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Programming with Python

Dies ist ein Kurs iiber 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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o \Wir wollen nun Mathematik basierend auf unserer Klasse Fraction fiir ,echte
Berechnungen verwenden.
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Das Szenario

o Wir wollen nun Mathematik basierend auf unserer Klasse Fraction fiir ,echte"
Berechnungen verwenden.

® Erinnern Sie sich an Einheit 25, als wie Heron's Methode zum berechnen der
Quadratwurzel mit einer while-Schleife implementiert hatten?
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Das Szenario

o Wir wollen nun Mathematik basierend auf unserer Klasse Fraction fiir ,echte"
Berechnungen verwenden.

® Erinnern Sie sich an Einheit 25, als wie Heron's Methode zum berechnen der
Quadratwurzel mit einer while-Schleife implementiert hatten?

® |n Einheit 27 haben wir den Kode dann in eine Funktion gegossen.

® Wenn wir uns diese Funktion wieder angucken, dann stellen wir fest, dass sie die

Quadratwurzel nur mit Vergleichen, Addition, Multiplikation, und Division implementiert.
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Das Szenario

o Wir wollen nun Mathematik basierend auf unserer Klasse Fraction fiir ,echte"
Berechnungen verwenden.

Erinnern Sie sich an Einheit 25, als wie Heron's Methode zum berechnen der
Quadratwurzel mit einer while-Schleife implementiert hatten?

In Einheit 27 haben wir den Kode dann in eine Funktion gegossen.

® Wenn wir uns diese Funktion wieder angucken, dann stellen wir fest, dass sie die

Quadratwurzel nur mit Vergleichen, Addition, Multiplikation, und Division implementiert.

Diese Operationen gibt es auch fiir unsere Klasse Fractions!
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Das Szenario

o Wir wollen nun Mathematik basierend auf unserer Klasse Fraction fiir ,echte"
Berechnungen verwenden.

Erinnern Sie sich an Einheit 25, als wie Heron's Methode zum berechnen der
Quadratwurzel mit einer while-Schleife implementiert hatten?

In Einheit 27 haben wir den Kode dann in eine Funktion gegossen.

® Wenn wir uns diese Funktion wieder angucken, dann stellen wir fest, dass sie die

Quadratwurzel nur mit Vergleichen, Addition, Multiplikation, und Division implementiert.

Diese Operationen gibt es auch fiir unsere Klasse Fractions!

Das heist, wir konnten die Quadratwurzel einer Zahl beliebig genau berechnen!
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Das Szenario

o Wir wollen nun Mathematik basierend auf unserer Klasse Fraction fiir ,echte"
Berechnungen verwenden.

® Erinnern Sie sich an Einheit 25, als wie Heron's Methode zum berechnen der
Quadratwurzel mit einer while-Schleife implementiert hatten?

® |n Einheit 27 haben wir den Kode dann in eine Funktion gegossen.

® Wenn wir uns diese Funktion wieder angucken, dann stellen wir fest, dass sie die

Quadratwurzel nur mit Vergleichen, Addition, Multiplikation, und Division implementiert.

® Diese Operationen gibt es auch fiir unsere Klasse Fractions!
® Das heist, wir kdnnten die Quadratwurzel einer Zahl beliebig genau berechnen!

® Nun, wir mussten eine Art Abbruchkriterion hinzufiigen, aber abgesehen davon. ..
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Das Szenario

o Wir wollen nun Mathematik basierend auf unserer Klasse Fraction fiir ,echte"
Berechnungen verwenden.

® Erinnern Sie sich an Einheit 25, als wie Heron's Methode zum berechnen der
Quadratwurzel mit einer while-Schleife implementiert hatten?

® |n Einheit 27 haben wir den Kode dann in eine Funktion gegossen.

® Wenn wir uns diese Funktion wieder angucken, dann stellen wir fest, dass sie die

Quadratwurzel nur mit Vergleichen, Addition, Multiplikation, und Division implementiert.

® Diese Operationen gibt es auch fiir unsere Klasse Fractions!

® Das heist, wir kdnnten die Quadratwurzel einer Zahl beliebig genau berechnen!

® Nun, wir mussten eine Art Abbruchkriterion hinzufiigen, aber abgesehen davon. ..
... Wir kénnten nun /2 auf 700 Ziffern genau berechnen!
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Die Anforderung

-~ ® Wobei ... bisher haben wir noch keine Mdglichkeit, diese Ziffern auch auszugeben.
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® Unsere __str__-Methode liefert Textreprastentationen von Briichen in der Form "a/b".
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Die Anforderung

® Wobei ... bisher haben wir noch keine Moglichkeit, diese Ziffern auch auszugeben.
® Unsere __str__-Methode liefert Textreprastentationen von Briichen in der Form "a/b".

e Wenn wir einen Bruch, der v/2 annihert, berechnet, dann kdnnte der z. B. als

6369051672525773
4503599627370496

ausgegeben werden.
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Die Anforderung

® Wobei ... bisher haben wir noch keine Moglichkeit, diese Ziffern auch auszugeben.
® Unsere __str__-Methode liefert Textreprastentationen von Briichen in der Form "a/b".

e Wenn wir einen Bruch, der v/2 annihert, berechnet, dann kdnnte der z. B. als

6369051672525773
2503500627370406 2usgegeben werden.

o \Wir hatten aber lieber 1.4142135623730951.
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Die Anforderung

® Wobei ... bisher haben wir noch keine Moglichkeit, diese Ziffern auch auszugeben.
® Unsere __str__-Methode liefert Textreprastentationen von Briichen in der Form "a/b".

e Wenn wir einen Bruch, der v/2 annihert, berechnet, dann kdnnte der z. B. als

6369051672525773
2503500627370406 2usgegeben werden.

o \Wir hatten aber lieber 1.4142135623730951.

® Also zuerst miissen wir eine Methode decimal_str implementieren, die einen Bruch in so
einen Ziffern-basierten String umrechnet.
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Die Anforderung

Wobei ... bisher haben wir noch keine Méoglichkeit, diese Ziffern auch auszugeben.
Unsere __str__-Methode liefert Textreprastentationen von Briichen in der Form "a/b".

Wenn wir einen Bruch, der /2 annihert, berechnet, dann kdnnte der z. B. als

6369051672525773
2503500627370406 2usgegeben werden.

Wir hatten aber lieber 1.4142135623730951.

Also zuerst miissen wir eine Methode decimal_str implementieren, die einen Bruch in so
einen Ziffern-basierten String umrechnet.

Da einige Briiche wie % und % unendlich lange dezimale Reprasentationen haben, braucht
unsere Funktion einen Parameter max_frac, der die maximale Anzahl der Dezimalstellen
angibt.
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Die Anforderung

Wobei ... bisher haben wir noch keine Méoglichkeit, diese Ziffern auch auszugeben.
Unsere __str__-Methode liefert Textreprastentationen von Briichen in der Form "a/b".

Wenn wir einen Bruch, der /2 annihert, berechnet, dann kdnnte der z. B. als

6369051672525773
2503500627370406 2usgegeben werden.

Wir hatten aber lieber 1.4142135623730951.
Also zuerst miissen wir eine Methode decimal_str implementieren, die einen Bruch in so

einen Ziffern-basierten String umrechnet.

Da einige Briiche wie % und % unendlich lange dezimale Reprasentationen haben, braucht
unsere Funktion einen Parameter max_frac, der die maximale Anzahl der Dezimalstellen
angibt.

Wir nehmen 100 als Default-Wert.
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Die Anforderung

Wobei ... bisher haben wir noch keine Méoglichkeit, diese Ziffern auch auszugeben.
Unsere __str__-Methode liefert Textreprastentationen von Briichen in der Form "a/b".
Wenn wir einen Bruch, der /2 annihert, berechnet, dann kdnnte der z. B. als
GBI ausgegchen werden

Wir hatten aber lieber 1.4142135623730951.

Also zuerst miissen wir eine Methode decimal_str implementieren, die einen Bruch in so
einen Ziffern-basierten String umrechnet.

Da einige Briiche wie % und % unendlich lange dezimale Reprasentationen haben, braucht
unsere Funktion einen Parameter max_frac, der die maximale Anzahl der Dezimalstellen
angibt.

Wir nehmen 100 als Default-Wert.

OK, implementieren wir das mal.
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Die Implementierung




Fraction: decimal_str

® |n Datei
fraction_decimal_str_err.py
implementieren wir unsere neue
Variante der Klasse Fraction mit
dieser Funktion.

decimal_str(self, max_frac: int = 100) -> str:

Convert the fraction to decimal string.

:param max_frac: the maximum number of fractional digits
ireturn: the string

>>> Fraction (124, 2).decimal_str ()

62t

>>> Fraction(1l, 2).decimal_str()

0.5

>>> Fraction(1l, 3).decimal_str(10)
'10.3333333333 "

>>> Fraction(-101001, 100000000) .decimal_str ()

'1-0.00101001 '

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"

>>> Fraction (99995, 100000).decimal_str (5)
10.99995"

>>> Fraction (91995, 100000).decimal_str (3)
10.92°

>>> Fraction (99995, 100000) .decimal_str (4)
Y

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Nake sure that ‘a’ 4s now positive.
b: Finall[int] = self.b # Get the denominator.

digits: Final[list] = [] # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digit.

if len(digits) <= # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® |n Datei
fraction_decimal_str_err.py
implementieren wir unsere neue
Variante der Klasse Fraction mit
dieser Funktion.

® Hier zeigen wir nur die neue Methode
decimal_str.

def decimal_str(self, max_frac: int = 100) -> str:

Convert the fraction to decimal string.

:param max_frac: the maximum number of fractional digits
:return: the string

>>> Fraction (124, 2).decimal_str ()

62t

>>> Fraction(1l, 2).decimal_str()

0.5"

>>> Fraction(1l, 3).decimal_str(10)
'10.3333333333 "

>>> Fraction(-101001, 100000000) .decimal_str ()

'1-0.00101001 '

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"

>>> Fraction (99995, 100000).decimal_str (5)
10.99995"

>>> Fraction (91995, 100000).decimal_str (3)
10.92°

>>> Fraction (99995, 100000) .decimal_str (4)
Y

a: int = self.a # Get the numerator.

if a 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
abs(a) # Make sure that ‘o’ is now positive.
Final[int] = self.b # Get the demominator.

digits: Final[list] = [] # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® |n Datei
fraction_decimal_str_err.py
implementieren wir unsere neue
Variante der Klasse Fraction mit
dieser Funktion.

® Hier zeigen wir nur die neue Methode
decimal_str.

® Wir beginnen unsere Methode
decimal_str, in dem wir erst den
Zahler in eine Variable a kopieren.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list]l = [] # 4 list for collecting digits

while (a !'= 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?

digits.insert(0, "-") # Insert the sign at the beginning.
return join(map(str, digits)) # Join all digits to a string.
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>>> Fraction (124, 2).decimal_str ()
o

Fraction: decimal _str >>> Fraction(1, 2).decimal_str ()
0.5
>>> Fraction(l, 3).decimal_str (10)
° R 10.3333333333"
In Datei >>> Fraction(-101001, 100000000) .decimal_str ()
3 g 1-0.00101001 "
ffractlonfdecnm.al_str_err.py >>> Fraction (1235, 1000) .decimal_str (2)
implementieren wir unsere neue '1.24"
. . . >>> Fraction (99995, 100000).decimal_str (5)
Variante der Klasse Fraction mit 10.99995 "
. . >>> Fraction (91995, 100000).decimal_str (3)
dieser Funktion. "0.92"
>>> Fraction (99995, 100000) .decimal_str (4)
£ i} . . g
® Hier zeigen wir nur die neue Methode
3 a: int = self.a # Get the numerator.
deClmal—Str' if a == 0: # If the fraction is 0, we return 0.
return "O0"
o Wir beginnen unsere Methode negative: Finallbooll = a < 0 # Get the sign of the fraction.
2 D % a = abs(a) # Make sure that “a’ is now positive.
decimal_str, in dem wir erst den be Fimpll[4m6] = Solf.b & ot the dcoamimotom-
Z3hler in eine Variable a kopieren. digits: Finalllist] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
P : digits.append(a // b) # Add the current digit.
® Wenn a == 0, dann Ist der BI’UCh 0 a =10 * (a % b) # Ten times the remainder -> next digit.

ER b AT i
und wir llefern dlrekt 0 ZurUCk' if (a // b) >= 5: # Do we need to round up?

digits[-1] += 1 # Round up by incrementing last digit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
= digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

In Datei
fraction_decimal_str_err.py
implementieren wir unsere neue
Variante der Klasse Fraction mit
dieser Funktion.

Hier zeigen wir nur die neue Methode
decimal_str.

Wir beginnen unsere Methode
decimal_str, in dem wir erst den
Zahler in eine Variable a kopieren.

Wenn a == 0, dann ist der Bruch 0
und wir liefern direkt "0" zurlick.

Sonst priifen wir, ob der Bruch
negativ ist.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Hier zeigen wir nur die neue Methode
decimal _str.

Wir beginnen unsere Methode
decimal_str, in dem wir erst den
Zahler in eine Variable a kopieren.

Wenn a == 0, dann ist der Bruch 0
und wir liefern direkt "0" zuriick.

Sonst priifen wir, ob der Bruch
negativ ist.

Die Boolsche Variable negative wird
auf True gesetzt wenn a < 0 und
sonst auf False.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Wir beginnen unsere Methode
decimal_str, in dem wir erst den
Zahler in eine Variable a kopieren.

Wenn a == 0, dann ist der Bruch 0
und wir liefern direkt "0" zuriick.

Sonst priifen wir, ob der Bruch
negativ ist.

Die Boolsche Variable negative wird
auf True gesetzt wenn a < O und
sonst auf False.

Wir stellen dann sicher, dass a positiv
ist, in dem wir es auf abs(a) setzen.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Wenn a == 0, dann ist der Bruch 0
und wir liefern direkt "0" zuriick.

® Sonst priifen wir, ob der Bruch
negativ ist.

® Die Boolsche Variable negative wird
auf True gesetzt wenn a < 0 und
sonst auf False.

® Wir stellen dann sicher, dass a positiv
ist, in dem wir es auf abs(a) setzen.

® Dann kopieren wir auch den Nenner in
eine Variable b.

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?

digits.insert(0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Sonst priifen wir, ob der Bruch
negativ ist.

® Die Boolsche Variable negative wird
auf True gesetzt wenn a < O und
sonst auf False.

® Wir stellen dann sicher, dass a positiv
ist, in dem wir es auf abs(a) setzen.

® Dann kopieren wir auch den Nenner in
eine Variable b.

® \Wir werden die lokalen Variablen
negative und b in unserer Methode
nicht verandern, also markieren wir sie
beide mit dem Type Hint Final.

>>> Fraction (124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



Fraction: decimal_str

® Die Boolsche Variable negative wird
auf True gesetzt wenn a < 0 und
sonst auf False.

® Wir stellen dann sicher, dass a positiv
ist, in dem wir es auf abs(a) setzen.

® Dann kopieren wir auch den Nenner in
eine Variable b.

® Wir werden die lokalen Variablen
negative und b in unserer Methode
nicht verandern, also markieren wir sie
beide mit dem Type Hint Final.

>>> Fraction (124, 2).decimal_str ()
o

>>> Fraction(1l, 2).decimal_str ()
'0.5"

>>> Fraction(l, 3).decimal_str (10)

Gute Praxis

Wann immer Sie eine Variable deklarieren, die
Sie nicht vor haben zu andern, markieren Sie
diese mit dem Type Hint Final®.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by sncrementing last digit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(l, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



Fraction: decimal_str

® Die Boolsche Variable negative wird
auf True gesetzt wenn a < 0 und
sonst auf False.

® Wir stellen dann sicher, dass a positiv
ist, in dem wir es auf abs(a) setzen.

® Dann kopieren wir auch den Nenner in
eine Variable b.

® Wir werden die lokalen Variablen
negative und b in unserer Methode
nicht verandern, also markieren wir sie
beide mit dem Type Hint Final.

>>> Fraction (124, 2).decimal_str ()
o

>>> Fraction(1l, 2).decimal_str ()
'0.5"

>>> Fraction(l, 3).decimal_str (10)

Gute Praxis

Wann immer Sie eine Variable deklarieren, die
Sie nicht vor haben zu andern, markieren Sie
diese mit dem Type Hint Final®°. Auf der einen
Seite demonstriert das klar die Absicht ,das hier
andert sich nicht” jedem Leser des Kodes.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by sncrementing last digit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(l, ".") # Nultiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



Fraction: decimal_str

® Die Boolsche Variable negative wird
auf True gesetzt wenn a < 0 und
sonst auf False.

® Wir stellen dann sicher, dass a positiv
ist, in dem wir es auf abs(a) setzen.

® Dann kopieren wir auch den Nenner in
eine Variable b.

® Wir werden die lokalen Variablen
negative und b in unserer Methode
nicht verandern, also markieren wir sie
beide mit dem Type Hint Final.

>>> Fraction (124, 2).decimal_str ()
g2

>>> Fraction(1l, 2).decimal_str ()
'0.5"

>>> Fraction(l, 3).decimal_str (10)

Gute Praxis

Wann immer Sie eine Variable deklarieren, die
Sie nicht vor haben zu andern, markieren Sie
diese mit dem Type Hint Final®°. Auf der einen
Seite demonstriert das klar die Absicht, das hier
andert sich nicht” jedem Leser des Kodes. Auf
der anderen Seite konnen Sie dann spiter mit
Werkzeugen wie Mypy feststellen, ob Sie sie
nicht doch (aus Versehen?) irgendwo dndern. ..

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by sncrementing last digit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert o decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Die Boolsche Variable negative wird
auf True gesetzt wenn a < 0 und
sonst auf False.

® Wir stellen dann sicher, dass a positiv
ist, in dem wir es auf abs(a) setzen.

® Dann kopieren wir auch den Nenner in
eine Variable b.

® Wir werden die lokalen Variablen
negative und b in unserer Methode
nicht verandern, also markieren wir sie
beide mit dem Type Hint Final.

® |n einer while-Schleife fiillen wir nun
eine Liste digits mit den Ziffern die
den Bruch reprasentieren.

>>> Fraction(124, 2).decimal_str ()

1601

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Wir stellen dann sicher, dass a positiv
ist, in dem wir es auf abs(a) setzen.

® Dann kopieren wir auch den Nenner in
eine Variable b.

® \Wir werden die lokalen Variablen
negative und b in unserer Methode
nicht verandern, also markieren wir sie
beide mit dem Type Hint Final.

® |n einer while-Schleife fiillen wir nun
eine Liste digits mit den Ziffern die
den Bruch reprasentieren.

® Die Schleife wird fortgesetzt bis
entweder a == 0 oder bis unsere
Liste digits max_frac
Nachkommastellen beinhaltet.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Dann kopieren wir auch den Nenner in
eine Variable b.

® Wir werden die lokalen Variablen
negative und b in unserer Methode
nicht verandern, also markieren wir sie
beide mit dem Type Hint Final.

® |n einer while-Schleife fiillen wir nun
eine Liste digits mit den Ziffern die
den Bruch représentieren.

® Die Schleife wird fortgesetzt bis
entweder a == 0 oder bis unsere
Liste digits max_frac
Nachkommastellen beinhaltet.

® Nehmen wir mal an, unser Bruch ware

_179
16

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Wir werden die lokalen Variablen
negative und b in unserer Methode
nicht verandern, also markieren wir sie
beide mit dem Type Hint Final.

® |n einer while-Schleife fiillen wir nun
eine Liste digits mit den Ziffern die
den Bruch représentieren.

® Die Schleife wird fortgesetzt bis
entweder a == 0 oder bis unsere
Liste digits max_frac
Nachkommastellen beinhaltet.

® Nehmen wir mal an, unser Bruch ware
179
—l3
® Dann ist negative == True,
a = 179 und b = 16.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® |n einer while-Schleife fiillen wir nun
eine Liste digits mit den Ziffern die
den Bruch représentieren.

® Die Schleife wird fortgesetzt bis
entweder a == 0 oder bis unsere
Liste digits max_frac
Nachkommastellen beinhaltet.

® Nehmen wir mal an, unser Bruch ware
_ 1719
16
® Dann ist negative == True,
a =179 und b = 16.

® |m Schleifenkorper hingen wir das
Ergebnis der Ganzzahldivision von a
durch b, also a // b, an die Liste
digits an.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Die Schleife wird fortgesetzt bis
entweder a == 0 oder bis unsere
Liste digits max_frac
Nachkommastellen beinhaltet.

® Nehmen wir mal an, unser Bruch ware
179
~ 16 -
® Dann ist negative == True,
a =179 und b = 16.

® |m Schleifenkorper hangen wir das
Ergebnis der Ganzzahldivision von a
durch b, also a // b, an die Liste
digits an.

® |n der ersten lteration gibt uns das
179 // 16.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Nehmen wir mal an, unser Bruch wire
179
16 -
® Dann ist negative == True,
a =179 und b = 16.

® |m Schleifenkorper hingen wir das
Ergebnis der Ganzzahldivision von a
durch b, also a // b, an die Liste
digits an.

® In der ersten lteration gibt uns das
179 // 16.

® Die erste , Ziffer", die wir an die Liste
digits anhangen, ist also 11.

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Dann ist negative == True,
a =179 und b = 16.

Im Schleifenkdrper hingen wir das
Ergebnis der Ganzzahldivision von a
durch b, also a // b, an die Liste
digits an.

In der ersten Iteration gibt uns das
179 // 16.

Die erste , Ziffer", die wir an die Liste

digits anhangen, ist also 11.

Das ist der ganzzahlige Teil unseres
Bruches und auch die einzige ,Ziffer"
groBer als 9 die auftauchen kann.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® |m Schleifenkorper hingen wir das
Ergebnis der Ganzzahldivision von a
durch b, also a // b, an die Liste
digits an.

® In der ersten lteration gibt uns das
179 // 16.

® Die erste , Ziffer, die wir an die Liste
digits anhangen, ist also 11.

® Das ist der ganzzahlige Teil unseres
Bruches und auch die einzige , Ziffer"
groBer als 9 die auftauchen kann.

® Jetzt updaten wir a zu
10 * (a %b).

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Im Schleifenkdrper hingen wir das
Ergebnis der Ganzzahldivision von a
durch b, also a // b, an die Liste
digits an.

In der ersten lteration gibt uns das
179 // 16.

Die erste , Ziffer", die wir an die Liste
digits anhangen, ist also 11.

Das ist der ganzzahlige Teil unseres
Bruches und auch die einzige , Ziffer"
groBer als 9 die auftauchen kann.

Jetzt updaten wir a zu
10 * (a %b).

% ist der Rest der Division.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

In der ersten lteration gibt uns das
179 // 16.

Die erste , Ziffer", die wir an die Liste
digits anhdngen, ist also 11.

Das ist der ganzzahlige Teil unseres
Bruches und auch die einzige , Ziffer"
groler als 9 die auftauchen kann.

Jetzt updaten wir a zu
10 * (a %b).

% ist der Rest der Division.

a % b gibt uns den Rest der Division
von 179 durch 16, also 3.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str
® Die erste , Ziffer", die wir an die Liste
digits anhangen, ist also 11.

® Das ist der ganzzahlige Teil unseres
Bruches und auch die einzige , Ziffer"
groBer als 9 die auftauchen kann.

® Jetzt updaten wir a zu
10 * (a %b).

® Y ist der Rest der Division.

® a % b gibt uns den Rest der Division
von 179 durch 16, also 3.

® \Wir bekommen also a = 30.

>>> Fraction (124, 2).decimal_str ()

162t

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?

digits.insert(0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Das ist der ganzzahlige Teil unseres
Bruches und auch die einzige , Ziffer"
groler als 9 die auftauchen kann.

® Jetzt updaten wir a zu
10 * (a %b).

® % ist der Rest der Division.

® a % b gibt uns den Rest der Division
von 179 durch 16, also 3.

® Wir bekommen also a = 30.

® |m zweiten Schleifendurchlauf gibt uns
a // b also 30 // 16 die Ziffer 1.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str
® Jetzt updaten wir a zu
10 * (a %b).
® % ist der Rest der Division.

® a % b gibt uns den Rest der Division
von 179 durch 16, also 3.

® \Wir bekommen also a = 30.

® |m zweiten Schleifendurchlauf gibt uns
a // b also 30 // 16 die Ziffer 1.

® Nun wird 10 * (a %b) 140 als neuer
Wert fiir a.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?

digits.insert(0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

% ist der Rest der Division.

a % b gibt uns den Rest der Division
von 179 durch 16, also 3.

Wir bekommen also a = 30.

Im zweiten Schleifendurchlauf gibt uns
a // b also 30 // 16 die Ziffer 1.

Nun wird 10 * (a %b) 140 als neuer
Wert fiir a.

Das fiihrt dann zu 140 // 16,
also 8, als dritte Ziffer und a wird zu
10 * (a %b), also 120.

Am Anfang des vierten
Schleifendurchlaufs gilt a = 120,
wahren b = 16 unverandert bleibt.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".")

if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

# Multiple digits: Insert a decimal dot.
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Fraction: decimal_str

Wir bekommen also a = 30.

Im zweiten Schleifendurchlauf gibt uns
a // b also 30 // 16 die Ziffer 1.

Nun wird 10 * (a %b) 140 als neuer
Wert fiir a.

Das fiihrt dann zu 140 // 16,
also 8, als dritte Ziffer und a wird zu
10 * (a %b), also 120.

Am Anfang des vierten
Schleifendurchlaufs gilt a = 120,
wahren b = 16 unverandert bleibt.

Der vierte Wert, der an digits
angehangt wird, ist daher
120 // 16 == T.

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



Lt |

]

Fraction: decimal_str

Nun wird 10 * (a %b) 140 als neuer
Wert fiir a.

Das fuhrt dann zu 140 // 16,
also 8, als dritte Ziffer und a wird zu
10 * (a %b), also 120.

Am Anfang des vierten
Schleifendurchlaufs gilt a = 120,
wahren b = 16 unverdndert bleibt.

Der vierte Wert, der an digits
angehangt wird, ist daher
120 // 16 == 7.

Die Variable a wird mit dem Ergebnis
von 10 * (a %b) upgedated, was 80
ist.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Das fiihrt dann zu 140 // 16,
also 8, als dritte Ziffer und a wird zu
10 * (a %b), also 120.

Am Anfang des vierten
Schleifendurchlaufs gilt a = 120,
wahren b = 16 unverandert bleibt.

Der vierte Wert, der an digits
angehangt wird, ist daher
120 // 16 == 7.

Die Variable a wird mit dem Ergebnis
von 10 * (a %b) upgedated, was 80
ist.

Als letzte Ziffer bekommen wir daher
80 // 16, namlich 5.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Am Anfang des vierten
Schleifendurchlaufs gilt a = 120,
wahren b = 16 unverdndert bleibt.

Der vierte Wert, der an digits
angehangt wird, ist daher
120 // 16 == 7.

Die Variable a wird mit dem Ergebnis
von 10 * (a %b) upgedated, was 80
ist.

Als letzte Ziffer bekommen wir daher
80 // 16, namlich 5.

Das ist die letzte Ziffer, denn
80 % 16 ist 0.

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Am Anfang des vierten
Schleifendurchlaufs gilt a = 120,
wahren b = 16 unverdndert bleibt.

Der vierte Wert, der an digits
angehangt wird, ist daher
120 // 16 == 7.

Die Variable a wird mit dem Ergebnis
von 10 * (a %b) upgedated, was 80
ist.

Als letzte Ziffer bekommen wir daher
80 // 16, namlich 5.

Das ist die letzte Ziffer, denn
80 % 16 ist 0.

Deshalb trifft a == 0 nach der
funften lteration zu.

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Die Variable a wird mit dem Ergebnis
von 10 * (a %b) upgedated, was 80
ist.

® Als letzte Ziffer bekommen wir daher
80 // 16, niamlich 5.

® Das ist die letzte Ziffer, denn
80 % 16 ist 0.

® Deshalb trifft a == 0 nach der
finften lteration zu.

® Dadurch wird die erste
Schleifenbedingung (a != 0) False
und die Schleife bricht ab.

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?

digits.insert(0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Die Variable a wird mit dem Ergebnis
von 10 * (a %b) upgedated, was 80
ist.

Als letzte Ziffer bekommen wir daher
80 // 16, niamlich 5.

Das ist die letzte Ziffer, denn
80 % 16 ist 0.

Deshalb trifft a == 0 nach der
finften lteration zu.

Dadurch wird die erste
Schleifenbedingung (a != 0) False
und die Schleife bricht ab.

Zu diesem Zeitpunkt ist
digits == [11, 1, 8, 7, 5].

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.



Lt ]

RN U i Y el | 7L

Fraction: decimal_str

® Als letzte Ziffer bekommen wir daher
80 // 16, namlich 5.

® Das ist die letzte Ziffer, denn
80 % 16 ist 0.

® Deshalb trifft a == 0 nach der
funften lteration zu.

® Dadurch wird die erste
Schleifenbedingung (a != 0) False
und die Schleife bricht ab.

® Zu diesem Zeitpunkt ist
digits == [11, 1, 8, 7, 5].

® Und das stimm, denn 12 = 11.1875.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?

digits.insert(0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Das ist die letzte Ziffer, denn
80 % 16 ist 0.

Deshalb trifft a == 0 nach der
funften lteration zu.

Dadurch wird die erste
Schleifenbedingung (a != 0) False
und die Schleife bricht ab.

Zu diesem Zeitpunkt ist
digits == [11, 1, 8, 7, 5].

Und das stimm, denn 12 = 11.1875.

Beachten Sie, dass es zwei
Bedingungen gibt, bei denen die
Schleife abbricht

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Dadurch wird die erste
Schleifenbedingung (a != 0) False
und die Schleife bricht ab.

® Zu diesem Zeitpunkt ist
digits == [11, 1, 8, 7, 5].

® Und das stimm, denn 12 = 11.1875.

® Beachten Sie, dass es zwei
Bedingungen gibt, bei denen die
Schleife abbricht

® Sie hort auf, wenn wir den Bruch
komplett und vollstandig als
Textstring mit nicht mehr als als der
angegebenen Menge max_frac von
Ziffern darstellen konnen.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Zu diesem Zeitpunkt ist

digits == [11, 1, 8, 7, 5].

Und das stimm, denn 12 = 11.1875.

16
Beachten Sie, dass es zwei
Bedingungen gibt, bei denen die
Schleife abbricht

Sie hort auf, wenn wir den Bruch
komplett und vollstandig als
Textstring mit nicht mehr als als der
angegebenen Menge max_frac von
Ziffern darstellen kénnen.

® Das war der Fall in unserem Beispiel.

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Und das stimm, denn 1% = 11.1875.

® Beachten Sie, dass es zwei
Bedingungen gibt, bei denen die
Schleife abbricht

® Sie hort auf, wenn wir den Bruch
komplett und vollstindig als
Textstring mit nicht mehr als als der
angegebenen Menge max_frac von
Ziffern darstellen kénnen.

® Das war der Fall in unserem Beispiel.

® Die Schleife hort auch auf, wenn wir
die maximale Anzahl von Ziffern
erreichen, also wenn len(digits)
max_frac ubertrifft.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginming.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Beachten Sie, dass es zwei
Bedingungen gibt, bei denen die
Schleife abbricht

® Sie hort auf, wenn wir den Bruch
komplett und vollstiandig als
Textstring mit nicht mehr als als der
angegebenen Menge max_frac von
Ziffern darstellen kénnen.

® Das war der Fall in unserem Beispiel.

® Die Schleife hort auch auf, wenn wir
die maximale Anzahl von Ziffern
erreichen, also wenn len(digits)
max_frac ubertrifft.

® Aber das kann auch zu Problemen
fuhren.

>>> Fraction (124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



Lt |

—t | F

Fraction: decimal_str

® Sie hort auf, wenn wir den Bruch
komplett und vollstandig als
Textstring mit nicht mehr als als der
angegebenen Menge max_frac von
Ziffern darstellen konnen.

® Das war der Fall in unserem Beispiel.

® Die Schleife hort auch auf, wenn wir
die maximale Anzahl von Ziffern
erreichen, also wenn len(digits)
max_frac ubertrifft.

® Aber das kann auch zu Problemen
fuhren.

® \Was passiert z. B., wenn wir

10550 = 1.0006 mit nur 3

Nachkommastellen ausdriicken
wollen?

>>> Fraction (124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.
digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Das war der Fall in unserem Beispiel.

Die Schleife hort auch auf, wenn wir
die maximale Anzahl von Ziffern
erreichen, also wenn len(digits)
max_frac ubertrifft.

Aber das kann auch zu Problemen
fuhren.

Was passiert z. B., wenn wir
10006 __ .

10000 — 1.0006 mit nur 3
Nachkommastellen ausdriicken

wollen?

Nach der Schleife steht dann
[1, 0, 0, 0] in digits.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Die Schleife hort auch auf, wenn wir
die maximale Anzahl von Ziffern
erreichen, also wenn len(digits)
max_frac Ubertrifft.

Aber das kann auch zu Problemen
fuhren.

Was passiert z. B., wenn wir
10006 __ .

10000 — 10006 mit nur 3
Nachkommastellen ausdriicken

wollen?

Nach der Schleife steht dann
[1, 0, 0, O] in digits.

Zu diesem Zeitpunkt hatten wir dann
a = 60000 und b = 10000.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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® Aber das kann auch zu Problemen
fuhren.

® \Was passiert z. B., wenn wir
10006 __ .
10000 — L1-0006 mit nur 3
Nachkommastellen ausdriicken

wollen?

® Nach der Schleife steht dann
[1, 0, 0, O] in digits.

® Zu diesem Zeitpunkt hatten wir dann
a = 60000 und b = 10000.

® Die 6 am Ende des Zahlers ist
ungiinstig:

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



Lt |

— | FLT

Fraction: decimal_str

® Was passiert z. B., wenn wir
10006 __ .
10000 — 10006 mit nur 3
Nachkommastellen ausdriicken
wollen?

® Nach der Schleife steht dann
[1, 0, 0, 0] in digits.

® Zu diesem Zeitpunkt hatten wir dann
a = 60000 und b = 10000.

® Die 6 am Ende des Zahlers ist
unglinstig:

® \Wenn wir den Bruch mit drei
Nachkommastellen darstellen wollen,
dann sollte da 1.001 herauskommen,
nicht 1.000, wie in der Liste digits
steht.

>>> Fraction (124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Nach der Schleife steht dann
[1, 0, 0, O] in digits.

® Zu diesem Zeitpunkt hatten wir dann
a = 60000 und b = 10000.

® Die 6 am Ende des Zahlers ist
unglinstig:

® \Wenn wir den Bruch mit drei
Nachkommastellen darstellen wollen,
dann sollte da 1.001 herauskommen,
nicht 1.000, wie in der Liste digits
steht.

® Nun, alles, was wir tun miissen, um
das zu reparieren, ist zu priifen ob die
nachste Ziffer, die wir anhangen
wiirden, groRer oder gleich 5 ware.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?

digits.insert(0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Zu diesem Zeitpunkt hitten wir dann
a = 60000 und b = 10000.

® Die 6 am Ende des Z3hlers ist
ungiinstig:

® \Wenn wir den Bruch mit drei
Nachkommastellen darstellen wollen,
dann sollte da 1.001 herauskommen,
nicht 1.000, wie in der Liste digits
steht.

® Nun, alles, was wir tun mussen, um
das zu reparieren, ist zu priifen ob die
nachste Ziffer, die wir anhangen
wiirden, groBer oder gleich 5 ware.

® Wenn ja, dann erhdhen wir die letzte
Ziffer in digits um 1.

>>> Fraction (124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Die 6 am Ende des Zahlers ist
unglinstig:

® \Wenn wir den Bruch mit drei
Nachkommastellen darstellen wollen,
dann sollte da 1.001 herauskommen,
nicht 1.000, wie in der Liste digits
steht.

® Nun, alles, was wir tun miissen, um
das zu reparieren, ist zu priifen ob die
nachste Ziffer, die wir anhdngen
wiirden, groRer oder gleich 5 ware.

® \Wenn ja, dann erhdhen wir die letzte
Ziffer in digits um 1.

® Das wird sich spater als Fehler
herausstellen. . .

>>> Fraction (124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Nun, alles, was wir tun mussen, um
das zu reparieren, ist zu priifen ob die
nachste Ziffer, die wir anhangen
wiirden, groBer oder gleich 5 ware.

Wenn ja, dann erhdhen wir die letzte
Ziffer in digits um 1.

Das wird sich spater als Fehler
herausstellen. . .

Um ein Aufrunden einzufiihren, fligen
wir ein if (a // b)>= 5 ein, das
dann digits[-1] += 1 ausfiihrt,
wenn seine Kondition zutrifft.

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Nun, alles, was wir tun mussen, um
das zu reparieren, ist zu priifen ob die
nachste Ziffer, die wir anhangen
wiirden, groBer oder gleich 5 ware.

® Wenn ja, dann erhdhen wir die letzte
Ziffer in digits um 1.

® Das wird sich spater als Fehler
herausstellen. . .

® Um ein Aufrunden einzufiihren, fiigen
wir ein if (a // b)>= 5 ein, das
dann digits[-1] += 1 ausfiihrt,
wenn seine Kondition zutrifft.

® An dieser Stelle haben wir jedenfalls
eine Reprdsentation eines Bruchs als
Liste von Ziffern.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Wenn ja, dann erhdhen wir die letzte
Ziffer in digits um 1.

® Das wird sich spater als Fehler
herausstellen. . .

® Um ein Aufrunden einzufiihren, fiigen
wir ein if (a // b)>= 5 ein, das
dann digits[-1] += 1 ausfiihrt,
wenn seine Kondition zutrifft.

® An dieser Stelle haben wir jedenfalls
eine Reprasentation eines Bruchs als
Liste von Ziffern.

® Jetzt mussen wir diese nur in einen
String umrechnen und den dann
zuriickliefern.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Das wird sich spater als Fehler
herausstellen. . .

® Um ein Aufrunden einzufiihren, fiigen
wir ein if (a // b)>= 5 ein, das
dann digits[-1] += 1 ausfiihrt,
wenn seine Kondition zutrifft.

® An dieser Stelle haben wir jedenfalls
eine Reprasentation eines Bruchs als
Liste von Ziffern.

® Jetzt miissen wir diese nur in einen
String umrechnen und den dann
zurtickliefern.

® Zuerst schauen wir, ob wir einen
Dezimalpunkt (,,.") einfligen missen.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Um ein Aufrunden einzufiihren, fiigen
wir ein if (a // b)>= 5 ein, das
dann digits[-1] += 1 ausfiihrt,
wenn seine Kondition zutrifft.

® An dieser Stelle haben wir jedenfalls
eine Reprdsentation eines Bruchs als
Liste von Ziffern.

® Jetzt mussen wir diese nur in einen
String umrechnen und den dann
zuriickliefern.

® Zuerst schauen wir, ob wir einen
Dezimalpunkt (,,.") einfiigen miissen.

® Wenn wir nur eine einzige Ziffer
haben, dann ist unser Bruch eine
Ganzzahl und wir kénnen ihn genau
so zuriickliefern.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® An dieser Stelle haben wir jedenfalls
eine Reprdsentation eines Bruchs als
Liste von Ziffern.

® Jetzt miissen wir diese nur in einen
String umrechnen und den dann
zurtickliefern.

® Zuerst schauen wir, ob wir einen
Dezimalpunkt (,,.") einfiigen miissen.

® \Wenn wir nur eine einzige Ziffer
haben, dann ist unser Bruch eine
Ganzzahl und wir kénnen ihn genau
so zuriickliefern.

® Wenn len(digits)<= 1, dann
stellen wir das Vorzeichen wieder her
und konvertieren die einzelne zu einem
String und liefern diesen zuriick.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return ""

.join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Jetzt miissen wir diese nur in einen
String umrechnen und den dann
zurlickliefern.

® Zuerst schauen wir, ob wir einen
Dezimalpunkt (,,.") einfligen miissen.

® \Wenn wir nur eine einzige Ziffer
haben, dann ist unser Bruch eine
Ganzzahl und wir kénnen ihn genau
so zuriickliefern.

® Wenn len(digits)<= 1, dann
stellen wir das Vorzeichen wieder her
und konvertieren die einzelne zu einem
String und liefern diesen zuriick.

® Sonst missen wir einen Punkt ,,."
nach der ersten Nummer in digits
einfligen.

>>> Fraction (124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return

.join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Zuerst schauen wir, ob wir einen
Dezimalpunkt (,,.") einfiigen miissen.

® Wenn wir nur eine einzige Ziffer
haben, dann ist unser Bruch eine
Ganzzahl und wir kénnen ihn genau
so zuriickliefern.

® Wenn len(digits)<= 1, dann
stellen wir das Vorzeichen wieder her
und konvertieren die einzelne zu einem
String und liefern diesen zuriick.

® Sonst mussen wir einen Punkt ,,."
nach der ersten Nummer in digits
einfligen.

® Das geht via
digits.insert(1, ".").

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® \Wenn wir nur eine einzige Ziffer
haben, dann ist unser Bruch eine
Ganzzahl und wir kdnnen ihn genau
so zuriickliefern.

® Wenn len(digits)<= 1, dann
stellen wir das Vorzeichen wieder her
und konvertieren die einzelne zu einem
String und liefern diesen zuriick.

® Sonst miissen wir einen Punkt ,,.”
nach der ersten Nummer in digits
einfiigen.

® Das geht via
digits.insert(1, ".").

® In unserem Beispiel von %1679 hatten
wir erst
digits == [11, 1, 8, 7, B].

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginming.

return ""

.join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Wenn len(digits)<= 1, dann
stellen wir das Vorzeichen wieder her
und konvertieren die einzelne zu einem
String und liefern diesen zuriick.

Sonst missen wir einen Punkt ,.”
nach der ersten Nummer in digits
einfiigen.

Das geht via
digits.insert(1, ".").

In unserem Beispiel von =2 hatten
wir erst
digits == [11, 1, 8, 7, 5].

Nach diesem Schritt haben wir

digits == [11, ".", 1, 8, 7, 5].

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Sonst missen wir einen Punkt ,.”
nach der ersten Nummer in digits
einfligen.

Das geht via
digits.insert(1, ".").

In unserem Beispiel von =2 hatten
wir erst
digits == [11, 1, 8, 7, 5].

Nach diesem Schritt haben wir

digits == [11, ".", 1, 8, 7, 5].

Wenn der Bruch negativ war, also
wenn negative wahr ist, dann fiigen
wir ein Minus vorne an die Liste an,
via digits.insert(0, "-").

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

Das geht via
digits.insert(1, ".").

In unserem Beispiel von % hatten
wir erst
digits == [11, 1, 8, 7, 5].

Nach diesem Schritt haben wir

digits == [11, ".", 1, 8, 7, 5].

Wenn der Bruch negativ war, also
wenn negative wahr ist, dann fiigen
wir ein Minus vorne an die Liste an,
via digits.insert(0, "-").

In unserem Beispiel bekommen wir
also digits == ["-",
11, ".v, 1, 8, 7, 5].

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® |n unserem Beispiel von % hatten
wir erst
digits == [11, 1, 8, 7, 5].

® Nach diesem Schritt haben wir
digits == [11, ".", 1, 8, 7, 5].

® Wenn der Bruch negativ war, also
wenn negative wahr ist, dann fiigen
wir ein Minus vorne an die Liste an,
via digits.insert(0, "-").

® |n unserem Beispiel bekommen wir
also (1iE;i1]S == [II_||,
11 A Il'||, 1’ 8, 7’ 5]

® Alles, was wir jetzt noch machen
miissen, ist alle Ganzzahlen in Strings
zu iibersetzen und dann alle Strings
aneinander anzuhdngen.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return

.join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Nach diesem Schritt haben wir
digits == [11, ".", 1, 8, 7, 5].

® Wenn der Bruch negativ war, also
wenn negative wahr ist, dann fiigen
wir ein Minus vorne an die Liste an,
via digits.insert(0, "-").

® |n unserem Beispiel bekommen wir
also digits == ["-",
11, *.", 1, 8, 7, 5].

® Alles, was wir jetzt noch machen
miissen, ist alle Ganzzahlen in Strings
zu {ibersetzen und dann alle Strings
aneinander anzuhangen.

® Das schaffen wir mit einer einzigen
Zeile Kode:
"". join(map(str, digits)).

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return

.join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® |n unserem Beispiel bekommen wir
also dlglts == [ll_n,
11, ".", 1, 8, 7, 5].

® Alles, was wir jetzt noch machen
miissen, ist alle Ganzzahlen in Strings
zu {ibersetzen und dann alle Strings
aneinander anzuhangen.

® Das schaffen wir mit einer einzigen
Zeile Kode:
""_ join(map(str, digits)).

® map liefert uns einen Iterator, der
die Ergebnisse der Funktion str
angewandt auf die Elemente von
digits eins nach dem Anderen
zuriickliefert.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final[int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Alles, was wir jetzt noch machen
miissen, ist alle Ganzzahlen in Strings
zu iibersetzen und dann alle Strings
aneinander anzuhangen.

® Das schaffen wir mit einer einzigen
Zeile Kode:
"". join(map(str, digits)).

® map liefert uns einen Iterator, der
die Ergebnisse der Funktion str
angewandt auf die Elemente von
digits eins nach dem Anderen
zuriickliefert.

® str auf einen String angewandt
liefert den String direkt zuriick.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® Alles, was wir jetzt noch machen
miissen, ist alle Ganzzahlen in Strings
zu iibersetzen und dann alle Strings
aneinander anzuhangen.

® Das schaffen wir mit einer einzigen
Zeile Kode:
"". join(map(str, digits)).

® map liefert uns einen Iterator, der
die Ergebnisse der Funktion str
angewandt auf die Elemente von
digits eins nach dem Anderen
zuriickliefert.

® str auf einen String angewandt
liefert den String direkt zuriick.

® Angewandt auf eine Ganzzahl
konvertiert es diese zu einem String.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® map liefert uns einen Iterator, der
die Ergebnisse der Funktion str
angewandt auf die Elemente von
digits eins nach dem Anderen
zuriickliefert.

® str auf einen String angewandt
liefert den String direkt zuriick.

® Angewandt auf eine Ganzzahl
konvertiert es diese zu einem String.

® Die Methode join eines Strings
hangt alle Element des Iterables,
das sie als Parameter bekonnt,
aneinander und verwendet den String
selbst als Separator.

>>> Fraction (124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final[int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® map liefert uns einen Iterator, der
die Ergebnisse der Funktion str
angewandt auf die Elemente von
digits eins nach dem Anderen
zurlickliefert.

® str auf einen String angewandt
liefert den String direkt zuriick.

® Angewandt auf eine Ganzzahl
konvertiert es diese zu einem String.

® Die Methode join eines Strings
hangt alle Element des Iterables,
das sie als Parameter bekonnt,
aneinander und verwendet den String
selbst als Separator.

° "X".join(["a", "b", "C"]) z. B.

wiirde "aXbXc" ergeben.

>>> Fraction (124, 2).decimal_str ()

160

>>> Fraction(l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final[int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return

"", join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

® str auf einen String angewandt
liefert den String direkt zuriick.

® Angewandt auf eine Ganzzahl
konvertiert es diese zu einem String.

® Die Methode join eines Strings
hangt alle Element des Iterables,
das sie als Parameter bekonnt,
aneinander und verwendet den String
selbst als Separator.

° "X".join(["a", "b", "C"]) z. B.

wiirde "aXbXc" ergeben.
® Wir benutzen den leeren String als

Separator, deshalb bekommen wir in
unserem Beispiel "-11.1875".

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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. Fraction: Doctests

X ® Nachdem wir mit der Implementierung
von decimal_str fertig sind, miissen
wir die Methode noch testen.

>>> Fraction (124, 2).decimal_str ()

o

>>> Fraction(1l, 2).decimal_str ()

'0.5"

>>> Fraction(l, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Finall[list] = []1 # 4 list for collecting digits.
while (a !'= 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



YR e >>> Fraction(124, 2).decimal_str ()
162

t Fractlon: Doctests >>> Fraction(1l, 2).decimal_str ()
'0.5"
>>> Fraction(l, 3).decimal_str (10)

=~ [ H H H '0.3333333333"
NaChdem wir mlt der Implementlerung >>> Fraction(-101001, 100000000) .decimal_str ()
von decimal_str fertig sind, miissen 1-0.00101001"
i 3 = Y >>> Fraction (1235, 1000).decimal_str (2)
wir die Methode noch testen. 1,247
>>> Fraction (99995, 100000) .decimal_str (5)
1 = . . . '0.99995"
® Dafiir konnen wir ja Doctests in den >>> Fraction (919985, 100000) .decimal_str (3)
; 2 0.92"
Docstring der Methode schreiben. >>> Fraction (99995, 100000) .decimal_str (4)
a0
a: int = self.a # Get the numerator.
if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a !'= 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return "".join(map(str, digits)) # Join all digits to a string.
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.E Fraction: Doctests

g ® Nachdem wir mit der Implementierung
von decimal_str fertig sind, miissen
wir die Methode noch testen.

® Dafiir konnen wir ja Doctests in den
Docstring der Methode schreiben.

® Wir machen das mit einigen normalen
Fallen und ein paar extremen
Situationen.

>>> Fraction (124, 2).decimal_str ()

162"

>>> Fraction(l, 2).decimal_str ()

0.5

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)
'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a !'= 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?

digits.insert(0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.




YR e EIERLY >>> Fraction (124, 2).decimal_str ()

5 162
E Fractlon: Doctests >>> Fraction(l, 2).decimal_str ()
0.5
>>> Fraction (1, 3).decimal_str (10)
° h 4 H 10.3333333333"
Nachdem wir mit der lrtnplf'amentufrung >>> Fraction(-101001, 100000000) .decimal_str ()
von decimal_str fertig sind, missen " =0, COeIE0 ¢
¢ r >>> Fraction (1235, 1000) .decimal_str (2)

wir die Methode noch testen. "1.24"

>>> Fraction (99995, 100000).decimal_str (5)
e & T 3 10.99995"
® Dafiir konnen wir ja Doctests in den >>> Fraction (91995, 100000).decimal_str (3)
. . 10.92"

Docstring der Methode schreiben. >>> Fraction (99995, 100000).decimal_str (4)
g

Wir machen das mit einigen normalen ot = it a # et the mumeraton.

Fé”en und ein paar extremen if a == 0: # If the fraction is 0, we return 0.

4 4 return "O0O"

Situationen. negative: Finall[booll = a < O # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

= . b: Final[int] = self.b # Get the denominator.
® Zuerst priifen wir, ob Ganzzahlen
digits: Final[list] = [1 # 4 list for collecting digits.

OrdentIICh dargeSte”t Werden‘ while (a !'= 0) and (len(digits) <= max_frac): # Create digits.

digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

® Nachdem wir mit der Implementierung
von decimal_str fertig sind, miissen
wir die Methode noch testen.

® Dafiir konnen wir ja Doctests in den
Docstring der Methode schreiben.

® Wir machen das mit einigen normalen
Fallen und ein paar extremen
Situationen.

® Zuerst priifen wir, ob Ganzzahlen
ordentlich dargestellt werden.

® FEsist klar, dass Fraction(124,
2) .decimal_str() das Ergebnis
"62" haben muss.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final([list]l = [] # 4 list for collecting digits

while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return .join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

® Dafiir kdnnen wir ja Doctests in den
Docstring der Methode schreiben.

® \Wir machen das mit einigen normalen
Fallen und ein paar extremen
Situationen.

® Zuerst priifen wir, ob Ganzzahlen
ordentlich dargestellt werden.

® Es st klar, dass Fraction(124,
2) .decimal_str() das Ergebnis
"62" haben muss.

® Dann priifen wir, ob ein normaler
Bruch genau iibersetzt wird:
Fraction(l, 2).decimal_str()
sollte "0.5" ergeben.

>>> Fraction (124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final([list]l = [] # 4 list for collecting digits

while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return "".join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

® Wir machen das mit einigen normalen
Fillen und ein paar extremen
Situationen.

® Zuerst priifen wir, ob Ganzzahlen
ordentlich dargestellt werden.

® Esist klar, dass Fraction(124,
2) .decimal_str() das Ergebnis
"62" haben muss.

® Dann priifen wir, ob ein normaler
| Bruch genau iibersetzt wird:
Fraction(1l, 2).decimal_str()
sollte "0.5" ergeben.

® Als Bruch der nicht genau als

Dezimalzahl geschrieben werden kann

wahlen wir £ aus.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return .join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

® Zuerst priifen wir, ob Ganzzahlen
ordentlich dargestellt werden.

® FEs st klar, dass Fraction(124,
2) .decimal_str() das Ergebnis
"62" haben muss.

® Dann priifen wir, ob ein normaler
Bruch genau iibersetzt wird:
Fraction(l, 2).decimal_str()
sollte "0.5" ergeben.

® Als Bruch der nicht genau als
Dezimalzahl geschrieben werden kann
1

wahlen wir 3 aus.

* 1 auf zehn Ziffern nach dem Komma
sollte "0.3333333333" ergeben.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final([int] = self.b # Get the denominator.

digits: Final([list]l = [] # 4 list for collecting digits

while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return .join(map(str, digits)) # Join all digits to a string.



SiEe=an e >>> Fraction (124, 2).decimal_str ()
A 162!
E‘ Fractlon: Doctests >>> Fraction(1l, 2).decimal_str ()
'0.5'
>>> Fraction(l, 3).decimal_str (10)
° - B '10.3333333333"
Es ist klar' dass FraCtlon(124’ >>> Fraction(-101001, 100000000) .decimal_str ()
i H 1-0.00101001 "
2) 'deﬁlll)nal—s-tr() das Ergebnls >>> Fraction (1235, 1000).decimal_str (2)
"62" haben muss. '1.24"
>>> Fraction (99995, 100000) .decimal_str (5)
2 b 1 10.99995 "
® Dann prufen WIr, Ob emn normaler >>> Fraction (91995, 100000) .decimal_str (3)
™ a '0.92"
Bruch genau tbersetzt wird: >>> Fraction (99995, 100000).decimal_str (4)
Fraction(1l, 2).decimal_str() o
n n a: int = self.a # Get the numerator.
3 SO”te 0.5 ergEben' if a == 0: # If the fraction is 0, we return 0.
= return "0"
® Als Bruch der nicht genau als negative: Finallbool]l = a < 0 # Get the sign of the fraction.
] « a = abs(a) # Make sure that ‘a’ is now positive.
Dez|ma|zah| geschneben Wel’den kann b: Final[int] = self.b # Get the denominator.
o el
wahlen WIr 3 aus. digits: Finall[list] = [] # 4 list for collecting digits.
1 while (a !'= 0) and (len(digits) <= max_frac): # Create digits.
1 . digits.append(a // b) # Add the current digit.
L4 3 auf zehn Ziffern nach dem Komma a =10 * (a % b) # Ten times the remainder -> next digit.
n n
SO”te 0.3333333333 ergEben- if (a // b) >= 5: # Do we need to round up?
| el f h digits[-1] += 1 # Round up by incrementing last digit.
O . .
As Belsple_ l:lr elnen_negatlven Bruc if len(digits) <= 1: # Do we only have an integer part?
und als Be|sp|e| fuir einen Bruch mit return str((-1 if negative else 1) * digits[0])
mehreren f[ihrenden Nu“en W§h|en wir digits.insert (1, ".") # MNultiple digits: Insert a decimal dot.
] —101001 if negative: # Do we need to restore the sign?
700000000 * digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

® Dann priifen wir, ob ein normaler
Bruch genau iibersetzt wird:
Fraction(1l, 2).decimal_str()
sollte "0.5" ergeben.

e Als Bruch der nicht genau als
Dezimalzahl geschrieben werden kann

wahlen wir —é— aus.

° % auf zehn Ziffern nach dem Komma

sollte "0.3333333333" ergeben.

e Als Beispiel fiir einen negativen Bruch
und als Beispiel fiir einen Bruch mit

mehreren fiihrenden Nullen wihlen wir
—101001
100000000 *

® Das sollte "-0.00101001" ergeben.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final([list]l = [] # 4 list for collecting digits

while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginming.

return "".join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

e Als Bruch der nicht genau als
Dezimalzahl geschrieben werden kann
1

wahlen wir 3 aus.

* 1 auf zehn Ziffern nach dem Komma
sollte "0.3333333333" ergeben.

o Als Beispiel fiir einen negativen Bruch
und als Beispiel fiir einen Bruch mit

mehreren fiihrenden Nullen wahlen wir
— 101001
100000000 *

® Das sollte "-0.00101001" ergeben.

® Um das Runden der letzten Ziffer zu
priifen, erwarten wir das
Fraction(1235,
1000) .decimal_str(2) dann
"1.24" ergibt.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final([list]l = [] # 4 list for collecting digits

while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return .join(map(str, digits)) # Join all digits to a string.



b ) TR

YR SRS
' Fraction: Doctests

3 auf zehn Ziffern nach dem Komma
sollte "0.3333333333" ergeben.

e Als Beispiel fiir einen negativen Bruch
und als Beispiel fiir einen Bruch mit

mehreren fiihrenden Nullen wahlen wir
—101001
100000000 *

® Das sollte "-0.00101001" ergeben.

® Um das Runden der letzten Ziffer zu
priifen, erwarten wir das
Fraction(1235,
1000) .decimal_str(2) dann
"1.24" ergibt.

® Diese Zahl hitte eigentlich drei
Nachkommastellen, wir wollen aber
nur zwei.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits

while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: Doctests

o Als Beispiel fiir einen negativen Bruch
und als Beispiel fiir einen Bruch mit

mehreren fiihrenden Nullen wahlen wir
—101001
100000000 *

® Das sollte "-0.00101001" ergeben.

® Um das Runden der letzten Ziffer zu
priifen, erwarten wir das
Fraction(1235,
1000) .decimal_str(2) dann
"1.24" ergibt.

® Diese Zahl hitte eigentlich drei
Nachkommastellen, wir wollen aber
nur zwei.

® Da die dritte Ziffer eine 5 ware, muss
also gerundet werden.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final([list]l = [] # 4 list for collecting digits

while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return "".join(map(str, digits)) # Join all digits to a string.



YR e EIERLY >>> Fraction (124, 2).decimal_str ()

E A . 162"
: Fractlon. Doctests >>> Fraction(1, 2).decimal_str ()
10.5"
>>> Fraction(l, 3).decimal_str (10)
[ n_ n '0.3333333333"
Das so”te 0'00101001 ergEben >>> Fraction(-101001, 100000000) .decimal_str ()
1 '-0.00101001"
[ ] Um das Runden der |etzten Z|ffer ZUu >>> Fraction (1235, 1000).decimal_str (2)
& 4 "1.24"
prufen, erwarten wir das >>> Fraction (99995, 100000).decimal_str (5)
. '0.99995"'
Fract10n(1235, >>> Fraction (91995, 100000) .decimal_str (3)
o '0.92"
1000) .decimal_str(2) dann >>> Fraction (99995, 100000).decimal_str (4)
"1.24" ergibt. o
) . A ; a: int = self.a # Get the numerator.
[ ] D|ese Zahl hatte e|gent||ch dre| if a == 0: # If the fraction is 0, we return 0.
return "0"
Nachkommastellen, wir wollen aber negative: Final[booll = a < O # Cet the sign of the fraction.
: a = abs(a) # Make sure that ‘a’ is now positive.
nur zwel. b: Finall[int] = self.b # Get the denominator.
. . - . . digits: Final[list] = [1 # 4 list for collecting digits.
* Da die dritte Ziffer eine 5 wére, muss While (a = 0) and (len(digits) < max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
also gerundet Werden' a =10 * (a % b) # Ten times the remainder -> nexzt digit.
® Anstelle von "1.235" oder "1.23" if (a // b) >= 5: # Do we need to round up?
G 5 digits[-1] += 1 # Round up by incrementing last digit.
miisste korrekterweise "1.24"
if len(digits) <= 1: # Do we only have an integer part?
herauskommen. return str((-1 if negative else 1) * digits[0])
digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.




YR ETRE R >>> Fraction (124, 2).decimal_str ()

g 162"
E Fractlon: Doctests >>> Fraction(1l, 2).decimal_str ()
0.5
>>> Fraction(1l, 3).decimal_str (10)
Y 1 5 1 1 H '0.3333333333"
Dlese Zahl hatte elgenth:h drel >>> Fraction(-101001, 100000000) .decimal_str ()
Nachkommastellen, wir wollen aber ' -0.00101001!
) >>> Fraction (1235, 1000) .decimal_str (2)
nur zwel. '1.24°
>>> Fraction (99995, 100000) .decimal_str (5)
. . - . = '0.99995"'
® Da die dritte Ziffer eine 5 ware, muss >>> Fraction (91995, 100000).decimal_str (3)
'0.92"
also gerundet werden. >>> Fraction (99995, 100000).decimal_str (4)
Py
® Anstelle von "1.235" oder "1.23" o
a: int = self.a # Get the numerator.
musste korrekterweise W24 if a == 0: # If the fraction is 0, we return 0.
return "0"
herauskommen_ negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

® Fraction(99995,

5 digits: Final[list] = [1 # 4 list for collecting digits.
100000) .decimal_str(5), also while (a != 0) and (len(digits) <= max_frac): # Create digits.
B digits.append(a // b) # Add the current digit.
099995 an funf NaChkommaSte”en a = 10 * (a % b) # Ten times the remainder -> nexzt digit.

gerundet, sollte "0.99995" sein.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.
— return "".join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

® Diese Zahl hatte eigentlich drei
Nachkommastellen, wir wollen aber
nur zwei.

® Da die dritte Ziffer eine 5 ware, muss
also gerundet werden.

® Anstelle von "1.235" oder "1.23"
miisste korrekterweise "1.24"
herauskommen.

® Fraction(99995,
100000) .decimal_str(5), also
0.99995 auf fiinf Nachkommastellen
gerundet, sollte "0.99995" sein.

® Fraction(91995,

100000) .decimal_str(3) bedeutet
0.91995 auf drei Nachkommastellen
zu runden.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final([list]l = [] # 4 list for collecting digits

while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return "".join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

® Da die dritte Ziffer eine 5 wére, muss
also gerundet werden.

® Anstelle von "1.235" oder "1.23"
musste korrekterweise "1.24"
herauskommen.

® Fraction(99995,
100000) .decimal_str(5), also
0.99995 auf fiinf Nachkommastellen
gerundet, sollte "0.99995" sein.

® Fraction(91995,
100000) .decimal_str(3) bedeutet
0.91995 auf drei Nachkommastellen
zu runden.

® Die letzte Ziffer, eine 5, wird
abgeschnitten.

>>> Fraction (124, 2).decimal_str ()

162

>>> Fraction (1, 2).decimal_str ()

0.5

>>> Fraction(1, 3).decimal_str (10)
'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000).decimal_str (2)
'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)
'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)
'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)
g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.
b: Final([int] = self.b # Get the denominator.

digits: Final[list]l = [] # 4 list for collecting digits

while (a !'= 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return .join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

® Fraction(99995,
100000) .decimal_str(5), also
0.99995 auf fiinf Nachkommastellen
gerundet, sollte "0.99995" sein.

® Fraction(91995,
100000) .decimal_str(3) bedeutet
0.91995 auf drei Nachkommastellen
zu runden.

® Die letzte Ziffer, eine 5, wird
abgeschnitten.

® Das bedeutet, das wir aufrunden, was
wiederum die vorletzte Ziffer (9) auch
aufrunden wird, wodurch die
nachste 9 auch aufgerundet wird.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [] # 4 list for collecting digits
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digit

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return "".join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

® Fraction(99995,
100000) .decimal_str(5), also
0.99995 auf fiinf Nachkommastellen
gerundet, sollte "0.99995" sein.

® Fraction(91995,
100000) .decimal_str(3) bedeutet
0.91995 auf drei Nachkommastellen
zu runden.

® Die letzte Ziffer, eine 5, wird
abgeschnitten.

® Das bedeutet, das wir aufrunden, was
wiederum die vorletzte Ziffer (9) auch
aufrunden wird, wodurch die
nachste 9 auch aufgerundet wird.

® Die 1 wird dann zu einer 2 und wir
' sollten "0.92" bekommen.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final[int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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' Fraction: Doctests

® Fraction(99995,
100000) .decimal_str(5), also
0.99995 auf fiinf Nachkommastellen
gerundet, sollte "0.99995" sein.

® Fraction(91995,
100000) .decimal_str(3) bedeutet
0.91995 auf drei Nachkommastellen
zu runden.

® Die letzte Ziffer, eine 5, wird
abgeschnitten.

® Das bedeutet, das wir aufrunden, was
wiederum die vorletzte Ziffer (9) auch
aufrunden wird, wodurch die
nachste 9 auch aufgerundet wird.

® Die 1 wird dann zu einer 2 und wir
' sollten "0.92" bekommen.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final[int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: Doctests

® Fraction(91995,
100000) .decimal_str(3) bedeutet
0.91995 auf drei Nachkommastellen
zu runden.

® Die letzte Ziffer, eine 5, wird
abgeschnitten.

® Das bedeutet, das wir aufrunden, was
wiederum die vorletzte Ziffer (9) auch
aufrunden wird, wodurch die
nachste 9 auch aufgerundet wird.

® Die 1 wird dann zu einer 2 und wir
sollten "0.92" bekommen.

® Etwas dhnliches muss passieren, wenn
wir Fraction (99995,
100000) .decimal _str(4)
berechnen.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.

b: Final[int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return .join(map(str, digits)) # Join all digits to a string.
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Fraction: Doctests

® Die letzte Ziffer, eine 5, wird
abgeschnitten.

® Das bedeutet, das wir aufrunden, was
wiederum die vorletzte Ziffer (9) auch
aufrunden wird, wodurch die
nachste 9 auch aufgerundet wird.

® Die 1 wird dann zu einer 2 und wir
sollten "0.92" bekommen.

® Etwas dhnliches muss passieren, wenn
wir Fraction(99995,
100000) .decimal _str(4)
berechnen.

® 0.9995 auf vier Ziffern gerundet wird
die 5 aufrunden, wodurch alle 9en
auch aufgerundet werden, so dass wir
letztendlich "1" bekommen.

>>> Fraction(124, 2).decimal_str ()

160

>>> Fraction (1, 2).decimal_str ()

'0.5"

>>> Fraction(1l, 3).decimal_str (10)

'0.3333333333"

>>> Fraction(-101001, 100000000) .decimal_str ()

'-0.00101001"

>>> Fraction (1235, 1000) .decimal_str (2)

'1.24"'

>>> Fraction (99995, 100000) .decimal_str (5)

'0.99995"'

>>> Fraction (91995, 100000) .decimal_str (3)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.
return "0"

negative: Final[bool]l = a < 0 # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is mow positive.

b: Final([int] = self.b # Get the denominator.

digits: Final[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> nexzt digit.

if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digsit.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert(0, "-") # Insert the sign at the begimming.

return "".join(map(str, digits)) # Join all digits to a string.



Fraction: Doctests

Das bedeutet, das wir aufrunden, was
wiederum die vorletzte Ziffer (9) auch
aufrunden wird, wodurch die

nachste 9 auch aufgerundet wird.

Die 1 wird dann zu einer 2 und wir
sollten "0.92" bekommen.

Etwas dhnliches muss passieren, wenn
wir Fraction(99995,

100000) .decimal_str(4)
berechnen.

0.9995 auf vier Ziffern gerundet wird
die 5 aufrunden, wodurch alle 9en
auch aufgerundet werden, so dass wir
letztendlich "1" bekommen.

Fihren wir also diese Doctests mit
pytest aus.

-fiﬁn!llljl!tT

$ pytest --timeout=10 --no-header --tb=short --doctest-modules I
<~ fraction_decimal_str_err.py
= test session starts

= cemereeEsemse=mse=mse===
collected 1 item
fraction_decimal_str_err.py F [100%]
== s===s FAILURES

— =====
,,,,,,,, [doctest] fraction_decimal_str_err.Fraction.decimal_str

—
037 '0.5"'

038 >>> Fraction(1, 3).decimal_str (10)

039 '0.3333333333"

040 >>> Fraction(-101001, 100000000) .decimal_str ()
041 '-0.00101001"

042 >>> Fraction (1235, 1000) .decimal_str (2)

043 '1.24"

044 >>> Fraction (99995, 100000).decimal_str (5)
045 '0.99995'

046 >>> Fraction (91995, 100000) .decimal_str (3)

Expected:
'0.92"

Got:
'0.9110"

/home/runner/work/programmingWithPythonSlidesDE2/
> programmingWithPythonSlidesDE2/slides/47 _debugger/__git__/realms/
<+ git/gh_thomasWeise_programmingWithPythonCode/dunder/
<> fraction_decimal_str_err.py:46: DocTestFailure

short test summary info

—

FAILED fraction_decimal_str_err.py::fraction_decimal_str_err.Fraction.
<> decimal_str

== 1 failed in 0.01s
.,

# pytest 9.2.0 with pytest-timeout 2.4.0 failed with exit code 1.




Fraction: Doctests

b e b e

Etwas dhnliches muss passieren, wenn
wir Fraction (99995,

100000) .decimal _str(4)
berechnen.

0.9995 auf vier Ziffern gerundet wird
die 5 aufrunden, wodurch alle 9en
auch aufgerundet werden, so dass wir
letztendlich "1" bekommen.

Fiihren wir also diese Doctests mit
pytest aus.

Sie schlagen fehl!

Die Ausgabe zeigt us, dass
Fraction(91995,

100000) .decimal_str(3) nicht wie
erwartet "0.92" liefert.

$ pytest --timeout=10 --no-header --tb=short --doctest-modules
<~ fraction_decimal_str_err.py
= test session starts
= cemereeEsemse=mse=mse===
collected 1 item
fraction_decimal_str_err.py F

[100%]

FAILURES
— ====

[doctest] fraction_decimal_str_err.Fraction.decimal_str

037 '0.5'

038 >>> Fraction(1, 3).decimal_str (10)

039 '0.3333333333"

040 >>> Fraction(-101001, 100000000) .decimal_str ()
041 '-0.00101001"

042 >>> Fraction (1235, 1000) .decimal_str (2)

043 '1.24"

044 >>> Fraction (99995, 100000).decimal_str (5)

045 '0.99995'

046 >>> Fraction (91995, 100000) .decimal_str (3)

Expected:
'0.92"

Got:
'0.9110"

/home/runner/work/programmingWithPythonSlidesDE2/
> programmingWithPythonSlidesDE2/slides/47 _debugger/__git__/realms/
< git/gh_thomasWeise_programmingWithPythonCode/dunder/
<> fraction_decimal_str_err.py:46: DocTestFailure

short test summary info

—
FAILED fraction_decimal_str_err.py::fraction_decimal_str_err.Fraction.
<> decimal_str

1 failed in 0.01s
.,
# pytest 9.2.0 with pytest-timeout 2.4.0 failed with exit code 1.
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Fraction: Doctests

0.9995 auf vier Ziffern gerundet wird
die 5 aufrunden, wodurch alle 9en
auch aufgerundet werden, so dass wir
letztendlich "1" bekommen.

® Fihren wir also diese Doctests mit
pytest aus.

® Sie schlagen fehl!

® Die Ausgabe zeigt us, dass
Fraction(91995,
100000) .decimal_str(3) nicht wie
erwartet "0.92" liefert.

® Stattdessen bekommen wir
"0.9110".

T e e AT AT “1‘

$ pytest --timeout=10 --no-header --tb=short --doctest-modules
<~ fraction_decimal_str_err.py
= test session starts

= cemereeEsemse=mse=mse===
collected 1 item
fraction_decimal_str_err.py F [100%]
== ===== FAILURES

— ====

[doctest] fraction_decimal_str_err.Fraction.decimal_str

038 >>> Fraction(1, 3).decimal_str (10)

039 '0.3333333333"

040 >>> Fraction(-101001, 100000000) .decimal_str ()
041 '-0.00101001"

042 >>> Fraction (1235, 1000) .decimal_str (2)

043 '1.24"

044 >>> Fraction (99995, 100000).decimal_str (5)

045 '0.99995'

046 >>> Fraction (91995, 100000) .decimal_str (3)

Expected:
'0.92"

Got:
'0.9110"

/home/runner/work/programmingWithPythonSlidesDE2/
> programmingWithPythonSlidesDE2/slides/47 _debugger/__git__/realms/
<+ git/gh_thomasWeise_programmingWithPythonCode/dunder/
<> fraction_decimal_str_err.py:46: DocTestFailure

———————— short test summary info
—

FAILED fraction_decimal_str_err.py::fraction_decimal_str_err.Fraction.
<> decimal_str

= 1 failed in 0.01s
.,

# pytest 9.2.0 with pytest-timeout 2.4.0 failed with exit code 1.
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.E Fraction: Doctests

® Fiihren wir also diese Doctests mit
pytest aus.

® Sie schlagen fehl!

® Die Ausgabe zeigt us, dass
Fraction(91995,
100000) .decimal_str(3) nicht wie
| erwartet "0.92" liefert.

® Stattdessen bekommen wir
"0.9110".

® \Wo kommt die 0 am Ende her?

$ pytest --timeout=10 --no-header --tb=short --doctest-modules
<~ fraction_decimal_str_err.py
test session starts

< R
collected 1 item
fraction_decimal_str_err.py F [100%]
== ==== FAILURES

— ===
________ [doctest] fraction_decimal_str_err.Fraction.decimal_str

o
037 '0.5"

038 >>> Fraction(1, 3).decimal_str (10)

039 '0.3333333333"

040 >>> Fraction(-101001, 100000000) .decimal_str ()
041 '-0.00101001"

042 >>> Fraction (1235, 1000) .decimal_str (2)

043 '1.24"

044 >>> Fraction (99995, 100000) .decimal_str (5)
045 '0.99995"

046 >>> Fraction (91995, 100000) .decimal_str (3)

Expected:
'0.92"

Got:
'0.9110"

/home/runner/work/programmingWithPythonSlidesDE2/
> programmingWithPythonSlidesDE2/slides/47 _debugger/__git__/realms/
<> git/gh_thomasWeise_programmingWithPythonCode/dunder/
<> fraction_decimal_str_err.py:46: DocTestFailure
——————— short test summary info
—
FAILED fraction_decimal_str_err.py::fraction_decimal_str_err.Fraction.
<> decimal_str
= 1 failed in 0.01s
R,
# pytest 9.2.0 with pytest-timeout 2.4.0 failed with exit code 1.
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.E Fraction: Doctests

® Fiihren wir also diese Doctests mit
pytest aus.

® Sie schlagen fehl!

® Die Ausgabe zeigt us, dass
Fraction(91995,
100000) .decimal_str(3) nicht wie
erwartet "0.92" liefert.

® Stattdessen bekommen wir
"0.9110".

® \Wo kommt die 0 am Ende her?

® Und warum sind da zwei len?

$ pytest --timeout=10 --no-header --tb=short --doctest-modules
<~ fraction_decimal_str_err.py
test session starts

= cemereeesemse=mse=mse===
collected 1 item
fraction_decimal_str_err.py F [100%]
== ==== FAILURES

— =
________ [doctest] fraction_decimal_str_err.Fraction.decimal_str

o
037 '0.5"

038 >>> Fraction(1, 3).decimal_str (10)

039 '0.3333333333"

040 >>> Fraction(-101001, 100000000) .decimal_str ()
041 '-0.00101001"

042 >>> Fraction (1235, 1000) .decimal_str (2)

043 '1.24"

044 >>> Fraction (99995, 100000) .decimal_str (5)
045 '0.99995"

046 >>> Fraction (91995, 100000) .decimal_str (3)

Expected:
'0.92"

Got:
'0.9110"

/home/runner/work/programmingWithPythonSlidesDE2/
> programmingWithPythonSlidesDE2/slides/47 _debugger/__git__/realms/
<> git/gh_thomasWeise_programmingWithPythonCode/dunder/
<> fraction_decimal_str_err.py:46: DocTestFailure
———————— short test summary info
—
FAILED fraction_decimal_str_err.py::fraction_decimal_str_err.Fraction.
<> decimal_str
= 1 failed in 0.01s
R,
# pytest 9.2.0 with pytest-timeout 2.4.0 failed with exit code 1.
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FI‘aCthIl: DOCteStS $ pytest --timeout=10 --no-header --tb=short --doctest-modules
<~ fraction_decimal_str_err.py

= test session starts
= cemereeEsemse=mse=mse===

collected 1 item

® Fiihren wir also diese Doctests mit

pytest aus fraction_decimal_str_err.py F [100%]
i == FAILURES
— ====
L4 S|e SCh|agen fehll ,,,,,,,, [doctest] fraction_decimal_str_err.Fraction.decimal_str
o
. : 037 '0.5'
® Die Ausgabe zeigt us, dass 038 >>> Fraction(l, 3).decimal_str (10)
. 039 '0.3333333333"
Fractlon(91995, 040 >>> Fraction(-101001, 100000000).decimal_str ()
. f f 041 '-0.00101001"
100000) 'deC]‘mal—Str(s) nICht wie 042 >>> Fraction (1235, 1000) .decimal_str (2)
‘ " n | 043 '1.24°
erwartet "0.92" liefert. 044 >>> Fraction (99995, 100000).decimal_str (5)
045 '0.99995"
® Stattdessen bekommen wir 046 >>> Fraction (91995, 100000) .decimal_str (3)
Expected:
"0.9110". 10.92"
Got:
1 > 10.9110"
® \Wo kommt die 0 am Ende her? /home/runner/work/programmingWithPythonSlidesDE2/

> programmingWithPythonSlidesDE2/slides/47 _debugger/__git__/realms/

. o n ? <+ git/gh_thomasWeise_programmingWithPythonCode/dunder/
Und warum Slnd da Zwel 1en' < fraction_decimal_str_err.py:46: DocTestFailure

_________ short test summary info

[ ] 1 s
Selet Lchn Wl'r: faISCh gerundet FAILED fraction_decimal_str_err.py::fraction_decimal_str_err.Fraction.
hatten, dann hatte doch vielleicht < decimal_str
o = 1 failed in 0.01s
0.919 herauskommen konnen ... aber S S

# pytest 9.2.0 with pytest-timeout 2.4.0 failed with exit code 1.

doch nicht 0.91177
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Doctests in PyCharm

® \Wir wollen diesen komischen Fehler untersuchen.


https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/dunder/fraction_decimal_str_err.py

Doctests in PyCharm

® Wir wollen diesen komischen Fehler untersuchen.
® Dafiir wollen wir erstmal die Doctests nochmal in PyCharm ausfiihren.

/8l

FAV VNN N T AL

Project

¥ simple_list_compr

& simple_set_compr

& zip.py
~ [0 08_classes
circle.py
circle_user.py
kahan_sum.py
kahan_user.py
point.py
point_user.py
polygon.py
rectangle.py
shape.py
triangle.py
~ [009_dunder
fraction.py
fraction_decimal_¢

LIEIE I I I N I I 1

fraction_sqrt.py
point.py
point_user_2.py
point_with_dunde
point_with_dunde

LI I I TR R TN

= m progr... ¥ ¥ main v

Doctest Fraction.decimal_str v [> %

# fraction_decimal _str_err.py

class Fraction: 3us

def decimal_str(self, max_frac: int = 188) -> str: 9us

>>> Fraction(l
>>> Fraction(1l
>>> Fraction(1l

>>> Fraction(-

>>> Fraction(1

>>> Fraction(9

>»> Fraction(9

>»> Fraction(9

Q Show Context Actions
@ Al Actions
(5] Paste
Copy / Paste Special
Column Selection Mode
GoTo
Folding
Refactor
Generate...
[> Run 'Doctest decimal_str'

£ Debug "Doctest decimal_str*
Modify Run Configuration...

Alt+Enter

Cirl+V

Alt+Inse

1

[ Ctrl+Shift+F10

A



https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/dunder/fraction_decimal_str_err.py

Doctests in PyCharm

/any

e Dafiir wollen wir erstmal die Doctests nochmal in PyCharm ausfiihren.

e Wir 6ffnen unsere Datei fraction_decimal_str_err.py und skrollen zu unserer

Methode decimal_str.

B = (@ pogr. v © manv Doctest Fraction.decimal_str -+ [> ¥ ! A Q & - o x
3 Project & fraction_decimal_str_err.py L
e 2 simple_list_compr cless Fraction: T )
A simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: om
33 & zip,
P-pY o M
~ [0 08_classes “ -
2, & circle.py ) o
@ circle_user.py b -
2 kahan_sum.py
a Q Show Context Actions Alt
[ETET] >>> Fraction(l
2 point.py m— N @ Al Actions
“ point_user.py >>> Fraction(l (g paste Ctrl+
2 polygon., 0.5 N
BESEEDET Copy / Paste Special
2 rectangle.py >>> Fraction(l
- Column Selection Mode Alt
@ 2 shape.py 0
. # triangle.py >>> Fraction(- Go To
~ [309_dunder o o
- e >>> Fraction(l Folding
# fraction_decimal_g - '; o d Refactor
>>> Fraction
& # fraction_sqrt.py ) Generate... AltsInser
2 point, . .
(I >>> Fraction(9 [> Run 'Doctest decimal_str' y  CulshifteFio
& point_user_2.py .
o 1* Debug "Doctest decimal_str'
(0] 2 point_with_dunde > Fraction(9 o Configurat
N ——— odify Run Configuration...



https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/dunder/fraction_decimal_str_err.py

Doctests in PyCharm

e Wir offnen unsere Datei fraction_decimal_str_err.py und skrollen zu unserer

Methode decimal_str.

/any

® Wir klicken mit der rechten Maustaste und ein Kontextmenii 6ffnet sich.

B = (@ pogr. v © manv Doctest Fraction.decimal_str -+ [> ¥ ! A Q & - o x
3 Project & fraction_decimal_str_err.py L
e 2 simple_list_compr cless Fraction: T )
A simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: om
33 & zip,
P-pY o ™M
~ [0 08_classes et -
2, & circle.py ) o
@ circle_user.py b -
2 kahan_sum.py
a Q Show Context Actions Alt
[ETET] >>> Fraction(l
2 point.py m— N @ Al Actions
“ point_user.py >>> Fraction(l (g paste Ctrl+
2 polygon., 0.5 N
BESEEDET Copy / Paste Special
2 rectangle.py >>> Fraction(l K
@ - Column Selection Mode Alt
2 shape.py o
. # triangle.py >>> Fraction(- Go To
~ [309_dunder o o
- e >>> Fraction(l Folding
# fraction_decimal_g - '; o d Refactor
>>> Fraction
& # fraction_sqrt.py ) Generate... AltsInser
2 point, . .
(I >>> Fraction(9 [> Run 'Doctest decimal_str' y  CulshifteFio
& point_user_2.py .
o 1* Debug "Doctest decimal_str'
(0] 2 point_with_dunde > Fraction(9 o Configurat
N ——— odify Run Configuration...



https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/dunder/fraction_decimal_str_err.py

Doctests in PyCharm

o Wir klicken mit der rechten Maustaste und ein Kontextmenii offnet sich.

LLIE gl g -

® Hier klicken wir mit der linken Maustaste auf [Run ‘Doctest decimal _str'|,

)

00 e ©

]

@ progr... ~
Project

¥ simple_list_compr

& simple_set_compr

& zip.py
~ [0 08_classes
circle.py
circle_user.py
kahan_sum. py
kahan_user.py
point.py
point_user.py
polygon.py
rectangle.py
shape.py
triangle.py
~ [009_dunder

& fraction.py

. fraction_decimal_¢

LIEIE G I I N I I 1

# fraction_sqrt.py
2 point.py

& point_user_2.py
# point_with_dunde
A point_with_dunde

¥ main -

Doctest Fraction.decimal_str -

# fraction_decimal _str_err.py

def decimal_str(self, max_frac: int = 188) -> str: 9us

>>> Fraction(l
>>> Fraction(1l

>>> Fraction(1l

>>> Fraction(-

>>> Fraction(1

>>> Fraction(9

>»> Fraction(9
>»> Fraction(9

oo 2,

' Show Context Actions Alt+Enter

@ Al Actions
(5] Paste
Copy / Paste Special

Cirl+V

Column Selection Mode ift+Insert

GoTo
Folding
Refactor
Generate... Alt+Insert
[> Run 'Doctest decimal_str' [ Ctrl+Shift+F10
1* Debug "Doctest decimal_str'

Modify Run Configuration...




Doctests in PyCharm

® Dadurch werden alle Doctests ausgefiihrt.

: = [ progr.. © ¥ main v Doctest Fraction.decimal_str -+ [> ¥ ! A Q & - @ x N\
i 1 Project 2 fraction_decimal_str_err.py i
\ o ¥ simple_list_compr class Fraction: Themas
A simple_set_compr def decimal_str(self, max_frac: int = 108) -> str:
33 A zip.py 7.5
X e >>> Fraction(1, 3).decimal_str(10)
- a8 8.5 5 4
2, o circle.py
»»>» Fraction(-101001, 180000000).decimal_str()
& circle_user.py - ;
. a
(I >>> Fraction(1235, 1000).decimal_str(2)
! # kahan_user.py 1.24
. 2 point.py >>> Fraction(99995, 100009).decinal_str(5)
Run Doctest Fraction.decimal_str
>3
& G Gt v LA LEC)
~ (O Test Results oms Tests failed: 2, passed: 6 © ests — Oms

~ O decimal_str
Fraction(91995,

/home/tweise/1ocal/progranming/python/progranmingWithPythonCode/ . venv/bin/p 4
Testing started at 13:30 ...

=1 +
= Fraction(99995, 10 ms s
1 = \

® B
=) \

o




Doctests in PyCharm

® Dadurch werden alle Doctests ausgefiihrt.

/ah

DA VRTON NN T T L

® |n dem kleinen Fenster unten links konnen wir die fehlgeschlagenen Tests sehen.

B = (@ pogr. © & mainv Doctest Fraction.decimal_str -+ [> ¥ ! A Q & -
[ Project 2 fraction_decimal_str_err.py
o 7 simple_list_compr. class Fraction: @
A simple_set_compr def decimal_str(self, max_frac: int = 100) -> str: 9
33 A zip.py 7.5
[ 08 classes >>> Fraction(1, 3).decimal_str(10)
a8 8.5
2, & circle.py
>>> Fraction(-101001, 180006600).decinal_str()
& circle_user.py o .
- 161061
(I >>> Fraction(1235, 1000).decimal_str(2)
2 kahan_user.py 1.24
2 point.py >>> Fraction(99995, 100000).decinal_str(S)
Run Doctest Fraction.decimal_str
>
& G Gt vig =0
~ () Test Results oms Tests failed: 2, passed: 6 tesis —Oms
=) L4 decimal_str oms i 5 1 N N
Jhome/tweise/local/progranning/python/progranmingWithPythonCode/ . venv/bin/p)
< Fraction(91895, ¥ Testing started at 13:30 ...
= Fraction(99995, 10
® 1

o x
re
hor
i}
x
=)
]
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Doctests in PyCharm

e Wir kénnen auf die fehlgeschlagenen Tests klicken, um mehr Informationen zu erhalten.

: B = [ poo. v § mainv Doctest Fraction.decimalstr > f& ! s Qs 806 i
3 Project & fraction_decimal_str_err.py L
- 7 simple_list_compr. class Fraction: o Tho e A
i A simple_set_compr >>> Fraction(1, 2).decimal_str()
33 2 zip.py - ™
i - [308-classes >>> Fraction(1, 3).decimal_str(18) .
a
00 Run Doctest Fraction.decimal_str
G G v
| v © Test Results 5 ms Tests failed: 2, passed: 6 of 8 oms
v decimal_str 0ms .
Fraction(91995, 0 ms
a Fraction(99995, 10ms Faitlure _
= <Click to see difference> N
— @
File "/home/tweise/local/programming/python/progranmingiithPythonCode/69 dui M
e Failed example:
Fraction(91995, 100080).decimal_str(3) \
® Expected:
'0.92"
>
Got:
® '0.9110" |




Doctests in PyCharm

e Wir kénnen auf die fehlgeschlagenen Tests klicken, um mehr Informationen zu erhalten.
® Ein links-Klick auf den ersten fehlgeschlagenen Test in diesem Fenster unten links zeigt die

/an

Ausgaben dieses Tests im Fenster unten rechts.

HOUV VENON SN T L

~ (0 Test Results
~ O decimal_str

B ® ®

(S]

= [ progr.. v main v Doctest Fraction.decimal_str ~+  [> & ! A Q & -
[ Project < fraction_decimal_str_err.py
. & simple_list_compr. class Fraction: 3usages = Thomas\Weise 2 ¥
A simple_set_compr >>> Fraction(1, 2).decimal_str()
8 Aoy 0.5
o[ 08=classes >>> Fraction(1, 3).decimal_str(16)
a
00 Run Doctest Fraction.decimal_str

G G B v =G,

0 ms Tests failed: 2, passed: 6 of 8 tests - Oms

Fraction(91995, 10 ms

a Fraction(99995, 10

Failure
<Click to see difference>

File "/home/tw
Failed example:

Fraction(91995, 100806).decimal_str(3)
Expected:

'e.92"
Got:

'08.9118" T

se/local/programming/python/programmingWithPythonCode/09_dul

o

G @ I Y«

e

A

i



Doctests in PyCharm

® Ein links-Klick auf den ersten fehlgeschlagenen Test in diesem Fenster unten links zeigt die

Ausgaben dieses Tests im Fenster unten rechts.

® Das ist die selbe Information,

die wir schon gesehen haben.

AV VENON N T

= [ progr. v

~ () Test Results 0ms
~ ) decimal_str 0 ms
Fraction(91995, 10 ms
Fraction(99995, 10ms

oD e i ¢

¢ main - Doctest Fraction.decimal_str v [> £F 3, Q B -
[ Project < fraction_decimal_str_err.py
. & simple_list_compr. class Fraction: 3usages = Thomas\Weise 2 ¥
A simple_set_compr >>> Fraction(1, 2).decimal_str()

$ ey 0.5

[ 08_classes >>> Fraction(1, 3).decimal_str(18)
a
00 Run Doctest Fraction.decimal_str

G G B v =G,

Tests failed: 2, passed: 6 of 8 tests - Oms

Failure

<Click to see differences

File "/home/tweise/local/programming/python/programmingWithPythonCode/09_dui
Failed example:
Fraction(91995, 106800).decimal_str(3)
Expected:
'0.92"
Got:
'0.9110" |

e

e
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Doctests in PyCharm

® Das ist die selbe Information, die wir schon gesehen haben. s

® Was wir noch nicht gesehen hatten, ist das sogar zwei Doctests fehlschlagen.

B = [ opogr. v ¥ main v Doclest Fraction.decimal_str ~  [> % & Q&8 - o x \
[ Project < fraction_decimal_str_err.py s §
- 7 simple_list_compr. class Fraction: 8 Thomas e A
A simple_set_compr >>> Fraction(1, 2).decimal_str(} y
- - )
2 & zip.py 9.9
[ 08_classes >>> Fraction(1, 3).decimal_str(18)
a
00 Run Doctest Fraction.decimal_str
G G B v i@ 5

~ ) Test Results oms Tests failed: 2, passed: 6 of 8
~ ) decimal_str 0 ms
Fraction(91995, 10 ms

Fraction(99995, 10 ms Failure

<Click to see differences

G @ I Y«

File "/home/tweise/local/programming/python/programmingWiithPythonCode/09_dui
Failed example:

Fraction(91995, 106800).decimal_str(3) \
Expected:

'0.92"
Got:

'0.9110" |

oD e i ¢




Doctests in PyCharm

® \Was wir noch nicht gesehen hatten, ist das sogar zwei Doctests fehlschlagen.

HOUV VENON SN T L -ﬂa
!
Y
']

’!

® Ein links-Klick auf den zweiten fehlgeschlagenen Test zeigt uns, dass Fraction (99995,

100000) .decimal_str(4) nicht wie erwartet "1" liefert.

= [ progr.. v ¥ main v Doctest Fraction.decimal_str -+ [> 1%
[ Project < fraction_decimal_str_err.py
- & simple_list_compr class Fraction: Susages = ThomasWeise
A simple_set_compr >>> Fraction(1, 2).decimal_str()

33 & zip.py e

o[ 08=classes >>> Fraction(1, 3).decimal_str(16)
a
G0 Run Doctest Fraction.decimal_str

G G 8 v =G

~ ) Test Results oms Tests failed: 2, passed: 6 of 8 tesis - Oms
~ ) decimal_str 0 ms

Fraction(91995, 10 ms

Fraction(99995, 10ms

Failure

@ <Click to see differences

o
=3

Q B

(S]

'0.99910" I

< File */nome/tweise/local/programming/python/progranmingWithPythoncode /89 dul
e Failed example:
@ Fraction(99995, 100808).decimal_str(4)
Expected:
BT
Got:

o

G @ I Yl ¢

e




Doctests in PyCharm

® Ein links-Klick auf den zweiten fehlgeschlagenen Test zeigt uns, dass Fraction (99995,

100000) .decimal_str(4) nicht wie erwartet "1" liefert.
® Stattdessen hat es "0.99910". ergeben

RI ROV VRRON AN T

= [ progr.. v ¥ main v Doctest Fraction.decimal_str ~  [> £ A Q &8 - o x
3 Project & fraction_decimal_str_err.py Lo
o 7 simple_list_compr class Fraction: BSusages =+ Thoma e AN
<. simple_set_compr >>> Fraction(1, 2).decimal_str()
33 2 zip.py o
- [ 08_classes >»> Fraction(1, 3).decimal_str(16)
)
G0 Run Doctest Fraction.decimal_str
G G 8 v =G
~ ) Test Results oms Tests failed: 2, passed: 6 of 8 tesis - Oms
~ ) decimal_str 0 ms R
Fraction(91995, 10 ms
a Fraction(9999s, 10ms v
Failure -
@ <Click to see difference> B
- =l
o]
< File "/nome/tweise/local/programming/python/progranmingWithPythonCode/89_dui
Failed example:
® Fraction(99995, 100880).decimal_str(4)
Expected:
BT
Got:
0] '0.99910" I
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Doctests in PyCharm

® Stattdessen hat es "0.99910". ergeben "

® \Warum ist da eine "0" am Ende unserer Zahl?

: B = (@ pogr. v  main v Doctest Fraction.decimal_str -+ [> £ ! & Q &8 - o x
3 Project # fraction_decimal_str_err.py L
{ o 7 simple_list_compr class Fraction: g Tha e 2x1A oy
<. simple_set_compr >>> Fraction(1, 2).decimal_str()
33 < zip.py o M
X - [ 08_classes >>> Fraction(1, 3).decimal_str(18) .
)
G0 Run Doctest Fraction.decimal_str
GGG N v
) « © Test Resulls oms Tests failed: 2, passed: 6 of & oms
- @ decimal_str 0ms "
Fraction(91995, 10 ms
a Fraction(99995, 10ms
Failure -
@ <Click to see difference> B
- =)
o]
< File "/nome/tweise/local/programming/python/progranmingWithPythonCode/89_dui
Failed example:
® Fraction(99995, 100880).decimal_str(4)
Expected:
]
Got:
0] '0.99910" I
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Doctests in PyCharm

® \Warum ist da eine "0" am Ende unserer Zahl? A

® \Wo kommt die her? X

: @ progr... ~ main - Doctest Fraction.decimal_str -~ [> & Q &8 - o x
i 1 Project 2 fraction_decimal_str_err.py i
| o ¥ simple_list_compr class Fraction: R
<. simple_set_compr >>> Fraction(1, 2).decimal_str()
i 33 2 zip.py o
X - [ 08_classes >>> Fraction(1, 3).decimal_str(18) .
= A
)
G0 Run Doctest Fraction.decimal_str
GGG B[y
) « © Test Resulls 0 Tests failed: 2, passed: 6 of & tests - Oms r
- @ decimal_str 0ms "
Fraction(91995, 10 ms
Fraction(9999s, 10ms v
Failure -
<Click to see difference> =
=l
o]
File "/nome/tweise/local/programming/python/progranmingWithPythonCode/89_dui
Failed example: {
Fraction(99995, 100880).decimal_str(4) ¥
Expected:
L | ¢
Got:
0] '0.99910" I




Doctests in PyCharm

® \Wo kommt die her?

/8l

FAV VNN N T AL

® Nullen am Ende sollten doch mit unserem Kode gar nicht moglich sein.

00 e ©

@ progr... ©
Project

¥ simple_list_compr
< simple_set_compr

& zip.py
~ [0 08_classes

¢ main -

Doctest Fraction.decimal_str ~ [> ff ! A Q & -
2 fraction_decimal_str_err.py
class Fraction: Thoi 2 %1 ~

>>> Fraction(1, 2).decimal_str()

»>> Fraction(l, 3).decimal_str(18)

Run Doctest Fraction.decimal_str

GGG N v

v Test Results 0 ms
~ ) decimal_str 0 ms
Fraction(91995, 10 ms
Fraction(99995, 10ms

Tests failed: 2, passed: 6 of 8 oms

Failure

<Click to see differences

File "/home/tweise/local/programming/python/programmingwithPythonCode/89_dul

Failed example:

Fraction(99995, 160000).decimal_str(4)
Expected:

|
6ot:

'0.99910" I

G @ |




Doctests in PyCharm

/8l

FAV VNN N T AL

® Nullen am Ende sollten doch mit unserem Kode gar nicht moglich sein.

® AuBerdem sind da vier Neunen in der Zahl, nicht drei.

00 e ©

@ progr... ©
Project
¥ simple_list_compr
< simple_set_compr
& zip.py
~ [0 08_classes

Run

GGG N v

v Test Results 0 ms
~ ) decimal_str 0 ms
Fraction(91995, 10 ms
Fraction(99995, 10ms

¢ main -

Doctest Fraction.decimal_str -

> & 2,

# fraction_decimal_str_err.py

class Fraction: g hor 2 2 %1 ~
>>> Fraction(1, 2).decimal_str()

»>> Fraction(l, 3).decimal_str(18)

Doctest Fraction.decimal_str

Tests failed: 2, passed: 6 of 8 oms

Failure
<Click to see differences

File "/home/tweise/local/programming/python/programmingwithPythonCode/89_dul
Failed example:
Fraction(99995, 100800).decimal_str(4)
Expected:
BT
Got:
'8.99910" I

G @ |




Doctests in PyCharm

LA

® AuBerdem sind da vier Neunen in der Zahl, nicht drei.

® Was ist hier schief gegangen?

HOX N VBN

v Test Results 0 ms
~ ) decimal_str 0 ms
Fraction(91995, 10 ms
Fraction(99995, 10ms

00 e ©

B = (@ pogr. v  main v Doctest Fraction.decimal_str ~  [> £ A Q & -
[ Project < fraction_decimal_str_err.py
o ¥ simple_list_compr class Fraction: g Tho e 2 1 ~
A simple_set_compr >>> Fraction(1, 2).decimal_str()
33 2 zip.py .
- [0 08_classes >>> Fraction(1, 3).decimal_str(10)
)
G0 Run Doctest Fraction.decimal_str
GGG N v

oms

Tests failed: 2, passed: 6 of 8

Failure
<Click to see differences

File "/home/tweise/local/programming/python/programmingwithPythonCode/89_dul

Failed example:
Fraction(99995, 160000).decimal_str(4)
Expected:
|
6ot:
'0.99910" I

o x
Lo

e

x

=)

o]
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Doctests in PyCharm

® Was ist hier schief gegangen?

e Wir wissen nicht, warum die Tests fehlschlagen.

: B = [ pog.. v § main- Doctest Fraction.decimalstr > f& ! s Qs 00 6 i
3 Project # fraction_decimal_str_err.py L
- # simple_list_compr. class Fraction: g Tho e AR
& 2 simple_set_compr >>> Fraction(1, 2).decimal_str()
2 o zip.py 9.5
X - [ 08_classes >>> Fraction(1, 3).decimal_str(18) .
)
o0 Run Doctest Fraction.decimal_str
GGG E v
| - © Test Results 5 ms Tests failed: 2, passed: 6 of 8 oms
v decimal_str 0ms .
Fraction(91995, 10 ms
a Fraction(99995, 10ms
Failure -
@ <Click to see difference> B
- =)
o]
< File "/nome/tweise/local/programming/python/progranmingWithPythonCode/89_dui
Failed example: {
® Fraction(99995, 100880).decimal_str(4) ¥
Expected:
BT

sot:
'0.99910" I

(S]
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Debugger
e Wir fragen uns, was wir jetzt tun kdnnen.
.
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Debugger

e Wir fragen uns, was wir jetzt tun kdnnen.
e Wenn wir herausfinden wollen, was schief geht, dann wére es niitzlich, wenn wir unser
Programm irgendwie Schritt-fiir-Schritt ausfiihren kdnnten.

:
|
:
:
?

|
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Debugger

e Wir fragen uns, was wir jetzt tun kdnnen.

e Wenn wir herausfinden wollen, was schief geht, dann wére es niitzlich, wenn wir unser
Programm irgendwie Schritt-fiir-Schritt ausfiihren kdnnten.

® Als ich erklart habe, wie decimal_str funktioniert, habe ich 179 als Beispiel fiir den
Ablauf unserer Methode durchexerziert.
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e Wir fragen uns, was wir jetzt tun kdnnen.

e Wenn wir herausfinden wollen, was schief geht, dann wére es niitzlich, wenn wir unser
Programm irgendwie Schritt-fiir-Schritt ausfiihren kdnnten.

e Als ich erklart habe, wie decimal_str funktioniert, habe ich
Ablauf unserer Methode durchexerziert.

® Wire es nicht schén, wenn wir unser Programm Schritt-fiir-Schritt fiir die Tests
durchgehen kénnten?

179 als Beispiel fiir den



Debugger

e Wir fragen uns, was wir jetzt tun kdnnen.
e Wenn wir herausfinden wollen, was schief geht, dann wére es niitzlich, wenn wir unser
Programm irgendwie Schritt-fiir-Schritt ausfiihren kdnnten.
® Als ich erklart habe, wie decimal_str funktioniert, habe ich
Ablauf unserer Methode durchexerziert.

® Wire es nicht schén, wenn wir unser Programm Schritt-fiir-Schritt fiir die Tests
durchgehen kénnten?

® Dann konnten wir sehen, was es wirklich macht.
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e Wir fragen uns, was wir jetzt tun kdnnen.

e Wenn wir herausfinden wollen, was schief geht, dann wére es niitzlich, wenn wir unser
Programm irgendwie Schritt-fiir-Schritt ausfiihren kdnnten.

® Als ich erklart habe, wie decimal_str funktioniert, habe ich 179 als Beispiel fiir den
Ablauf unserer Methode durchexerziert.

® Wire es nicht schén, wenn wir unser Programm Schritt-fiir-Schritt fiir die Tests
durchgehen kénnten?

® Dann konnten wir sehen, was es wirklich macht.

® Nun, das kénnen wirl



Debugger

e Wir fragen uns, was wir jetzt tun kdnnen.

e Wenn wir herausfinden wollen, was schief geht, dann wére es niitzlich, wenn wir unser
Programm irgendwie Schritt-fiir-Schritt ausfiihren kdnnten.

® Als ich erklart habe, wie decimal_str funktioniert, habe ich 179 als Beispiel fiir den
Ablauf unserer Methode durchexerziert.

® Wire es nicht schén, wenn wir unser Programm Schritt-fiir-Schritt fiir die Tests
durchgehen kénnten?

® Dann konnten wir sehen, was es wirklich macht.

® Nun, das kénnen wirl

® Und zwar mit einem Werkzeug genannt Debugger, das mit Python und PyCharm
ausgeliefert wird.



Debugger

® Waire es nicht schon, wenn wir unser Programm Schritt-fiir-Schritt fiir die Tests
durchgehen kénnten?

® Dann konnten wir sehen, was es wirklich macht.

® Nun, das konnen wir!

® Und zwar mit einem Werkzeug genannt Debugger, das mit Python und PyCharm
ausgeliefert wird.

Niitzliches Werkzeug

Ein Debugger ist ein Werkzeug, das mit vielen Programmiersprachen und IDEs mit aus-
geliefert wird.



Debugger

® Waire es nicht schon, wenn wir unser Programm Schritt-fiir-Schritt fiir die Tests
durchgehen kénnten?

® Dann konnten wir sehen, was es wirklich macht.
® Nun, das konnen wir!

® Und zwar mit einem Werkzeug genannt Debugger, das mit Python und PyCharm
ausgeliefert wird.

Niitzliches Werkzeug

Ein Debugger ist ein Werkzeug, das mit vielen Programmiersprachen und IDEs mit aus-
geliefert wird. Es erlaub uns, ein Programm Schritt-fiir-Schritt auszufiihren und dabei die
aktuellen Werte von Variablen zu beobachten.



Debugger

® Waire es nicht schon, wenn wir unser Programm Schritt-fiir-Schritt fiir die Tests
durchgehen kénnten?

® Dann konnten wir sehen, was es wirklich macht.
® Nun, das konnen wir!

® Und zwar mit einem Werkzeug genannt Debugger, das mit Python und PyCharm
ausgeliefert wird.

Niitzliches Werkzeug

Ein Debugger ist ein Werkzeug, das mit vielen Programmiersprachen und IDEs mit aus-
geliefert wird. Es erlaub uns, ein Programm Schritt-fiir-Schritt auszufiihren und dabei die
aktuellen Werte von Variablen zu beobachten. So kénnen wir Fehler im Kode leichter
finden 7+,
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- Debuggen in PyCharm s

i,

@ In PyCharm kénnen wir den Debugger auf ein ganzes Programm anwenden, aber auch auf
einen Doctest.

-
{7
7
] @ progr... ~ & main v Doctest Fraction.decimal_str -+ [> ¥F ! & Q&8 - o x g
[ Project < fraction_decimal_str_err.py s § ‘
%
. o 2 simple_list_compr class Fraction: . !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str Thoma
33 2 zip, : ax_frac: the maxi n of fre
P-RY ™M 2
~ [0 08_classes E
g 2 circle, ;,
e ief >>> Fraction(124, 2).decimal_str()
2 circle_user.py :
S lehan SUmy >>> Fraction(1, 2).decimal_str()
# kahan_user.py 0.5
2 point.py >>> Fraction(1, 3).decimal_str(10)
3 & point_user.py 40 g .
2 polygon.py >>> Fraction(-101081, 108080808).decinal_str() F
2 rectangle.py '-0.08181081" a
@ 2 shape.py >>> Fraction(1235, 1606).decimal_str(2)
. # triangle.py '1.247
- ~ [309_dunder s
< o fraction.py ¢
# fraction_decimal_ ;
® # fraction_sqrt.py >>> Fraction(99995, 180808).decinal_str(4) 3
2 point. py .
2 point_user_2.py
a (0] ¥ point_with_dunde = .
A= L el A S e ] A point_with_dunde e a. T R T = 2 YWY



https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/dunder/fraction_decimal_str_err.py
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Debuggen in PyCharm

e Dafiir missen wir zuerst unsere Datei fraction_decimal_str_err.py &ffnen und zu
unserer Methode decimal_str skrollen.

JTRRL O WRasam /) T L

Y. P.

b i

-y

N B SO 5 LAl (A ar e St |

Project
a
A
L

@ progr... ~

¥ main

Doctest Fraction.decimal_str ~  [> %

@ fraction_decimal _str_err.py

simple_list_compr
simple_set_compr
zZip.py

~ [0 08_classes

|-1n1n1n'|.1.|-D1n1n'h'h‘.|-1n1n1n'h

circle.py
circle_user.py
kahan_sum. py
kahan_user.py
point.py
point_user.py
polygon.py
rectangle.py
shape.py
triangle.py

09_dunder

fraction.py
fraction_decimal_¢
fraction_sqrt.py
point.py
point_user_2.py
point_with_dunde
point_with_dunde

40

class Fraction:

def decimal_str(self, max_frac

int = 160) -> str

>>> Fraction(124, 2).decimal_str()

>>> Fractien(1, 2).decimal_str()

>>> Fractien(l, 3).decimal_str(10)

>>> Fraction(-101681, 106680608).decimal_str()

>>> Fraction(1235, 1006).decimal_str(2)

>>> Fraction(99995, 180008).decimal_str(4)

A TS TR A B A

- O

BN g 0 W

ORI e = -2 W .


https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/dunder/fraction_decimal_str_err.py
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Debuggen in PyCharm
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e Auf der linken Seite unseres Kode-Fensters sehen wir eine Spalte mit Zeilennummern. »

S

B = (@ pogr. v & mainv + Doctest Fraction.decimal_str ~  [> % & Q &8 - o x g
1 Project & fraction_decimal_str_err.py L %
e 2 simple_list_compr. class Fraction: 3usages = ThomasWeise 21~ v !
2 simple_set_compr def decimal_str(self, max_frac: int = 100) -> str: Susages(ldynamic) = Thoma:
39 & 7ip, param max_frac: the maximum number of fractional digits
oo the string M "
~ [008_classes - : >
3 o2 circle| /
o = >»>» Fraction(124, 2).decimal_str()
2 circle_user.py o
62
. a
(T >>> Fraction(1, 2).decinal_str()
2 kahan_user.py g5
<2 point.py >>> Fraction(l, 3).decimal_str(10)
i 2 point_user.py 0 '0.3333333333"
% polygon.py >>> Fraction(-101601, 188668800).decimal_str()
2 rectangle.py '-6.08161081"
@ 2 shape.py >>> Fraction(1235, 1808).decimal_str(2)
2 triangle.py et
@ (AT >>> Fraction(99995, 188000).decinal_str(5)
0.
< # fraction.py
= 5 N >>> Fraction(91995, 188000).decinal_str(3)
. fraction_decimal_¢ [
o 0.92
® fraction_sqrt.py >>> Fraction(99995, 106000).decimal_str(4)
& point.py o
2 point_user_2.py o
i
M @ ¥ point_with_dunde .& a: int = self.a # Get the numerator
TR TR LR (Al [ St | A point_with_dunde if a == @: # If the fract is 8, we return 0.
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Debuggen in PyCharm {

e Auf der linken Seite unseres Kode-Fensters sehen wir eine Spalte mit Zeilennummern. r
e Wir konnen dort links-klicken um einen Breakpoint, also einen Haltepunkt, zu setzen.

E
I,.
B = (@ pogr. v & mainv Doctest Fraction.decimal_str -~ [> ¥ & Q &8 - o x g
1 Project & fraction_decimal_str_err.py L %
o 2 simple_list_compr class Fraction: 3us Tho d
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str 3
3% & zip.py " P
M 2
~ [0 08_classes 7
3 # circle 4
a0 = >>> Fraction(124, 2).decimal_str() -
& circle_user.py o
. 62
(T >>> Fraction(1, 2).decinal_str()
7 kahan_user.py T
<2 point.py >>> Fraction(l, 3).decimal_str(10)
& point_user.py 40 '9.333 g
2 polygon.py >>> Fraction(-101601, 188668800).decimal_str()
2 rectangle.py '-6.08161081"
@ 2 shape.py >>> Fraction(1235, 1808).decimal_str(2)
,7 2 triangle.py ezt
@ (AT >>> Fraction(99995, 106000).decinal_str(5)
< & fraction.py ¢
=z 2 N >>> Fraction(91995, 106000).decinal_str(3) -
# fraction_decimal_¢ R .
o .92
® fraction_sqrt.py >>> Fraction(99995, 106000).decimal_str(4) .
& point.py
1
2 & point_user_2.py
@ ¥ point_with_dunde a: int = self.a # Get the n rator
Rl A point_with_dunde if a a.
LA T s A t_with_dund
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Debuggen in PyCharm
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® Wir kdnnen dort links-klicken um einen Breakpoint, also einen Haltepunkt, zu setzen.
® Breakpoints sind markierungen in unserer IDE an denen wir spater die Ausfiihrung eines
Programms pausieren wollen.

bR By . P .

Lok 0 Seoue 0

B = (@ pogr. v & mainv Doctest Fraction.decimal_str -~ [> {f ! & Q&8 - o x
3 Project & fraction_decimal_str_err.py s
e # simple_list_compr. class Fraction: Ther ~ v
<. simple_set_compr def decimal_str(self, max_frac: int = 100) -> str: hor
33 2 zip.py s e
~ [0 08_classes e -
2 # circle é
a0 = >»>» Fraction(124, 2).decimal_str() -
2 circle_user.py .
- 62
(T >>> Fraction(1, 2).decimal_str()
2 kahan_user.py 6.5
<2 point.py >>> Fraction(l, 3).decimal_str(10)
& point_user.py 40 g
% polygon.py >>> Fraction(-101601, 188668800).decimal_str()
2 rectangle.py '-6.08161081"
@ 2 shape.py >>> Fraction(1235, 1808).decimal_str(2)
,7 # triangle.py et
@ (AT >>> Fraction(99995, 188000).decinal_str(5)
< & fraction.py o ;
= 2 N >>> Fraction(91995, 188000).decinal_str(3)
# fraction_decimal_¢ PR
o 0.92
® fraction_sqrt.py >>> Fraction(99995, 106000).decimal_str(4)
a
point.py 4
2 point_user_2.py
i ¥ point_with_dunde
o= L el A SO A point_with_dunde
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Debuggen in PyCharm
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® Breakpoints sind markierungen in unserer IDE an denen wir spater die Ausfiihrung eines

Programms pausieren wollen.

® Wir wollen genau am Anfang von decimal_str pausieren.

W w Rl AT

v}

o]

00 e «

= (@ progr.. v

Project
a

L

-

]

|-1n1n1n'|.1.|-D1n1n'h'h‘.|-1n1n1n'h

simple_list_compr
simple_set_compr
zip.py
08_classes
circle.py
circle_user.py
kahan_sum. py
kahan_user.py
point.py
point_user.py
polygon.py
rectangle.py
shape.py
triangle.py
09_dunder
fraction.py
fraction_decimal_¢
fraction_sqrt.py
point.py
point_user_2.py
point_with_dunde
point_with_dunde

& main v

Doctest Fraction.decimal_str -+ [> ¥

# fraction_decimal _str_err.py

40

class Fraction: 3us The

def decimal_str(self, max_frac: int = 160) -> str

>>»> Fraction(124, 2).decimal_str()

>>»> Fractien(1, 2).decimal_str()
>>> Fractien(l, 3).decimal_str(10)

>>> Fraction(-101601, 108680608).decimal_str()

>>> Fraction(1235, 1808).decimal_str(2)

>>> Fraction(99995, 180008).decinal_str(5)

>>> Fraction(91995, 180008).decinal_str(3)

>>» Fraction(99995, 180008).decimal_str(4)

a: int = self.a #

FE e TR

if a

”

. .

#
4
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3 Debuggen in PyCharm
;
Py
- ® Wir wollen genau am Anfang von decimal_str pausieren.
® Deshalb machen wir genau dort einen Breakpoint hin.
<] @ progr... ~ & main v Doctest Fraction.decimal_str -~ [> £ 2 Q@ o x
[ Project 2 fraction_decimal_str_err.py
]
. o 2 simple_list_compr class Fraction: Sus ~ o
2 simple_set_compr def decimal_str(self, max_frac: int = 100) Thema
33 & zip.py r of frac
~ [0 08_classes
: a # circle
4 o Ay >>> Fraction(124, 2).decimal_str()
= < circle_user.py
E 72 kanan_sum.py >>> Fraction(1, 2).decinal_str()
# kahan_user.py s
<2 point.py >>> Fraction(l, 3).decimal_str(10)
< point_user.py a0 '8.33 '
2 polygon.py >>> Fraction(-101601, 188668800).decimal_str()
2 rectangle.py '-6.08161081"
@ 2 shape.py >>> Fraction(1235, 1886).decimal_str(2)
L # triangle.py et
=  [09_dunder >>> Fraction(99995, 1800008).decimal_str(5)
< & fraction.py o
= N N >>> Fraction(91995, 1800008).decimal_str(3)
# fraction_decimal_ R
® & fraction_sart.py >>> Fraction(99995, 106000).decimal_str(4)
2 point py .
2 point_user_2.py
o 2 point.win_cunde @,
= WL a el AT e ] A

point_with_dunde

=

Ao

TN e

R adia o @A

O TR L — g ™
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Debuggen in PyCharm

Rt i

AL

® Deshalb machen wir genau dort einen Breakpoint hin.
® Der Breakpoint wird als roter Ball iiber der Zeilennummer angezeigt.

-

WL LN W S T

e

B = @ pogr. v
[ Project
o ¥ simple_list_compr
< simple_set_compr
33 & zip.py
~ [0 08_classes
8 2 circle.py
& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py
2 polygon.py
 rectangle.py
@ 2 shape.py
— # triangle.py
= ~ [009_dunder
< # fraction.py
. fraction_decimal_¢
& & fraction_sqrt.py
2 point.py
& point_user_2.py
[0} 2 point_with_dunde
= L el A SR e ] A point_with_dunde

¥ main

Doctest Fraction.decimal_str -

[P o3

# fraction_decimal _str_err.py

40

class Fraction: 3us The

def decimal_str(self, max_frac: int = 160) -> str

>>»> Fraction(124, 2).decimal_str()

>>»> Fractien(1, 2).decimal_str()
>>> Fractien(l, 3).decimal_str(10)

>>> Fraction(-101601, 108680608).decimal_str()

>>> Fraction(1235, 1808).decimal_str(2)

>>> Fraction(99995, 180008).decinal_str(5)

>>> Fraction(91995, 180008).decinal_str(3)

>>» Fraction(99995, 180008).decimal_str(4)

a: int = self.a #

FE e TR

if a

AU TR’ A Y

R LT~ 2 7
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Debuggen in PyCharm

\

Thiw

-

® Um mit dem Debuggen zu beginnen, 6ffnen wir wieder das Kontextmenii, in dem wir in .
den Doctest rechts-klicken.

WL LN W S T

e

a

@

OO0 e ©

= @ progr. v
Project

& simple_list_compr

& simple_set_compr

& zip.py
 [J08_classes
circle.py
circle_user.py
kahan_sum.py
kahan_user.py
point.py
point_user.py
polygon.py
rectangle.py
shape.py
triangle.py
~ [0 09_dunder

< fraction.py

. fraction_decimal_¢

LD I I I N I N I I 1

# fraction_sqrt.py
2 point.py

& point_user_2.py
# point_with_dunde
A point_with_dunde

¥ main

Doctest Fraction.decimal_str -

# fraction_decimal _str_err.py

class Fraction:

def decimal_str(self,

max_frac

[P o3

>>> Fraction(124, 2).decimal_str()

' Show Context Actions
@ Al Actions
[ Paste
Copy | Paste Special
Column Selection Mode
Find Usages
GoTo

Folding

Refactor

Generate...
[> Run 'Doctest decimal_str'

¥ Debug 'Dectest decimal_str'
Modify Run Configuration..

N

Alt+Enter

Ctrl+V

Alt+ Shift+Insert

Alt+Insert

Ctrl+ Shift+F10

L_str()

(5)

3)

e

Thoma

AU TR’ A Y

R LT~ 2 7
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™

® Um mit dem Debuggen zu beginnen, 6ffnen wir wieder das Kontextmenii, in dem wir in .
den Doctest rechts-klicken.
® Dieses mal wihlen wir [Debug ‘Doctest decimal _str'| aus.

B = (0 opogr. v ¥ main v Doctest Fraction.decimal_str ~  [> % & Q&8 - o x
[ Project 2 fraction_decimal_sir_err.py Fs §
o 2 simple_list_compr. class Fraction: 3u ise ~ v
<. simple_set_compr def decimal_str(self, max_frac: int = 1088) -> str: Thoma
3% < zip, of
p.py ™
~ [ 08_classes
3 & circle.|
e ied >»> Fraction(124, 2).decimal_str()
# circle_user.py .
# kahan_sum.py ' Show Context Actions Alt+Enter
2 kahan_user.py @ Al Actions
= point.py B paste CtrisV
& oo
. point.user.py Copy / Paste Special
olygon., L_sti
it Column Selection Mode S50 =
# rectangle.py
@ & shape.py Find Usages :
— # triangle.py GoTo
~ [309_dunder i (5) !
) Folding s
< < fraction.py & 7
. fraction_decimal_¢ Refactor -
& & fraction_sqrt.py Generate... Altrinsert ¢, \
L it
[T/ [> Run 'Doctest decimal_str' Ctrla Shift+F10
& point_user_2.py )
4 ¥ Debug 'Doctest decimal_str'
f o)  point with_dunde @ °
%Z‘E W AR AL O A point_with_dunde Modify Run Configuration... T e e .
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Debuggen in PyCharm

® Die Doctests werden nun ausgefiihrt.

RS L LS e

e

[SIINC]

Project -

[ progr... & main v

* Doctest Fraction.decimal_str 00> a :

# fraction_decimal_str_err.py

& simple_list_compr

<& simple_set_compr

& zip.py
~ [0 08_classes
circle.py
circle_user.py
kahan_sum.py
kahan_user.py
point.py
point_user.py
polygon.py
rectangle.py
shape.py
triangle.py
09_dunder
fraction.py
fraction_decimal_¢
fraction_sqrt.py
point.py
point_user_2.py
point_with_dunde
point_with_dunde

1-1.1.1.1.1.1-D1|1|'||1|1.1-1|1|1|'h

3 class Fraction: 8usages = ThomasWeise

28 def decimal_str(self, max_frac: int = 160) -> str:
45 >>> Fraction(99995, 180000).decimal_str(s)

a6 '8.99995"

4 >>» Fraction(91995, 180008).decimal_str(3)

3 '6.92"

>>> Fraction(99995, 100000).decimal_str(4)

i

return "e"

a = abs(a) # Make sure that a is now positive.

b: int = self.b # Get the denominator.

digits: list = [1 # 4 list for collecting d
while (a != 0) and (len(digits) <= max_frac):
digits.append(a // b) # Add the current

Py if (a // b) >= 5: % Do we need to round up?

digits[-11 += 1 # Round up by incrementing

o
=3

Q B

2 1~ v

usages (1 dynamic) = Thoma:

# cre.

last

negative: bool = a < 8 # Get the sign of the fraction

ate

da

a =10 * (@a%b) # Ten times the remainder -> next digit.

e

M

-

\

-y

i:
”
E
[
_g
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Debuggen in PyCharm
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® Die Doctests werden nun ausgefiihrt.
® Anstatt sie vollstandig auszufiihren, wird der Debugger aktiv.

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> a : A Q & - o x
[ Project 2 fraction_decimal_str_err.py re
o 2 simple_list_compr. class Fraction: 2us ~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Sus Thoma
k2 2 zip.py >>> Fraction(99995, 188000).decinal_str(5)
 [J08_classes 0 5
2  circle.py >>> Fraction(91995, 188000).decinal_str(3)
. circle_user.py '6.92"
0 2 kahan_sum.py >>> Fraction(99995, 100000).decimal_str(4)
# kahan_user.py -
2 point.py
e e I
point_user.py Pra— ;
2 polygon.py return "a"
#2 rectangle. py negative: bool = a <
@ 2 shape.py a = abs(a) #
— & triangle.py b: int = self.b
- ~ [ 09_dunder T
= & fraction.py digits: list = [] # 4 1 £
& fraction_decimal_¢ while (a != @) and (len(digits) <
[C] . fraction_sqrt.py digits.append(a // b) h
T a=10 % (axb) #
2 point_user_2,
"p i if (a // b) >=5: %
< L4 3 5 : (0] point_with_dunde digits[-1] += 1
W Al A S e € A point_with_dunde

O TR L — g ™
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Debuggen in PyCharm °

7
® Anstatt sie vollstandig auszufiihren, wird der Debugger aktiv. »
® Die Ausfiihrung wird genau an unserem Breakpoint pausiert.

-
¥
7
B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> a : A Q & - o x g
3 Project & fraction_decimal_str_err.py L I
o 2 simple_list_compr class Fraction: 8us Thol !
2 simple_set_compr def decimal_str(self, max_frac: int = 108) -> str:
33 A zip.py >>> Fraction(99995, 1880880).decimal_str(5) M P
~ [ 08_classes 8.9 ;
2, # circle.py >»> Fraction(91995, 180808).decinal_str(3) 7
2 circle_user.py o.eat
ey >>> Fraction(99995, 100000).decimal_str(4)
& kahan_user.py N
2 point.py
‘ e
& point_user.py -
2 polygon.py return g
2 rectangle.py negative: bool = a < @
@ 2 shape.py a = abs(a) # Make st
— & triangle.py b: int = self.b #
- ~ [309_dunder T
< < fraction.py digits: list = [1 # 4 for coll
e | while (a != 0) and (len(digits)
® & fraction_sarLpy digits.append(a // b) # 4
2 point.py a=16 * (a%b) # Ten
3
a 2}
: point_user_2.py L (s 1l by e 5
3 : 0] point_with_dunde digits[-1] += 1 y 5 .
Sars = AL e A A e o A point_with_dunde O TR L — g ™
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%

7
® Die Ausfiihrung wird genau an unserem Breakpoint pausiert. »
® Diese Zeile Kode wird noch nicht ausgefiihrt, abre in blau markiert.

-
p
7
B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> a : & Q& - o x
3 Project # fraction_decimal_str_err.py L
o 2 simple_list_compr class Fraction: 3us Tho
2 simple_set_compr def decimal_str(self, max_frac: int = 168) -> str: 9
2 A zip.py >>> Fraction(99995, 188080).decimal_str(5) M P
v [0 08_classes ‘8.9 ;
2 & circle.py >»>» Fraction(91995, 100009).decimal_str(3) 7
7 circle_user.py o.eat
ey >>> Fraction(99995, 100000).decimal_str(4)
# kahan_user.py N
2 point.py
‘ e I
& point_user.py N
2 polygon.py return g
2 rectangle.py negative: bool = a < @
@ 2 shape.py a = abs(a) # Make s
— & triangle.py b: int = self.b #
- +~ [ 09_dunder B
< & fraction.py digits: list = [1 # 4 for coll ¢
S e | while (a != 0) and (len(digits) &
®  fraction_sqrt.py digits.append(a // b) # 4 .
2 point.py a=18 * (axb) # Ten
>
& point_user_2.
or » i (a [ B) 5= 5 :
y 3 (0] point_with_dunde igits[-1] += 1 B R
o= G ARl A S A point_with_dunde r .
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Debuggen in PyCharm

-

® Bevor wir weitermachen, schauen wir in das untere PyCharm-Fenster.

b i

-
7
.
B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> E : g Q@ o x g
3 Project & fraction_decimal_str_err.py s 4 %
o 25 simple_list_compr class Fraction: Busages - ThomasWeise 21~ v !
< simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) = Thoma
39 & zip.py >>> Fraction(99995, 100800).decinal_str(4) M [
~ [0 08_classes o j;
% & circle.py = v
< circle_user.py =
- n if a == @: # If the fraction is 0, we return 8
lan_sum.py return "@" =
= kahan_user.py negative: bool = a < 8 # Get the sign of the fraction
2 point.py a = abs(a) # Make sure that @ is now pasitive.
2 poinLuser.py b: int = self.b # Get the denominator.

Debug ¥ Doctest Fraction.decimal_str

GO Ib A T 63 Threads & Variables  Console 1]

@ MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v

< 0 decimal_str, fraction_d 3% max_frac = {int} 100

@ <frame not available> 5 self = (Fraction} <fraction_decimal_str_err_Fraction object at 0x70307359c5f0>
@ __run, docrunner.py:i

O run, doctest.py:1525

O start, docrunner.py:13

o 3 <module>, docrunner

®
>

SR a5 LR A A S |
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Debuggen in PyCharm

- ® Bevor wir weitermachen, schauen wir in das untere PyCharm-Fenster.

. e Dort gibt es eine [Debug|-Zeile.

JTRRL O WRasam /) T L

Y. P.

b i

-y

<] @ progr... © & main v * Doctest Fraction.decimalL_str ~+ (> E : & Q &8 - =@
[ Project < fraction_decimal_str_err.py
%
. o 2 simple_list_compr: class Fraction: Susages =+ ThomasWeise 2 91 ~ v
# simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: 9usages(1dynamic) = Thoma
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)
~ [0 08_classes o
2, & circle.py
[ ]
2 circle_user.py
. a
kahan_sum.py eturn w0 n
= kahan_user.py negative: bool = a < 8 # )F the fraction
2 point.py a = abs(a) # Mk itive.
; 2 point user.py b: int = self.b
Debug i Doctest Fraction.decimal_str
GO Ib A e T 6% Threads & Variables  Console 1]
® MainThread ~  Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

(3 decimal_str, fraction_d
@ <frame not available>
__run, docrunner.py:1t
O run, doctest.py:1525

O start, docrunner.py:13
3 <module>, docrunner

N B SO 5 LAl (A ar e St |

»

max_frac = {int} 100
self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>

A TS TR A B A

- O

BN g 0 W

ORI e = -2 W .
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Debuggen in PyCharm

* Dort gibt es eine [Debug|-Zeile.

® \Wir konnen sie mit der rechten Maustaste aktivieren und hochziehen.

JTRRL O WRasam /) T L

Y. P.

b i

-y

<] @ progr... © & main v * Doctest Fraction.decimal_str ~+ 00> E H & Q&8 - o x
3 Project < fraction_decimal_str_err.py e
%
. o 2 simple_list_compr: class Fraction: Susages =+ ThomasWeise 2 91 ~ v
# simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: 9usages(1dynamic) = Thoma
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)
~ [0 08_classes o
2, & circle.py
[ ]
2 circle_user.py
. a
kahan_sum.py eturn w0 n
= kahan_user.py negative: bool = a < 8 # )F the fraction
2 point.py a = abs(a) # Mk itive.
; 2 point user.py b: int = self.b
Debug i Doctest Fraction.decimal_str
GO Ib A e T 6% Threads & Variables  Console 1]
® MainThread ~  Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

(3 decimal_str, fraction_d
@ <frame not available>
__run, docrunner.py:1t
O run, doctest.py:1525

O start, docrunner.py:13
3 <module>, docrunner

N B SO 5 LAl (A ar e St |

»

max_frac = {int} 100
self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>

A TS TR A B A

- O

BN g 0 W

ORI e = -2 W .
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7
-
"

® Wir konnen sie mit der rechten Maustaste aktivieren und hochziehen.
® Wir sehen nun ein Abteil unserers Fensters das die Debug-Informationen beinhaltet.

WL LN W S T

~ [0 08_classes
2, & circle.py
& circle_user.py
¥ kahan_sum.py
2 kahan_user.py
& point.py
< point_user.py

G O I LR 4
® MainThread -

(3 decimal_str, fraction_d
@ <frame nof
@ _run, docrur
3 run
O start, docrunner.py

oD e i ¢ E3

& <module>, docrunner

¥
g’.&? WL sl AT

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ 00> E H & Q&8 - o x
[ Project . fraction_decimal_str_err.py oL
o 2 simple_list_compr: class Fraction: ~ v

< simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: © Thorsa
39 a zip.py >>> Fraction(99995, 100800).decinal_str(4)

negative: bool = a < 8

a = abs(a) #
b: int = self.b

Debug i Doctest Fraction.decimal_str

T % Threads & Variables ~ Console 1]

3% max_frac = {int} 100
*E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>

AU TR’ A Y

R adi o S e
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Debuggen in PyCharm

® Das wichtigste

-

PR NS WG S

® Wir sehen nun ein Abteil unserers Fensters das die Debug-Informationen beinhaltet.
ist der Register [Threads & Variables]_

¢ main

B = [ progr. v
[ Project
o & simple_list_compr-
<& simple_set_compr
2 & zip.py
~ [0 08_classes
2, & circle.py
& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py
< point_user.py
oebug
@ G O I A
= @ MainThread -
& O decimal_str, fraction_d
@ <frame no
® 3 _run, docrur
3 run
B
O start, docrunner.py
(0] & <module>, docrunner
= L el A SR e ]

* Doctest Fraction.decimal_str ~+ (> E £ &

2 fraction_decimal_str_err.py

class Fraction:
def decimal_str(self,

max_frac: int = 100) -> str:

>>> Fraction(99995, 100000).decimal_str(4)

negative: bool = a < 8
a = abs(a) #

b: int = self.b

¥ Doctest Fraction.decimal_str

T e

Threads & Variables

Console

3% max_frac = {int} 100

£ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c50>

<

Thorea

R LT~ 2 7

”

£

#
i
2
;
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% Debuggen in PyCharm
¥

o

SR

-
"

e Das wichtigste ist der Register |Threads & Variables|
® Hier konnen wir die Werte aller lokaler Variablen am aktuellen Ausfiihrungspunkt sehen.

oD e i ¢ E3

[ progr... ~
Project

& simple_list_compr-
<& simple_set_compr
& zip.py

~ [0 08_classes
 circle.py
& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py
< point_user.py

Debug
G O I A

® MainThread -

(3 decimal_str, fraction_d
@ <frame no
@ _run, docrur
3 run

O start, docrunner.py
& <module>, docrunner

¢ main

* Doctest Fraction.decimal_str ~+ 00> E g & Q& - =@ x

& fraction_decimal_str_err.py s 4

class Fraction:

def decimal_str(self, max_frac
>>> Fraction(99995, 100000).decimal_str(4)

int = 180) -> str: © Thoraa

negative: bool = a < 8
a = abs(a) #
b: int = self.b

¥ Doctest Fraction.decimal_str

Threads & Variables

T e

Console |

3% max_frac = {int} 100

*E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>

WL LN W S T

%
r
g
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% ¢

® Wir sehen das max_frac den (Default-)Wert 100 hat. r

<] @ progr... ~ & main v * Doctest Fraction.decimalL_str ~+ (> B : A Q & - o x
3 Project & fraction_decimal_str_err py L r
e #: simple_list_compr. class Fraction: 8usages =+ ThomasWeise 21~ v !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) * Thoma
39 & zip.py >>> Fraction(99995, 100800).decinal_str(4) ™ [
~ [0 08_classes o i
% & circle.py = v
# circle_user.py =
. = if a == 8: # If the fraction is 8, we return @
lan_sum. py return "g" E|
= kahan_user.py negative: bool = a < B # Get the sign of the Fraction
2 point.py a = abs(a) # Make sure that @ is now pasitive.
<2 point user.py b: int = self.b_# Get the demominator.
Debug i Doctest Fraction.decimal_str
@ GO a T & @ i  Threads& Variables  Console B
® MainThread ~  Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) -

< O decimal_str, fraction_d 3% max_frac = {int} 100

- @ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c50>
® @ _run, docrunner.py:t 39 a = (int) 62

@ run, doctest.py:1525 8 b= {int} 1

O start, docrunner.py:13 = Protected Attributes

o 3 <module>, docrunner

| "R R, e = -2 W
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® Wenn wir auf die Variable self klicken, sehen wir das der Zahler a des aktuellen Bruchs .
den Wert 62 hat, wahrend der Nenner b den Wert 1 hat.

B = ) pogr. & main - * Doctest Fraction.decimal_str ~ (> E : & a & - =8 x
3 Project & fraction_decimal_str_err py L
o 2 simple_list_compr: class Fraction: 2us
2 simple_set_compr def decimal_str(self, :int = 100) -> str:
39 a zip.py >>> Fraction(99995, 100000).decimal_str(4) P
~ [0 08_classes o 2
% & circle.py e A
& circle_user.py
a
Kkahan_sum.py return "o &
= kahan_user.py negative: bool = a < 8 ne
< point.py a = abs(a) # Make J
<2 point user.py b: int = self.b %
Debug i Doctest Fraction.decimal_str
@ G O I a L& T e Threads & Variables ~ Console |
= @ MainThread v E exp v Shi v
< [ decimal_str, fraction_d 33 max_frac = {int} 100 ¢
 <frame not available> ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359¢5f0> 4
® & _run, docrunner.py:it nt} 62 §
O run, doctest.py b= {int) 1
-
O start, docruni = Protected Attributes
4 @ O <module>, docru
o= G ARl A S r .
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- ® Das ist genau was wir erwarten.

<] @ progr... ~ & main v * Doctest Fraction.decimalL_str ~+ (> a £ & Q &8 - o x
3 Project - & fraction_decimal_str_err.py = L
. & simple_list_compr. ¢ class Fraction: 3usages = ThomasWeise 2 %1~ v
& simple_set_compr  _° def decimal_str(self, max_frac: int = 108) -> str: Ousages(ldynamic) = Thoma
39 a zip.py >>> Fraction(99995, 100000).decimal_str(4)
~ [0 08_classes o
2, & circle.py
& circle_user.py =
. o, if a # If the fraction is 6, we return @
an_sumpy eturn o I
= kahan_user.py negative: bool = a < 8 # Get the sign of the fraction
2 point.py s a - abs(a) # Make sure that a is now pasitive.
<2 point user.py b: int = self.b_# Get the denominat
Debug i Doctest Fraction.decimal_str -
G O I A T % Threads & Variables  Console 1]
® MainThread v Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
< (O decmalstr, fraction.d 3% max_frac = (it} 100
@ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c50>
® O _run, docrunner.py:li
= O run, doctest.py:1525
O start, docrunner.py:13
o 3 <module>, docrunner
= A o
& SO IR A ey, ou | | "R R, e = -2 W
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g
® Das ist genau was wir erwarten. »

® Der erste Test Case war ja Fraction(124, 2).decimal_str(), also ist der normalisierte
Bruch korrekt %.

B = ) pogr. & main - * Doctest Fraction.decimal_str ~ (> E : & a & - =8 x %
3 Project & fraction_decimal_str_err py L %
o 7 simple_list_compr: class Fraction: Thor !
# simple_set_compr def decimal_str(self, max_frac: int = 100) -> str: Thorea
39 a zip.py >>> Fraction(99995, 100000).decimal_str(4) P
~ [0 08_classes o 8
% & circle.py e A
& circle_user.py =
o, if a == 8:
an_sum.py return kTl
= kahan_user.py negative: bool
# pointpy a = abs(a)
2 point_user.py b: int = self
Debug i Doctest Fraction.decimal_str
@ GO Ib & L Threads & Variables  Console B
= @ MainThread - -
< [ decimal_str, fraction_d 33 max_frac = {int} 100 ¢
< ble> ~ 5 self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0> A
® @ _run, docru Pyt 19 a = (int} 62 \
@ run, doctest.py:1525 8 b= {int} 1
O start, docrunner.py: o Protected Attributes
o & <module>, docrur
= L el A SR e ] ORI e = -2 W .
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e Wir wissen bereits, dass dieser Test Case erfolgreich durchlaufen werden wird.

TR O Wk asae S

<] @ progr... ~ & main -
[ Project
o & simple_list_compr-
< simple_set_compr
2 & zip.py
~ [0 08_classes
2 & circle.py
# circle_user.py
: ¥ kahan_sum.py
2 kahan_user.py
& point.py
. & point_user.py

G O HDK &

< O decimal_str, fraction_d
@ <frame not available>
® @ _run, docrunner.py:it
O run, doctest.py:1525
O start, docrunner.py:13
o 3 <module>, docrunner

TR TR LR (Al [ St |

* Doctest Fraction.decimal_str ~+ (> E £ & Q8 -

# fraction_decimal_str_err.py

class Fraction: 8usages = ThomasWeise 2 %1

def decimal_str(self, max_frac: imt = 188) -> str: 9usages (1dynamic)
>>> Fraction(99995, 100000).decimal_str(4)

g

return 0
return "0"

negative: bool = a < @

a = abs(a) # Ma

b: int = self.b # Get the denominator.

Debug i Doctest Fraction.decimal_str

T % Threads & Variables ~ Console

@ MainTNe pegume program Fo e expression (Enter) or add a watch (Ctrl+Shift+Enter)

5% max_frac = {int} 100
~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
39 a = {int) 62
&b ={int1
= Protected Attributes

Thorea

e

™M

-

b i

S

A TS TR A B A
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W b

e Wir wissen bereits, dass dieser Test Case erfolgreich durchlaufen werden wird.
® Deshalb interessiert er uns nicht.

E;
¥ 3
¥
; 7
< B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> E : & Q& - o x g
1 Project 2 fraction_decimal_str_err.py Fa %
%
. o 2 simple_list_compr- class Fraction: 2us !
A simple_set_compr def decimal_str(self, :int = 100) -> str:
5 - >>> Fraction(99995, 100000).decinal_str(4)
2 2 zip.py > P
~ [0 08_classes - 8
% 2 circle.py e A
# circle_user.py
a
kahan_sum.py eturn o
= kahan_user.py negative: bool = a < @ ne
2 point.py a - abs(a) # Make s s
% point user.py b:int = self.b % X
Debug i Doctest Fraction.decimal_str B
}‘
@ G O HDK A L& T e Threads & Variables ~ Console | i
= @ ManThre  pesume program Fa D -
=3 0 decimal_str, fraction_d 3 max_frac = {int} 100
O <frame not & ~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
® @ _run, docrunner.py:it nt) 62
O run, doctest.py b= {int)1
—
O start, docrun o Protected Attributes
o & <module>, docru
WL Al A S e € O TR L — g ™
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® Deshalb interessiert er uns nicht.
e Wir klicken auf das Symbol [I> im
ausgefiihrt wird.

7 AY W

-
"

L

Register, wodurch das Program

WL LN W S T

weiter

e

B = [ pogr. - main - * Doctest Fraction.decimal_str ~ (> E : & Q& - =@ x
3 Project & fraction_decimal_str_err.py Lo
o 2 simple_list_compr: class Fraction: 2us
& simple_set_compr def decimal_str(self, :int = 100) -> str:
39 o zip.py >>> Fraction(99995, 100000).decimal_str(4)
~ [J08_classes o
o # circle.py
Go
ek ey O
a
kahan_sum.py eturn o
= kahan_user.py negative: bool = a < @ ne
2 point.py a - abs(a) # Make s s
% point user.py b:int = self.b %
Debug i Doctest Fraction.decimal_str
@ G O HDK A L& T e Threads & Variables ~ Console |
= @ MainThre  gesyme program Fo P -
=3 0 decimal_str, fraction_d 3 max_frac = {int} 100
O <frame not & ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
® @ _run, docrunner.py:it nt) 62
O run, doctest.py b= {int) 1
—
O start, docrun o Protected Attributes
o & <module>, docru
= L el A SR e ]

AU TR’ A Y

R LT~ 2 7
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i
e Wir klicken auf das Symbol > im weiter r
ausgefiihrt wird.
-
e Alternativ kénnen wir auch einfach 7
B = [ prog. - f° main- * Doctest Fraction.decimalL_str ~+ (> E 4 & Q& - =@ x
1 Project 2 fraction_decimal_str_err.py Fa
o # simple_list_compr- class Fraction: 8us
A simple_set_compr def decimal_str(self, : int = 180) -> str:
“ i F tion(99995, 100000).d L_str(4)
39 & zip.py >>> raction ecinal_str P
~ [108_classes - g
2 & circle.py v
8o
e I
a
Kkahan_sum.py return "o
= kahan_user.py negative: bool = a < © e
2 point.py a = abs(a) # Make s
2 poinL user.py b: int = self.b #
Debug i Doctest Fraction.decimal_str
@ G O I A L& T e Threads & Variables ~ Console |
- 3 _—
= @ MainThre  gesyme program Fo P -
< 0 decimal_str, fraction_d 3% max_frac = {int} 100 ¢
@ <frame not & ~ & self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0> 3
® & _run, docrunner.py:it nt} 62 §
O run, doctest.py b= {int) 1
5]
O start, docruni o Protected Attributes i
4 o & <module>, docru
o= G ARl A S r .
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® Die Ausfiihrung des Doctests wird fortgesetzt. r

<] D progr... © & main v * Doctest Fraction.decimalL_str ~+ (> a : A Q & - o x
3 Project 2 fraction_decimal_str_err.py LY r
o #: simple_list_compr. class Fraction: 8usages =+ ThomasWeise 281~ v !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) * Thoma
39 & zip.py >>> Fraction(99995, 100800).decinal_str(4) ™ [
~ [0 08_classes o i
% & circle.py = v
# circle_user.py =
. = if a
an_sum.py return "g" |
= kahan_user.py negative: bool = a < B # 0 of the fraction
2 point.py a = abs(a) # Make sure that @ is now pasitive.
2 point user.py b: int = self.b_# Get the demominator.
Debug i Doctest Fraction.decimal_str
@ GO a T @ @ i  Threads & Variables  Console B
@ MainThread ~  Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) -

< O decimal_str, fraction_d 3% max_frac = (int} 100

- @ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307332e4e0>
® @ _run, docrunner.py:it Ra= (i1

@ run, doctest.py:1525 & b = {int} 2 3

O start, docrunner.py:13 = Protected Attributes

o 3 <module>, docrunner

| "R R, e = -2 W
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:
o
- ® Die Ausflihrung des Doctests wird fortgesetzt.
® Sie wird wieder an unserem Breakpoint pausiert.
B = (@ pogr. v © mainv * Doctest Fraction.decimal_str ~+ (> E £ & Q &8 - o x
3 Project & fraction_decimal_str_err.py e
Al o 2 simple_list_compr- class Fraction: Susages < ThomasWeise 291 A v
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: 9usages (1dynamic] =+ Thora
39 2 zippy >>> Fraction(99995, 100000).decinal_str(4) ™
~ [0 08_classes o
2 : circle.py =
circle_user.py
¥ kahan_sum.py . return "on £
2 kahan_user.py negative: bool = a < 8 # )f the fraction
2 point.py a = abs(a) # Mak itive.
< point_user.py b: int = self.b

G O I a L&

&z : Threads & Variables ~ Console

Debug i Doctest Fraction.decimal_str
< [ decimal_str, fraction_d 33 max_frac = {int} 100
®

@ _run, docrunner.py: 1 %a={in1
@ run, doctest.py:1525 b= {int) 2 L]
O start, docrunner py:-13 = Protected Attributes

o 3 <module>, docrunner

N B SO 5 LAl (A ar e St |

@ MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter)

@ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307332e4e0>

A TS TR A B A

- O

BN g 0 W

ORI e = -2 W .
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® Sie wird wieder an unserem Breakpoint pausiert.
® Dieses Mal sind wir beim zweiten Doctest angekommen, der

WL LN W S T

Fraction(1, 2) als Daten

B = (@ progr. v
[ Project
o & simple_list_compr-
< simple_set_compr
33 & zip.py
~ [0 08_classes
2, & circle.py
& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py
oebog
@ G O I A
= @ MainThread -
& O decimal_str, fraction_d
@ <frame not available>
® @ _run, docrunner.py:it
O run, doctest py
B
3 start, docrun
o & <module>, docru
= L el A SR e ]

¢ main -

* Doctest Fraction.decimal_str ~+ (> E : 2
2 fraction_decimal_str_err.py

class Fraction:
def decimal_str(self,

sus

: int = 108) -» str:
>>> Fraction(99995, 100000).decimal_str(4)

return "0"
negative: bool = a < @
a = abs(a) # Make s
b: int = self.b #

¥ Doctest Fraction. decimal_str

Threads & Variables

Console

3% max_frac = {int} 100
~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307332e4e0>

nt} 1
wb=gma2 X
= Protected Attributes

Q@ - o x 4
B :

AU TR’ A Y

R LT~ 2 7
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® Auch dieser Test Case ist uninteressant.

® Dieses Mal sind wir beim zweiten Doctest angekommen, der Fraction(1, 2) als Daten .

WL LN W S T

e

B = (@ progr. v
[ Project
o & simple_list_compr-
< simple_set_compr
2 & zip.py
~ [0 08_classes
2, & circle.py
& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py
oebog
@ G O I A
= @ MainThread -
& O decimal_str, fraction_d
@ <frame not available>
® @ _run, docrunner.py:it
O run, doctest py
B
3 start, docrun
o & <module>, docru
= L el A SR e ]

¢ main -

* Doctest Fraction.decimal_str -

-@8 -
& fraction_decimal_str_err.py

class Fraction: 2us
def decimal_str(self, : int = 108) -» str:
>>> Fraction(99995, 100000).decimal_str(4)

return "0"
negative: bool = a < @
a = abs(a) # Make s
b: int = self.b #

¥ Doctest Fraction. decimal_str

Threads & Variables

Console

3% max_frac = {int} 100
~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307332e4e0>

nt} 1
wb=gma2 X
= Protected Attributes

AU TR’ A Y

R LT~ 2 7
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® Auch dieser Test Case ist uninteressant.
® Also klicken wir wieder auf [[> oder driicken

W b

um die Ausfiihrung fortzusetzen.

E;
¥ 3
¥
; 7
< B = (@ pogr. v © mainv * Doctest Fraction.decimal_str ~+ (> E : g Q@ o x g
3 Project 2 fraction_decimal_str_err.py LY %
%
. e 2 simple_list_compr- class Fraction: aus !
A simple_set_compr def decimal_str(self, :int = 100) -> str:
4 - >>> Fraction(99995, 100000).decinal_str(4)
33 < zip.py > P
~ [0 08_classes - 8
% & circle.py e A
& circle_user.py
a
kahan_sum.py eturn o O
= kahan_user.py negative: bool = a < @ ne
2 point.py a = abs(a) # Make s
2 point user.py b:int = self.b % X
Debug i Doctest Fraction.decimal_str B
}‘
@ GO Ib Ak e Threads & Variables ~ Console 1z} i
= @ MainThread v v
< [ decimal_str, fraction_d 3% max_frac = {int} 100
@ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307332e4e0>
® @ _run, docrunner.py:it nt) 1
O run, doctest py b= {int) 2 L]
-
O start, docrun o Protected Aftributes
o & <module>, docru
WL Al A S e € O TR L — g ™
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@ Das bringt uns an den Anfang des dritten Doctest Case, wo der Bruch

: gleich 10 untersucht wird.

JTRRL O WRasam /) T L

Y. P.

b i

% mit max_frac

[ Project
%
{ o ¥ simple_list_compr-
<& simple_set_compr
33 & zip.py
~ [0 08_classes
2, & circle.py
& circle_user.py
¥ kahan_sum.py
2 kahan_user.py
“ point.py
& point_user.py

G O I LR 4
® MainThread -

(3 decimal_str, fraction_d
@ <frame not available>
@ __run, docrunner.py:i
O run, doctest.py:1525

O start, docrunner.py:-13
o 3 <module>, docrunner

N B SO 5 LAl (A ar e St |

B = (@ pogr. v & mainv

Debug i Doctest Fraction.decimal_str
=
®

* Doctest Fraction.decimal_str ~+ (> E £ &

2 fraction_decimal_str_err.py

class Fraction: Susages =+ ThomasWeise

def decimal_str(self, max_frac: imt = 188) -> str: 9usages (1dynamic)
>>> Fraction(99995, 100000).decimal_str(4)

return "0"
negative: bool = a < 8 #
a = abs(a) # Mak
b: int = self.b

itive.

& 7z : Threads & Variables ~ Console

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

3% max_frac = {int} 10
~ 2 self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x703073232f0>
Ra=(in1
#b=(mak
= Protected Attributes

Of the fraction

-
o
7
x
re

A TS TR A B A

- O

BN g 0 W

ORI e = -2 W .
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gleich 10 untersucht wird.

RERR ML/ . SR

® Auch dieser Test Case wird erfolgreich sein, das wissen wir bereits.

® Das bringt uns an den Anfang des dritten Doctest Case, wo der Bruch

3

mit max_frac

B = [ progr.. v
[ Project
o ¥ simple_list_compr-
<& simple_set_compr
33 & zip.py
~ [0 08_classes
% 2 circle.py
& circle_user.py
¥ kahan_sum.py
2 kahan_user.py
“ point.py
& point_user.py
oebog
@ G O I A b F
= @ MainThread -
& O decimal_str, fraction_d
@ <frame not available>
® A _run, docrunner.py:1t
3 run, doctest.p 5
B
3 start, docrunner.py:
.', o 3 <module>, docrunner
g’.@? W sl AT e

¢ main -

* Doctest Fraction.decimal_str ~+ (> E £ &

2 fraction_decimal_str_err.py

class Fraction:

sus

Thoma

def decimal_str(self,

max_frac: int = 180) -> str: 9

>>> Fraction(99995, 100000).decimal_str(4)

negative:
a =abs(a) # WM
b: int = self.b

¥ Doctest Fraction.decimal_str

Threads & Variables ~ Console

3% max_frac = {int} 10
~ 2 self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x703073232f0>
Ra={int1
wp=(m3k
= Protected Attributes

QB

2 ¥

dynamic)

o

Thorea

e

O TR L — g ™
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® Auch dieser Test Case wird erfolgreich sein, das wissen wir bereits.

® Er wird uns keine niitzlichen Informationen liefern.

WO WEasae ) T _d

W b

=ia

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> E : 2
[ Project < fraction_decimal_str_err.py
o 2 simple_list_compr: class Fraction: 2us
A simple_set_compr def decimal_str(self, :int = 100) -> str:
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)
~ [J08_classes o
o  circle.py
Go
+ ek ey O
a
kahan_sum. py eturn o
= kahan_user.py negative: bool = a < 8@
& point py a=abs(a) 7 Make
. point_user.py b: dint = self.b #
Debug i Doctest Fraction.decimal_str
@ GO A L T e Threads & Variables  Console
= @ MainThread v E exp
< [ decimal_str, fraction_d 33 max_frac = {int} 10
O <frame not available> + B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7030732{320>
® @ _run, docrunner.py:it nt) 1
O run, doctest.py gb=gm3k
-
O start, docrun o Protected Aftributes
o @ <module>, docru
WL Al A S e €

X

Ao

- O

O TR L — g ™
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® Er wird uns keine niitzlichen Informationen liefern.
e Wir iiberspringen ihn mit

b i

S

<] ) progr... © & main v * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x g
3 Project & fraction_decimal_str_err py L %
. 2 simple_list_compr- class Fraction: 3usages =+ ThomasWeise 2 %1 A v !
A simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Ousages(ldynamic) = Thoma
39 a zip.py >>> Fraction(99995, 100000).decinal_str(4) ™ [
~ [0 08_classes o j;
% & circle.py = v
& circle_user.py .
return
‘ a
kahan_sum. py eturn o O
= kahan_user.py negative: bool = a < 8 # n of the fraction
2 point.py a = abs(a) # o ! w pasitive.
; 2 point user.py b: int = self.b_# Get the demominator.
Debug i Doctest Fraction.decimal_str
GO Ib A T 62 Threads & Variables  Console 1]
® MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v
< [ decimal_str, fraction_d 33 max_frac = {int} 10
O <frame not available> + B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7030732{320>
® @ _run, docrunner.py:it La={int1
iF
3 run, doctest.py:1525 gb=gm3k
O start, docrunner.py:13 = Protected Aftributes
i
i o 3 <module>, docrunner
TR TR LR (Al [ St |
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- ® Als wir den Breakpoint wieder erreichen, sind wir im vierten Doctest Case angekommen: .

—101001
100000000 *

B = (@ pogr. v © mainv * Doctest Fraction.decimalL_str ~+ (> E : A Q &8 - =@
[ Project < fraction_decimal_str_err.py
o
. o 7 simple_list_compr: class Fraction: 8Susages =+ ThomasWeise 2 91 ~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) + Thoma
39 2 zip.py >>> Fraction(99995, 100009).decinal_str(4)
~ [0 08_classes o
2 & circle.py =
& circle_user.py
. a
kahan_sum.py return "0 10|
= kahan_user.py negative: bool = a < 8 Jf the fraction
2 point.py a = abs(a) # Mak itive.
; 2 point user.py b: int = self.b

G O I A
® MainThread -

(3 decimal_str, fraction_d
@ <frame not available>
@ __run, docrunner.py:i
O run, doctest.py:1525

O start, docrunner.py:-13
3 <module>, docrunner

N B SO 5 LAl (A ar e St |

Evaluate expression (Enter)

¥ Doctest Fraction.decimal_str

(7] Threads & Variables ~ Console 1]

or add a watch (Ctrlsshift+Enter) v

33 max_frac = {int} 100
~ & self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307339daf0>
3 2= {int) -101001
42 b = {int) 100000000 k
o Protected Attributes

}.:,'
x :
@ >
3
) :
7

- O

BN g 0 W

ORI e = -2 W .
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® Als wir den Breakpoint wieder erreichen, sind wir im vierten Doctest Case angekommen:

WL LN W S T

e

® Auch diesen iiberspringen wir.
B = ) pogr. & main - * Doctest Fraction.decimal_str ~ (> E : & Q& - =@ x
3 Project & fraction_decimal_str_err.py Lo
o 7 simple_list_compr: class Fraction: 2us
2 simple_set_compr def decimal_str(self, : int = 100) -> str:
39 2 zippy >>> Fraction(99995, 100009).decinal_str(4)
~ [J08_classes o
g & circle.py
8o
+ ek ey O
a
kahan_sum.py return "0 a
= kahan_user.py negative: bool = a < 8 ne
2 point.py a - abs(a) # Make s s
& point_user.py b: int = self.b #
Debug i Doctest Fraction.decimal_str
@ G O I a L& T e Threads & Variables ~ Console |
= @ MainThread v exp v shi v
< [ decimal_str, fraction_d 33 max_frac = {int} 100
 <frame not available> ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307339daf0>
® @ _run, docrunner.py:it 1t} -101001
O run, doctest.py 39 b = {int) 100000000 &
>
O start, docruni = Protected Attributes
o & <module>, docru
= L el A SR e ]

AU TR’ A Y
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e Wenn der Debugger am fiinften Test Case ankommt, sehen wir, dass der

E U ST L T Y

Bruch

Fraction (1235, 1000) korrekt zu 555 normalisiert wurde.
B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x
3 Project & fraction_decimal_str_err py s 4
o # simple_list_compr- class Fraction: Thor
& simple_set_compr def decimal_str(self, max_frac: int = 100) -> str: Thorea
39 a zip.py >>> Fraction(99995, 100000).decinal_str(4)
~ [J08_classes o
]  circle.py
Go
cadcwerpy  ©  HHEE
o, if a == 8:
an_sum.py return kTl
= kahan_user.py negative: bool
# pointpy a = abs(a)
2 point_user.py b: int = self
Debug i Doctest Fraction.decimal_str
@ GO Ib & L Threads & Variables  Console B
= @ MainThread - -
& O decimal_str, fraction_d 3% max_frac = {int} 2
< ble> ~ 5 self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307395fb60>
® O _run, docru Pyt 19 a = {int} 247
& @ run, doctest.py:1525 2 b = {int} 200 L3
>
O start, docrunner o Protected Attributes
o & <module>, docrur
= L el A SR e ]

£

AU TR’ A Y
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Debuggen in PyCharm

® Wir iiberspringen den Test Case trotzdem mit
seien wird.

i AL L Y

, denn wir wissen ja, das er erfolgreich .

-y

G O I & i

& 7z : Threads & Variables ~ Console

Debug i Doctest Fraction.decimal_str
=3 [ decimal_str, fraction_d 3% max_frac = {int} 2
®

B _run, docrunner.py:1t 19 a = {int} 247
@ run, doctest.py:1525 2 b = {int} 200 L3
O start, docrunner.py:13 o Protected Attributes

o 3 <module>, docrunner

@ MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter)

@ <frame not available> ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307395fb60>

QB

<] @ progr... ~ & main v * Doctest Fraction.decimal_str ~+ 00> E H 2
[ Project < fraction_decimal_str_err.py
. 2 simple_list_compr- class Fraction: Susages = ThomasWeise

& simple_set_compr def decimel_str(self, max_frac: int = 188) -> str:
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)

~ [0 08_classes

2 & circle.py =

& circle_user.py
. a

kahan_sum.py eturn "0

= kahan_user.py negative: bool = a < 8 Jf the fraction

2 point.py a = abs(a) # Mak itive.

2 point user.py b: int = self.b

2 %1
9 usages {1 dynamic)

A TS TR A B A

- O

BN g 0 W

ORI e = -2 W .



et Ssec =2l LU

i e 'F_‘-[L‘:‘Jr

i g i TR S o

7 AY W

MR Ve LR O N TR L

Debuggen in PyCharm
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™ .

® Das bringt uns zum Ietzten erfolgreichen Test Case, Fraction (99995,

WL O W aae S

100000) , was dem

B = (@ pogr. v © mainv * Doctest Fraction.decimal_str 00> E : & Q8 -
[ Project < fraction_decimal_str_err.py
o 7 simple_list_compr: class Fraction: 2us
2 simple_set_compr def decimal_str(self, :int = 100) -> str:
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)
~ [0 08_classes o
3 & circle.py
Go
+ ek ey O
a
kahan_sum. py eturn o
2 kahan_user.py negative: bool = a < ® ne
& point py a = abs(a) # Make s 5
2 point user.py b: int = self.b &
Debug i Doctest Fraction.decimal_str
@ G O I a L& T e Threads & Variables ~ Console
= @ MainTnread v exp
=3 [ decimal_str, fraction_d 3% max_frac = {int} §
O <frame not available> ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7030743787110>
® @ _run, docrunner.py:it nt} 19989
O run, doctest.py:1525 12 b = {int) 20000 &
B
O start, docrunner.py:13 = Protected Attributes
(0] & <module>, docrunner
WL Al A S e €

O TR L — g ™
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s

durchgehen miissen.

7
-

® Nach dem wir diesen Test Case mit [I> iibersprungen haben, werden wir endlich in einem
Test Case angekommen, der fehlschlagen wird, und den wir deshalb Schritt-fiir-Schritt

E U ST L T Y 4

B = [ progr.. v
[ Project
o & simple_list_compr:
< simple_set_compr
33 & zip.py
~ [0 08_classes
% 2 circle.py
 circle_user.py
¥ kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py
oebug
@ G O I A
= @ MainThread -
& O decimal_str, fraction_d
@ <frame not available>
® A _run, docrunner.py:it
3 run, doctest.p 5
B
3 start, docrunner.py:
@ O <module>, docrunner
= L gl AT S

¥ main -

+

Evalu

* Doctest Fraction.decimal_str ~+ (> E £ &

2 fraction_decimal_str_err.py

class Fraction:

sus

Thoma

def decimal_str(self,

max_frac:

int = 180) -> str: ©
>>> Fraction(99995, 180000).decimal_str(4)

negative:
a = abs(a) # M
b: int = self.b

¥ Doctest Fraction.decimal_str

T e

z

Threads & Variables ~ Console

3% max_frac = {int} 5
~  self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x703074378110>
i a = {int) 19999
32 b = (int) 20000 &
= Protected Attributes

e

. .

AU TR’ A Y

O TR L — g ™
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e o W O

W b

e Wir sind jetzt am Anfang des Doctest Cases Fraction (91995, 100000) .decimal_str(3)
angekommen, der fehlschlagen wird.

E;
¥ 3
¥
; 7
< B = () pogr.. v mainv * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x g
3 Project & fraction_decimal_str_err.py L %
%
. e 2 simple_list_compr- class Fraction: 2us !
2 simple_set_compr def decimal_str(self, :int = 100) -> str:
4 - >>> Fraction(99995, 100000).decinal_str(4)
33  zip.py > P
~ [0 08_classes - 8
% 2 circle.py e W A
 circle_user.py
a
kahan_sum.py eturn o O
= kahan_user.py negative: bool = a < @ ne
& pointpy a=absa) 7 Make s
<2 point user.py b: int = self.b % X
Debug i Doctest Fraction.decimal_str B
}‘
@ G O I a L& T e Threads & Variables ~ Console | i
= @ MainThread v E exp " Shi v
=3 0 decimal_str, fraction_d 3% max_frac = {int} 3
@ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37{0a0ed50>
® @ _run, docrunner.py:it nt} 18389
O run, doctest.py 2 b = {int} 20000
-
O start, docrun o Protected Aftributes
o @ <module>, docru
WL Al A S e € O TR L — g ™
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-

191995 . el = 18399 Bl
® Der Bruch o000 wurde im Initializer __init__ zu 50000 normalisiert.

b i

-
}?
-
<] ) progr... ~ & main - * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x g
3 Project & fraction_decimal_str_err.py L %
. 2 simple_list_compr- class Fraction: 3usages = ThomasWeise 291~ v !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Ousages(ldynamic) = Thoma
39 a 2ip.py >>> Fraction(99995, 100000).decinal_str(4) ™ [
~ [0 08_classes o j;
% 2 circle.py = v
# circle_user.py =
s if a @: # If the fract is @, we return @
lan_sum.py return "g" E|
2 kahan_user.py negative: bool = a < @ # Get the sign of the fraction
2 point.py a = abs(a) # Make sure that @ is now pasitive.
2 poinLuser.py b: int = self.b # Get the denominator.

Debug i Doctest Fraction.decimal_str

e(“nDI]D &

T % Threads & Variables ~ Console 1]

@ MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v

< O decimal_str, fraction_d 3% max_frac = {int} 3

- @ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37{0a0ed50>
® @ _run, docrunner.py:it 19 a = (int) 18399

@ run, doctest.py:1525 2 b = {int} 20000

O start, docrunner.py:13 = Protected Attributes

o 3 <module>, docrunner

SR a5 LR A A S |
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% Debuggen in PyCharm

o

-

® Der Parameter max_frac von decimal_str hat den Wert 3, wir wir im r
[Threads & Variables]-Fenster sehen. 4

<] ) progr... ~ & main - * Doctest Fraction.decimal_str ~+ (> E : A Q & - o x g
3 Project & fraction_decimal_str_err.py L %
. 2 simple_list_compr- class Fraction: 3usages = ThomasWeise - !
# simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Ousages(ldynamic) = Thoma
39 a 2ip.py >>> Fraction(99995, 100000).decinal_str(4) ™ [
 [J08_classes o ;
% 2 circle.py e W v
 circle_user.py -
. o, if a return 0
an_sum.py return kTl
= kahan_user.py negative: bool = a < 8 ¥ n of the fraction
* pointpy a=apsa) 7 i W pasitive.
<2 point user.py b: int = self.b_# Get the demominator. v
Debug i Doctest Fraction.decimal_str ®
p;
GO Ib A T 62 Threads & Variables ~ Console 1] '
® MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v ,,
< [ decimal_str, fraction_d 33 max_frac = {int} 3 s.
@ <frame not available> ~ 5 self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50> .
® @ _run, docrunner.py:it 19 a = (int} 18389 E
@ run, doctest.py:1525 2 b = {int} 20000
O start, docrunner.py:13 o Protected Aftributes
o 3 <module>, docrunner
SR a5 LR A A S | (s ~ -a "N .
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[Th reads & Variables ]- Fenster

RERR ML/ . SR

® Der Parameter max_frac von decimal_str hat den Wert 3, wir wir im

sehen.

® Wir wollen nun die Methode decimal_str Schritt-fiir-Schritt ausfiihren.

B = [ progr.. v
[ Project
o & simple_list_compr:
< simple_set_compr
33 & zip.py
~ [0 08_classes
% 2 circle.py
 circle_user.py
¥ kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py
oebug
@ G O I A b oF
= @ MainThread -
& O decimal_str, fraction_d
@ <frame not available>
® A _run, docrunner.py:it
3 run, doctest.p 5
B
3 start, docrunner.py:
.', o 3 <module>, docrunner
g’.@? W sl AT e

¢ main -

* Doctest Fraction.decimal_str ~+ (> E £ & Q & - o

2 fraction_decimal_str_err.py

class Fraction: 3us

Thoma

2

dynamic)

def decimal_str(self,

max_frac: int = 100) -> str:
>>> Fraction(99995, 100000).decimal_str(4)

Thorea

negative:

a =abs(a) # WM
b: int = self.b

¥ Doctest Fraction.decimal_str

Threads & Variables

Console

3% max_frac = {int} 3

~ & self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
38 2= (int) 18399
42 b = {int) 20000
o Protected Attributes

%

e

O TR L — g ™

E U ST L T Y

W

2
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it -
4

A 4
- ® Wir wollen nun die Methode decimal_str Schritt-fiir-Schritt ausfiihren. »

® Nun hat der Debugger erstmal die Ausfiihrung an der ersten Zeile der Methode pausiert.

B = () pogr. v i main - * Doctest Fraction.decimal_str ~ (> E : & Q& - =@ x é.
3 Project & fraction_decimal_str_err.py L %
o # simple_list_compr- class Fraction: ~ v i
2 simple_set_compr def decimel_str(self, max_frac: int = 188) -> str: Thorsa 3

39 2 zippy >>> Fraction(99995, 100000).decinal_str(4) E.
2

~ [0 08_classes - 2

/

# circle_user.py

3 < circle.py
8o
e N

¥ Kahan_sum.py
2 kahan_user.py negative: bool = a < 8
2 point.py a = abs(a) #
& point_user.py b: int = self.b

Debug i Doctest Fraction.decimal_str

GO Ib Ay T Threads & Variables ~ Console 1]

® MainThread -

(3 decimal_str, fraction_d 3% max_frac = {int} 3

@ <frame nof ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
& __run, docrur 19 a = (int) 18399

O run & b = {in} 20000

O start, docrunner py o Protected Attributes

& <module>, docrunner

g’.&? WL sl AT

oD e i ¢ E3

R adi o S e
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L

® Nun hat der Debugger erstmal die Ausfiihrung an der ersten Zeile der Methode pausiert.
® Diese Zeile wurde noch nicht ausgefiihrt.

WL LN W S T

e

B = () pogr.. v mainv * Doctest Fraction.decimal_str ~+ (> E : & Q& - o
[ Project < fraction_decimal_str_err.py
o 2 simple_list_compr: class Fraction: 2us
# simple_set_compr def decimal_str(self, :int = 100) -> str:
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)
~ [J08_classes o
o  circle.py
Go
+ ek ey O
a
kahan_sum. py eturn o o
= kahan_user.py negative: bool = a < @ ne
2 point.py a - abs(a) # Make s s
< point_user.py b: int = self.b #
Debug i Doctest Fraction.decimal_str
@ G O I a L& T e Threads & Variables ~ Console |
= @ MainThread v exp " Shi v
=3 0 decimal_str, fraction_d 3% max_frac = {int} 3
@ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37{0a0ed50>
O __run, docrunner.py:1t nt}
® o d v } 18399
O run, doctest.py 2 b = {int} 20000
-
O start, docrun o Protected Aftributes
o @ <module>, docru
= L el A SR e ]

X

AU TR’ A Y

R LT~ 2 7
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% Debuggen in PyCharm

o

-

e Wir fiihren diese Zeile Kode aus, in dem wir entweder auf 22 klicken oder driicken. r

<] [ progr... ~ & main v * Doctest Fraction.decimal_str ~+ (> E : & Q & - o x g
3 Project & fraction_decimal_str_err.py L %
. 2 simple_list_compr- class Fraction: 3usages = ThomasWeise A !
A simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: OSusages(ldynamic] =+ Thoma
39 a zip.py >>> Fraction(99995, 100000).decinal_str(4) ™ 2
 [J08_classes o ;
% & circle.py = v
2 circle_user.py =
0 . if a return @
'an_sum.py return "g" -
2 kahan_user.py negative: bool = a < B # n of the fraction
2 point.py a = abs(a) # o i w pasitive.
2 point user.py b: int = self.b_# Get the demominator. v
Debug i Doctest Fraction.decimal_str ®
p;
G O I 9‘* T 83 : Threads & Variables  Console iz] '
® MainThread e expression (Enter) or add a watch (CtrlsShift+Enter) v ,,
Step Over £ s
< 0 decimal_str, fraction_d &1 max_frac = {int) 3 ¢
@ <frame not available> ~ 5 self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50> .
® @ _run, docrunner.py:t 12 a = (int} 18389 "
iF 2
@ run, doctest.py:1525 2 b = {int} 20000
O start, docrunner.py:13 = Protected Attributes
o 3 <module>, docrunner
SR a5 LR A A S | (s ~ -a "N .
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%

-

® Wir sehen, dass eine neue Variable im |Threads & Variables--Fenster auftaucht.

b i

S

<] [ progr... © & main - * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x g
1 Project 2 fraction_decimal_str_err.py L %
e #: simple_list_compr. class Fraction: Susages =+ ThomasWeise 281~ v !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) * Thoma:
39 & 2ip.py >>> Fraction(99995, 100800).decinal_str(4) ™ [
~ [0 08_classes o j;
% 2 circle.py ° v
# circle_user.py e
. a
Kahan_sum.py eturn
2 kahan_user.py negative: bool = a
2 point.py a = abs(a) # Make sur
S 2 poinLuser.py Ny b: int = self.b # Get the denominator.

Debug ¥ Doctest Fraction.decimal_str

GO Ib A e Z : Threads & Variables  Console 1]
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

< O decimal_str, fraction_d 3% a = {in1) 18399

M Sdromas 20 max_frac = {int} 3
[C] & _run, docrunner.py’li  ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37{0a0ed50>
O run, doctest.py:1525 % a = {int} 18399
3 start, docrunner.py:13 & b = {inf} 20000
/ @ O <module>, docrunner o Protected Attributes

TR TR LR (Al [ St |
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Debuggen in PyCharm {

b

® Wir sehen, dass eine neue Variable im |Threads & Variables--Fenster auftaucht. r

® Da wir a = self.a ausgefiihrt haben, gibt es jetzt die lokale Variable a mit dem Wert
18399.

B = () pogr. v i main - * Doctest Fraction.decimal_str ~ (> E : & Q& - =@ x é.
3 Project & fraction_decimal_str_err py LY %
o 2 simple_list_compr: class Fraction: Thor i
 simple_set_compr def decimal_str(self, max_frac: int = 100) -> str: Thorea :
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4) =
7
~ [108_classes - g
% 2 circle.py ° A
2 circle_user.py e
= s
kahan_sum.py p— p=|
% kahan_user.py negative: bool
# pointpy a=absa) #
& point_user.py Ny b: int = self ?
Debug i Doctest Fraction.decimal_str
@ GO Ib & L Threads & Variables  Console B I
= E MainThread v - ¢
< [ decimal_str, fraction_d 33 a = {int} 18399 » s
& <frame not ble> 10 max_frac = {int} 3 A
® o pylt ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0edS0> \
O run, doctest py:1525 & a = {int} 18399
?
O start, docrunner & b = {int} 20000
P (0] O <module>, docrur o Protected Aftributes
4 r .
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Debuggen in PyCharm {

® Da wir a = self.a ausgefiihrt haben, gibt es jetzt die lokale Variable a mit dem Wert r
18399.

® Die niachste Kodezeile kann nun ausgefiihrt werden und ist mit blauer Farbe markiert.

Bk S

B = () pogr. v i main - * Doctest Fraction.decimal_str ~ (> E : & Q& - =@ x £
3 Project & fraction_decimal_str_err py LY %
o 2 simple_list_compr: class Fraction: Thor d
2 simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Sus :
39 2 zippy >>> Fraction(99995, 100000).decinal_str(4) ™ 2
~ [0 08_classes - £
}' B 2 circle.py ° %
» 2 circle_user.py e
a a N
5 LSEETR return Eei
% kahan_user.py negative: bool
# pointpy a=absa) #
2 point_user.py Ny b: int = self
. =
Debug  # Doctest Fraction.decimal_str
@ G O I A Threads & Variables ~ Console iz] !
= E MainThread v - ¢
< [ decimal_str, fraction_d 33 a = {int} 18399 » s
& <frame not ble> 10 max_frac = {int} 3 A
® o pylt ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0edS0> \
O run, doctest py:1525 & a = {int} 18399
?
O start, docrunner & b = {int} 20000
' @ O <moduie>, docrur o Protecied Allributes
z r .
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o Wir dricken

Debuggen in PyCharm

und fithren damit die Zeile if a == 0: aus.

(a]

@ progr... © & main v * Doctest Fraction.decimal_str ~+ (> B : 2 Q@
Project 2 fraction_decimal_str_err.py
2 simple_list_compr- class Fraction: Susages =+ ThomasWeise 2 w1
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: Ousages (1dynamic)
& 2inpy >>> Fraction(99995, 100800).decinal_str(4)
~ [0 08_classes o

& circle.py

[ ] a: int = self.a # Bet a: 18399
. circle_user.py :

if a == 8: # If the fraction is 6, we return @

¥ kahan_sum.py

return "8"
# kahan_user.py = -
& point.py
2 poinLuser.py b: int = self.b # Get the denominator.

Debug ¥ Doctest Fraction.decimal_str

GO Ib <] T e T : Threads & Variables  Console
E MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

(3 decimal_str, fraction_d 3% a = {in1) 18399

(@ <frame not available> 10 max_frac = {int} 3

& _run, docrunner.py’li  ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37{0a0ed50>
O run, doctest.py:1525 % a = {int} 18399

3 start, docrunner.py:13 & b = {int} 20000

O <module>, docrunner o Protected Attributes

=) x
o

honss
]

| "R R, e = -2 W

% ¢

S AR B




.

7 AY W

T e AR M R T R | el W N TR

Debuggen in PyCharm

VR M AL/ . S

LN » WL LN W S T ‘4

e o W O

o Wir dricken und fithren damit die Zeile if a == 0: aus.

® Weil a == 0 nicht True ist, wird der Korper des if nicht ausgefiihrt.

W b

E;
¥ 3
¥
; 7
< B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x g
3 Project 2 fraction_decimal_str_err py L %
%
. e 2 simple_list_compr- class Fraction: 2us !
 simple_set_compr def decimal_str(self, :int = 100) -> str:
9 i >>> Fraction(99995, 100000).decinal_str(4)
33 2 zip.py > P
~ [108_classes - 8
2% 2 circle.py ° A
2 circle_user.py
2 kahan_sum.py
2 kahan_user.py s
2 point.py a = abs(a)
2 point user.py b: int = self.b % X
Debug i Doctest Fraction.decimal_str B
}‘
@ G O I a L& T e Threads & Variables ~ Console | i
= H MainThread v E exp v Shi v
< (J decimal_str, fraction_d 32 a= {in1) 18398
& <frame not avallable> 10 max_frac = {int) 3
® & _run, docrunnerpylt ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37{0a0ed50>
O run, doctest.py 2 a = {int} 18399
& 0
3 start, docrun 3% b = {int} 20000
(0] & <module>, docru © Protected Attributes
WL Al A S e € O TR L — g ™




e T ARSI IRE M T, R T | Nt - Nt TR P

Debuggen in PyCharm

128 2

p

s s

"

SELSATRRO NN AL LTI SR PR T TR

® Weil a == 0 nicht True ist, wird der Kdrper des if nicht ausgefiihrt.
® Das Programm springt dariiber.

TR O WRarae S T L

Y. P.

£

SR a5 LR A A S |

Kkahan_sum.py

kahan_user.py = -
point.py a - abs(a) # I
point_user.py b: int = self.b #

return

@ progr... © & main v * Doctest Fraction.decimal_str ~+ (> E : A Q &8 -
Project 7 fraction_decimal_str_err.py
2 simple_list_compr: class Fraction: Susages =+ ThomasWeise 2 ¥1
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: Ousages (1dynamic)
& 2ip.py >>> Fraction(99995, 100800).decinal_str(4)
~ [0 08_classes o

& circle.py

[ ] a: int = self.a # Bet the numerator. a: 18399
. circle_user.py :

if a == 6: the fraction is 6, we return 0

a
a
a
a

Debug i Doctest Fraction.decimal_str

GO Ib A e Z : Threads & Variables  Console
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

(O decimal_str, fraction.d 3% a = {in1} 18399

J <frame not available> 3% max_frac = {int} 3

@ _run, docrunner.py i~ £ self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
@ run, doctest.py:1525 5 a = {int} 18399

3 start, docrunner.py:13 & b = {int} 20000

O <module>, docrunner o Protected Attributes

Thorea

e

™M

- O

BN g 0 W

ORI e = -2 W .
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% Debuggen in PyCharm

o

-

® Das Programm springt dariiber. r
® Die nachste Kodezeile nach dem if ist nun markiert. \

<] @ progr... © & main v * Doctest Fraction.decimal_str ~+ (> E : A Q & - o x g
Project 2 fraction_decimal_str_err.| L
j py - #
e 2 simple_list_compr- class Fraction: Susages = ThomasWeise R AR !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) * Thoma
39 2 zip.py >>> Fraction(99995, 100009).decinal_str(4) ™ [
v [08_classes o ;
2  circle.py v
o A cirdl [ ] a: int = self.a # Get a: 18399
circle_user,
. - Py if a == B: # If the fraction is 6, we return @
Kkahan_sum.py return w0 r
¥ kahan_user.py = ot
2 point py a = abs(a) 71 th
2 point user.py b: int = self.b_# Get the demominator.

Debug ¥ Doctest Fraction.decimal_str

- O

GO Ib A e Z : Threads & Variables  Console B
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

< O decimal_str, fraction_d 3% a = {in1) 18399

o @A

(@ <frame not available> 10 max_frac = {int} 3

[C] & _run, docrunner.py’li  ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37{0a0ed50>
O run, doctest.py:1525 % a = {int} 18399
3 start, docrunner.py:13 & b = {int} 20000

@ O <module>, docrunner o Protected Attributes

SR a5 LR A A S | (s ~ -a "N .
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® Die nachste Kodezeile nach dem if ist nun markiert.

b i

& Wir fiihren sie mit aus. \
-
;’
<] @ progr... © & main v * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x g
1 Project 2 fraction_decimal_str_err.py L %
o #: simple_list_compr. class Fraction: Susages = ThomasWeise 2 1 A v !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) * Thoma
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4) ™ [
~ [0 08_classes o j;
3 2 circle| A
oe o [ ] a: int = self.a # Get a: 18399
# circle_user.py ;
. if a == @: # IFf the fraction is 8, we return @

¥ kahan_sum.py

¥ kahan_user.py s5
2 point.py a=abs(a) 7
& point_user.py b: dint = self.b #

return "0"

Debug ¥ Doctest Fraction.decimal_str

GO Ib A T 63 Threads & Variables  Console B

H MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift:Enter) v

< O decimal_str, fraction_d 3% a = {in1) 18399
(@ <frame not available> 10 max_frac = {int} 3
[C] O _run, docrunnerpy Tt~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
O run, doctest.py:1525 % a = {int} 18399
3 start, docrunner.py:13 & b = {int} 20000
@ O <module>, docrunner o Protected Attributes

TR TR LR (Al [ St |
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% ¢

® Die lokale Variable negative wird erzeugt. r

B = [ prog. v o main- * Doctest Fraction.decimaL_str ++ (> m & & Q& - =8 x

1 Project 2 fraction_decimal_str_err.py L

2 simple_list_compr- class Fraction: gusages =+ ThomasWeise 2 %1~ v

2 simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Susages(ldynamic] = Thoma

39 a zip.py >>> Fraction(99995, 100000).decimal_str(4) ™
e

~ [0 08_classes

¢
S AR B

g 2 circle.py
o [ ] a: int = self.a # Bet a: 18399
& circle_user.py if a == @: # If the fraction is 8, we return 8
¥ kahan_sum.py return "o
¥ kahan_user.py N o

& point.py 56
& point_user.py

b: int = self.b

Debug ¥ Doctest Fraction.decimal_str

GO Ib A T e T : Threads & Variables  Console 1]

H MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v

< O decimal_str, fraction_d 3% a = {int) 18399
(@ <frame not available> 10 max_frac = {int} 3
® 9 _run, docrunner.pyt | 3 negative = {bool) False
O run, doctestpy:1525  ~ £ self = {Fraction) <fraction_decimal_str_err_Fraction object at 0x7d37f0a0ed50>
O start, docrunner.py-13 & a = {int} 18399
@ O <module>, docrunner &% b = {in1} 20000
o Protected Attributes | "R R, e = -2 W
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® Die lokale Variable negative wird erzeugt.
® Da a < 0 namlich False ist, ist negative ebenfalls False.

b i

-
¥
7
<] @ progr... ~ & main v * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x g
3 Project & fraction_decimal_str_err.py Lo %
o 7 simple_list_compr: class Fraction: 2us ~ v !
A simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Sus horaa
39 a zip.py >>> Fraction(99995, 100000).decimal_str(4) [
~ [108_classes o ;
2% 2 circle.py ° v
 circle_user.py
: ¥ kahan_sum.py
2 kahan_user.py
& point.py 56
2 point user.py b: int = self.b v
Debug i Doctest Fraction.decimal_str B
}‘
@ GO Ib Ak ez Threads & Variables ~ Console [1:] '
= E MainThread v - ¢
< O decimal_str, fraction_d 3% a = {int) 18399 s.
@ <frame not available> 10 max_frac = {int} 3 A
® O _run, docrunner.py:t | & negative = {bool) False §
O run, doctest.py:1525 £ self = {Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
O start, docrunner.py-13 & a = {int} 18399
f @ O <module>, docrunner 5 b = {inf} 20000
N B SO 5 LAl (A ar e St | o Protected Attributes . 4 i NI, &
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® Da a < 0 namlich False ist, ist negative ebenfalls False.

® Die nachste Kodezeile ist markiert und wir fiihren sie mit

= WL a el AT e ]

= @ progr... ~ & main v * Doclest Fraction.decimal_str (> E : & Q&8 - o x
3 Project & fraction_decimal_str_err.py Lo
o 2 simple_list_compr- class Fraction: 8us ~
2 simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Sus horaa
39 o 2ip.py >>> Fraction(99995, 100000).decimal_str(4)
~ [J08_classes o
2 2 circle.py °
2 circle_user.py
: ¥ kahan_sum.py
2 kahan_user.py
& point.py 56
2 point user.py b: int = self.b
Debug i Doctest Fraction.decimal_str
@ G O I a L& & 7 : Threads & Variables ~ Console |
= E MainThread v v
< (7 decimal_str, fraction_d 3% a = {int) 18399
& <frame not available> 39 max_frac = {int) 3
® O _run, docrunner.py:t | & negative = {bool) False
O run, doctestpy:1525  ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
O start, docrunner.py-13 & a = {int} 18399
@ O <module>, docrunner &7 b = {int) 20000

o Protected Attributes

O TR L — g ™
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Ty b Y.

Ao

TN e

R adia o @A



o e A M =), i O o | N e N M L S

Debuggen in PyCharm

LR

® a = abs(a) hat keinen Effekt, denn a ist ja schon positiv.

<] @ progr... v
[ Project
o ¥ simple_list_compr:
& simple_set_compr
3 & zip.py
 [J08_classes
2, & circle.py
2 circle_user.py
: ¥ kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py

G O I ]

H MainThread v

=3 [ decimal_str, fraction_d
@ <frame not available>
® 3@ _run, docrunner.py:it
O run, doctest.py:1525
O start, docrunner.py:-13
o @ <module>, docrunner

S DI IR AR a oy, e |

main * Doctest Fraction.decimal_str ~+ (> a : & Q& - o
. fraction_decimal_str_err.py
class Fraction: 8usages = ThomasWeise 21 A v
def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) = Thoma
return "g"

negative: bool = a < ©

a = abs(a) # Make sure

digits: list = [1 # 4 list for collecting digits
while (a != 8) and (len(digits) <= max_frac): # Create digits
t.

digits.append(a // b) # Add the current d
a =18 * (a % b) # Ten times the remainder -

next digit.

Debug i Doctest Fraction.decimal_str

ez i Threads & Variables ~ Console iz]
Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

3 a = {int) 18399
3 max_frac = {int) 3

N

33 negative = (bool} False

~ E self = {Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
&f a = {int} 18399
&9 b = {int) 20000
o Protected Attributes

Y. P.
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% Debuggen in PyCharm

o

-

® a = abs(a) hat keinen Effekt, denn a ist ja schon positiv. 4
® Wir driicken um weiterzumachen. \

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> E : & Q& - o x g
[ Project 2 fraction_decimal_str_err.py L %
e #: simple_list_compr. class Fraction: 8usages = ThomasWeise ) !
#: simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) = Thoma
39 2 2ip.py return "g" M [
© [ 08 classes negative: bool 7 of the negative: Fal: ;
- abs(a) i
% 2 circle.py o v
2 circle_user.py
. 2
kahan_sum.py gigits: list = [ # 4 list for collecting digits
2 Kahan_user.py while (a 1= ) and (len(digits) <= max_frac): o
2 point.py digits.append(a // b) # Add the c
L

point_user.py a =10 (a % b) # Ten times the remaind

Debug i Doctest Fraction.decimal_str

- O

GO I A e Z : Threads & Variables ~ Console 1]
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

< O decimalstr, fraction.d &% a = {in1} 18399
@ <frame not available> 28 max_frac = {int) 3
® O _run, docrunnerpyt 1 negative = {bool) False

BN g 0 W

O run, doctestpy-1525  ~ £ self = {Fraction) <fraction_decimal_str_err_Fraction object at 0x7d37f0a0ed50>
O start, docrunner.py:13 & a = {int} 18399
@ O <module>, docrunner & b = {int) 20000
SR a5 LR A A S | o Protected Attributes (s ~ -a "N .
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<] [ progr... ~ & main v * Doctest Fraction.decimalL_str ~+  [l> a £ & Q &8 - o x
3 Project - & fraction_decimal_str_err.py = L
e & simple_list_compr. class Fraction: Susages = ThomasWeise 291~ v
& simple_set_compr  *° def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) = Thoma
39 2 zippy 54 return "g"
o T A 55 negative: bool = a < B # Get the sign of the fraction. negative
- a = abs(a) # Make sure that a is now positive.
2, o circle.py .
2 cirle_user.py b: int = self.b # Get the denominator. b: 20080
: # kahan_sum.py 5;
¥ kahan_user.py gi # Create digits
2 point.py digits.append(a // b) # Add the current digit.
2 poinL_user.py a =18 % (a % b) # Ten times the remainder -> next digit.
T Debug i Doctest Fraction.decimal_str -
@ G O I A L& T % Threads & Variables  Console i3]
H MainThread v | Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v
< O decimal_str, fraction_d 39 a = {int) 18399
@ <frame not available> | 32 b = {int) 20000
® 9 _run, docrunner.py:t 33 max_frac = int) 3
¥:
O run, doctest py:1525 4% negative = {bool) False
= V: 05
O start, docrunnerpy:13  ~ £ self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
@ O <module>, docrunner 3 a= (it} 18399
= WL a5 o1 = fint) 20000 | T e . Y
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® Das fithrt b = self.b aus.
® Eine neue lokale Variable b mit Wert 20000 wird erstellt. \

b i

S

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ > a : & Q& - o x g
3 Project & fraction_decimal_str_err.py L %
. 2 simple_list_compr- class Fraction: Susages = ThomasWeise - !
 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Ousages(ldynamic) = Thoma
39 o zip.py return "g" ™ [
© [ 08_classes negative: bool <0 N of the negative: Fal: i
% 2 circle.py abs(a) 71 v positive. g
b: int = self.b # the b: 20000
2 circle_user.py
. a
kahan_sum.py Il
2 kahan_user.py while (a 1= 8) and (len(digits) <= max_frac): 5|
2 point py digits.append(a £/ b) # Add the
; 2 point user.py a=16 % (a%b) #Ten times
Debug i Doctest Fraction.decimal_str
GO I A r &2 : Threads & Variables  Console 1]
H MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v
< [ decimal_str, fraction_d 3% a = {int} 18399
@ <frame not available> 22 b = {int} 20000
® O _run, docrunnerpy 32 max_frac = {inf} 3
¥:
O run, doctest.py:1525 3% negative = {bool} False
[ start, docrunner.py:13  ~ £ self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
i
f @ O <module>, docrunner & a = {int} 18399
TR TR LR (Al [ St | B int} 20000
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® Eine neue lokale Variable b mit Wert 20000 wird erstellt.
® Wir sind jetzt an der letzten Zeile des ,trivialen Setups” unserer Methode decimal_str,
dem Erstellen der Liste digits.

v}

oD e ©i ¢ E3

[ progr... ~ & main v * Doctest Fraction.decimalL_str ~+  [l> E : & Q & - =@
Project & fraction_decimal_str_err.py

simple_list_compr: class Fraction:

Ther

simple_set_compr def decimel_str(self, max_frac: int = 188) -> str:
zip.py return "g"
negative: bool
a = abs(a) #
b: int = self.b

a
a
a

[ 08_classes
& circle.py
a
a
a
a
a

circle_user.py
kahan_sum.py
kahan_user.py

+ M

while (a ) and (len(digits) b

point.py digits.append(a // b)

point user.py a=16% (a%b) # e
Debug i Doctest Fraction.decimal_str
GO I & L Threads & Variables  Console B
H MainThread v v
(J decimal_str, fraction.d 37 a = {in1) 18399
@ <frame not 3 b = {int} 20000
& _run, docru 38 max_frac = {inf} 3

@ run, doctest.py:1
3 start, docrunner

32 negative = {bool} False
~ E self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
© <module>, docrunner & a = {int} 18399
%1 = {int) 20000

E U ST L T Y
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Debuggen in PyCharm °

® Wir sind jetzt an der letzten Zeile des ,trivialen Setups” unserer Methode decimal_str, .
dem Erstellen der Liste digits.

-
. - p
® Wir driicken 7
B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ > E : & Q& - o x g
3 Project & fraction_decimal_str_err.py L %
o 7 simple_list_compr. class Fraction: 2us !
 simple_set_compr def decimal_str(self,
o c turn "o"
39 2 zip.py return ﬁ
© [ 08_classes negative: bool = a < @ Fa 2
% 2 circle.py a =‘abs(a) # M ,:;
b: int = self.b
2 circle_user.py
a
kahan_sum.py Il
2 kahan_user.py 8) and (len(aigits) H
2 point.py digits.append(a // b) # A
2 point user.py a=10% (a%b) #7T¢ e
Debug i Doctest Fraction.decimal_str
@ G O I A L& T e Threads & Variables ~ Console |
= E MainThread v E exp v shi v
=3 [ decimal_str, fraction_d 3% a = {int} 18399
@ <frame not avai 22 b = {int} 20000
® O _run, docrunnerpy:t 28 max_frac = {int} 3
O run, docte 3% negative = {bool} False
B
O start, docruni ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
Q & a = {in) 18398
= L el A SR e ] %1 = {int) 20000 O TR L — g ™
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. Debuggen in PyCharm

® Die neue Variable digits ist wirklich aufgetaucht.

WO Whasae S T

<] @D progr... ~ & main v * Doctest Fraction.decimalL_str ~+  [I> a £ & Q &8 - o x
[ Project - < fraction_decimal_str_err.py = e
< # simple_list_compr. ~ © class Fraction: Susages = ThomasWeise 21~ v
& simple_set_compr  ~* def decimal_str(self, max_frac: int = 180) -> str: Susages(ldynamic) = Thoma
39 2 zip.py 54 return "g"
[ 08_classes 5 negative: bool = a < 8 # Get the sign of the fraction. negative
- a = abs(a) # Make sure that a is now positive.
2, & circle.py )
2 cirde_userpy b: int = self.b # Get the denominator. b: 20000
. o 58
kahan.sum.py 5% list for collect
2 kahan_user.py
2 point py digits.append(a // b) # Add the current digit.
2 poinL_user.py a =10 % (a X b) # Ten times the remainder -» next digit.
Debug i Doctest Fraction.decimal_str -
GO I A e T o2 Threads & Variables  Console 1]
H MainThread v Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
< O decimalstr, fraction.d 37 a = (in1) 18399
@ <frame not available> 10 b = {int) 20000
® O _run, docrunner.pyt |5 1= digits = {list: 0;
¥: g L3
= O run, doctest.py:1525 29 max_frac = {int) 3
O start, docrunner.py:13 29 negative = {bool} False
(D O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
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d
=
%

-

® Die neue Variable digits ist wirklich aufgetaucht.
® Sie ist eine leere Liste []. A.

b i

S

B = progr... ~ ¥ main v * Doctest Fraction.decimal_str -+ 1> K& + 2 = o % :
+
3 Project < fraction_decimal_str_err.py oL ‘
. 2 simple_list_compr- class Fraction: Susages = ThomasWeise - !
2 simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Susages(ldynamic) = Thoma
33 & zip.py return "@" . ;
« [ 08_classes negative: bool < negative: Fal: j
2 2 circle.py a = aps(a) # ¢ /’
b: int = self.b #
2 circle_user.py = e
° # kahan_sum.py
¥ kahan_user.py o
& point.py digits.append(a // b) #
: 2 point user.py a=16 % (a%b) # Ten times
Debug i Doctest Fraction.decimal_str
GO I A S Threads & Variables  Console 1]
H MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v

< 0 decimal_str, fraction_d 3% a = {int} 18399

M e 20 b = {int} 20000
® O _run, docrunnerpyt > Bdigits = (st 0} 1y
O run, doctest.py:1525 3% max_frac = {int) 3
O start, docrunner.py-13 3% negative = {bool} False
g @ O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

TR TR LR (Al [ St | 19 5 = {int} 18399
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Debuggen in PyCharm

-

® Sie ist eine leere Liste [].
e Wir sind nun am Anfang der while-Schleife.

b i

-

}:J

-

B = progr... ¥ ¥ main v * Doctest Fraction.decimal_str -+ 1> K& : 2 B G € ‘

+

[ Project 2 fraction_decimal_str_err.py Fa § ‘

o ¥ simple_list_compr- class Fraction: gusages =+ ThomasWeise 21~ vy !
& simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) + Thoma

29 2 zip.py return "o" M P

« [ 08_classes negative: bool < negative: Fal: j

o a=abs(a) 7 Z

2 2 circle.py =

b: int = self.b #

2 circle_user.py
¥ kahan_sum.py
2 kahan_user.py

2 point.py digits.append(a // b) #
2 poinL_user.py a =10 % (a % b) # Ten times

68

Debug i Doctest Fraction.decimal_str

GO I A S Threads & Variables  Console 1]

H MainThread ~  Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
< 0 decimal_str, fraction_d 3% a = {int} 18399

@ <frame not available> 32 b = {int} 20000
® O _run, docrunnerpyt > Bdigits = (st 0} 1y

O run, doctest.py:1525 39 max_frac = {int} 3
O start, docrunner.py-13 3% negative = {bool} False
@ O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

SR a5 LR A A S | 19 5 = {int} 18399
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® Wir driicken

7 AY W

-

LN

e Wir sind nun am Anfang der while-Schleife.
, wodurch die Bedingung am Anfang der Schleife gepriift wird.

WL LN W S T

e

B = () pogr. v & mainv * Doctest Fraction.decimal_str > E : 2
[ Project < fraction_decimal_str_err.py
o 2 simple_list_compr: class Fraction: 2us
& simple_set_compr def decimal_str(self,
39 2 zippy return "g"
[ 08_classes negative: bool =
s, & circle.py a =‘abs(a) # Mak
b: int = self.b
2 circle_user.py
a
kahan.sum.py digits: list = []
¥ kahan_user.py o -
2 point py digits.append(a // b)
2 point user.py a=10% (a%b) #7T¢
Debug i Doctest Fraction.decimal_str
@ G O I A L& T e Threads & Variables ~ Console
= E MainThread v exp
=3 0 decimal_str, fraction_d 3% a = {int} 18399
@ <frame nof ilable> 3% b = {int} 20000
® & _run, docrunner.pyt > = digits = {list: 0}
Y g L3
O run, doctest.py:1525 3% max_frac = {int) 3
O start, docrunner.py:13 3% negative = {bool} False
@ @ <module>, docrunner ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
= L el A SR e ] 19 5 = {int} 18399
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Debuggen in PyCharm

-

e Wir sehen, dass nun die erste Zeile des Schleifenkdrpers markiert ist.

b i

-

}:J

-

B = (@ pogr. v © mainv * Doctest Fraction.decimaL_str ~+  [I> a : 2 Q@ 5 & g

[ Project < fraction_decimal_str_err.py s § ‘

o 7 simple_list_compr: class Fraction: BSusages =+ ThomasWeise 21~ vy !
& simple_set_compr def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) + Thoma

3% A zip.py return "@" - =

« [308_classes negative: bool negative: Fal: j

- a = abs(a) 7/ =

2, & circle.py 7

b: int = self.b #
2 circle_user.py

¥ kahan_sum.py
2 kahan_user.py

Sy o

& point_user.py

digits: list = [1 # 4 list for ¢
) and (len(uigits) <
pend(a // b) T#

liecting digits

while (a

max_frac)

Debug i Doctest Fraction.decimal_str

GO I A T &3 : Threads & Variables  Console 1]

H MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift:Enter) v

< [ decimal_str, fraction_d 3% a = {int} 18399

M Seromas 20 b = {int} 20000
® O _run, docrunner.pytt |5 S digits = {list: 0} []
O run, doctest.py:1525 3% max_frac = {int) 3
O start, docrunner.py:13 39 negative = {bool} False
@ O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

SR a5 LR A A S | 193 = {int} 18399
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® Das bedeutet, dass a !'= 0 und len(digits)<=

Thiw

-
"

WL LN W S T

i
e Wir sehen, dass nun die erste Zeile des Schleifenkdrpers markiert ist. r

max_frac beide True sind.

e

: int = 108) -> str:

Console |

B = (@ pogr. v © mainv * Doctest Fraction.decimal_str -
[ Project < fraction_decimal_str_err.py
o 7 simple_list_compr: class Fraction: 2us
& simple_set_compr def decimal_str(self,
39 2 zippy return "e"
[ 08_classes negative: bool = a < @
2 2 circle.py a :‘abs(a) X
b: int = self.b
2 circle_user.py
a
kahan.sum.py digits: list = [1 # 4
2 kahan_user.py while (a 1= 8) and (len(digits)
eI
& point_user.py a=10% (a%b) #
Debug i Doctest Fraction.decimal_str
@ G O I Ad T o2 Threads & Variables
= E MainThread v E exp
=3 [ decimal_str, fraction_d 3% a = {int} 18399
@ <frame not available> 3% b = {int} 20000
® & _run, docrunner.py:t > S digits = {list: 0}
Y <l
O run, d 39 max_frac = {int} 3
"
&9 negative = {bool) False
@ ~ B self = {FI on) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
= L el A SR e ] 193 = {int} 18399

v@E: & a @ - = x
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Debuggen in PyCharm

-

® Und das sollten sie auch sein, denn a ist 18399, len(digits) ist 0 und max_frac ist 3.

b i

-

}:J

-

B = (@ pogr. v © mainv * Doctest Fraction.decimaL_str ~+  [I> a : A Q & - @ x g

[ Project < fraction_decimal_str_err.py s § ‘

o 7 simple_list_compr: class Fraction: BSusages =+ ThomasWeise 21~ vy !
& simple_set_compr def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) + Thoma

3% A zip.py return "@" - =

« [308_classes negative: bool negative: Fal: j

- a = abs(a) 7/ =

2, & circle.py 7

b: int = self.b #
2 circle_user.py

¥ kahan_sum.py
2 kahan_user.py

Sy o

& point_user.py

digits: list = [1 # 4 list for ¢
) and (len(uigits) <
pend(a // b) T#

liecting digits

while (a

max_frac)

Debug i Doctest Fraction.decimal_str

GO I A T &3 : Threads & Variables  Console 1]

H MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift:Enter) v

< [ decimal_str, fraction_d 3% a = {int} 18399

M Seromas 20 b = {int} 20000
® O _run, docrunner.pytt |5 S digits = {list: 0} []
O run, doctest.py:1525 3% max_frac = {int) 3
O start, docrunner.py:13 39 negative = {bool} False
@ O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

SR a5 LR A A S | 193 = {int} 18399
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d
=
%

-

e Wir driicken den 22-Knopf, um die erste Zeile des Schleifenkorpers auszufiihren.

b i

-
7
B = (@ pogr. v © mainv * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x g
1 Project 2 fraction_decimal_str_err.py L %
o #: simple_list_compr. class Fraction: Susages =+ ThomasWeise 21~ v !
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) = Thoma
39 2 2ip.py return "g" [
© [ 08 classes negative: bool negative: Fal: i
% 2 circle.py a = aps(a) # 1 /’
b: int = self.b #
. circle_user.py
g a
kahan.sum.py aigits: st = [1 # 4 List for collecting digits i
2 kahan_user.py white (a ) and (len(digits) <= max_frac)
2 point.py CE [ | pend(a // b) [
A & point_user.py it.
Debug i Doctest Fraction.decimal_str
GO I A 7 Threads & Variables  Console 1]
H MainThread ~  Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v

< O decimal_str, fraction_d 3% a = {int) 18399

M Seromas 20 b = {int} 20000
® O _run, docrunner.pytt |5 S digits = {list: 0} []
O run, doctest.py:1525 3% max_frac = {int) 3
O start, docrunner.py:13 39 negative = {bool} False
g @ O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

TR TR LR (Al [ St | 193 = {int} 18399
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anhangen.

b oA gd o VR LN "

® digits.append(a // b) wird nun den Wert 18399 // 20000 an die Liste digits

L CNSL W ) T

GO &

H MainThread v

< O decimal_str, fraction_d
@ <frame not available>
® @ _run, docrunner.py:it
O run, doctest.py:1525
O start, docrunner.py:13
o @ <module>, docrunner

SR a5 LR A A S |

D progr... © & main - * Doctest Fraction.decimal_str ~+ > a £ & Q & - o

# fraction_decimal_str_err.py

=
[ Project -
o & simple_list_compr:
<& simple_set_compr
3 2 zip.py
~ [0 08_classes
2, & circle.py s
 circle_user.py
: ¥ kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py

class Fraction: Susages = ThomasWeise 2 %1~ v
def decimal_str(self, max_frac: int

Susages (1dynamic) = Thorsay

digits: list = [] #
while (a != 8) and (len(digits)
digits.append(a // b) #

t for

le]

if (a // b) »= 5: # Do we need to round

digits[-1] += 1 # R crem

if len(digits) <= 1: # have an integer part?

Debug i Doctest Fraction.decimal_str

ez i Threads & Variables ~ Console [iz]

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

10
o

10
o

10
a

a={int} 18399

b = {int} 20000

digits = {list: 1} [0]

max_frac = {int} 3

negative = {bool} False

self = {Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>
int} 18399

e

M

-

b i

-y

T Tt A O |
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Debuggen in PyCharm

e Weil das das Ergebnis einer Ganzzahldivision ist, bei der der Nenner groRer als der Zahler
ist, ist digits nun [0].

N B SO 5 LAl (A ar e St |

= [ progr.. © ¥ main v * Doctest Fraction.decimalL_str ~+ (> E : 2 Q & - =&
Project - & fraction_decimal_str_err.py
7 simple_list_compr. class Fraction: Susages = ThomasWeise 2 %1~ v
< simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) = Thoma

2 zip.py digits: list = [1 # 4 Llist for ecting
while (a I= 0) and (len(digits) <= max_frac

digits.append(a // b) # Ad

~ [0 08_classes

Debug i Doctest Fraction.decimal_str

GO Ib A e Z : Threads & Variables  Console B
H MainThread ~ | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v

(3 decimal_str, fraction_d 39 a= {in1} 18399

3 <frame not available> 3% b = {int} 20000

& _run, docrunner.py:lt > i2 digits = {list: 1} [0]

O run, doctest py:1525 39 max_frac = {int} 3

3 start, docrunner py-13 39 negative = {bool} False

O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%4 =1{in1 18399

& circle.py
62

e L
a

kahan_sum.py if (a /f b) »= 51 # Do we need to round up?
2 kahan_user.py digits[-1] += 1 # Round wp by incrementi E|
& point.py
2 point_user.py if Tlen(digits) <= 1: # have an integer part?

e

JTRRL O WRasam /) T L

T B T 4

Y. P's

b i

-y
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ist, ist digits nun [0].
o Wir dricken um weiterzumachen.

7 AY W

-
"

LN

e Weil das das Ergebnis einer Ganzzahldivision ist, bei der der Nenner groRer als der Zahler

WL LN W S T

e

B = [ pogr. - i main - * Doctest Fraction.decimal_str > E : & Q& - =@ x
Project - 2 fraction_decimal_str_err. re
J py -
o & simple_list_compr: class Fraction: gusages = ThomasWeise 2 1~ v
2 simple_set_compr def decimel_str(self, max_frac: int = 188) -> str: 9u {1 dynamic) £ Thoma
29 2 zip.py digits: list = []1 # t for co le]
(508 classes while (a != 8) and (len(digits) ts M
- digits.append(a // b) # Add ©
2, & circle.py <  EEE
& circle_user.py
a
kahan_sum.py if (a /f B) >= 5: # Do we need to round up?
2 kahan_user.py digits[-1] += 1 # Round up A
& point.py
A point_user.py if len(digits) <= 1: # Do we only have an integer part?
Debug i Doctest Fraction.decimal_str
@ GO A T e Threads & Variables  Console iz]
= E MainThread ~ | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
< [ decimal_str, fraction_d 3% a = {in1} 18399
3 <frame not available> 39 b = {int} 20000
® O _run, docrunner.py: i |5 1= digits = {iist: 1) [0]
O run, doctest py:1525 3% max_frac = {int) 3
[m] by & max_f {inty
3 start, docrunner py-13 39 negative = {bool} False
@ @ <module>, docrunner  ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
= L el A SR e ]

AU TR’ A Y

O TR L — g ™
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- ® Nunwird a = 10 * (a %b) ausgefiihrt.

<] @ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : & Q &8 - o x
3 Project - & fraction_decimal_str_err.py = e
o & simple_list_compr. class Fraction: 8usages = ThomasWeise 291~ v

& simple_set_compr  _° def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) = Thoma
39 2 zip.py 59 digits: list = [] # A list for collecting digits. d 8]

~ [0 08_classes &)
- digits.append(a // B) # Add the current di
2, & circle.py
a=10+ (a%b) # Ten times the remainder -> next digit.

& circle_user.py

: 2 kahan_sum, ;
-sum.py if (a // b) »= 51 # Do we need to round up?

2 kahan_user.py digits[-1] += 1 # Round vp by incrementing last digit =

& point.py

& point_user.py if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str

GO I A e g Threads & Variables  Console i)
H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
< (O decmalst, fraction.d 3% a={inf} 183980
@ <frame not available> 10 b = {int) 20000
® O _run, docrunnerpyli > i= digits = {list: 1} [0]
3 run, doctest.py:1525 89 max_frac = {int} 3
= v
O start, docrunner.py:13 42 negative = (bool} False
@ @ <module>, docrunner ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

= WL a5
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% Debuggen in PyCharm

o

-

® Nun wird a = 10 * (a %b) ausgefiihrt. 4
® Weil 18399 %20000 immer noch 18399 ist, wird a nun 183990. \

<] @ progr... © & main - * Doctest Fraction.decimal_str ~+ > E : 2 Q & - o x g
3 Project & fraction_decimal_str_err.py e %
o 7 simple_list_compr- class Fraction: 8usages = ThomasWeise R ) !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma
29 2 zip.py digits: list = [1 # 4 List for collect its: [6] ™ B
~ [0 08_classes G ;
: digits.append(a // b) # Add ti =
2% 2 circle.py v
a=10+ (a%b) # Ten times the remainder -> next digit.
& circle_user.py
. a
kahan_sum.py if (a /f B >= 51 # Do we need to round up?
2 kahan_user.py digits[-1] += 1 # Round wp by =
& point.py
& point_user.py if len(digits) <= 1: # Do we only

Debug i Doctest Fraction.decimal_str

- O

GO Ib A e Z : Threads & Variables  Console B

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v ,,
< O decimal_str, fraction_d 33 a = {int) 183990 s.

@ <frame not available> 29 b = {int} 20000 M
® O _run, docrunner.pyt > 1= digits = {list: 1} [0] !

O run, doctest.py:1525 33 max_frac = {int} 3

3 start, docrunner.py:13 39 negative = {bool} False

am

@ O <module>, docrunner self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>

SR a5 LR A A S | (s ~ -a "N .
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P s

® Weil 18399 %20000 immer noch 18399 ist, wird a nun 183990.
® Nun wird der Kopf der Schleifen mit deren Bedingung wirder markiert.

A o

B = (@ pogr. © & mainv * Doctest Fraction.decimalL_str ~+ (> E : 2 Q & - =@
[ Project 2 fraction_decimal_str_err.py
e 2 simple_list_compr- class Fraction: 8usages = ThomasWeise 291~ v
2 simple_set_compr def decimel_str(self, max_frac: int Thoma
33 & zip.py gigits: list = []
~ [0 08_classes &)
- digits.append(a // B) # Add the cur
2, & circle.py
a=10+ (a%b) #Ten times the re
& circle_user.py
. a
kahan_sum.py 1f (a // b) »= 51 # Do we need to round up?
72 kanan_user.py digits[-1] = 1 # Round up by incrementing last digit o
& point.py
& point_user.py if len(digits) <= 1: #
Debug i Doctest Fraction.decimal_str
@ GO Ib Ak e P Threads & Variables ~ Console B
= E MainThread ~ | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
< (J decimal_str, fraction_d 3% a = {int) 183980
3 <frame not available> 29 b = {int} 20000
® O _run, docrunner.pyt > 1= digits = {list: 1} [0]
O run, doctest.py:1525 33 max_frac = {int} 3
3 start, docrunner.py:13 39 negative = {bool} False
@ @ <module>, docrunner ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
= WL a el AT e ] 10 5 = {int} 18399
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® Nun wird der Kopf der Schleifen mit deren Bedingung wirder markiert.
e Wir driicken 2 um ihn auszufiihren.

b i

-
¥
7
B = (@ pogr. © & mainv * Doctest Fraction.decimal_str ~+ > E : & Q& - o x g
[ Project 2 fraction_decimal_str_err.py S 4 ‘
o 7 simple_list_compr: class Fraction: gusages -+ ThomasWeise 2 1~ v !
2 simple_set_compr def decimel_str(self, max_frac: int Thoma
3 A zip.py digits: list = [1 # 4 1 i ™ 2
~ [0 08_classes &) ;
% & circle.py digits.append(a // B) # Add the cur 7’
a=10+ (a%b) #Ten times the re
& circle_user.py
. a
kahan.sum.py if (a // b) »=5: # 00 we need to round up?
# kahan_user.py digits[-1] += 1 # Round up by incrementing Llast digit b=
& point.py
& point_user.py if len(digits) <= 1: # Do we have an integer par

GO I A L&

&7 : Threads & Variables ~ Console 1]

- O

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

Debug i Doctest Fraction.decimal_str
@

< O decimal_str, fraction_d 3% a = {int) 183980

= 3 <frame not avaiiable> 32 b = {int} 20000

® O _run, docrunner.pyt > 1= digits = {list: 1} [0]

O run, doctest.py:1525 33 max_frac = {int} 3

3 start, docrunner.py:13 39 negative = {bool} False

@ @ <module>, docrunner ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

N B SO 5 LAl (A ar e St | %4 =1{in 18399 ORI e = -2 W .

BN g 0 W
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@ Die Schleifenbedingung wird immer noch erfiillt, also ist nun wieder die erste Zeile der
Schleife markiert.

- Debuggen in PyCharm

JTRRL O WRasam /) T L

Y. P.

b i

-y

Al

N B SO 5 LAl (A ar e St |

= [ progr.. ©  main v * Doctest Fraction.decimal_str ~+ (> a £ & QB
Project 7 fraction_decimal_str_err.py
2 simple_list_compr- class Fraction: Susages = ThomasWeise
2 simple_set_compr def decimal_str(self, max_frac:
& zip.py digits: list = []
 [J08_classes while (a
. cice.py o
& circle_user.py
a
kahan.sum.py if (a /f b) »= 5: # Do we need to round up?
2 kahan_user.py digits[-1] += 1 # Round up by incrementing last digit
& point.py
2 point_user.py if len(digits) <= 1: # Do we have an integer par

Debug i Doctest Fraction.decimal_str

GO I L 4
H MainThread v

(3 decimal_str, fraction_d
@ <frame not available>
@ __run, docrunner.py:I
O run, doctest.py:1525

O start, docrunner.py:13
@ <module>, docrunner

ez i Threads & Variables ~ Console
Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter)

&% a= (int) 183990
3% b = {int} 20000
1= digits = (list: 1} [0]
3% max_frac = {int} 3
39 negative = {bool} False
~ Z self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%4 =1{in1 18399

e

281 ~ v

Thorea

™M

A TS TR A B A

- O

BN g 0 W

ORI e = -2 W .
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Debuggen in PyCharm

-

® Nachdem wir

driicken, wird 9 an die Liste digits angehangt.

b i

-
}:J
-
<] @0 progr... © & main - * Doctest Fraction.decimal_str ~+ > a : & Q& - o x g
[ Project - . fraction_decimal_str_err.py oL ‘
o 7 simple_list_compr: class Fraction: gusages -+ ThomasWeise 21~ v !
2 simple_set_compr def decimel_str(self, max_frac: int Yusages (1dynamic) = Thoraa
39 o zip.py gigits: list = [1 # t for ) B
© [508_classes while (a != 8) and (len(digits) M j
- digit: d b) % -
2 & circle.py - igits.append(a // b) ﬁ
& circle_user.py .
. a
kahan_sum.py if (a // B) »=5: # 00 we need to round
L kahan_user.py digits[-1] += 1 # & crem )
& point.py
A point_user.py if len(digits) <= 1: # have an integer part?

Debug i Doctest Fraction.decimal_str

GO =] e g Threads & Variables  Console i)

H MainThread v  Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

< O decimal_str, fraction_d 3% a = {int} 183990
@ <frame not available> 20 b = {int} 20000
® O _run, docrunner.pyt |5 = digits = {list: 2} [0, 9] R
O run, doctest.py:1525 39 max_frac = {int} 3
O start, docrunner.py:13 31 negative = {bool} False
@ @ <module>, docrunner ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
SR a5 LR A A S | 193 = {int 18399




® Nun wird a auf 39900 gesetzt.

U TR O e

° main -

[ progr... -

Debug i Doctest Fraction.decimal_str

GO I A L& T e

H MainThread v

Evaluate expression (Enter)

< (O decmalstr, fraction.d 3% a={int} 39900 X

0 <frame not available> 32 b = {int} 20000
® O _run, docrunnerpy:lt > 1S digits = {list: 2} [0, 8]
= O run, doctest.py:1525 49 max_frac = {int} 3

O start, docrunner.py:13 42 negative = (bool} False

= WL a5

* Doctest Fraction.decimalL_str ~+ (> a : 2

digits.append(a // b)

[ Project - 2 fraction_decimal_str_err.py =
- 7 simple_list_compr.  © class Fraction: Susages
& simple_set_compr  2° def decimal_str(self, max_frac:
3 & zip.py 3¢ igi list = []
~ [0 08_classes &)
2 o circle.|
o o a=10% (a%b)
& circle_user.py
. a
kanan.sum.py if (a // b) »= 5:
S lchan tser.py digits[-1] += 1
& point.py
& point_user.py

if len(digits) <= 1:

Threads & Variables

O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

Q® - o x

+ Thomas Weise
int = 1680) -> str:

# A list for collecting digits.

2 91~ v
usages (1dynamic) = Thoraa

ts: [0, 9]

# Add the curre
# Ten times the remainder -

Nt di

next digit.

# Do we need to round up?

# Round up by incrementing last digit b

# Do we only have an integer part?

Console |

or add a watch (CtrlsShift+Enter) ~

ks
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Debuggen in PyCharm

3
3

® Wir kommen zur nichsten lteration der Schleife.

RS L LS e

(W)

¢

33

e

[SIINC]

[0 progr... -~ main - * Doctest Fraction.decimalL_str ++ (> a : & Q@& o o=
Project - 7 fraction_decimal_str_err.py Q
& simple_list_compr- ~ # class Fraction: Susages =+ ThomasWeise 2 1~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma

A zip.py digits: list = [1 # A list fer collecting digits. woigits: [0, 9]
[ 08_classes o while (a ) and (len(digits) <= max_frac): # Create digits M
P [ enata /7 0 1
a=10+ (a % b) # Ten times the remainder -» next digit.
& circle_user.py
¥ kahan_sum., :
-sum-py if (a // b) »= 51 # Do we need to round up?
 kahan_user.py digits[-1] += 1 # Round up by incrementing last digit -
& point.py
% point_user.py B if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str

GO I &
H MainThread v

(3 decimal_str, fraction_d
@ <frame not available>
@ __run, docrunner.py:H
O run, doctest.py:1525

O start, docrunner.py:13
3 <module>, docrunner

*

il

ez i Threads & Variables ~ Console

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

>

10
o1
10
o1

10
a1

a={int} 39900

b = {int} 20000

digits = {list 2} [0, 8]

max_frac = {int} 3

negative = {bool} False

self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>

-

\

-y

N TR A SV
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. Debuggen in PyCharm

WO Whasae S T

Y. P.

® Nun wird 1 an die Liste digits angehdngt.

L

-
y’J
-
] G progr... ~ f main * Doctest Fraction.decimal_str > a : & Q& - o x g
3 Project - & fraction_decimal_str_err.py = oL r
o 2 simple_list_compr.  © class Fraction: Susages = ThomasWeise 291~ v !
& simple_set_compr  *° def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma
39 2 zip.py 59 digits: list = [1 # 4 list for collecting digits. digits: [0, 9, 1] ’
(508 classes 60 while (a != 8) and (len(digits) <= max_frac): # Create digits /j
- 51 digits.append(a // b) # Add the current digi =
2, # circle.py = 7
& circle_user.py
. o 3
kahan_sum.py if (a /f b) »= 5: # Do we need to round up?
= kahan_user.py N digits[-1] += 1 # Round up by incrementing last digit a
& point.py
A point_user.py if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str § =

GO 4 & T e % : Threads & Variables ~ Console 1] ;

H MainThread v  Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

< (O dedmalst, fraction.d 37 a = {int} 39900
@ <frame not available> 32 b = {int) 20000
® O _run, docrunnerpyt > i= digits = {list: 3} [0, 8, R
= O run, doctest.py:1525 39 max_frac = {int} 3
O start, docrunner py-13 42 negative = {bool} False
@ @ <module>, docrunner ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>




U RSTRLONSL WhaaR ) T

- ® Dann wird a auf 199000 upgdated.

<] @ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : & Q &8 - o x
[ Project - 2 fraction_decimal_str_err.py = s §
. & simple_list_compr. class Fraction: Susages = ThomasWeise 281 ~ v

# simple_set_compr  °° def decimal_str(self, max_frac: int = 100) -> str: Susages(1dynamic] = Thoma
29 2 zip.py 5% digits: list = []1 # A list for collecting digits. ts: [0, 9, 1]

~ [0 08_classes

circle.py

a =108 * (a % b) # Ten times the remainder -

next digit.
circle_user.py

kahan_sum.py if (a // b) »= 5: # Do we need to round up?

kahan_user.py
point.py
point_user.py

digits[-1] += 1 # Round vp by incrementing last digit -

LI I N I I 1

if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str E =

® gomoas

e g Threads & Variables ~ Console [12]
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
< (O decmalst, fraction.d 37 a = {int} 199000
@ <frame not available> 32 b = {int} 20000
® O _run, docrunnerpyi > i digits = {list: 3} [0, 9, T
O run, doctest py:1525 33 max_frac = {int} 3
= v
O start, docrunner.py:13 42 negative = (bool} False
@ @ <module>, docrunner ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

= WL a5
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. Debuggen in PyCharm

WO Whasae S T

Y. P.

® Ein neuer Schleifendurchlauf begint.

L

60 while (a

6) and (len(digits) <= max_frac) Create digits

~ [0 08_classes

-
y’J
-
] ) progr... ~ f main * Doctest Fraction.decimal_str > a : & Q& - o x g
3 Project - & fraction_decimal_str_err.py = oL r
o 2 simple_list_compr. © class Fraction: Susages = ThomasWeise 291~ v !
& simple_set_compr  *° def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma
39 2 zip.py 59 digits: st = [1 # 4 list for collecting digits. digits: [, 9, 1] E
£

2, 2 circle.py
a=10+ (a%b) #Ten times the remainder -» next digit.
2 circle_user.py
: 2 kahan_sum, ;
-sum.py if (a // b) »= 5: # Do we need to round up?
2 kahan_user.py digits[-1] = 1 # Round up by incrementing last digit -
& point.py
2 point_user.py if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str § =

GO 4 & T e% Threads & Variables ~ Console 1] ;

H MainThread v  Evaluate expression (Enter) or add a watch (Ctrlsshift+Enter) ~

(J decimal_str, fraction.d 37 a = {int} 199000

ailable> 10 b = {int) 20000

& _run, docrunner.pylt > iSdigits = (list: 3} [0, 8, 1

O run, doctest.py:1525 39 max_frac = {int} 3

O start, docrunner.py:13 42 negative = {bool} False

@ <module>, docrunner ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

e

@ <frame not

QO e
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. Debuggen in PyCharm

WO Whasae S T

Y. P.

® Nun wird 9 an digits angehdngt.

L

-
y’J
-
] G progr... ~ f main * Doctest Fraction.decimal_str > a : & Q& - o x g
3 Project - & fraction_decimal_str_err.py oL r
o 2 simple_list_compr.  © class Fraction: Susages = ThomasWeise 291~ v !
& simple_set_compr  ** def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma
39  zip.py 59 digits: list = [1 # 4 list for collecting digits. digits: [9, 9, I, ’
© [508_classes 60 while (2 != 8) and (len(digits) <= max_frac): # Create digits /j
- 51 digits.append(a // b) # Add the current digi =
2, o circle.py = 7
& circle_user.py
. o 3
kahan_sum.py if (a /f b) »= 5: # Do we need to round up?
= kahan_user.py digits[-1] += 1 # Round up by incrementing last digit a
& point.py
A point_user.py if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str § =

GO 4 & T e % : Threads & Variables ~ Console 1] ;

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

< (O dedmalst, fraction.d 37 a = {int} 199000
@ <frame not available > 32 b = {int) 20000
O _run, docrunner.py:t > iSdigits = {list: 4} [0, 8, 1,
® o d > 1S digits = {list: 4] 0919*
= O run, doctest.py:1525 39 max_frac = {int} 3
O start, docrunner py-13 42 negative = {bool} False
@ @ <module>, docrunner  ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>




U RSTRLONSL WhaaR ) T

~ ® Danach wird a auf 190000 gesetzt.

<] [ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : & Q &8 - o x
3 Project & fraction_decimal_str_err.py = e
. & simple_list_compr. class Fraction: Susages = ThomasWeise 281 ~ v
& simple_set_compr  _° def decimal_str(self, max_frac: int = 108) -> str: Ousages(ldynamic) = Thoma
3 A zip.py 59 igits: list = [1 # 4 list for collecting digits. ts: [8, 9, 1,
~ [0 08_classes &)
- digits.append(a // B) # Add the current di
2, & circle.py
a=10+ (a%b) # Ten times the remainder -> next digit.
& circle_user.py
. a
kahan_sum.py if (a // b) »= 51 # Do we need to round up?
2 kahan_user.py digits[-1] += 1 # Round vp by incrementing last digit =
& point.py
2 point_user.py if len(digits) <= 1: # Do we only have an integer part?
T Debug i Doctest Fraction.decimal_str § =
@ GO I A L& N Threads & Variables ~ Console 1]
H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

< (O decmalst, fraction.d 3% a={int} 190000
3 <frame not available> 32 b = {int} 20000
® O _run, docrunnerpy:t > 1= digits = {list: 4} [0, 9,7, 9]
= O run, doctest.py:1525 49 max_frac = {int} 3
O start, docrunner.py-13 42 negative = (bool} False
@ @ <module>, docrunner ~ £ self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

= WL a5
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% Debuggen in PyCharm
!
® Danach wird a auf 190000 gesetzt.
® Bisher sieht alles gut aus.
<] [ progr... © & main - * Doctest Fraction.decimal_str ~+ > a £ & Q &8 - o x
3 Project & fraction_decimal_str_err.py e
o 7 simple_list_compr: class Fraction: gusages -+ ThomasWeise 21~ v
# simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: 9usages (dynamic) = Thoma
39  zip.py digits: list = [1 # 4 list for collect its: [0 1
60 M
~ [J08_classes
2, & circle.py digits.append(a // b) # Add ti
a=108 * (a % b) # Ten times the remainder -> next digit.
7 circle_user.py
LA if (a /f B »= 5: # Do we need to round up?
2 kahan_user.py digits[-1] += 1 # Round up by —
& point.py
2 point_user.py if len(digits) <= 1: # Do we only

Debug i Doctest Fraction.decimal_str

< O decimal_str, fraction_d
@ <frame not available>
® @ _run, docrunner.py:it
O run, doctest.py:1525
O start, docrunner.py:13
(0] 3 <module>, docrunner ~

a = {in} 190000 S

b = {int} 20000

digits = (list 4} [0, 8,1, 8]
max_frac = {int} 3

i

negative = {bool} False

am

SR a5 LR A A S |

GO Ib <] r e Z : Threads & Variables  Console

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>

L CNSL W ) T

-

b i
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Debuggen in PyCharm

-

® Bisher sieht alles gut aus.
® Nun ist digits zu [0, 9, 1, 9] geworden.

b i

-
}:J
-
<] [ progr... © & main - * Doctest Fraction.decimal_str ~+ > B : & Q& - o x g
3 Project & fraction_decimal_str_err.py e %
o 7 simple_list_compr: class Fraction: gusages -+ ThomasWeise 21~ v !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma
29 2 zip.py digits: list = [1 # 4 list for collect its: [0 1 ™ B
~ [J08_classes G j
: digits.append(a // b) # Add ti =
2% 2 circle.py v
a=10+ (a%b) # Ten times the remainder -> next digit.
& circle_user.py
. a
kahan_sum.py if (a /f B »= 5: # Do we need to round up?
2 kahan_user.py digits[-1] += 1 # Round wp by =
& point.py
A point_user.py if len(digits) <= 1: # Do we only

Debug i Doctest Fraction.decimal_str

GO I =] e g Threads & Variables  Console i)

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

< O decimal_str, fraction_d
@ <frame not available>
® @ _run, docrunner.py:it
O run, doctest.py:1525
O start, docrunner.py:13
(0] 3 <module>, docrunner ~

a = {in} 190000 S

b = {int} 20000

digits = (list 4} [0, 8,1, 8]
max_frac = {int} 3

i

negative = {bool} False
self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>

am

SR a5 LR A A S |
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% Debuggen in PyCharm

o

-

® Nun ist digits zu [0, 9, 1, 9] geworden. »
® Weil max_frac gleich 3 ist, trifft len(digits)<= max_frac nicht mehr zu. \

<] [ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> E : 2 Q @& o x g
3 Project & fraction_decimal_str_err.py e %
o 7 simple_list_compr: class Fraction: 8usages = ThomasWeise 21 A Yy !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma
39  zip.py digits: list = [1 # 4 list for collect its: [0, 9, 1 ™ B
~ [J08_classes G ;
: digits.append(a // b) # Add ti =
2% 2 circle.py v
a=10+ (a%b) # Ten times the remainder -> next digit.
& circle_user.py
. a
kahan_sum.py if (a /f B »= 5: # Do we need to round up?
2 kahan_user.py digits[-1] += 1 # Round wp by =
& point.py
2 point_user.py if len(digits) <= 1: # Do we only

Debug i Doctest Fraction.decimal_str

- O

GO Ib A e Z : Threads & Variables  Console B

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v ,,
< O decimal_str, fraction_d 33 a = {int} 190000 S s.

@ <frame not available> 20 b = {int} 20000 .
® O _run, docrunner.py:t > 1= digits = {list: 4} [0, 9, 1, 9] E

O run, doctest.py:1525 39 max_frac = {int} 3

3 start, docrunner.py:13 39 negative = {bool} False

am

@ O <module>, docrunner self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>

SR a5 LR A A S | (s ~ -a "N .
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% Debuggen in PyCharm

o

-

® Weil max_frac gleich 3 ist, trifft len(digits)<= max_frac nicht mehr zu. r
e Wir sind wieder am Kopf der Schleife. \

<] [ progr... © & main - * Doctest Fraction.decimal_str ~+ > E : 2 Q & - o x g
3 Project & fraction_decimal_str_err.py e %
o 7 simple_list_compr: class Fraction: gusages -+ ThomasWeise 21~ v !
2 simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Susages(ldynamic] = Thoma
29 2 zip.py digits: list = [1 # 4 list for collect its: [0 1 ™ B
~ [J08_classes G ;
: digits.append(a // D) # Add tr =
2% 2 circle.py v
a=10# (a%b) #Ten times the remainder -> next digit.
2 circle_user.py
: a
kahan.sum.py if (a /f B »= 5: # Do we need to round up?
 kahan_user.py digits[-1] += 1 # Round up by b=
& point.py
A point_user.py if len(digits) <= 1: # Do we only v
T Debug i Doctest Fraction.decimal_str ®
p;
@ GO Ib A e Z : Threads & Variables  Console B '
H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v ,,
< O decimal_str, fraction_d 33 a = {int} 190000 S s.
@ <frame not available > 39 b = {int} 20000 4
O _run, docrunner.py:t > IS digits = {list: 4} [0, 8, 1,
® a d Al 1= dig list: 4} [0, 8, 1, 9] E
O run, doctest.py:1525 39 max_frac = {int} 3
3 start, docrunner.py:13 39 negative = {bool} False

am

@ O <module>, docrunner self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>

SR a5 LR A A S |

(s ~ -a "N .
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Debuggen in PyCharm

® Wir sind wieder am Kopf der Schleife.
® \Wenn wir nun

driicken, wird die Schleifenbedingung wieder ausgewertet.

JTRRL O WRasam /) T L

Y. P.

b i

-y

GO I &

H MainThread ~  Evaluate expression (Enter)

Debug i Doctest Fraction.decimal_str
< (J decimal_str, fraction_d 3% a = {int} 180000
®

3 <frame not available> 3% b = {int} 20000

& _run, docrunner.py:lt > 12 digits = {ist: 4} [0, 9, %, 8]
O run, doctest py:1525 39 max_frac = {int} 3

3 start, docrunner py-13 39 negative = {bool} False

B = (@ pogr. © & mainv * Doctest Fraction.decimal_str ~+ > a : & Q& - o
[ Project 2 fraction_decimal_str_err.py
o 7 simple_list_compr: class Fraction: gusages -+ ThomasWeise 21~ v

2 simple_set_compr def decimal_str(self, max_frac: Thoma
39 2 zip.py digits: list = [] 9, 1,

© [508_classes while (a I= 0) and (len(digits) <= max_frac):
R 2 dirde.py digits.append(a // B) # Add t.vf current
a=10+ (a%b) #Ten times the re

& circle_user.py

. a
kahan_sum.py i - a // b)

2 kahan_user.py 1 digits[-1] ound up by incrementi st digit

2 point.py =

A point_user.py if len(digits) <= 1: # integer par

ez i Threads & Variables ~ Console [iz]

or add a watch (CtrlsShift+Enter) ~

rk @ O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
N B SO 5 LAl (A ar e St | 19 5 = {int} 18399
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® \Wenn wir nun

® Dieses Mal ist sie aber False.

driicken, wird die Schleifenbedingung wieder ausgewertet.

simple_list_compr-
simple_set_compr
zZip.py

08_classes

circle_user.py
kahan_sum.py
kahan_user.py
point.py

a
a
a
o
# circle.py
a
a
a
a
A point_user.py

= [ progr.. ©  main v * Doctest Fraction.decimal_str ~+ > a £ & QB

# fraction_decimal_str_err.py

class Fraction: Susages = ThomasWeise
def decimal_str(self, max_frac:

digits: list = []
while (a != 0) and (len(digits) <= max_frac):
digits.append(a // b) # Add the current
a=10# (a%b) # Ten times the re

| a /f b)

1 digits[-1]

ound up by incrementi

if len(digits) <= 1: #

integer par

Debug i Doctest Fraction.decimal_str

GO I LR 4
H MainThread v

(3 decimal_str, fraction_d
@ <frame not available>
@ __run, docrunner.py:H
O run, doctest.py:1525

O start, docrunner.py:13
3 <module>, docrunner

ez i Threads & Variables ~ Console
Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter)

&% a = (int) 190000
20 b = {int} 20000
1= digits = (list- 4} [0, 9, 1, 8]
&9 max_frac = {int} 3
39 negative = {bool} False
~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%3 =1{in; 18399

- o
2 1~ v
Thomat
9, 1,

e
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- Debuggen in PyCharm

- @ Dieses Mal ist sie aber False.

® Die Schleife terminiert und die nachste Zeile Kode danach wird markiert.

JTRRL O WRasam /) T L

Y. P.

b i

-y

Al

N B SO 5 LAl (A ar e St |

Project

& simple_list_compr:
<& simple_set_compr
& zip.py

7 08_classes

# circle.py
 circle_user.py

2 kahan_sum.py

2 kahan_user.py
& point.py

& point_user.py

= [ progr.. ©  main v * Doctest Fraction.decimal_str ~+ > a £ & QB

# fraction_decimal_str_err.py

class Fraction: Susages = ThomasWeise
def decimal_str(self, max_frac:
digits: list = []

while (a != 0) and (len(digits) <= max_frac):
digits.append(a // b) # Add the current

a=10# (a%b) # Ten times the re

| a /f b)

1 digits[-1]

ound up by incrementi

if len(digits) <= 1: #

integer par

Debug i Doctest Fraction.decimal_str

GO I A
H MainThread v

(3 decimal_str, fraction_d
@ <frame not available>
@ __run, docrunner.py:H
O run, doctest.py:1525

O start, docrunner.py:13
3 <module>, docrunner

ez i Threads & Variables ~ Console
Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter)

&% a = (int) 190000

20 b = {int} 20000

1= digits = (list- 4} [0, 9, 1, 8]

&9 max_frac = {int} 3

negative = {bool} False

~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%3 =1{in; 18399

&
10
o

- o
2 1~ v
Thomat
9, 1,
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® \Wenn wir uns anschauen, was wir bisher berechnet haben, dann stimmt alles.

b i

S

<] @ progr... © & main - * Doctest Fraction.decimal_str ~+ > a : & Q& - o x g
1 Project 2 fraction_decimal_str_err.py L %
e 2 simple_list_compr- class Fraction: Susages = ThomasWeise 2 91~ v !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma

29 2 zip.py digits: list = [1 # A list for collect 901, 2
(508 classes while (a 1= 0) and (len(digits) <= max_frac) M i

A digits.append(a // p) # Add the current d i

2%  circle.py v

a =10 % (@a % b) # Ten times the remainder -> next digit.
# circle_user.py

a

kahan_sum.py # 00 we need to round
¥ kahan_user.py
& point.py

& point_user.py

65

Debug i Doctest Fraction.decimal_str

@ GO a T @ @ i  Threads & Variables  Console B

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

< O decimal_str, fraction_d 3% a = {int} 180000

= 3 <frame not avaiiable> 22 b = {int} 20000

® O _run, docrunner.py: it > 1= digits = {iist: 4} [0, 8, 1, 9]
O run, doctest.py:1525 39 max_frac = {int} 3
3 start, docrunner.py:13 39 negative = {bool} False

am

@ O <module>, docrunner self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>

TR TR LR (Al [ St |
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B = [ pogr.. © & mainv * Doctest Fraction.decimal_str > E : & Q& - o x
Project raction_decimal_str_err | :
i & fraction_decimal_str_err.py s 4
o 7 simple_list_compr: class Fraction: 8us Tho
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str
39 2 zip.py digits: list = [1 # 4
[ 08_classes while (a != 8) and (len(digits)
. digits.append(a // B) # 4
2, & circle.py
a=10+ (a%b) # -
& circle_user.py
& kahan_sum.py
¥ kahan_user.py 5
& point.py
= point_user.py if len(digits) <= 1: # Do we on
Debug i Doctest Fraction.decimal_str
@ GO Ib Ak ez Threads & Variables ~ Console B
= E MainThread v watch (Ctrl+Shift+En v
< (J decimal_str, fraction_d 3% a = {int} 180000
3 <frame not available> 32 b = {int} 20000
® O _run, docrunner.py: it > 1= digits = {iist: 4} [0, 8, 1, 9]
O run, doctest.py:1525 33 max_frac = {int} 3
3 start, docrunner.py:13 39 negative = {bool} False
@ @ <module>, docrunner ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%3 =1{in; 18399

WL LN W S T

® \Wenn wir uns anschauen, was wir bisher berechnet haben, dann stimmt alles.
zu einer Dezimal mit drei Nachkommastellen umrechnen.
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919
100000 ZY

® Bisher haben wir die Ziffern 0, 9, 1, und 9.

® Wir wollen den Bruch

VR M AL/ . S e\

LN WO WEasae ) T 4

95

W b

einer Dezimal mit drei Nachkommastellen umrechnen.

-
¥
7
B = [ pogr. i main - * Doctest Fraction.decimal_str ~ > E : & a & - =@ x g
Project 2 fraction_decimal_str_err. re
j py - #
e 2 simple_list_compr- class Fraction: Susages = ThomasWeise 2 91~ v !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) = Thoma
39 < zip.py uic:uits: list = [1 # 4 11‘(‘)"03‘ collec 9, 1, ™M 5
(508 classes while (2 != 0) and (len(digits) <= max_frac 2
: digits.append(a // B) # Add =
2%  circle.py A
a=10+ (a%b) #Ti mes the
& circle_user.py
¥ kahan_sum.py
¥ kahan_user.py 5
& point.py
& point_user.py 4
Debug i Doctest Fraction.decimal_str B
}‘
@ GO Ib Ak ez Threads & Variables ~ Console B i
= E MainThread ~ | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
< O decimal_str, fraction.d &% a = {int} 190000
3 <frame not available> 3% b = {int} 20000
® O _run, docrunner.py: it > 1= digits = {iist: 4} [0, 8, 1, 9]
O run, doctest.py:1525 &% max_frac = {int} 3
[m] Dy & max_f {
3 start, docrunner.py:13 39 negative = {bool} False
@ @ <module>, docrunner ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
WL Al A S e € O TR L — g ™
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P s

® Bisher haben wir die Ziffern 0, 9, 1, und 9.
® Die niachste Kodezeile, if (a // b)>= 5, soll priifen ob wir die letzte Ziffer aufrunden

A o

B = [ pogr.. © & mainv * Doctest Fraction.decimal_str ~+ > E : & Q& - o
[ Project . fraction_decimal_str_err.py
- 2 simple_list_compr- class Fraction: Susages = ThomasWeise 2 91~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: Ousages(ldynamic) = Thoma
29 2 zip.py digits: list = [1 # A4 list for collecting 901,
(508 classes while (a != 0) and (len(digits) <= max_frac):
A digits.append(a // b) # Add the current
2, & circle.py
a=10+ (a%b) #Ten times the re
& circle_user.py
. a
kahan_sum.py if (a /f b) >= 51 # Do we need to round up?
& kahan_user.py . A
& point.py
& point_user.py
Debug i Doctest Fraction.decimal_str
@ GO Ib Ak ez Threads & Variables ~ Console B
= E MainThread ~ | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
< (J decimal_str, fraction_d 3% a = {int} 180000
3 <frame not available> 3% b = {int} 20000
® O _run, docrunnerpy > = digits = (list: 4} [0, , 1, 9
¥: g
O run, doctest.py:1525 39 max_frac = {int} 3
3 start, docrunner.py:13 39 negative = {bool} False
@ @ <module>, docrunner ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
= WL a el AT e ] 19 5 = {int} 18399
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%

® Die nichste Kodezeile, if (a // b)>= 5, soll priifen ob wir die letzte Ziffer aufrunden »
miissen.
® Nun, a ist 190000 und b ist immer noch 20000, deshalb ist a // b gleich 9.

B = [ pogr.. © & mainv * Doctest Fraction.decimal_str > E : & Q& - o x
Project 2 fraction_decimal_str_err| H s+
) Py -
o 7 simple_list_compr: class Fraction: 8us Tho
2 simple_set_compr def decimal_str(self, max_frac: int
8 ; digits: list = [1 # 4
3 2 zip.py ? P
[ 08_classes while (a != 8) and (len(digits) 2
R & circle.py digits.append(a // B) # 4 ,;’
a=10+ (a%b) # -
2 circle_user.py
& kahan_sum.py
& kahan_user.py 5
& point.py
% point_user.py if len(digits) <= 1: # Do we on
Debug i Doctest Fraction.decimal_str
@ GO Ib Ak ez Threads & Variables ~ Console B
= E MainThread v watch (CtrlsShift+En v
< (J decimal_str, fraction_d 3% a = {int} 180000
@ <frame not available> 32 b = {int} 20000 4
® O _run, docrunner.py: it > 1= digits = {iist: 4} [0, 8, 1, 9] ’
O run, doctest.py:1525 3% max_frac = {int} 3
3 start, docrunner.py:13 39 negative = {bool} False
@ @ <module>, docrunner ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
o2 Wl ARl AL 19 5 = {int} 18399 -
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Debuggen in PyCharm

- @ Nun, a ist 190000 und b ist immer noch 20000, deshalb ist a // b gleich 9.
® Die Bedingung sollte also wahr sein.

JTRRL O WRasam /) T L

Y. P.

b i

-y

Al

N B SO 5 LAl (A ar e St |

[ progr... -

Project

simple_list_compr-
simple_set_compr
zip.py

08_classes
circle.py
circle_user.py
kahan_sum.py
kahan_user.py
point.py
point_user.py

° main -

* Doctest Fraction.decimal_str ~+ > a £ & Q &8 - o x
& fraction_decimal_str_err.py re
class Fraction: Susages - ThomasWeise 281~ v

def decimal_str(self, max_frac:
digits: list = []

int = 188) -> str: Yusages(1dynamic) =+ Thoma

# A list for collecting digits its: [9, 9, 1,

¥ Doctest Fraction.decimal_str

GO LR 4
H MainThread v

(3 decimal_str, fraction_d
@ <frame not available>
@ _run, docrunner.py:H
O run, doctest.py:1525

O start, docrunner.py:13
@ <module>, docrunner

while (a 1= 8) and (len(digits) <= max_frac): M
digits.append(a // b) # Add the current
a=10# (a%b) #Ten times the re
if (a // b) »= 5: # Do we need to round up?
65 digi )
if len(digits) <= 1:
(o] Threads & Variables  Console [i2]
Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
&% a = {int) 190000
20 b = {int} 20000
1= digits = {list- 4} [0, 9, 1, 8]
3% max_frac = {int} 3
39 negative = {bool} False
£ self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%3 =1{in; 18399
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® Die Bedingung sollte also wahr sein.

b i

e Wir driicken 22 um das zu priifen.

S

<] @ progr... © & main - * Doctest Fraction.decimal_str ~+ > a : & Q& - o x g
1 Project 2 fraction_decimal_str_err.py L %
e 2 simple_list_compr- class Fraction: Susages = ThomasWeise 2 91~ v !
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma

29 2 zip.py digits: list = [1 # A list for collect 901, 2
(508 classes while (a 1= 0) and (len(digits) <= max_frac) M i

A digits.append(a // p) # Add the current d i

2%  circle.py v

a =10 % (@a % b) # Ten times the remainder -> next digit.
# circle_user.py

a
kahan_sum.py # Do we need to round

2 kahan_user.py

& point.py

& point_user.py

65

Debug i Doctest Fraction.decimal_str

@ GO a T @ @ i  Threads & Variables  Console B

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

< O decimal_str, fraction_d 3% a = {int} 180000

= 3 <frame not avaiiable> 22 b = {int} 20000

® O _run, docrunner.py: it > 1= digits = {iist: 4} [0, 8, 1, 9]
O run, doctest.py:1525 39 max_frac = {int} 3
3 start, docrunner.py:13 39 negative = {bool} False

am

@ O <module>, docrunner self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>

TR TR LR (Al [ St |
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Debuggen in PyCharm

-

b i

® Jetzt sehen wir den Bug, also den Fehler, in unserem Kode.

-

7

.

<] [ progr... ~ & main v * Doctest Fraction.decimal_str ~+ (> a : & Q&8 - o x g
[ Project 2 fraction_decimal_str_err.py oL ‘
o 25 simple_list_compr class Fraction: Susages - ThomasWeise 21~ v !

<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: OSusages(ldynamic) = Thoma

29  zip.py if (a // b) »= 5: % Do we need to round 2
© [ 08 classes digits[-1] += 1 # Round up by i M j

% & circle.py 7

87 len(digits)

7 circle_user,|
e return str((-1 if negative else 1) * digits[e])
# kahan_sum.py

2 kahan_user.py gigits.insert(1, ".") # Myl

2 point.py 1if negative: # 0o we !
& point_user.py digits.insert(a, "

Debug i Doctest Fraction.decimal_str

@ GO & T @ @ i  Threads & Variables  Console B

H MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v

< 0 decimal_str, fraction_d 3% a = {int} 180000
@ <frame not available> 20 b = {int} 20000
® O _run, docrunner.py:t > S digits = (list: 4] [0, 8, 1, 10] ,
O run, doctest.py:1525 3% max_frac = {int) 3
O start, docrunner.py:13 39 negative = (bool} False
@ @ <module>, docrunner  ~ E self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

SR a5 LR A A S | 10 5 = {int} 18399
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® Jetzt sehen wir den Bug, also den Fehler, in unserem Kode.

® Um aufzurunden, haben wir die letzte Ziffer in unserer Liste digits um 1 erhdht.

WL LN W S T

e

B = [ pogr. v i main - * Doctest Fraction.decimal_str ~ > E : & QB
[ Project < fraction_decimal_str_err.py
o 7 simple_list_compr: class Fraction: 8us Tho
2 simple_set_compr def decimal_str(self, max_frac
3% A zip.py if (a // p) >= 5:
~ [J08_classes digits(-1] += 1
2, 2 circle.py =
2 circle_user.py
¥ kahan_sum.py
2 kahan_user.py aigits.insert(1, ".")
2 point py if negative: # Do we need
& point_user.py digits.insert(s, "-") #
Debug i Doctest Fraction.decimal_str
@ G O I a & T e Threads & Variables ~ Console
= E MainThread v exp
=3 0 decimal_str, fraction_d 3% a = {int} 180000
@ <frame not a 29 b = {int} 20000
9 _run, docrunner.py:t > S digits = {list: 4} [0, S, 1,
® a d Al 5 digits = (list: 4 [0, 8, 1,101 )
O run, doctest py 33 max_frac = {int} 3
= 10
O start, docruni 39 negative = {bool} False
@ O <module>, docru ~ E self = {Fraction) <fraction_decimal_str_err.Fraction object at 0x7d370a0edS0>
= L el A SR e ] 10 5 = {int} 18399
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Debuggen in PyCharm

® Um aufzurunden, haben wir die letzte Ziffer in unserer Liste digits

® digits war [0, 9, 1, 9].

um 1 erhoht.

i AL L Y

-

£

O run, doctest.py:1525 3% max_frac = {int) 3
O start, docrunner.py:13 39 negative = (bool} False
@ @ <module>, docrunner  ~ E self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
SR a5 LR A A S | 10 5 = {int} 18399

<] [ progr... ~ & main v * Doctest Fraction.decimaL_str ~+ (> E : A Q& -
[ Project < fraction_decimal_str_err.py
< 2 simple_list_compr- class Fraction: Susages = ThomasWeise 2 w1
A simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: 9usages (1dynamic)
39  zip.py if (a // b) »= 5: % Do we need to round
© [ 08_classes digits[-1] += 1 # Round up by i
3 2 circle.py
oe 67 len(digits)
2 circle_user.py : : £
. return str((-1 if negative else 1) * digits[e])
¥ kahan_sum.py
2 kahan_user.py gigits.insert(1, ".") # Mul
2 point py 1if negative: # 00 we |
& point_user.py digits.insert(s, "
Debug i Doctest Fraction.decimal_str
GO I A T 6% Threads & Variables  Console
H MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter)
< O decimal_str, fraction_d 3% a = {int) 190000
& <frame not available> 29 b = {int) 20000
O _run, docrunner.py:t > iSdigits = {list: 4} [0, 8, 1,
® a d Al 5 digits = (list: 4 [0, 8, 1,101 )

e

Thorea

M

- O

BN g 0 W

(s ~ -a "N .
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- Debuggen in PyCharm [
-
. £
® digits war [0, 9, 1, 9].
® Deshalb ist es jetzt [0, 9, 1, 10]. ;
y’J
a
<] [ progr... ~ & main v * Doctest Fraction.decimal_str ~+ (> a H A Q & - o x g
[J  Project - 2 fraction_decimal_str_err.py x s ‘
o 2 simple_listcompr ¢ class Fraction: usages © ThomasWeise 2 w1~ v !
A simple_set compr 2 def decimal_str(self, max_frac: int = 188) -> str: 9usages(ldynamic) = Thoma
39 2 zip.py 64 if (a // ) >= 51 # Do we need to rovnd up? [
< T digits[-1] += 1 # Round up by incrementing last digit /j
B b circle.| 4
o ied len(digits) part 4
< circle_user.py - - =
. 52 return str((-1 if negative else 1) * digits[e])
# kahan_sum.py
& kahan_user.py gigits.insert(1, ".") # Multiple digits: Insert a decimal dot
2 point.py 7 if negative: # Do we need to restore the sign? u
< pointuserpy o digits.insert(s, "-") # Tnsert the sign at the begis

Debug i Doctest Fraction.decimal_str B =

G O I A rE g Threads & Variables  Console i3]
H MainThread v Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
< O decimal_str, fraction_d 3% a = {int) 180000
(@ <frame not available> 12 b = {int) 20000
® O _run, docrunnerpyt 3 i= digits = {list: 4} [0, 8, 1, 10] ,
= O run, doctest py:1525 39 max_frac = {int} 3
O start, docrunner.py:13 & negative = (bool) False “
(D @ <module>, docrunner  ~ E self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
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® Deshalb ist es jetzt [0, 9, 1, 10].

® Die komische 0 hinten in der Ausgabe war keine einzelne Ziffer.

i AL L Y

-

£

<] [ progr... ~ & main v * Doctest Fraction.decimaL_str ~+ (> E : A Q & - o x
3 Project & fraction_decimal_str_err.py Le
. & simple_list_compr- class Fraction: Susages = ThomasWeise 281 ~ v
A simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Susages(ldynamic) = Thoma
29 2 zip.py if (a // b) >= 5: # Do we need to round
© [ 08_classes digits[-1] += 1 # Round up by i
o  circle.py
oe o7 len(digits)
& circle_user.py " “ =
. return str((-1 if negative else 1) * digits[e])
2 kahan_sum.py
2 kahan_user.py gigits.insert(1, ".") # Myl
2 point py 1if negative: # 00 we | 1
& point_user.py digits.insert(a, "
Debug i Doctest Fraction.decimal_str
GO I A T 6% Threads & Variables  Console B
H MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v
< 0 decimal_str, fraction_d 3% a = {int} 180000

@ <frame not available> 32 b = {int} 20000
® O _run, docrunner.py: > i digits = {iist: 4) [0, 8, 1, 10
Y g S

O run, doctest.py:1525 3% max_frac = {int) 3
O start, docrunner.py:13 39 negative = (bool} False
@ @ <module>, docrunner  ~ E self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
SR a5 LR A A S | 10 5 = {int} 18399
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BN g 0 W

(s ~ -a "N .
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SELS ARV TR SR PR

TR

® Die komische 0 hinten in der Ausgabe war keine einzelne Ziffer.

® Es war die hintere 0 einer Zehn.

i AL L Y

-

£

O run, doctest.py:1525
O start, docrunner py-13
3 <module>, docrunner

SR a5 LR A A S |

<] [ progr... ~ & main v * Doctest Fraction.decimaL_str ~+ (> E : A Q & - o x
3 Project & fraction_decimal_str_err.py Le
. & simple_list_compr- class Fraction: Susages = ThomasWeise 281 ~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Susages(ldynamic) = Thoma
29 2 zip.py if (a // b) >= 5: # Do we need to round
© [ 08_classes digits[-1] += 1 # Round up by i
o  circle.py
oe 67 len(digits)
& circle_user.py " “ =
. return str((-1 if negative else 1) * digits[e])
2 kahan_sum.py
2 kahan_user.py gigits.insert(1, ".") # Myl
2 point py 1if negative: # 00 we | 1
& point_user.py digits.insert(s, "
Debug i Doctest Fraction.decimal_str
GO I A T 6% Threads & Variables  Console B
H MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v
< 0 decimal_str, fraction_d 3% a = {int} 180000
@ <frame not available> 29 b = {int} 20000
O _run, docrunner.py:t > iSdigits = {list: 4} [0, 8, 1,
® o d vl B aigits = (ist: 4) [0,8,1,10]

max_frac = {int} 3

&
3% negative = {bool} False
~ E self = {Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%3 =1in1 18399

- O

BN g 0 W

(s ~ -a "N .
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- Debuggen in PyCharm

- o Es war die hintere 0 einer Zehn.

o Wir haben nicht bedacht, dass wir nicht nur in einfachen Fallen aufrunden.

JTRRL O WRasam /) T L

Y. P.

b i

-y

Al

N B SO 5 LAl (A ar e St |

= [ progr.. ~ ¥ main v * Doctest Fraction.decimaL_str ~+ (> E :

Project 2 fraction_decimal_str_err.py

simple_list_compr- class Fraction: Susages = ThomasWeise
simple_set_compr def decimel_str(self, max_frac: int = 188) -> str:

a
a _
& zinpy if (a // b)Y >= 5: # Do we need to round up?
Y digits[-1] += 1 # Round up by inc
 circle.py
& circle_user.py v ELELED
2 kahan_sum.py
2 kahan_user.py digits.insert(1, ".")
& point.py if negative: we
a

point_user.py digits.insert(s,

Debug i Doctest Fraction.decimal_str

GO I A e e Z : Threads & Variables  Console
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

(3 decimal_str, fraction_d 3% a = {int} 180000
@ <frame not available> 20 b = {int} 20000
O _run, docrunnerpyt > i digits = {list: 4) [0, 9, 3,101

& Q@& - @ x
o

201~ v
usages (1dynamic) + Thoma

M

@ run, doctest.py:1525 33 max_frac = {int} 3
O start, docrunner.py:13 29 negative = (bool) False
@ <module>, docrunner  ~ E self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

%3 =1in1 18399

A TS TR A B A
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%

i
® \Wir haben nicht bedacht, dass wir nicht nur in einfachen Fallen aufrunden. ¥
e Klar, das Aufrunden von 1.25 ergibt 1.3 und wir miissen nur eine Ziffer erhohen. »

7

B = [ prog. © f main- * Doctest Fraction.decimaL_str ~+ (> E & & Q& - =@ x
[ Project 2 fraction_decimal_str_err.py oL
o 7 simple_list_compr: class Fraction: 2us
2 simple_set_compr def decimal_str(self,
q ) ; -
3% A zip.py if (a.//_' b) > 57 P
~ [J08_classes digits[-1] += ;
8o 2 circle.py /
67
2 circle_user.py
¥ kahan_sum.py
2 kahan_user.py digits.insert(1, ".")
2 point.py if negative: # 0o we need i
= point_user.py digits.insert(s, "-*) #
Debug i Doctest Fraction.decimal_str
@ GO I A e T 6% Threads & Variables  Console B
= H MainThread v E exp vat shi v
< [ decimal_str, fraction_d 3% a = {int) 190000 .
@ <frame not a 22 b = {int} 20000 X
O _run, docrunner.py:1 > S digits = {list: 4} [0, 9, 1, 10] y
® , "
O run, doctest py 33 max_frac = {int} 3
O start, docruni 3% negative = {bool} False i
f @ O <moaule>, docru ~ E self = (Fraciion) <fraction_decimal_sir_err.Fraction object at 0x7d3710a0ed50>
o2 Wl ARl AL 10 5 = {int} 18399 -
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-

e Klar, das Aufrunden von 1.25 ergibt 1.3 und wir miissen nur eine Ziffer erhohen.

® Es konnte aber auch Falle wie 0.9999, geben, wo wir auf 1 runden miissen, selbst wenn wir
drei Nachkommastellen Genauigkeit haben wollen.

& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py

& point_user.py

oD e e i ¢ E3

Rl AT

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str > E : & Q&8 © @
[ Project < fraction_decimal_str_err.py
o 7 simple_list_compr: class Fraction: Susages =+ Thor ise 2 1 ~ v
A simple_set_compr def decimal_str(self, max_frac: ynamic) hor
3% A zip.py if (a // p) >= 5:
[ 08_classes digits[-1] == 1 st digit
80 2 circle.py

if len(digits) <
return str((-1 if negative else 1) * digits[e])

digits.insert(1, ".")
if negative: #
digits.insert(o,

w_ny

Debug i Doctest Fraction.decimal_str
GO I A D Threads & Variables  Console B
H MainThread v Evalua te add a wat tris -
(3 decimal_str, fraction_d 3% a = {int} 180000

< 39 b = {int} 20000

B aigits = (ist: 4) [0,8,1,10]
3% max_frac 3

False
ion) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>
399

39 negative
v Bseff=

)

e

O TR L — g ™
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;:« Debuggen in PyCharm 7
4 “
® Es konnte aber auch Fille wie 0.9999, geben, wo wir auf 1 runden miissen, selbst wenn wir *

drei Nachkommastellen Genauigkeit haben wollen.

-
: 7
® Unser Kode macht das nicht. /
B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x g
1 Project 2 fraction_decimal_str_err.py L %
o 7 simple_list_compr: class Fraction: 8us Tho i
2 simple_set_compr def decimal_str(self, max_frac 3
g i if (a // p) >= 5:
3 2 zip.py o P
© [ 08_classes digits[-1] += 1 2
% 2 circle.py s A
2 circle_user.py
¥ Kahan_sum.py
2 kahan_user.py gigits.insert(1, ".")
2 point.py if negative: # 0o we need u
= point_user.py digits.insert(s, "-*) #
Debug i Doctest Fraction.decimal_str
@ G O I a & T e Threads & Variables ~ Console i}
= H MainThread v E exp vat shi v
< [ decimal_str, fraction_d 3% a = {int) 190000
3 <frame not a 29 b = {int} 20000
® O _run, docrunnerpy:t |5 i digits = {list: 4] [0, 8, 1, 10] »
O run, doctest py 33 max_frac = {int} 3
= 10
O start, docruni 39 negative = {bool} False
@ O <module>, docrul ~ 2 self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%3 =1in1 18399
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Debuggen in PyCharm

W b

® Unser Kode macht das nicht.

® Wir konnen hier aufhoren, zu debuggen, und zuriick zu unserem Kode gehen.

- v %

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x g
[ Project < fraction_decimal_str_err.py s § ‘
%
. < 2 simple_list_compr- class Fraction: 2us . !
2 simple_set_compr def decimal_str(self, max_frac: int = 100) -> str: hor
29 A zip.py if (a.l/_' b) »>= 5: # Do we need T ™ 5
[ 08_classes digits[-1] += 1 # p ;
Y % - circle.py 2
. 67
» . circle_user.py
. return str((-1 if negative else 1) * digits[e])
£ ¥ kahan_sum.py
2 kahan_user.py aigits.insert(1, ".")
2 point py if negative: # Do we need 5
& point_user.py digits.insert(s, "-")

G O I a &

& 7 : Threads & Variables ~ Console 1]

(
TN e

H MainThread v

(3 decimal_str, fraction_d 3% a = {int} 180000
@ <frame not available> 3¢ b = {int} 20000

Debug i Doctest Fraction.decimal_str
=
® Pyt . B digits = (list 4) [0,8,1,10]

n]}

run, docrunn

O run, doctest.py:1525 39 max_frac = {int} 3
O start, docrunner.py:13 32 negative = {bool) False
@ @ <module>, docrunner  ~ E self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
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222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fraction: decimal str >>> Fraction (99995, 100000).decimal_str (4)
— 1

a: int = self.a # Get the numerator.

® Wir implementieren unsere Methode if a == 0: # If the fraction 4s 0, we return 0.
. . - return "O0O"
deC]'mal—Str JetZt korrekt n . negative: Final[bool] = a < O # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
# This may lead to other digits topple over, e.g., 0.999...
for i in range(len(digits) - 1, 0, -1): # ezcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?
break # Digits in 1..9, no overflow, we can stop.
digits[i]l = 0 # We got a 10", so we set it to 0.
else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits(-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

S oot st o e R

s

|

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

— —~ *’Q
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222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fraction: decimal str >>> Fraction (99995, 100000).decimal_str (4)
— 1

a: int = self.a # Get the numerator.

® Wir implementieren unsere Methode if a == 0: # If the fraction 4s 0, we return 0.
. . . return "0"
deC1mal—Str JetZt korrekt n . negative: Final[bool] = a < O # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
Y Unser Kode zum Aufrunden erd b: Final[int] = self.b # Get the denominator.
komplexer. digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
4 a =10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
# This may lead to other digits topple over, e.g., 0.999...
for i in range(len(digits) - 1, 0, -1): # ezcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?
break # Digits in 1..9, no overflow, we can stop.
digits[i]l = 0 # We got a 10", so we set it to 0.
else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

— F f‘:—?»d



https://example.com

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fraction: decimal str >>> Fraction (99995, 100000).decimal_str (4)
— 4

a: int = self.a # Get the numerator.

® Wir implementieren unsere Methode if a == 0: # If the fraction s 0, we return 0.
. . . return "0"
deC1mal—Str JetZt korrekt n . negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
Y Unser Kode zum Aufrunden erd b: Final[int] = self.b # Get the denominator.
komplexer. digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
s i digits.append(a // b) # Add the current digit.
3 ® Zuerst mussen wir tber alle RO G (e D) & Mo times He ronsinder -5 0es6 g6
Nachkommastellen von hinten nach 95 @ Jf W) S= Be & o we meed to rowsd wyf
e e # This may lead to other digits topple over, e.g., 0.999...
vorne Iterieren. for i in range(len(digits) - 1, 0, -1): # ezcept first!

digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?
break # Digits in 1..9, no overflow, we can stop.
digits[i] = 0 # We got a 10, so we set it to 0.
else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
a return str((-1 if negative else 1) * digits[0])
l digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.



https://example.com

Fraction: decimal_str

® Wir implementieren unsere Methode
decimal_str jetzt korrekt in

® Unser Kode zum Aufrunden wird
komplexer.

® Zuerst mussen wir iber alle
Nachkommastellen von hinten nach
vorne iterieren.

® Das geht mit
for i in range(len(digits)
-1, 0, -1).

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
>>> Fraction (99995, 100000) .decimal_str (4)
i
a: int = self.a # Get the numerator.
if a == 0: # If the fraction is 0, we return 0.
return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
# This may lead to other digits topple over, e.g., 0.999...
for i in range(len(digits) - 1, 0, -1): # ezcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?
break # Digits in 1..9, no overflow, we can stop.
digits[i] = 0 # We got a 10, so we set it to 0.
else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

d
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Fraction: decimal_str

® Wir implementieren unsere Methode
decimal_str jetzt korrekt in .

® Unser Kode zum Aufrunden wird
komplexer.

® Zuerst mussen wir iber alle
Nachkommastellen von hinten nach
vorne iterieren.

® Das geht mit
for i in range(len(digits)
-1, 0, -1).

® Wenn len(digits)== 5, dann
iteriert range (len(digits) -
1, 0, -1) uber die Zahlen 4, 3, 2
und 1.

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

i

a: int = self.a # Get the numerator.

dif & == 03 # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # ezcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.

digits[i] = 0 # We got a 10, so we set it to 0.

else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

d
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222 Fraction(9lyvo, 1UVVUUV).decimal_stris)

'0.92"
Fraction: d601ma1_str T;? Fraction (99995, 100000).decimal_str (4)
. a: int = self.a # Get the numerator.
® Unser Kode zum Aufrunden wird if a == 0: # If the fraction s 0, we return 0.
k | return "0"
Omp exer. negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
Y Zuerst miissen wir uber a”e b: Final[int] = self.b # Get the denominator.
Nachkommaste”en von hinten nach digits: Final[list]l = [1 # 4 list for collecting digits.
: i while (a != 0) and (len(digits) <= max_frac): # Create digits.
vorne |terieren. digits.append(a // b) # Add the current digit.
" a =10 * (a % b) # Ten times the remainder -> next digit.
® Das geht mit if (a // b) >= 5: # Do we need to round up?
T =g # This may lead to other digits topple over, e.g., 0.999...
3 for i in range(len(dlglts) for i in range(len(digits) - 1, 0, -1): # ezcept first!
i -1 0 _1) digits[il += 1 # Increment the digit at position 4.
2 2 ° if digits[i] != 10: # Was there no overflow?
E break # Digits in 1..9, no overflow, we can stop.
] ® Wenn len(digits)== 5, dann digits[i] = 0 # We got a "10°, so we set it to 0.
_ . = = else: # This is only reached if no “break  was done.
Iteriert range(len(dlglts) 2 digits[0] += 1 # Increment the integer part.
i o 3
1, 0, _1) Uber dle Zahlen 4’| 3. 2 while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.
und 1. & g
if len(digits) <= 1: # Do we only have an integer part?
° er erhohen d|e ZlfFer an Index i return str((-1 if negative else 1) * digits[0])
i jewe”S um 1. digits.insert(1, ".") # Nultiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.

d




Fraction: decimal_str

® Zuerst mussen wir iiber alle
Nachkommastellen von hinten nach
vorne iterieren.

® Das geht mit
for i in range(len(digits)
-1, 0, -1).

® Wenn len(digits)== 5, dann
iteriert range (len(digits) -
1, 0, -1) uber die Zahlen 4, 3, 2
und 1.

® Wir erhohen die Ziffer an Index i
jeweils um 1.

® Wenn das Ergebnis nicht 10 ist, dann
konnen wir die Schleife mit break
abbrechen.

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

dif & == 03 # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # ezcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.

digits[il = 0 # We got a ‘10", so we set it to 0.

else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # MNultiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

'd




Fraction: decimal_str

® Das geht mit
for i in range(len(digits)
-1, 0, -1).

® Wenn len(digits)== 5, dann
iteriert range (len(digits) -
1, 0, -1) Uber die Zahlen 4, 3, 2
und 1.

® Wir erhohen die Ziffer an Index i
jeweils um 1.

® \Wenn das Ergebnis nicht 10 ist, dann
konnen wir die Schleife mit break
abbrechen.

® Wenn das Ergebnis 10 ist, dann setzen
wir es auf 0 und iterieren weiter.

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

dif & == 03 # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # except first!
digits[i]l += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.

digits[i]l = 0 # We got a 10, so we set it to 0.

else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

'd
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Fraction: decimal_str

® Wenn len(digits)== 5, dann
iteriert range (len(digits) -
1, 0, -1) tber die Zahlen 4, 3, 2
und 1.

® Wir erhohen die Ziffer an Index i
jeweils um 1.

® \Wenn das Ergebnis nicht 10 ist, dann
konnen wir die Schleife mit break
abbrechen.

® \Wenn das Ergebnis 10 ist, dann setzen
wir es auf 0 und iterieren weiter.

® Somit wird dann die nachste
Nachkommastelle erhoht, usw.

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

dif & == 03 # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # ezcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.

digits[i] = 0 # We got a 10, so we set it to 0.

else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == # Remove all trailing zeros.
del digits[-1]1 # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # MNultiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



Fraction: decimal_str

® Wir erhohen die Ziffer an Index i
jeweils um 1.

® Wenn das Ergebnis nicht 10 ist, dann
konnen wir die Schleife mit break
abbrechen.

® \Wenn das Ergebnis 10 ist, dann setzen
wir es auf 0 und iterieren weiter.

® Somit wird dann die nachste
Nachkommastelle erhoht, usw.

® \Wenn wir bei Index 1 ankommen und
trotzdem weiter iterieren mussten,
dann ended die Schleife trotzdem.

222 Fraction(9lvyvo, 1UVLUUV).decimal_stris)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

dif & == 03 # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # exzcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.

digits[il = 0 # We got a ‘10", so we set it to 0.

else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1]1 # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # MNultiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

==



Fraction: decimal_str

® \Wenn das Ergebnis nicht 10 ist, dann
konnen wir die Schleife mit break
abbrechen.

® Wenn das Ergebnis 10 ist, dann setzen
wir es auf 0 und iterieren weiter.

® Somit wird dann die nichste
Nachkommastelle erhoht, usw.

® \Wenn wir bei Index 1 ankommen und
trotzdem weiter iterieren miissten,
dann ended die Schleife trotzdem.

® Dann wird aber das else-Statement
ausgefiihrt.

222 Fraction(9lvyvo, 1UVLUUV).decimal_stris)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # exzcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.

digits[il = 0 # We got a ‘10", so we set it to 0.

else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1]1 # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # MNultiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

==



Fraction: decimal_str
® Wenn das Ergebnis 10 ist, dann setzen
wir es auf 0 und iterieren weiter.

® Somit wird dann die nachste
Nachkommastelle erhoht, usw.

® \Wenn wir bei Index 1 ankommen und
trotzdem weiter iterieren mussten,
dann ended die Schleife trotzdem.

® Dann wird aber das else-Statement
ausgefiihrt.

® FErinnern wir uns an Einheit 25.

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < O # Get the sign of the fraction.

a = abs(a) # Make sure that ‘a’ is now positive.
b: Final[int] = self.b # Get the denominator.
digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
# This may lead to other digits topple over, e.g., 0.999...
for i in range(len(digits) - 1, 0, -1): # except first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?
break # Digits in 1..9, no overflow, we can stop.
digits[i]l = 0 # We got a 10, so we set it to 0.
else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # MNultiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fraction: decimal_str Ti? Fraction (99995, 100000).decimal_str (4)
. A X - a: int = self.a # Get the numerator.
® Somit wird dann die nichste if a == 0: # If the fraction s 0, we return 0.
o return "O0O"
Nachkommastelle erhoht, usw. negative: Finallbooll = & < O # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
Y Wenn Wir be| IndeX 1 ankommen und b: Final[int] = self.b # Get the denominator.
trotzdem Welter iterieren mﬂssten' digits: Final[list]l = [1 # 4 list for collecting digits.
: - while (a != 0) and (len(digits) <= max_frac): # Create digits.
dann ended die Schleife trotzdem. digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.
® Dann wird aber das else-Statement 95 @ Jf W) S= Be & o we meed to rowsd wyf

# This may lead to other digits topple over, e.g., 0.999...
for i in range(len(digits) - 1, 0, -1): # exzcept first!
digits[il += 1 # Increment the digit at position 4.
° Erinnern wir uns an Einheit 25: if digits[i] != ;0: »rz Was there no overflow?
break # Digits in 1..9, no overflow, we can stop.
digits[il = 0 # We got a ‘10", so we set it to 0.
o Das else—statement am Ende einer else: # This is only reached if no “break’ was done.

- 5 i digits[0] += 1 # Increment the integer part.
Schleife wird nur dann ausgefiihrt,
- . - hile digits[-1] == 0: # R 1l t il o
wenn die Schleife regular beendet o e, GO P . B
Wurde’ aISO wenn keln if len(digits) <= 1: # Do we only have an integer part?
break_statement ausgefuhrt Wurde. return str((-1 if negative else 1) * digits[0])

i digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.

: ___3

ausgefiihrt.

# Delete the trailing zero.




Fraction: decimal_str

® \Wenn wir bei Index 1 ankommen und
trotzdem weiter iterieren mussten,
dann ended die Schleife trotzdem.

® Dann wird aber das else-Statement
ausgefiihrt.

® Erinnern wir uns an Einheit 25:

® Das else-Statement am Ende einer
Schleife wird nur dann ausgefiihrt,
wenn die Schleife regular beendet
wurde, also wenn kein
break-Statement ausgefiihrt wurde.

® Dann und nur dann wenn die
Nachkommastelle and Index 1 auch
10 wurde und deshalb auf 0 gesetzt
wurde, dann erhohen wir die Zahl an
Index 0 um 1.

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

BKl

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # exzcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.

digits[i] = 0 # We got a '10°, so we set it to 0.

else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

_a



222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fraction: decimal str >>> Fraction (99995, 100000).decimal_str (4)
- 1
. a: int = self.a # Get the numerator.
® Dann wird aber das else-Statement if a == 0: # If the fraction s 0, we return 0.
fh return "O"
ausge uhrt. negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
Y Erinnern Wir uns an E|nhe|t 25 b: Final[int] = self.b # Get the denominator.
4 digits: Final[list]l = [1 # 4 list for collecting digits.
® Das else-Statement am Ende einer while (a != 0) and (len(digits) <= max_frac): # Create digits.
4 o ot digits.append(a // b) # Add the current digit.
Schleife wird nur dann ausgefiihrt, a=-10 % (a % b) # Ten times the remainder -> mewt digit.
wenn die Schleife regu|5r beendet if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

WUI’de, aISO wenn keln for i in range(len(digits) - 1, 0, -1): # exzcept first!

o i digits[il += 1 # Increment the digit at position 4.
break Statement ausgerhrt Wurde if digits[i] !'= 10: # Was there no overflow?
break # Digits in 1..9, no overflow, we can stop.
® Dann und nur dann wenn die digits[i]l = 0 # We got a 10", so we set it to 0.
else: # This is only reached if no “break  was done.
Nachkommaste”e and |ndeX 1 auCh digits[0] += 1 # Increment the integer part.
10 Wurde Und deShalb an O gesetZt while digits[-1] == 0: # Remove all trailing zeros.
WUI’de dann erhiihen Wil’ dle Zahl an del digits[-1] # Delete the trailing zero.
'
if len(digits) <= 1: # Do we only have an integer part?
Index O um L return str((-1 if negative else 1) * digits[0])
| ® Diese Zahl reprasentiert den digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
- if negative: # Do we need to restore the sign?
Ganzzahl-Teil unseres Bruches. Aiee . Amace @, T=T) & Tnoort Ghe oige @b Ghe Degimming.
return "".join(map(str, digits)) # Join all digits to a string.



Fraction: decimal_str

® Erinnern wir uns an Einheit 25:

® Das else-Statement am Ende einer
Schleife wird nur dann ausgefiihrt,
wenn die Schleife reguldr beendet
wurde, also wenn kein
break-Statement ausgefiihrt wurde.

® Dann und nur dann wenn die
Nachkommastelle and Index 1 auch
10 wurde und deshalb auf 0 gesetzt
wurde, dann erhohen wir die Zahl an
Index 0 um 1.

® Diese Zahl reprasentiert den
Ganzzahl-Teil unseres Bruches.

® Hier ist es vollig OK, eine 9 auf 10
aufzurunden.

222 rFraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
>>> Fraction (99995, 100000) .decimal_str (4)
BKl
a: int = self.a # Get the numerator.
if a == 0: # If the fraction is 0, we return 0.
return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # exzcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.

digits[il = 0 # We got a ‘10", so we set it to 0.

else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



Fraction: decimal_str

® Das else-Statement am Ende einer
Schleife wird nur dann ausgefiihrt,
wenn die Schleife reguldr beendet
wurde, also wenn kein
break-Statement ausgefiihrt wurde.

® Dann und nur dann wenn die
Nachkommastelle and Index 1 auch
10 wurde und deshalb auf 0 gesetzt
wurde, dann erhdhen wir die Zahl an
Index 0 um 1.

® Diese Zahl reprasentiert den
Ganzzahl-Teil unseres Bruches.

® Hier ist es vollig OK, eine 9 auf 10
aufzurunden.

e 7. B. kann man 9.999 auf 10 runden
und 1239.9 auf 240.

222 rractionl(Jldvo, 1UVOUVUU) .decimal_strio)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

BK

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= B5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # exzcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.

digits[i] = 0 # We got a '10°, so we set it to 0.

else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1] # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

_a



222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fractlon: deCImal str >>> Fraction (99995, 100000) .decimal_str (4)
- g
. a: int = self.a # Get the numerator.
® Dann und nur dann wenn die if a == 0: # If the fraction s 0, we return 0.
return "O"

Nachkommastelle and Index 1 auch negative: Finallbooll = a < 0 £ Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.

10 Wurde Und deShalb an 0 gesetZt b: Final[int] = self.b # Get the denominator.

wurde, dann erhdhen wir die Zahl an o ) , , ,
digits: Final[list]l = [1 # 4 list for collecting digits.

IndeX O um 1 while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

® Diese Zahl reprasentiert den
if (a // b) >= B5: # Do we need to round up?

Ganzzahl-Teil unseres Bruches. # This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # exzcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

aufzurunden_ break # Digits in 1..9, no overflow, we can stop.
digits[il = 0 # We got a ‘10", so we set it to 0.

® Hier ist es vollig OK, eine 9 auf 10

else: # This is only reached if no “break  was done.

5
a L4 Z B kann man 9999 auf 10 runden digits[0] += 1 # Increment the integer part.
E und 1239.9 auf 240. while digits[-1] == 0: # Remove all trailing zeros.

del digits[-1] # Delete the trailing zero.
®) Dleser neue KOde kann zu NU”en am if len(digits) <= 1: # Do we only have an integer part?
Ende des Strlngs fuhren return str((-1 if negative else 1) * digits[0])

i digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.
return "".join(map(str, digits)) # Join all digits to a string.

: ___3



Fraction: decimal_str

® Diese Zahl reprasentiert den
Ganzzahl-Teil unseres Bruches.

® Hier ist es vollig OK, eine 9 auf 10
aufzurunden.

e 7. B. kann man 9.999 auf 10 runden
und 1239.9 auf 240.

® Dieser neue Kode kann zu Nullen am
Ende des Strings fiihren.

® Wir loschen diese mit einer
zusatzlichen while-Schleife direkt
nach dem Runden.

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?
# This may lead to other digits topple over, e.g., 0.999...
for i in range(len(digits) - 1, 0, -1): # ezcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?
break # Digits in 1..9, no overflow, we can stop.
digits[il = 0 # We got a ‘10", so we set it to 0.
else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1]1 # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert (1, ".") # MNultiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.



Fraction: decimal_str

® Diese Zahl reprasentiert den
Ganzzahl-Teil unseres Bruches.

® Hier ist es vollig OK, eine 9 auf 10
aufzurunden.

e 7. B. kann man 9.999 auf 10 runden
und 1239.9 auf 240.

® Dieser neue Kode kann zu Nullen am
Ende des Strings fiihren.

® Wir loschen diese mit einer
zusatzlichen while-Schleife direkt
nach dem Runden.

® Wir haben nun funktionierenden
Kode, der Briiche in Dezimalzahlen
umwandelt.

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"

>>> Fraction (99995, 100000) .decimal_str (4)

g

a: int = self.a # Get the numerator.

if a == 0: # If the fraction is 0, we return 0.

return "0"
negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
b: Final[int] = self.b # Get the denominator.

digits: Final[list]l = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
a = 10 * (a % b) # Ten times the remainder -> next digit.

if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...

for i in range(len(digits) - 1, 0, -1): # exzcept first!
digits[il += 1 # Increment the digit at position 4.
if digits[i] !'= 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.

digits[il = 0 # We got a ‘10", so we set it to 0.

else: # This is only reached if no “break  was done.
digits[0] += 1 # Increment the integer part.

while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1]1 # Delete the trailing zero.

if len(digits) <= 1: # Do we only have an integer part?
return str((-1 if negative else 1) * digits[0])

digits.insert(1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

—



222 Fraction(9lyvo, 1UVVUUV).decimal_stris)

'0.92"
Fraction: decimal_str T;? Fraction (99995, 100000).decimal_str (4)
. . ey . a: int = self.a # Get the numerator.
® Hier ist es vollig OK, eine 9 auf 10 if a == 0: # If the fraction s 0, we return 0.
return "O"
anZUrunden. negative: Final[bool] = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
) Z B kann man 9999 auf 10 runden b: Finallint] = self.b # Get the denominator.
und 1239.9 auf 240. digits: Finalllist] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
i digits.append(a // b) # Add the current digit.
' ® Dieser neue Kode kann zu Nullen am a= 10 * (a % b) # Ten times the remainder -> newt digit.
Ende des Strings fiihren. if (a // b) >= 5: # Do we need to round up?

# This may lead to other digits topple over, e.g., 0.999...
for i in range(len(digits) - 1, 0, -1): # exzcept first!
digits[i]l += 1 # Increment the digit at position 4.

® Wir loschen diese mit einer

zusétzlichen while—SchIeife direkt if digits[i] != 10: # Was there no owverflow?
break # Digits in 1..9, no overflow, we can stop.
nach dem Runden. digits[i]l = 0 # We got a "10°, so we set it to 0.
else: # This is only reached if no “break  was done.

digits[0] += 1 # Increment the integer part.

® Wir haben nun funktionierenden

= . . while digits[-1] == 0: # Remove all trailing zeros.
Kode, der Briiche in Dezimalzahlen o0 GGl Bolene Hho Hreettng So,
UmWandeIt if len(digits) <= 1: # Do we only have an integer part?

return str((-1 if negative else 1) * digits[0])

i e All Doctests sind nun erfolgreich.

digits.insert (1, ".") # Multiple digits: Insert a decimal dot.

if negative: # Do we need to restore the sign?
digits.insert (0, "-") # Insert the sign at the beginning.

return "".join(map(str, digits)) # Join all digits to a string.

: ___3



Fraction: sqrt

® So, nun koénnen wir das machen, was
wir eigentlich machen wollten.

"""A module with mathematics routines."""

from math import isclose

def

# Checks if two float numbers are similar.

factorial(a: int) -> int: # 1 ‘int’ result

parameter and “int’
Compute the factorial of a positive integer “a~

:param a: the number to compute the factorial of

:return: the factorial of “a’, i.e., “a!’.

W

# Initialize “product’ as “1°.

# "1 goes from 27 to “a
to the product.

product: int = 1
for i in range(2, a + 1):

product *= i # Multiply “<°
return product

sqrt (number: float) -> float:

wun

Compute the square root of a given “number .

:param number: The number to compute the square root of.
:return: A value “v°
wnn

# This will hold the current guess.
# 0.0 is just a dummy value != guess.

# Repeat wuntil mo change.

guess: float = 1.0
old_guess: float = 0.0
while not isclose(old_guess, guess):
old_guess = guess
guess = 0.5 * (guess + number / guess)
return guess

# The mew guess.

# Return the product, which now is the factorial.

such that “v * v’ is approximately  number .

# The current guess becomes the old guess.
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Fraction: sqrt
® So, nun koénnen wir das machen, was
wir eigentlich machen wollten:

® Wir wollten Quadratwurzeln mit
wahnsinniger Genauigkeit berechnen!

"""A module with mathematics routines."""

from math import isclose # Checks if two float numbers are similar.

def factorial(a: int) -> int: # 1 ‘int ' parameter and ‘int  result

Compute the factorial of a positive integer “a~

:param a: the number to compute the factorial of

:return: the factorial of “a’, i.e., “a!’.

W

product: int = 1 # Initialize “product  as 1.

for i in range(2, a + 1): # i goes from '2° to ‘a’

product *= i # Multiply "<  to the product.

return product # Return the product, which now is the factorial.

def sqrt(number: float) -> float:

Compute the square root of a given “number .

:param number: The number to compute the square root of.

:return: A value v  such that “v * v° is approximately “number .

nun

guess: float = 1.0 # This will hold the current guess.
old_guess: float = 0.0 # 0.0 7s just a dummy value != guess.
while not isclose(old_guess, guess):
old_guess = guess
guess = 0.5 * (guess + number / guess) # The new guess.
return guess

# Repeat wuntil mo change.
# The current guess becomes the old guess.
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Fraction: sqrt

"""A module with mathematics routines."""

® So, nun koénnen wir das machen, was
wir eigentlich machen wollten:

® Wir wollten Quadratwurzeln mit
wahnsinniger Genauigkeit berechnen!

® Schauen wir uns dafiir unsere
Funktion sqrt aus my_math.py
nochmal an.

from math import isclose

# Checks if two float numbers are similar.

factorial(a: int) -> int: # 1 ‘int’ result

parameter and “int’
Compute the factorial of a positive integer “a~
:param a:

the number to compute the factorial of

:return: the factorial of “a”, i.e., “al! .

W
product: int = 1
for i in range(2,
product *= i
return product

# Initialize “product’ as “1°.

a+ 1): # "1  goes from ‘2  to “a’

# Multiply "42° to the product.

# Return the product, which now is the factorial.

sqrt (number: float) -> float:

Compute the square root of a given “number .
The number to compute the square root of.

:param number:
:return: A value v  such that “v * v° is approximately “number .

wnn
guess: float = 1.0 # This will hold the current guess.
old_guess: float = 0.0 # 0.0 7s just a dummy value != guess.
while not isclose(old_guess, guess): # Repeat until no change.
old_guess = guess
guess = 0.5 * (guess + number / guess)
return guess

# The new guess.

# The current guess becomes the old guess.
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Fraction: sqrt

® So, nun koénnen wir das machen, was
wir eigentlich machen wollten:

® Wir wollten Quadratwurzeln mit
wahnsinniger Genauigkeit berechnen!

® Schauen wir uns dafiir unsere
Funktion sqrt aus my_math.py
nochmal an.

® |m Grunde werden wir diese Funktion
in unsere neue Datei
fraction_sqrt.py kopieren und ein
paar notwendige Anderungen
vornehmen.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to 10"
ireturn: A value “v' such that v * v' is approximately ’number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "
>>> sqrt(Fraction(4, 1)).decimal_str ()
Y
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum Steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.

—— —~—

-
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Fraction: sqrt

® So, nun koénnen wir das machen, was
wir eigentlich machen wollten:

® Wir wollten Quadratwurzeln mit
wahnsinniger Genauigkeit berechnen!

® Schauen wir uns dafiir unsere
Funktion sqrt aus my_math.py
nochmal an.

® |m Grunde werden wir diese Funktion
in unsere neue Datei
fraction_sqrt.py kopieren und ein
paar notwendige Anderungen
vornehmen.

® \Wir missen alle floats in diesem
Kode mit Fractions austauschen.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to 10"
ireturn: A value “v' such that v * v' is approximately ’number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "
>>> sqrt(Fraction(4, 1)).decimal_str ()
Y
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum Steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.

—— —~—
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Fraction: sqrt

® Wir wollten Quadratwurzeln mit
wahnsinniger Genauigkeit berechnen!

® Schauen wir uns dafiir unsere
Funktion sqrt aus my_math.py
nochmal an.

® |Im Grunde werden wir diese Funktion
in unsere neue Datei
fraction_sqrt.py kopieren und ein
paar notwendige Anderungen
vornehmen.

® Wir missen alle floats in diesem
Kode mit Fractions austauschen.

® Die Signatur der Funktion dndert sich
von def sqrt(number: float)
-> float zu def sqrt(number:

Fraction) -> Fraction.
"‘r‘k

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
ireturn: A value "v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '
>>> sqrt(Fraction(4, 1)).decimal_str ()
9
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess)
max_steps -= 1
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.
-— —

# The new guess.
# Reduce the number of remaining steps
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Fraction: sqrt

® |m Grunde werden wir diese Funktion
in unsere neue Datei
fraction_sqrt.py kopieren und ein
paar notwendige Anderungen
vornehmen.

® Wir miussen alle floats in diesem
Kode mit Fractions austauschen.

® Die Signatur der Funktion andert sich
von def sqrt(number: float)
-> float zu def sqrt(number:
Fraction) -> Fraction.

® Nun wissen wir ja, dass die
Quadratwurzel von Zahlen wie v/2
irrational sind.

""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction"
:param number:
:param max_steps:
ireturn: A value “v°

The rational number to compute the square root of.
the maximum number of steps, defaults to "10°
such that “v * v' is approximately number’

>>> sqrt(Fraction(2, 1)).decimal_str (750
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '
>>> sqrt(Fraction(4, 1)).decimal_str ()
9
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.

max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum Steps..
break # .then we stop (and return the guess).

# Return the final guess.
ey ——

return guess


https://github.com/thomasWeise/programmingWithPythonCode/blob/7c8794392b4183431806c181e7392ba110a18dbe/dunder/fraction_sqrt.py

Fraction: sqrt

® Wir miussen alle floats in diesem
Kode mit Fractions austauschen.

® Die Signatur der Funktion dndert sich
von def sqrt(number: float)
-> float zu def sqrt(number:
Fraction) -> Fraction.

® Nun wissen wir ja, dass die
Quadratwurzel von Zahlen wie v/2
irrational sind.

® Wir kdnnen sie also nicht exakt mit
einer Instanz von Fraction
darstellen.

NG L R = S T

"""A square root algorithm based on fractioms."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
ireturn: A value “v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "'

>>> sqrt(Fraction(4, 1)).decimal_str ()

Y

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

if number < ZERO: # No negative numbers are permitted

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess

old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.

guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.
ey
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Fraction: sqrt

® Wir miussen alle floats in diesem
Kode mit Fractions austauschen.

® Die Signatur der Funktion dndert sich
von def sqrt(number: float)
-> float zu def sqrt(number:
Fraction) -> Fraction.

® Nun wissen wir ja, dass die
Quadratwurzel von Zahlen wie v/2
irrational sind.

® Wir kdnnen sie also nicht exakt mit
einer Instanz von Fraction
darstellen.

® Im Originalkode ist das kein Problem.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
ireturn: A value “v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '

>>> sqrt(Fraction(4, 1)).decimal_str ()

9

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

if number < ZERO: # No negative numbers are permitted

raise ArithmeticError (f"Cannot computed sqrt({number}).")

guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum Steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.

—— —~—
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Fraction: sqrt

® Die Signatur der Funktion dndert sich
von def sqrt(number: float)
-> float zu def sqrt(number:
Fraction) -> Fraction.

® Nun wissen wir ja, dass die
Quadratwurzel von Zahlen wie v/2
irrational sind.

® Wir kdnnen sie also nicht exakt mit
einer Instanz von Fraction
darstellen.

® Im Originalkode ist das kein Problem.

® Die Originalfunktion wird wegen der
begrenzten Genauigkeit des Datentyps
float irgendwann aufhoren.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
ireturn: A value "v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '
>>> sqrt(Fraction(4, 1)).decimal_str ()
9
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.

—— —~—



Fraction: sqrt

® Nun wissen wir ja, dass die
Quadratwurzel von Zahlen wie v/2
irrational sind.

® \Wir kdnnen sie also nicht exakt mit
einer Instanz von Fraction
darstellen.

® |m Originalkode ist das kein Problem.

® Die Originalfunktion wird wegen der
begrenzten Genauigkeit des Datentyps
float irgendwann aufhoren.

® Das passiert, wenn die 15 bis 16
Ziffern Genauigkeit von float
aufgebraucht sind.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to 10"
ireturn: A value “v' such that "v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '
>>> sqrt(Fraction(4, 1)).decimal_str ()
g
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.

—— —~—



Fraction: sqrt

® Wir kdnnen sie also nicht exakt mit
einer Instanz von Fraction
darstellen.

® |m Originalkode ist das kein Problem.

® Die Originalfunktion wird wegen der
begrenzten Genauigkeit des Datentyps
float irgendwann aufhoren.

® Das passiert, wenn die 15 bis 16
Ziffern Genauigkeit von float
aufgebraucht sind.

® Mit Fraction kann er selbe Kode
aber unendlich lange iterieren.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value “v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "
>>> sqrt(Fraction(4, 1)).decimal_str ()
g
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.

—— —~—



Fraction: sqrt

® Im Originalkode ist das kein Problem.

® Die Originalfunktion wird wegen der
begrenzten Genauigkeit des Datentyps
float irgendwann aufhoren.

® Das passiert, wenn die 15 bis 16
Ziffern Genauigkeit von float
aufgebraucht sind.

® Mit Fraction kann er selbe Kode
aber unendlich lange iterieren.

® Wir haben ja eine Genauigkeit, die nur
durch den zur Verfiigung stehenden
Arbeitsspeicher begrenzt wird.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
ireturn: A value "v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '
>>> sqrt(Fraction(4, 1)).decimal_str ()
9
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.

—— —~—



Fraction: sqrt

® Die Originalfunktion wird wegen der
begrenzten Genauigkeit des Datentyps
float irgendwann aufhoren.

® Das passiert, wenn die 15 bis 16
Ziffern Genauigkeit von float
aufgebraucht sind.

® Mit Fraction kann er selbe Kode
aber unendlich lange iterieren.

e Wir haben ja eine Genauigkeit, die nur
durch den zur Verfiigung stehenden
Arbeitsspeicher begrenzt wird.

® Der Kode konnte fast fiir immer nach
besseren Anniherungen suchen.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value “v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "
>>> sqrt(Fraction(4, 1)).decimal_str ()
g
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.
-— —



Fraction: sqrt

® Das passiert, wenn die 15 bis 16
Ziffern Genauigkeit von float
aufgebraucht sind.

® Mit Fraction kann er selbe Kode
aber unendlich lange iterieren.

® Wir haben ja eine Genauigkeit, die nur
durch den zur Verfiigung stehenden
Arbeitsspeicher begrenzt wird.

® Der Kode konnte fast fir immer nach
besseren Anndherungen suchen.

® Wir miissen also die Anzahl der
Iterationen mit einem weiteren
Parameter begrenzen.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to 10"
:return: A value "v' such that v * v' is approximately ’number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '
>>> sqrt(Fraction(4, 1)).decimal_str ()
g
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.
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Fraction: sqrt

® Mit Fraction kann er selbe Kode
aber unendlich lange iterieren.

® Wir haben ja eine Genauigkeit, die nur
durch den zur Verfiigung stehenden
Arbeitsspeicher begrenzt wird.

® Der Kode konnte fast fiir immer nach
besseren Anndherungen suchen.

® Wir missen also die Anzahl der
Iterationen mit einem weiteren
Parameter begrenzen.

® Wir fiigen also den neuen Parameter
max_steps: int = 10 hinzu.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to 107
:return: A value "v' such that “v % v' is approximately number .
>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '
>>> sqrt(Fraction(4, 1)).decimal_str ()
9
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted.
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
vhile old_guess != guess: # Repeat until nothing changes anymore.
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps.
if max_steps <= 0: # If we have ezhausted the mazimum steps...
break # ...then we stop (and return the guess).
return guess # Return the final guess.
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Fraction: sqrt

e Wir haben ja eine Genauigkeit, die nur
durch den zur Verfiigung stehenden
Arbeitsspeicher begrenzt wird.

® Der Kode konnte fast fiir immer nach
besseren Anniherungen suchen.

® Wir missen also die Anzahl der
Iterationen mit einem weiteren
Parameter begrenzen.

e Wir fligen also den neuen Parameter
max_steps: int = 10 hinzu.

® Wir werden spater sehen, dass der
Default-Wert, der nur 10 Iterationen
zul3sst, bereits ziemlich gute
Anniherungen erlaubt.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to “10°
:return: A value "v' such that “v % v' is approximately number .
>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "
>>> sqrt(Fraction(4, 1)).decimal_str ()
g
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted.
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
vhile old_guess != guess: # Repeat until nothing changes anymore.
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps.
if max_steps <= 0: # If we have ezhausted the mazimum steps...
break # ...then we stop (and return the guess).
return guess # Return the final guess.
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Fraction: sqrt

® Der Kode kdnnte fast fiir immer nach
besseren Anndherungen suchen.

® Wir miissen also die Anzahl der
Iterationen mit einem weiteren
Parameter begrenzen.

e Wir fiigen also den neuen Parameter
max_steps: int = 10 hinzu.

® \Wir werden spater sehen, dass der
Default-Wert, der nur 10 lterationen
zul3sst, bereits ziemlich gute
Ann3herungen erlaubt.

® Wir ersetzen auch die Zahlen 0.0,
0.5 und 1.0 mit unseren Konstanten
ZERO, ONE_HALF, and ONE.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
ireturn: A value “v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '
>>> sqrt(Fraction(4, 1)).decimal_str ()
9
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.
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Fraction: sqrt

® Wir miussen also die Anzahl der
Iterationen mit einem weiteren
Parameter begrenzen.

e Wir fiigen also den neuen Parameter
max_steps: int = 10 hinzu.

® Wir werden spater sehen, dass der
Default-Wert, der nur 10 lterationen
zul3sst, bereits ziemlich gute
Anniherungen erlaubt.

® Wir ersetzen auch die Zahlen 0.0,
0.5 und 1.0 mit unseren Konstanten
ZERO, ONE_HALF, and ONE.

® Das mussen wir machen, denn unsere
Dunder-Methoden funktionieren nur
mit Instanzen von Fraction.

w -

"""A square root algorithm based on fractioms."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

sqrt (number :

Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.
:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°

ireturn: A value "v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '
>>> sqrt(Fraction(4, 1)).decimal_str ()
9
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final
-—

guess.
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Fraction: sqrt

® Wir fiigen also den neuen Parameter
max_steps: int = 10 hinzu.

® Wir werden spater sehen, dass der
Default-Wert, der nur 10 lterationen
zul3sst, bereits ziemlich gute
Ann3herungen erlaubt.

® Wir ersetzen auch die Zahlen 0.0,
0.5 und 1.0 mit unseren Konstanten
ZERO, ONE_HALF, and ONE.

® Das missen wir machen, denn unsere
Dunder-Methoden funktionieren nur
mit Instanzen von Fraction.

® Wir hitten sie so implementieren
konnen, dass sie auch mit int oder
float funktionieren. ..

w - = =
"""A square root algorithm based on fractioms."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

sqrt (number: Fraction, int = 10) -> Fraction:

max_steps:

Compute the square root of a given :class: Fraction.
:param number:
:param max_steps:
ireturn: A value “v°

The rational number to compute the square root of.
the maximum number of steps, defaults to "10°
such that “v * v' is approximately number .

>>> sqrt(Fraction(2, 1)).decimal_str (750

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '

>>> sqrt(Fraction(4, 1)).decimal_str ()

9

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

if number < ZERO: # No negative numbers are permitted

raise ArithmeticError (f"Cannot computed sqrt({number}).")

guess: Fraction = ONE # This will hold the current guess

old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.

while old_guess != guess: # Repeat until nothing changes anymore

old_guess = guess # The current guess becomes the old guess.

guess = ONE_HALF * (guess + number / guess) # The new guess.

max_steps -= 1 # Reduce the number of remaining steps

if max_steps <= 0: # If we have ezhausted the mazimum Steps..
break # ...then we stop (and return the guess).

return guess # Return the final
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guess.
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Fraction: sqrt

® Wir werden spater sehen, dass der
Default-Wert, der nur 10 Iterationen
zul3sst, bereits ziemlich gute
Anniherungen erlaubt.

® Wir ersetzen auch die Zahlen 0.0,
0.5 und 1.0 mit unseren Konstanten
ZERQO, ONE_HALF, and ONE.

® Das mussen wir machen, denn unsere
Dunder-Methoden funktionieren nur
mit Instanzen von Fraction.

® Wir hitten sie so implementieren
konnen, dass sie auch mit int oder
float funktionieren. ..

® Das haben wir nicht gemacht, weil
sonst unser Beispielkode aber viel
langer geworden ware.
o

w -

"""A square root algorithm based on fractioms."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: int = 10) -> Fraction:

Fraction, max_steps:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value “v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "

>>> sqrt(Fraction(4, 1)).decimal_str ()

g

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

if number < ZERO: # No negative numbers are permitted

raise ArithmeticError (f"Cannot computed sqrt({number}).")

guess: Fraction = ONE # This will hold the current guess

old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.

while old_guess != guess: # Repeat until nothing changes anymore

old_guess = guess # The current guess becomes the old guess.

guess = ONE_HALF * (guess + number / guess) # The new guess.

max_steps -= 1 # Reduce the number of remaining steps

if max_steps <= 0: # If we have ezhausted the mazimum sSteps..
break # ...then we stop (and return the guess).

return guess # Return the final

——

guess.
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Fraction: sqrt

® Wir ersetzen auch die Zahlen 0.0,
0.5 und 1.0 mit unseren Konstanten
ZERO, ONE_HALF, and ONE.

® Das mussen wir machen, denn unsere
Dunder-Methoden funktionieren nur
mit Instanzen von Fraction.

® Wir hitten sie so implementieren
konnen, dass sie auch mit int oder
float funktionieren. ..

® Das haben wir nicht gemacht, weil
sonst unser Beispielkode aber viel
langer geworden ware.

® So oder so, die numerischen
Konstanten in unserer Funktion sind
nun Instanzen von Fraction.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to 10"
ireturn: A value "v' such that v * v' is approximately ’number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "
>>> sqrt(Fraction(4, 1)).decimal_str ()
g
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess)
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.
-— —

# The new guess.



Fraction: sqrt

® Das mussen wir machen, denn unsere
Dunder-Methoden funktionieren nur
mit Instanzen von Fraction.

® \Wir hatten sie so implementieren
konnen, dass sie auch mit int oder
float funktionieren. ..

® Das haben wir nicht gemacht, weil
sonst unser Beispielkode aber viel
langer geworden ware.

® So oder so, die numerischen
Konstanten in unserer Funktion sind
nun Instanzen von Fraction.

® Unsere neue sqrt-Funktion beginnt
damit, zu priifen ob die Eingabezahl
negativ ist.

el

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to 10"
ireturn: A value "v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "
>>> sqrt(Fraction(4, 1)).decimal_str ()
g
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.
-— —



Fraction: sqrt

® Das haben wir nicht gemacht, weil
sonst unser Beispielkode aber viel
langer geworden waére.

® So oder so, die numerischen
Konstanten in unserer Funktion sind
nun Instanzen von Fraction.

® Unsere neue sqrt-Funktion beginnt
damit, zu priifen ob die Eingabezahl
negativ ist.

® Wenn ja, dann [6st sie einen
ArithmeticError aus.

® Danach hat sie fast die gleiche
Schleife wie unsere originale Funktion.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to 10"
:return: A value "v' such that v * v' is approximately ’number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '
>>> sqrt(Fraction(4, 1)).decimal_str ()
g
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.

—— —~—



Fraction: sqrt

® So oder so, die numerischen
Konstanten in unserer Funktion sind
nun Instanzen von Fraction.

® Unsere neue sqrt-Funktion beginnt
damit, zu priifen ob die Eingabezahl
negativ ist.

® Wenn ja, dann [Gst sie einen
ArithmeticError aus.

® Danach hat sie fast die gleiche
Schleife wie unsere originale Funktion.

® Der Einzige Unterschied ist, dass wir
max_steps in jedem Schritt
verringern.

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value “v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "
>>> sqrt(Fraction(4, 1)).decimal_str ()
g
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.

—— —~—



Fraction: sqrt

® So oder so, die numerischen
Konstanten in unserer Funktion sind
nun Instanzen von Fraction.

® Unsere neue sqrt-Funktion beginnt
damit, zu priifen ob die Eingabezahl
negativ ist.

® Wenn ja, dann [Gst sie einen
ArithmeticError aus.

® Danach hat sie fast die gleiche
Schleife wie unsere originale Funktion.

® Der Einzige Unterschied ist, dass wir
max_steps in jedem Schritt
verringern.

® Wir brechen die Schleife mit break
ab, wenn es 0 wird.

el

""A square root algorithm based on fractions."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value “v' such that v * v' is approximately number.

>>> sqrt(Fraction(2, 1)).decimal_str (750)
'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "
>>> sqrt(Fraction(4, 1)).decimal_str ()
g
>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420
'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
if number < ZERO: # No negative numbers are permitted
raise ArithmeticError (f"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
while old_guess != guess: # Repeat until nothing changes anymore
old_guess = guess # The current guess becomes the old guess.
guess = ONE_HALF * (guess + number / guess) # The new guess.
max_steps -= 1 # Reduce the number of remaining steps
if max_steps <= 0: # If we have ezhausted the mazimum steps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.

—— —~—



sqrt: Doctests

e Natiirlich machen wir wieder Doctests
fur unsere Funktion.

RN . b T
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"""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: int = 10) -> Fraction:

nun

Fraction, max_steps:

Compute the square root of a given :class: Fraction’.
:param number:
:param max_steps:
:return: A value

The rational number to compute the square root of.
the maximum number of steps, defaults to 10~
v® such that “v * v' is approximately “number .

>>> sqrt(Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025"

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
879654454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction ONE # This will hold the current guess.
old_guess: Fraction # 0.0 i1s just a dummy value guess.

ZERO




sqrt: Doctests

e Natiirlich machen wir wieder Doctests
fur unsere Funktion.

® \Wir testen zum Beispiel den Ausdruck
sqrt (Fraction(2,
1)) .decimal_str(750).

RN . b T

"""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

nun

Compute the square root of a given :class: Fraction’.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value “v° such that "v * v' is approximately ~number .

>>> sqrt(Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "'

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
879654454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 4is just a dummy value

guess.
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sqrt: Doctests

® Natirlich machen wir wieder Doctests
fur unsere Funktion.

® \Wir testen zum Beispiel den Ausdruck
sqrt (Fraction(2,
1)) .decimal_str(750).

® Der Berechnet \/? = /2 mit zehn

Schritten von Heron's Algorithmus.

(RN . b T

"""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: int = 10) -> Fraction:

nun

Fraction, max_steps:

Compute the square root of a given :class: Fraction’.
:param number:
:param max_steps:
:return: A value

The rational number to compute the square root of.
the maximum number of steps, defaults to 10~
v® such that “v * v' is approximately “number .

>>> sqrt(Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "'

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction ONE # This will hold the current guess.
old_guess: Fraction # 0.0 i1s just a dummy value guess.

ZERO




sqrt: Doctests

e Natiirlich machen wir wieder Doctests
fur unsere Funktion.

® Wir testen zum Beispiel den Ausdruck
: sqrt (Fraction(2,
1)) .decimal_str(750).

® Der Berechnet \/? = /2 mit zehn
Schritten von Heron's Algorithmus.

® Danach ilibersetzt er das Ergebnis zu
einer Dezimalzahl mit 700
Nachkommastellen!
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"""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

nuw

Compute the square root of a given :class: Fraction’.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value “v° such that v * v’ is approximately  number .

>>> sqrt(Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 '

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

nun

if number < ZERO: # No negative numbers are permitted.
raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.

old_guess: Fraction = ZERO # 0.0 is just a dummy value quess



sqrt: Doctests

e Natiirlich machen wir wieder Doctests
fur unsere Funktion.

® Wir testen zum Beispiel den Ausdruck
: sqrt (Fraction(2,
1)) .decimal_str(750).
® Der Berechnet \/? = /2 mit zehn
|

Schritten von Heron's Algorithmus.

® Danach ilibersetzt er das Ergebnis zu
einer Dezimalzahl mit 700
Nachkommastellen!

® Wir holen uns den korrekten Wert
von [57, 82].

|
4
o
F
h'_."mm R . b i

T e — SRR - e
"A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

nuw

Compute the square root of a given :class: Fraction’.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value v’ such that v % v’ is approximately ~number .

>>> sqrt(Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "'

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 is just a dummy wvalue != guess.
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sqrt: Doctests

Wir testen zum Beispiel den Ausdruck

sqrt (Fraction(2,
1)) .decimal_str(750).

Der Berechnet \/g = /2 mit zehn

Schritten von Heron's Algorithmus.

Danach iibersetzt er das Ergebnis zu
einer Dezimalzahl mit 700
Nachkommastellen!

Wir holen uns den korrekten Wert
von [57, 82].

Wenn unsere Funktion diese Zahl
nach zehn Schritten nicht auf 700
Nachkommastellen genau liefert, wird
dieser Doctest fehlschlagen!
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"A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction’.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value v’ such that v * v’ is approximately  number".

>>> sqrt (Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
415565706967765372022648544701585880162075847492265722600208565844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.



sqrt: Doctests

Der Berechnet \/g = /2 mit zehn
Schritten von Heron's Algorithmus.

Danach iibersetzt er das Ergebnis zu
einer Dezimalzahl mit 700
Nachkommastellen!

Wir holen uns den korrekten Wert
von [57, 82].

Wenn unsere Funktion diese Zahl
nach zehn Schritten nicht auf 700
Nachkommastellen genau liefert, wird
dieser Doctest fehlschlagen!

Der zweite Doctest priift einfach ob
V/4 als nach der
decimal_str-Ubersetzung als 2
ausgegeben wird.
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"A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction’.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value v’ such that v % v’ is approximately “number .

>>> sqrt (Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
415565706967765372022648544701585880162075847492265722600208565844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 is just a dummy wvalue != guess.
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sqrt: Doctests

® Danach libersetzt er das Ergebnis zu
einer Dezimalzahl mit 700
Nachkommastellen!

! ® Wir holen uns den korrekten Wert
von [57, 82].
® \Wenn unsere Funktion diese Zahl
nach zehn Schritten nicht auf 700
|
R

Nachkommastellen genau liefert, wird
dieser Doctest fehlschlagen!

® Der zweite Doctest priift einfach ob
V/4 als nach der
decimal_str-Ubersetzung als 2
ausgegeben wird.

® Naturlich ndhern wir die
Quadratwurzel nur durch mehrere

Schritte an.
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"""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction’.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value v’ such that v * v’ is approximately  number .

>>> sqrt (Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
W
if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.
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"A square root algorithm based on fractions.

sqrt: Doctests

from fraction import ONE, ONE_HALF, ZERO, Fraction

° er holen uns den korrekten Wert def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

von [57 82] Compute the square root of a given :class: Fraction'.
' -

:param number: The rational number to compute the square root of.

® \Wenn unsere Funktion diese Zahl :param max_steps: the maximum number of steps, defaults to ~10°
- i :return: A value “v° such that v * v is approximately  number .
nach zehn Schritten nicht auf 700

S . >>> sqrt(Fraction(2, 1)).decimal_str (750)

Nachkommastellen genau liefert, wird '1.4142135623730950488016887242096980785696718753769480731766797379\
. | 90732478462107038850387534327641572735013846230912297024924836055850737\
dieser Doctest fEhISChlagen- 21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
° i o i 39762603627995251407989687253396546331808829640620615258352395054745750\
Der zweite Doctest prUﬂ: einfach ob 28775996172983557522033753185701135437460340849884716038689997069900481\
\/Z als nach der 50305440277903164542478230684929369186215805784631115966687130130156185\
2 68987237235288509264861249497715421833420428568606014682472077143585487\
dec]_ma]__str_Ubersetzung als 2 41556570696776537202264854470158588016207584749226572260020855844665214\
3 58398893944370926591800311388246468157082630100594858704003186480342194\

ausgegeben wird. 89727829064104507263688131373985525611732204025 "

>>> sqrt(Fraction(4, 1)).decimal_str ()
4 e Natirlich nahern wir die >>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
Quadratwurzel nur durch mehrere 05260462818902449707207204189391137484754088075386891752126633862223536\
Schritte an 93179318006076672635443338908659593958290563832266131992829026788067520\

87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\

4 . -
o [ ) Daher Ist der echte Naherungswert 2125%%?7706647809158846074998871240075521705751797883415625624940758907'
| vielleicht nicht wirklich 2. if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
r guess: Fraction = ONE # This will hold the current guess.
R S

old_guess: Fraction = ZERO # 0.0 is just a dummy wvalue != guess.



sqrt: Doctests

Der zweite Doctest priift einfach ob
V/4 als nach der
decimal_str-Ubersetzung als 2
ausgegeben wird.

Naturlich ndhern wir die
Quadratwurzel nur durch mehrere
Schritte an.

Daher ist der echte Niherungswert
vielleicht nicht wirklich 2.

Wenn wir ihn auf 100
Nachkommastellen runden und
ausgeben, dann sollte es uns "2"
liefern.

"""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: int = 10) -> Fraction:

Fraction, max_steps:

Compute the square root of a given :class: Fraction’.
:param number:
:param max_steps:
:return: A value v’

The rational number to compute the square root of.
the maximum number of steps, defaults to 10~
such that “v * v° is approximately “number .

>>> sqrt (Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "'

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.

old_guess: Fraction = ZERO # 0.0 is just a dummy value gquess.
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sqrt: Doctests

Der zweite Doctest priift einfach ob
V/4 als nach der
decimal_str-Ubersetzung als 2
ausgegeben wird.

Naturlich ndhern wir die
Quadratwurzel nur durch mehrere
Schritte an.

Daher ist der echte Niherungswert
vielleicht nicht wirklich 2.

Wenn wir ihn auf 100
Nachkommastellen runden und
ausgeben, dann sollte es uns "2"
liefern.

Zu guter Letzt wollen wir den
Goldenen Schnitt ¢**** berechnen.
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"""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

Compute the square root of a given :class: Fraction’.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value “v° such that v * v’ is approximately  number .

>>> sqrt (Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
415565706967765372022648544701585880162075847492265722600208565844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "'

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 is just a dummy value gquess.




sqrt: Doctests
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Natiirlich nahern wir die
Quadratwurzel nur durch mehrere
Schritte an.

Daher ist der echte Ndherungswert
vielleicht nicht wirklich 2.

Wenn wir ihn auf 100
Nachkommastellen runden und
ausgeben, dann sollte es uns "2"
liefern.

Zu guter Letzt wollen wir den

Goldenen Schnitt ¢***** berechnen.

Dieser entspricht #
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"""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

nuw

Compute the square root of a given :class: Fraction’.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value v’ such that v % v’ is approximately ~number .

>>> sqrt(Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 is just a dummy value

guess.



sqrt: Doctests

® Daher ist der echte Ndherungswert
vielleicht nicht wirklich 2.

® Wenn wir ihn auf 100

; Nachkommastellen runden und
ausgeben, dann sollte es uns "2"
liefern.

® Zu guter Letzt wollen wir den
Goldenen Schnitt ¢***** berechnen.
® Dieser entspricht %g

N ® Wir konnen das als
ONE_HALF * (ONE +

i sqrt (Fraction(5, 1))) schreiben.
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"""A square root algorithm based on fractioms."""

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

nuw

Compute the square root of a given :class: Fraction’.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value v’ such that v % v’ is approximately “number .

>>> sqrt(Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

nun

if number < ZERO: # No negative numbers are permitted.
raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.

old_guess: Fraction = ZERO # 0.0 is just a dummy value quess
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sqrt: Doctests

Wenn wir ihn auf 100
Nachkommastellen runden und
ausgeben, dann sollte es uns "2"
liefern.

Zu guter Letzt wollen wir den
Goldenen Schnitt ¢**** berechnen.

Dieser entspricht 1+‘f

Wir konnen das als
ONE_HALF * (ONE +
sqrt (Fraction(5,

Im Doctest erwarten wir, dass das
Ergebnis auf 420 Nachkommastellen
(die wir von [33] nehmen) genau ist.

ill'IIIIIIE'-li-.I'i1-1“I"-.Ili.J.hiﬂ"‘.ﬂk V'Y e

1))) schreiben.

B Tt

"""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: int = 10) -> Fraction:

Fraction, max_steps:

Compute the square root of a given :class: Fraction’
:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value v’ such that v * v is approximately “number’

>>> sqrt (Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "'

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 is just a dummy value guess.




sqrt: Doctests
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Zu guter Letzt wollen wir den
Goldenen Schnitt ¢***** berechnen.

Dieser entspricht #

Wir kdnnen das als
ONE_HALF * (ONE +
sqrt (Fraction(5, 1))) schreiben.

Im Doctest erwarten wir, dass das
Ergebnis auf 420 Nachkommastellen
(die wir von [33] nehmen) genau ist.

Wir fiihren die Doctests mit pytest
aus.

N . b T
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"""A square root algorithm based on fractions.

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:

nuw

Compute the square root of a given :class: Fraction’.

:param number: The rational number to compute the square root of.
:param max_steps: the maximum number of steps, defaults to ~10°
:return: A value v’ such that v % v’ is approximately ~number .

>>> sqrt(Fraction(2, 1)).decimal_str (750)

'1.4142135623730950488016887242096980785696718753769480731766797379\
90732478462107038850387534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\
99716059702745345968620147285174186408891986095523292304843087143214508\
39762603627995251407989687253396546331808829640620615258352395054745750\
28775996172983557522033753185701135437460340849884716038689997069900481\
50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\
41556570696776537202264854470158588016207584749226572260020855844665214\
58398893944370926591800311388246468157082630100594858704003186480342194\
89727829064104507263688131373985525611732204025 "'

>>> sqrt (Fraction(4, 1)).decimal_str ()

oY

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

W

if number < ZERO: # No negative numbers are permitted.

raise ArithmeticError (£"Cannot computed sqrt({number}).")
guess: Fraction = ONE # This will hold the current guess.
old_guess: Fraction = ZERO # 0.0 is just a dummy value gquess.
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sqrt: Doctests

® Dieser entspricht 1+2\/g.

® Wir kénnen das als
ONE_HALF * (ONE +

$ pytest --timeout=10 --no-header --tb=short --doctest-modules

sqrt (Fraction(5, 1))) schreiben. > fraction_sqrt.py
----- test session starts
¢ |m Doctest erwarten wir, dass das coltecred 1 avem
Ergebnis auf 420 Nachkommastellen EIRCEIEN LS By - - i passed in 0.028 Lot
S ; T
(dle wir von [33] nehmen) genau Ist. # pytest 9.2.0 with pytest-timeout 2.4.0 succeeded with exit code 0.
e Wir fiihren die Doctests mit pytest
aus.
® Sie sind alle erfolgreich!
!
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sqrt: Doctests
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Wir kdnnen das als
ONE_HALF * (ONE +
sqrt (Fraction(5, 1))) schreiben.

Im Doctest erwarten wir, dass das
Ergebnis auf 420 Nachkommastellen
(die wir von [33] nehmen) genau ist.

Wir fiihren die Doctests mit pytest
aus.

Sie sind alle erfolgreich!

Wir haben nun
Grundschulmathematik in eine Klasse
in Python gegossen.

RS R AT N Y il s TR SRl RO N Tl (N RS BR BA WT wn o ¥ &L R 1

$ pytest --timeout=10 --no-header --tb=short --doctest-modules
< fraction_sqrt.py
------ = test session starts

collected 1 item
fraction_sqrt.py . [100%]
_____ ==== 1 passed in 0.02s

# pytest 9.2.0 with pytest-timeout 2.4.0 succeeded with exit code 0.
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sqrt: Doctests

® |m Doctest erwarten wir, dass das
Ergebnis auf 420 Nachkommastellen
(die wir von [33] nehmen) genau ist.

S 'Y 1 i 1 H $ pytest --timeout=10 --no-header --tb=short --doctest-modules
Wir fiihren die Doctests mit pytest T ction
AUTSERE" o IR Ve =i ™ Qi S g 2| ====== = test session starts
; SIIIIIIITiTIIoooooe rest
5 . ¥ collected 1 item
® Sie sind alle erfolgreich! fraction_sqrt.py . [100%]
______ ==== 1 passed in 0.02s
. ) ===========================
® Wir haben nun # pytest 9.2.0 with pytest-timeout 2.4.0 succeeded with exit code 0.
Grundschulmathematik in eine Klasse
in Python gegossen.
1 ® Dann haben wir die in einem
2000 Jahre alten Algorithmus
i verwendet.

|
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sqrt: Doctests

e Wir fiihren die Doctests mit pytest
aus.

® Sie sind alle erfolgreich!

in Python gegossen.

® Dann haben wir die in einem
2000 Jahre alten Algorithmus
verwendet.

® Und mit zehn Schritten des
Algorithms konnten wir v/2 und ¢ auf
mehrere hundert Nachkommastellen
genau berechnen.

® Wir haben nun
Grundschulmathematik in eine Klasse
|

ikl R
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$ pytest --timeout=10 --no-header --tb=short --doctest-modules
<~ fraction_sqrt.py
------ == test session starts

collected 1 item
fraction_sqrt.py . [100%]

# pytest 9.2.0 with pytest-timeout 2.4.0 succeeded with exit code 0.

R T B e s S TR F. ol e o T -
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sqrt: Doctests
® Sie sind alle erfolgreich!
® \Wir haben nun
Grundschulmathematik in eine Klasse
1 $ pytest --timeout=10 --no-header --tb=short --doctest-modules
in Python gegossen. i
: : E Pofia Qi g 2| ====== = test session starts
® Dann haben wir die in einem = SESSUSISCCSCCoSCoSSSITees
; collected 1 item
2000 Jahre alten Algorithmus fraction_sqrt.py . [100%)
___________ 1 passed in 0.02s
verwendet. -
# pytest 9.2.0 with pytest-timeout 2.4.0 succeeded with exit code 0.
® Und mit zehn Schritten des
Algorithms konnten wir v/2 und ¢ auf
mehrere hundert Nachkommastellen
| genau berechnen.
i ® |st das nicht irrsinnig cool?

|
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Zusammenfassung




o s

T A

W

T AN e -9 Ny

Zusammenfassung

® |n dieser Einheit haben wir gelernt, wie wir einen Debugger benutzen kdnnen.
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Zusammenfassung

® |n dieser Einheit haben wir gelernt, wie wir einen Debugger benutzen kdnnen.

® Der Debugger ist eines der wichtigsten Werkzeuge im Werkzeuggiirtel eines
Programmierers.
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Zusammenfassung

® |n dieser Einheit haben wir gelernt, wie wir einen Debugger benutzen kdnnen.

® Der Debugger ist eines der wichtigsten Werkzeuge im Werkzeuggiirtel eines
Programmierers.

® Die Arbeitsweise von Kode wird klar, wenn wir ihn Schritt-fiir-Schritt ausfiihren konnen.
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Zusammenfassung

In dieser Einheit haben wir gelernt, wie wir einen Debugger benutzen kdnnen.

Der Debugger ist eines der wichtigsten Werkzeuge im Werkzeuggiirtel eines
Programmierers.

Die Arbeitsweise von Kode wird klar, wenn wir ihn Schritt-fiir-Schritt ausfiihren kdnnen.

Wir kénnen Breakpoints setzen und den Prozess laufen lassen, bis er bei ihnen ankommt.
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Zusammenfassung

In dieser Einheit haben wir gelernt, wie wir einen Debugger benutzen kdnnen.

Der Debugger ist eines der wichtigsten Werkzeuge im Werkzeuggiirtel eines
Programmierers.

Die Arbeitsweise von Kode wird klar, wenn wir ihn Schritt-fiir-Schritt ausfiihren kdnnen.

Dann konnen wir uns die Werte von Variablen anschauen.

Wir kénnen Breakpoints setzen und den Prozess laufen lassen, bis er bei ihnen ankommt.



Zusammenfassung

In dieser Einheit haben wir gelernt, wie wir einen Debugger benutzen kdnnen.

Der Debugger ist eines der wichtigsten Werkzeuge im Werkzeuggiirtel eines
Programmierers.

Die Arbeitsweise von Kode wird klar, wenn wir ihn Schritt-fiir-Schritt ausfiihren kdnnen.

Dann konnen wir uns die Werte von Variablen anschauen.

Dann kénnen wir jede Zeile Kode einzeln ausfiihren.

Wir kénnen Breakpoints setzen und den Prozess laufen lassen, bis er bei ihnen ankommt.



Zusammenfassung

® |n dieser Einheit haben wir gelernt, wie wir einen Debugger benutzen kdnnen.

® Der Debugger ist eines der wichtigsten Werkzeuge im Werkzeuggiirtel eines
Programmierers.

® Die Arbeitsweise von Kode wird klar, wenn wir ihn Schritt-fiir-Schritt ausfiihren konnen.

e Wir konnen Breakpoints setzen und den Prozess laufen lassen, bis er bei ihnen ankommt.

® Dann konnen wir uns die Werte von Variablen anschauen.
® Dann konnen wir jede Zeile Kode einzeln ausfiihren.

® Wir konnen sehen, wie sich jede einzelne Variable andert.



Zusammenfassung

® |n dieser Einheit haben wir gelernt, wie wir einen Debugger benutzen kdnnen.

® Der Debugger ist eines der wichtigsten Werkzeuge im Werkzeuggiirtel eines
Programmierers.

® Die Arbeitsweise von Kode wird klar, wenn wir ihn Schritt-fiir-Schritt ausfiihren konnen.

e Wir konnen Breakpoints setzen und den Prozess laufen lassen, bis er bei ihnen ankommt.

® Dann konnen wir uns die Werte von Variablen anschauen.
® Dann konnen wir jede Zeile Kode einzeln ausfiihren.
® Wir konnen sehen, wie sich jede einzelne Variable andert.

® Wir konnen verfolgen, wie der Kontrollfluss durch die Zweige von Alternativen flieBt und
durch Schleifen iteriert.



Zusammenfassung

® |n dieser Einheit haben wir gelernt, wie wir einen Debugger benutzen kdnnen.

® Der Debugger ist eines der wichtigsten Werkzeuge im Werkzeuggiirtel eines
Programmierers.

® Die Arbeitsweise von Kode wird klar, wenn wir ihn Schritt-fiir-Schritt ausfiihren konnen.

e Wir konnen Breakpoints setzen und den Prozess laufen lassen, bis er bei ihnen ankommt.

® Dann kénnen wir uns die Werte von Variablen anschauen.

® Dann konnen wir jede Zeile Kode einzeln ausfiihren. h

® Wir konnen sehen, wie sich jede einzelne Variable andert.

® Wir kdnnen verfolgen, wie der Kontrollfluss durch die Zweige von Alternativen fliekt und
durch Schleifen iteriert.

® \Wenn unser Kode einen Fehler hat, also einen Bug, dann ist das Benutzen des Debuggers
oft der erste Schritt, diesen zu finden.



Zusammenfassung

® |n dieser Einheit haben wir gelernt, wie wir einen Debugger benutzen kdnnen.

® Der Debugger ist eines der wichtigsten Werkzeuge im Werkzeuggiirtel eines
Programmierers.

® Die Arbeitsweise von Kode wird klar, wenn wir ihn Schritt-fiir-Schritt ausfiihren konnen.

e Wir konnen Breakpoints setzen und den Prozess laufen lassen, bis er bei ihnen ankommt.

® Dann kénnen wir uns die Werte von Variablen anschauen.

® Dann konnen wir jede Zeile Kode einzeln ausfiihren. h
® Wir konnen sehen, wie sich jede einzelne Variable andert.

® Wir kdnnen verfolgen, wie der Kontrollfluss durch die Zweige von Alternativen fliekt und
durch Schleifen iteriert.

® \Wenn unser Kode einen Fehler hat, also einen Bug, dann ist das Benutzen des Debuggers
oft der erste Schritt, diesen zu finden.

® Darum heist er wohl auch Debugger.
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Thank youl
Vielen Dank!
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Bash is a shell used under Ubuntu Linux, i.e., the program that ,runs” in the terminal and interprets your commands, allowing you
to start and interact with other programs******'. Learn more at https://www.gnu.org/software/bash.

BCE The time notation before Common Era is a non-religious but chronological equivalent alternative to the traditional Before
Christ (BC) notation, which refers to the years before the birth of Jesus Christ**. The years BCE are counted down, i.e., the
larger the year, the farther in the past. The year 1 BCE comes directly before the year 1 Common Era (CE)™*.

breakpoint A breakpoint is a mark in a line of code in an Integrated Development Environment (IDE) at which the debugger will pause
the execution of a program.

CE The time notation Common Era is a non-religious but chronological equivalent alternative to the traditional Anno
Domini (AD) notation, which refers to the years after the birth of Jesus Christ**. The years CE are counted upwards, i.e., the
smaller they are, the farther they are in the past. The year 1 CE comes directly after the year 1 before Common Era (BCE)™**.

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

client-server architecture is a system design where a central server receives requests from one or multiple clients®****7°*". These requests and

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

DB A database is an organized collection of structured information or data, typically stored electronically in a computer system.

Databases are discussed in our book Databases*®.

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

debugger A debugger is a tool that lets you execute a program step-by-step while observing the current values of variables. This allows
you to find errors in the code more easily*™**’. Learn more about debugging in [101].
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denominator

docstring

doctest

Git

GitHub

IDE

ios

iPadOS

irrational

IT

LAMP Stack

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 """, . mrnsese

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 System (VCS) which allows multiple users to work on the same code while preserving the
history of the code changes®®. Learn more at https://git-scm.com.

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

An Integrated Developer Environment is a program that allows the user do multiple different activities required for software
development in one single system. It often offers functionality such as editing source code, debugging, testing, or interaction
with a distributed version control system. For Python, we recommend using PyCharm. On Apple systems, Xcode is often used.

17,83

is the operating system that powers Apple iPhones Learn more at https://www.apple.com/ios.
is the operating system that powers Apple iPads'. Learn more at https://www.apple.com/ipados.

7,102

An irrational number z is a real number that cannot be expressed as fraction % of two integers p € Z and g € N17**. In other
words, it holds that z € R and z ¢ Q. The set of irrational numbers could be denoted as R \ Q. Irrational numbers have
decimal expansions that neither terminate nor become periodic. Examples of irrational numbers are /o8 ¢, m, and e.

information technology

A system setup for web applications: Linux, Apache (a web server), MySQL, and the server-side scripting language PHP***.


https://git-scm.com
https://github.com
https://www.apple.com/ios
https://www.apple.com/ipados

Glossary (in English) 111

Linux

macOS
MariaDB

Microsoft Windows

modulo division

Mypy

MySQL

numerator

PostgreSQL
psql
PyCharm

pytest
Python

is the leading open source operating system, i.e., a free alternative to Microsoft Windows***"*****. We recommend using it for

this course, for software development, and for research. Learn more at https://www.linux.org. Its variant Ubuntu is
particularly easy to use and install.

75,83

or Mac OS is the operating system that powers Apple Mac(intosh) computers’*®. Learn more at https://www.apple.com/macos.

An open source relational database management system that has forked off from MySQL*******™ See https://mariadb.org
for more information.

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

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

is a static type checking tool for Python® that makes use of type hints. Learn more at https://github.com/python/mypy and
in [101].

An open source relational database management system®**7*°**  MySQL is famous for its use in the LAMP Stack. See i
https://www.mysql.com for more information.

The number a of a fraction % € Q is called the numerator.

G3a1.6901

An open source object-relational DBM . See https://postgresql.org for more information.

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

is the convenient Python IDE that we recommend for this course®®**"*®*. It comes in a free edition, so it can be downloaded
and used at no cost. Learn more at https://www.jetbrains.com/pycharm.

27,46,63,66,107

is a framework for writing and executing unit tests in Python Learn more at https://pytest.org.

41,49,52,101

The Python programming language’ , i.e., what you will learn about in our book'*. Learn more at https://python.org.
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relational database

server

signature

SQL

terminal

transcendental

A relational DB is a database that organizes data into rows (tuples, records) and columns (attributes), which collectively form
tables (relations) where the data points are related to each other®*72*84°010010%

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

The signature of a function refers to the parameters and their types, the return type, and the exceptions that the function can
raise®. In Python, the function signature of the module inspect provides some information about the signature of a
function®.

The Structured Query Language is basically a programming language for querying and manipulating relational

databases®®?*?*25425258720_ |t s understood by many DBMSes. You find the Structured Query Language (SQL) commands
supported by PostgreSQL in the reference®.

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

A transcendental number is a number that is not the root of any integer polynomial, meaning that it is not an algebraic
number of any degree'. Every real transcendental number must also be irrational, since a rational number is, by definition,
an algebraic number of degree one™*. Examples of transcendental numbers are 7 and e.
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type hint

Ubuntu

unit test

VCs

WWwW

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***”. 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.

19,40

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

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 specification®®*****"***_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.

A Version Control System is a software which allows you to manage and preserve the historical development of your program
code®™. A distributed VCS allows multiple users to work on the same code and upload their changes to the server, which then
preserves the change history. The most popular distributed VCS is Git.

World Wide Web®**
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Xcode

is offers the tools for developing, testing, and distributing applications as well as an IDE for Apple platforms such as macOS

and iOS™.

The golden ratio (or golden section) ¢ is the irrational number M It is the ratio of a line segment cut into two pieces of
different lengths such that the ratio of the whole segment to that of the longer segment is equal to the ratio of the longer
segment to the shorter segment***°. The golden ratio is approximately ¢ ~ 1.618 033 988 749 894 848 204 586 834°".
Represented as float in Python, its value is 1.618033988749895 .

is the ratio of the circumference U of a circle and its diameter d, i.e., 1 = U/d. ® € R is an irrational and transcendental
number®***°, which is approximately m &~ 3.141592 653 589 793 238 462 643. An early method to approximate m was
developed by the Chinese mathematician LIU Hui (#I#t) based on inscribing regular e-gons into a circle somewhere in the
third century CE®** in his commentary to the famous Chinese mathematics book Jiu Zhang Suanshu (/L3 3 R) 2440 |n
Python, 7 is provided by the math module as variable pi with value 3.141592653589793. In PostgreSQL, it is provided by the
SQL function pi() with value 3.141592653589793°%.

35,43

is Euler's number**, the base of the natural logarithm. e € R is an irrational and transcendental number®***, which is
approximately e &~ 2.718 281 828 459 045 235 360. In Python, it is provided by the math module as variable e with
value 2.718281828459045. In PostgreSQL, you can obtain it via the SQL function exp(1) as value 2.718281828459045 .

the set of the natural numbers including 0, i.e., 0, 1, 2, 3, and so on. It holds that Ng C Z and that No = N3 U {0}.
the set of the natural numbers excluding 0, i.e., 1, 2, 3, 4, and so on. It holds that Ny C Z and that N3 = Ng \ {0}.

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.
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