.b) \
ace (other, Fraction) else NotImplemented

return (self.a
if isin

® x !=y ist True wenn x.a != y.a dof _1t_(s01t, other) -> bood | NotInplementedtyps:
’ oderr x.b != y.b wahr sind.

Check whether this fraction is less than another fraction
param other: the other fraction

ireturns: “True' if “self’ less than "other’, "False® otherwise

: : : h
‘ ® Die anderen vier Operatoren konnen S (@0 © G & (ERE 5 gIEB

if isinstance(other, Fraction) else NotImplemented

implementiert werden, wenn wir uns et e__(seit, other) - busk | oviaplemsatudtype;
daran erinnern, wie wir den
gemelnsamen Nenner fur Addltlon ireturns: “True® if “self <= other’, "False® othervise

return ((self.a * other.b) <= (other.a * self.b)) \

und Subtra ktion Verwendet ha ben_ if isinstance(other, Fraction) else NotImplemented
-_gt._(self, other) -> bool | NotlmplementedType
o er ha ben o) Check whether this fraction is greater than another fraction.

addiert: &4 & — axd | cxb _ axdicxb e e Fatee otaemuine
"B

d ~ bxd bxd g

Check whether this fraction is less than or equal to another

. A 455N

return ((self.a * other.b) > (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

def __ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction

returns: “True® if “self >= other™, "False® otherwise

return ((self.a x other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

o P~ i F 4 & W s s A T . e —— . e el < T 2
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Fraction: Vergleichsoperatoren

__ne__ ist das Komplement davon
fur den !'=-Operator.

x != y ist True wenn x.a != y.a
oderr x.b != y.b wahr sind.

Die anderen vier Operatoren kdnnen
implementiert werden, wenn wir uns
daran erinnern, wie wir den
gemeinsamen Nenner fiir Addition
und Subtraktion verwendet haben.

Wir haben so

2 @ @ & aral cxb
adaiER peb A S L

Wenn wir uns das nochmal angucken,

dann stellen wir fest, das

axd cxb
Gleiche wir 329 < 777 ist.

5
4 das

2 A E B O o - A

__ axd+tcxb

y

q__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True if “self’ equals “other’, "False' otherwise

return (self.a == other.a) and (self.b == other.b) \
if isinstance(other, Fraction) else NotImplemented

ne__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

return (self.a != other.a) or (self.b != other.b) \
if isinstance(other, Fraction) else NotImplememted

t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

param other: the other fraction
ireturns: “True' if “self’ less than "other’, "False® otherwise

return ((self.a * other.b) < (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

e__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than or equal to amother

:param other: the other fraction
returns: "True® if self <= other’, False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

t__(self, other) -> bool | NotImplementedType

Check whether this fraction is greater than another fraction.

param other: the other fraction
ireturns: “True® if “self > other’, "False® otherwise

return ((self.a * other.b) > (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

e__(self, other) -> bool | NotImplementedType:

Check whether this fraction is greater than or equal to another

:param other: the other fraction
returns: "True® if “self >= other’, "False' otherwise

return ((self.a x other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

B o e——— — F N ——
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def __eq__(self, other) -> bool | NotImplementedType:

Fraction: Vergleichsoperatoren Check whether this fraction equals another fraction.

param other: the other fraction
returns: “True® if “self’ equals other’, “False' otherwise

4 return (self.a == other.a) and (self.b == other.b) \
— — if isinstance(other, Fraction) else NotImplemented
® x !=y ist True wenn x.a != y.a ’
def __ne__(self, other) -> bool | NotImplementedType:

oderr x.b != y.b wahr sind.

Check whether this fraction does not equal another fraction

param other: the other fraction

® Die anderen vier Operatoren kdnnen ireturns: ‘False’ if ‘aelf' squels “other®, “True® othersise

d 3 4 return (self.a != other.a) or (self.b I= other.b) \
y Imp|ement|ert Werden, wenn wir uns if isinstance(other, Fraction) else NotImplemented

def __1t__(self, other) -> bool | NotImplementedType:

daran erinnern, wie wir den

gemeinsamen Nenner fiir Addition

und Subtraktion verwendet haben. i (0 O GECE) < (D & Ea)

if isinstance(other, Fraction) else NotImplemented

1 Af 0 (%, G -5 Rl (| N Omeeeos
® Wir haben so v 7

Check whether this fraction is less than or equal to another

jert: @ 4 ¢ — axd | cxb _ axdtcxb
diCre? ;P A B R e e D GimEe

return ((self.a * other.b) <= (other.a * self.b)) \

® \\Nenn wir uns das nochma| angucken, 1% Hainabance(othezh Fraction)flalan ) Not Tnplanantad
2 def __gt__(self, other) -> bool | NotImplementedType
dann stellen wir fest, das § < g das ot e e e 1 s o e i
Gleiche wir 2x¢  c*b ot -

. brd bxd ireturns: ‘True® if “self > other', "False® otherwise

return ((self.a * other.b) > (other.a * self.b)) \

® Das ist Wiederum daS Gleiche if isimstance(other, Fraction) else NotImplememted
1 def __ge__(self, other) -> bool | NotImplementedType:
wir a x d < c*b.

Check whether this fraction is greater than or equal to amother
. :param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else “ctlnp]emented

p— ~ -~ 2 A E B O o - A F 7 R s F N —— -
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def __eq__(self, other) -> bool | NotImplementedType:

Fraction: Vergleichsoperatoren Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals other’, "False' otherwise

b f o ;;:urn (self.a == other.a) and (self.b == other.b) \
Y DIe anderen vier Operatoren konnen if isinstance(other, Fraction) else NotImplemented
def __nme__(self, other) -> bool | NotImplementedType:

implementiert werden, wenn wir uns

Check whether this fraction does not equal another fraction

daran erinnern, wie wir den A a—

returns: "False® if “self’ equals other’, "True otherwise

gemeinsamen Nenner fiir Addition return (a1t .a 1= othor.a) or (aelf.b 1= ather.) \

if isinstance(other, Fraction) else NotImplemented

und Subtraktion verwendet haben. 0 g (T, ) < o () T ROs

, Check whether this fraction is less than another fraction
[ ] er haben SO paran other: the other fraction
ireturns: “True' if ‘self' less than “other®, "False' otherwise
add|ert: @ + G d C—ﬁ = —a—m return ((self.a x other.b) < (other.a * self.b)) \
b d bxd bxd bxd if isinstance(other, Fraction) else NotImplemented

def __le__(self, other) -> bool | NotImplementedType:

® Wenn wir uns das nochmal angucken,

Check whether this fraction is less than or equal to amother

dann stellen wir fest, das 7 < § das T SO G S e o
: +oaxd cxb ¢ o (TR0 O CHTd) & QD O (T
Gleiche wir #57 < 77 ist. e e s S e een

def __gt__(self, other) -> bool | NotImplementedType

® Das ist wiederum das Gleiche neck hether his fraction i greacer thon anosher fraction.
Wir a *x d < C * b :param other: the other fraction

. ireturns: “True® if “self > other’, "False® otherwise

return ((self.a * other.b) > (other.a * self.b)) \

° Daher |St % S g das Gleiche Wie if isinstance(other, Fraction) else NotImplemented
def __ge__(self, other) -> bool | NotImplementedType:
axd<cx*b.

Check whether this fraction is greater than or equal to another

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented
T I
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def __eq__(self, other) -> bool | NotImplementedType:

Fraction: Vergleichsoperatoren Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals other’, “False' otherwise

return (self.a == other.a) and (self.b == other.b) \

° er ha ben o) if isinstance(other, Fraction) else NotImplemented
addiert; a 2 c _ axd i cxb _ axd-cxb def __ne__(self, other) -> bool | NotlaplementedType: g

2 Tl b o gk o Foas ORGT o Geoesion (R0 6 CETl CReHNGS Seeesion
; e Soon (i S A SCmP, SED® AT 1
® Wenn wir uns das nochmal angucken, g :
return (self.a != other.a) or (self.b != other.b) \

ce(other, Fraction) else NotImplemented

| dann stellen wir fest, das 7 < § das 1 e
def __1t__(self, other) -> bool | NotImplementedType:
. Gleiche wir &4

a*d < cxb

ol Ist. oo chedtoe (6o Gmeien 0 AT (o el @Rk

param other: the other fraction :
" ° DaS ist Wiederum daS Gleiche ireturns: ‘True® if self’ less than “other’, "False’ othervise

return ((self.a * other.b) < (other.a * self.b)) \

. Wir a * d < C % b if isinstance(other, Fraction) else NotImplemented

def __le__(self, other) -> bool | NotImplementedType:

e Daher ist % < g dRCleicheste Check whether this fraction is less than or equal to amother

:param other: the other fraction ‘

|
‘ e L oy ifeturne: ‘True' if “selt < other’. ‘False® othervise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

.

) ® Der,groRer-" und der tof _gt__Conte, ather) > baod | HotTaplenentedtype
,groBer-gleich-Operator” kénnen e e e e
i gena uso nur andersherum ireturns: “True® if “self > other’, "False' otherwise

Check whether this fraction is greater than another fraction.

return ((self.a * other.b) > (other.a * self.b)) \

Imp|ementlel’t Wel‘den if isinstance(other, Fraction) else NotImplemented

def __ge__(self, other) -> bool | NotImplementedType:

Check whether this fraction is greater than or equal to another

EE AR L e 090

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

o _o ol g i F 4 & W s s A T . e — e NOTIMPLORENCEA e . RS T
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Fraction: Vergleichsoperatoren

Wenn wir uns das nochmal angucken,
dann stellen wir fest, das 7 < § das

= soaxd [
Gleiche wir 325 < =7 ist.

Das ist wiederum das Gleiche
wir a xd < ¢ * b.

Daher ist ¢ < ¢ das Gleiche wie
axd<cx*b.

Der ,.groRer-" und der
»groler-gleich-Operator” kénnen
genauso nur andersherum
implementiert werden.

Diesmal lasse ich die Doctests aus
Platzgriinden weg.

~ i F 4 & W s s A

r _“ i

__eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if "self equals “other™, False® otherwise
return (self.a == other.a) and (self.b == other.b) \

if isinstance(other, Fraction) else NotImplemented

__me__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

return (self.a
if isinst

other.a) or (self.b != other.b) \
ce(other, Fraction) else NotImplemented

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

param other: the other fraction
:ireturns: "True® if "self’ less than “other’, "False® otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

__le__(self, other) -> bool | NotImplementedType:
Check whether this fraction is less than or equal to another

:param other: the other fraction

:returns: “True® if "self <= other", "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

:param other: the other fraction
ireturns: “True® if “self > other™, -False® otherwise
return ((self.a * other.b) > (other.a * self.b)) \

if isinstance (other, Fraction) else NotImplemented

__ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented
e —— S
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def __eq__(self, other) -> bool | NotImplementedType:

Fraction: Vergleichsoperatoren Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals “other’, “False' otherwise

return (self.a == other.a) and (self.b == other.b) \

Y DaS |St Wiederum das Gleiche if isinstance(other, Fraction) else NotImplemented

. . def __ne__(self, other) -> bool | NotImplementedType:
wir axd < ¢ *b.

Check whether this fraction does not equal another fraction

param other: the other fraction

° Daher |St % S § das G|eIChe W|e iTeturns: “False® if “self” equals “other’, “True® otheruise

return (self.a != other.a) or (self.b != other.b) \

’ a * d S C * b if isinstance(other, Fraction) else NotImplemented

def __1t__(self, other) -> bool | NotImplementedType:
{

) ° Der ”gréger_u und der Check whether this fraction is less than another fraction
4 i " k. iparan other: the otner fzact:inc e e senereise
F‘ ”gro[ger_glelch_operatorl konnen ireturns: “True® if “self” less th her®, “False b,

return ((self.a * other.b) < (other.a * self.b)) \

: gena uso nur andersherum if isinstance(other, Fraction) else NotImplemented

def __le__(self, other) -> bool | NotImplementedType:

implementiert werden.

Check whether this fraction is less than or equal to amother

e Diesmal lasse ich die Doctests aus Eeturna: Trae' 46 self <o other, “False othersise

return ((self.a * other.b) <= (other.a * self.b)) \

I. P|atZgrUnden Weg if isinstance(other, Fraction) else NotImplemented

__gt__(self, other) -> bool | NotImplementedType

® Genau genommen habe ich manches Check whether this fraction is grester than amother fraction.

:param other: the other fraction

i hiel’ im Text etwas verkUrzt. ireturns: “True® if “self > other’, "False’ otherwise

return ((self.a * other.b) > (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

def __ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

T g i F 4 & W s s A T . e . e el < T 2
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Fraction: Vergleichsoperatoren

® Das ist wiederum das Gleiche
wir axd < ¢ *b.

® Daher ist § < £ das Gleiche wie
- axd<cx*b.

Der ,,groRer-" und der

/ ,groBer-gleich-Operator” kénnen
genauso nur andersherum
implementiert werden.

4
\ ; P &
: ® Diesmal lasse ich die Doctests aus
Platzgriinden weg.

)

® Genau genommen habe ich manches
‘ hier im Text etwas verkiirzt.

® Der Initialisierer __init__ priift z. B.
nicht, ob seine Parameter wirklich
int sind...

o P~ -~ 2 A E B O o -

y

__eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.
:param other: the other fraction

returns: “True® if self’ equals “other”,

False® otherwise

return (self.a == other.a) and (self.b == other.b) \
if isinstance(other, Fraction) else NotImplemented
__me__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

return (self.a != other.a) or (self.b != other.b) \
if isinstance(other, Fraction) else NotImplememted

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

param other
ireturns: “True' if "self’ less than "other”, “False

the other fraction
otherwise

return ((self.a * other.b) < (other.a % self.b)) \
if isinstance(other, Fraction) else NotImplemented
__le__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than or equal to amother

:param other: the other fraction

returns: “True® if "self <= other", "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

:param other: the other fraction
ireturns: True® if “self > other’,

“False® otherwise

return ((self.a * other.b) > (other.a + self.b)) \
if isinstance (other, Fraction) else NotImplemented

__ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction
returns: “True® if “self >= other™, -False
return ((self.a x other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented
e I

otherwise
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Fraction: Vergleichsoperatoren

Daher ist ¢ < ¢ das Gleiche wie
axd<cx*b.

Der ,.groer-"* und der
»groler-gleich-Operator” kénnen
genauso nur andersherum
implementiert werden.

Diesmal lasse ich die Doctests aus
Platzgriinden weg.

Genau genommen habe ich manches
hier im Text etwas verkiirzt.

Der Initialisierer __init__ priift z. B.
nicht, ob seine Parameter wirklich
int sind. ..

Das sollten wir in zusatzlichen Unit
Tests priifen.

o P~ -~ 2 A E B O o - A

__eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if "self equals “other™, False® otherwise
return (self.a == other.a) and (self.b == other.b) \

if isinstance(other, Fraction) else NotImplemented

__me__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

return (self.a != other.a) or (self.b != other.b) \
if isinstance(other, Fraction) else NotImplememted

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

param other: the other fraction
:ireturns: "True® if "self’ less than “other’, "False  otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

__le__(self, other) -> bool | NotImplementedType:
Check whether this fraction is less than or equal to another

:param other: the other fraction

returns: “True® if "self <= other", "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

:param other: the other fraction
ireturns: “True® if “self > other™, False® otherwise
return ((self.a * other.b) > (other.a * self.b)) \

if isinstance (other, Fraction) else NotImplemented

__ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented
e — I

B ——— -

G

VY S



-
def __eq__(self, other) -> bool | NotImplementedType:

Fraction: Vergleichsoperatoren Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals “other’, "False' otherwise

return (self.a == other.a) and (self.b == other.b) \

Y Diesmal IaSSe |Ch dle DOCteStS aus if isinstance(other, Fraction) else NotImplemented

def __ne__(self, other) -> bool | NotImplementedType:

Platzgriinden weg. p

Check whether this fraction does not equal another fraction

aram other: the other fraction
5 E

® Genau genommen habe ich manches ireturna: “False if self’ equals “other’, “True otheruise
A 5 4 return (self.a != other.a) or (self.b != other.b) \
] h|er m Text etWaS Verku th. if isinstance(other, Fraction) else NotImplemented

def __1t__(self, other) -> bool | NotImplementedType:
d

, ° Der |nitia|i5ierer _init__ pruft z. B Check whether this fraction is less than another fraction

5 param other: the other fraction I

" niCht, ob seine Parameter erkllch ireturns: “True® if “self” less than “other®, “False™ otherwise

- return ((self.a * other.b) < (other.a * self.b)) \
3 if isinstance(other, Fraction) else NotImplemented
, int sind...

def __le__(self, other) -> bool | NotImplementedType:

® Das sollten wir in zusitzlichen Unit Check whether this fraction is less tham or squal to another

:param other: the other fraction ‘

1
‘ Tests pr'ufen. ireturns: ‘True® if “self <= other’, 'False' othervise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

.

® Sie sollten aber niemals solche Tests dat _gt__(aniz, atner) > bosd | NorTupiemsasadrype

Weg|assen Check whether this fraction is greater than another fraction.

:param other: the other fraction

ireturns: “True® if “self > other’, "False® otherwise
return ((self.a * other.b) > (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented
def __ge__(self, other) -> bool | NotImplementedType:

Check whether this fraction is greater than or equal to another

EE AR L e 090

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

o _o ol g i F 4 & W s s A T . e ——— e NOTIMPLORENCEA e . RS
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Fraction: Vergleichsoperatoren

Diesmal lasse ich die Doctests aus
Platzgriinden weg.

Genau genommen habe ich manches
hier im Text etwas verkiirzt.

Der Initialisierer __init__ prift z. B.
nicht, ob seine Parameter wirklich
int sind...

Das sollten wir in zusatzlichen Unit
Tests priifen.

Sie sollten aber niemals solche Tests
weglassen.

In Threm Programmkode haben Sie
Platz.

~ i F 4 & W s Y

r _“ i

__eq__(self, other) -> bool | NotImplementedType:

Check whether this fraction equals another fraction.

:param other: the other fraction

returns: “True if °

return (self.a == other.a) and (self.b == other.b) \
if isinstance(other, Fraction) else NotImplemented

equals “other’, "False' otherwise

__me__(self, other) -> bool | NotImplementedType:

Check whether this fraction does not equal another fraction

param other: the other fraction
returns: "False® if “self’ equals other’, "True otherwise

other.a) or (self.b != other.b) \
ce(other, Fraction) else NotImplemented

return (self.a
if isinst

__1t__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than another fraction

param other: the other fraction
:ireturns: "True® if "self’ less than "other’, "False® otherwise
return ((self.a * other.b) < (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented

le__(self, other) -> bool | NotImplementedType:
Check whether this fraction is less than or equal to another

:param other: the other fraction

returns: “True® if "self <= other", "False® otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

gt__(self, other) -> bool | NotImplementedType
Check whether this fraction is greater than another fraction.

:param other: the other fraction
ireturns: “True® if “self > other’,

“False® otherwise

return ((self.a * other.b) > (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

__ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction
returns: “True® if “self >= other™, "False® otherwise
return ((self.a x other.b) >= (other.a * self.b)) \

if isinstance(other, Fraction) else NotImplemented
e —— S
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*
def __eq__(self, other) -> bool | NotImplementedType:

Fraction: Vergleichsoperatoren Check whether this fraction equals another fraction.

:param other: the other fraction
returns: “True® if “self’ equals “other’, "False' otherwise

y ;;:urn (self.a == other.a) and (self.b == other.b) \
Y Genau genommen habe |Ch manches if isinstance(other, Fraction) else NotImplemented
‘ def __nme__(self, other) -> bool | NotImplementedType:

hier im Text etwas verkiirzt.

Check whether this fraction does not equal another fraction

param other: the other fraction

° Der |nitia|isierer __init__ pruft z. B ireturns: ‘False® if “self’ equals “other’, “True® othervise
2 d Y ‘ return (self.a other.a) or (self.b != other.b) \
y n|cht, ob seine Parameter erkllch if isinstance(other, Fraction) else NotImplemented

def __1t__(self, other) -> bool | NotImplementedType:

' int sind...

Check whether this fraction is less than another fraction

param other: the other fraction

r‘ ® Das sollten wir in zusitzlichen Unit iretumms: “True® if self® less than “other®, “False® otherwise

return ((self.a * other.b) < (other.a * self.b)) \

Tests pr[jfen_ o e S e e e N

__le__(self, other) -> bool | NotImplementedType:

Check whether this fraction is less than or equal to amother

Weg|assen. ireturns: ‘True® if “self <= other’, 'False' otherwise

return ((self.a * other.b) <= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented

1
L ® Siesollten aber niemals solche Tests

In Ihrem Programmkode haben Sie

Platz. s

__gt__(self, other) -> bool | NotImplementedType

:param other: the other fraction
ireturns: “True® if “self > other’, "False® otherwise

® Der muss ja nicht auf eine Slide et (D O GEEE) & (D & Eam)

if isinstance(other, Fraction) else NotImplemented
passen. . def __ge__(self, other) -> bool | NotImplementedType:
Check whether this fraction is greater than or equal to amother

:param other: the other fraction

returns: “True® if “self >= other™, "False® otherwise

return ((self.a x other.b) >= (other.a * self.b)) \
if isinstance(other, Fraction) else NotImplemented
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Ergebnis der Doctests

® Und was kommt bei den Doctests raus?
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® Und was kommt bei den Doctests raus?

--timeout=10 --no-header --tb=short --doctest-modules fraction.

[100%]

9 passed in 0.03s

# pytest 8.4.2 with pytest-timeout 2.4.0 succeeded with exit code O.
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Ergebnis der Doctests

® Und was kommt bei den Doctests raus?
® Dann passt’s ja.

--timeout=10 --no-header --tb=short --doctest-modules fraction.

[100%]

9 passed in 0.03s

# pytest 8.4.2 with pytest-timeout 2.4.0 succeeded with exit code O.
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Zusammenfassung

® Es gibt noch ein paar mehr Dunder-Methoden, um arithmetische Operationen zu
implementieren.

¢ Und das macht wirklich SpaR.

® Wir kdnnen unsere eigenen Klassen fiir Briiche und komplexe Zahlen haben!
® Na gut, Python hat die schon. ..

® Aber wir kdnnten komplexe Zahlen mit Briichen implementieren. . .

® The sky is the limit!



R !
Thank you!
, Vielen Dank!
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denominator

docstring

doctest

Git

GitHub

Mypy

numerator

pytest
Python

Sphinx

- Glossary (in English) |

The number b of a fraction % € Q is called the denominator.

Docstrings are special string constants in Python that contain documentation for modules or functions®. They must be
delimited by """, . tin 5,28

doctests are unit tests in the form of as small pieces of code in the docstrings that look like interactive Python sessions. The
first line of a statement in such a Python snippet is indented with Python» > and the following lines by .... These snippets

can be executed by modules like doctest > or tools such as pytest”. Their output is the compared to the text following the
snippet in the docstring. If the output matches this text, the test succeeds. Otherwise it fails.

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'®2#. Learn more at https://git-scm.com.
is a website where software projects can be hosted and managed via the Git VCS*7'?4. Learn more at https://github.com.

is a static type checking tool for Python? that makes use of type hints. Learn more at https://github.com/python/mypy and
;20
in®?.

The number a of a fraction % € Q is called the numerator.

is a framework for writing and executing unit tests in Pythonz's'u'le'm. Learn more at https://pytest.org.

6,10,12,29

The Python programming language , i.e., what you will learn about in our book?®. Learn more at https://python.org.

Sphinx is a tool for generating software documentation?®. It supports Python can use both docstrings and type hints to
generate beautiful documents. Learn more at https://www.sphinx-doc.org.
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type hint

unit test

VCs

are annotations that help programmers and static code analysis tools such as Mypy to better understand what type a variable {
or function parameter is supposed to be®27. 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.

Software development is centered around creating the program code of an application, library, or otherwise useful system. A
unit test is an additional code fragment that is not part of that productive code. It exists to execute (a part of) the productive
code in a certain scenario (e.g., with specific parameters), to observe the behavior of that code, and to compare whether this
behavior meets the specificationl'13'15'16'18'23. If not, the unit test fails. The use of unit tests is at least threefold: First, they
help us to detect errors in the code. Second, program code is usually not developed only once and, from then on, used without
change indefinitely. Instead, programs are often updated, improved, extended, and maintained over a long time. Unit tests can
help us to detect whether such changes in the program code, maybe after years, violate the specification or, maybe, cause
another, depending, module of the program to violate its specification. Third, they are part of the documentation or even
specification of a program.

E
g
:

A Version Control System is a software which allows you to manage and preserve the historical development of your program
code?4. 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.

the set of the rational numbers, i.e., the set of all numbers that can be the result of % with a,b € Z and b # 0. a is called
the numerator and b is called the denominator. It holds that Z C Q@ and Q C R.

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.

e e e r———
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