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Programming with Python

Dies ist ein Kurs iiber das Programmieren mit der Programmiersprache Python an der
Universitat Hefei (&8 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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Das Szenario

® Wir wollen nun Mathematik basierend auf unserer Klasse Fraction fiir ,echte”
Berechnungen verwenden.
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Das Szenario

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



' Die Anforrderung‘

® Wobei ... bisher haben wir noch keine Moglichkeit, diese Ziffern auch auszugeben.
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® Wobei ... bisher haben wir noch keine Moglichkeit, diese Ziffern auch auszugeben.

® 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 kénnte der z. B. als

6369051672525773
4503599627370496 ausgegeben werden.
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® 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 kénnte der z. B. als
6369051672525773

2503500627370496 ausgegeben werden.
® 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 kénnte 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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Wobei ... bisher haben wir noch keine Méglichkeit, 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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Wobei ... bisher haben wir noch keine Méglichkeit, 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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Wobei ... bisher haben wir noch keine Méglichkeit, 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
SITFIE aussesben verden,

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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Fraction: decimal_str

® In 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
:return: the string

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

62t

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

0.5

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

>>> 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)
iy

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

digits: Final[list] = [1 # A4 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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® |n Datei
fraction_decimal_str_err.py
implementieren wir unsere neue
Variante der Klasse Fraction mit
dieser Funktion.

f ® 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(1, 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 4s 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: 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) <= 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 meed 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 ()

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]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 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.



https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/dunder/fraction_decimal_str_err.py

Y > o

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.

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

>>> 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] = [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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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 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: 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 < O 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 digit

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 begimming.

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

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 ()

160

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

10.5"

>>> 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: 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.
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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.

>>> 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.
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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.

>>> 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 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 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 représentieren.

AT ~ =S

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

1601

>>> 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.



y

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.

AT ~ =S

>>> 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

AT ~ =S

>>> 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

® \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
fSii75
16

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

AT ~ =S

>>> 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

® |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
® 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 ()

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

TR TN i

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

ST

Dann ist negative == True,

a =179 und b = 16.

Im Schleifenkorper hangen 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.

>>> 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 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(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.
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a3 >>> Fraction (124, 2).decimal_str ()
g2

Fraction: decimal_str >>> Fraction(1, 2).decimal_str ()
'0.5"
>>> Fraction(l, 3).decimal_str (10)
H . —_— '0.3333333333"
® Dann ist negative == True, >>> Fraction(-101001, 100000000) .decimal_str ()
= = 1-0.00101001 "
a 179 Und b 16. >>> Fraction (1235, 1000).decimal_str (2)
'1.24"'
[ ] |m Schleifenkarper héngen Wir das >>> Fraction (99995, 100000).decimal_str (5)
. ., '0.99995"
Ergebnis der Ganzzahldivision von a >>> Fraction (91995, 100000).decimal_str (3)
s - '0.92"
durch b, also a // b, an die Liste >>> Fraction (99995, 100000).decimal_str (4)
0 . 'l
digits an.
a: int = self.a # Get the numerator.
° In der ersten |terati0n g|bt uns das if a == 0: # If the fraction is 0, we return 0.
return "0"
179 // 16. negative: Finallbool] = a < O # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.

A 4 5 . 1 ¥ b: Final[int] = self.b # Get the denominator.
® Die erste , Ziffer", die wir an die Liste
digits: Final[list] = [1 # 4 list for collecting digits.

dlglts anhangen, ist also 11. 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.

® Das ist der ganzzahlige Teil unseres
H H H £ if (a // b) >= 5: # Do we need to round up?
BI’.I:JChES und a_UCh dle izl "ZIfFer digits[-1] += 1 # Round up by sncrementing last digit.
groBer als 9 die auftauchen kann.

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

FraCtlon: deClmal_Str >>> Fraction (1, 2).decimal_str ()
0.5"
| >>> Fraction (1, 3).decimal_str (10)
1 .. - i 10.3333333333"
i ® Im Sch|e|fenkorper hangen wir das >>> Fraction(-101001, 100000000) .decimal_str ()
H A 1-0.00101001"
Ergebnls der GanzzahlleISIOIn V?n a >>> Fraction (1235, 1000).decimal_str (2)
¥ durch b, also a // b, an die Liste '1.24t _
s >>> Fraction (99995, 100000).decimal_str (5)
E digits an. '0.99995"
| >>> Fraction (91995, 100000) .decimal_str (3)
. . 10.92"
® In der ersten lteration gibt uns das >>> Fraction (99995, 100000) .decimal_str (4)
g
179 // 16.
a: int = self.a # Get the numerator.
® Die erste , Ziffer", die wir an die Liste e T 08 S0 SRt G2 B, en et O
digits anhéngen ist also 11. negative: Finallbool]l = a < 0 # Get the sign of the fraction.
: a = abs(a) # Make sure that ‘a’ is now positive.

4 i 4 b: Final[int] = self.b # Get the denominator.
® Das ist der ganzzahlige Teil unseres

digits: Final[list] = [1 # 4 list for collecting digits.

BFUCheS Und aUCh dle einZige ,,Ziﬂ:er“ while (a !'= 0) and (len(digits) <= max_frac): # Create digits.
oz . digits.append(a // b) # Add the current digit.
gro@er als 9 die auftauchen kann. a =10 % (a % b) # Ten times the remainder -> newt digit.

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

® Jetzt updaten wir a zu
10 * (a %b).

l 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: decimal_str

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

® |n 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.

® Jetzt updaten wir a zu
10 * (a %b).

® Y ist der Rest der Division.

>>> 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

TR TN i

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 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.



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"
groRer 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.

>>> 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.



Fraction: decimal_str

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.

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.

>>> 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 begimming.

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



\\j- - >>> Fraction (124, 2).decimal_str ()
. o . 162"
. Fraction: decimal_str >>> Fraction(1, 2).decimal_str ()
0.5
>>> Fraction(1, 3).decimal_str (10)

H '0.3333333333"
® JetZt updaten Wwir a zu >>> Fraction(-101001, 100000000) .decimal_str ()
* o '-0.00101001"
10 (a Ab) P >>> Fraction (1235, 1000).decimal_str (2)
'1.24"
e % ist der Rest der Division. >>> Fraction (99995, 100000).decimal_str (5)
'0.99995"'
. @ el F i (91995, 100000) .deci 1_ (3)
® a % b gibt uns den Rest der Division Toea o et
von 179 durch 16 a|so 3 >>> Fraction (99995, 100000) .decimal_str (4)
, . By
° H = a: int = self.a # Get the numerator.
er bekommen also a 30 if a == 0: # If the fraction is 0, we return 0.
return "0"
® |m zweiten Schleifendurchlauf gibt uns negative: Finallbooll = a < 0 # Get the sign of the fraction.
: ; a = abs(a) # Make sure that ‘a’ is now positive.
a // b also 30 // 16 die Ziffer 1. b: Finallint] = self.b # Get the demominator.
5 digits: Final[list] = [1 # 4 list for collecting digits.
L ® Nun wird 10 * (a %b) 140 als neuer while (a != 0) and (len(digits) <= max_frac): # Create digits.
.. digits.append(a // b) # Add the current digit.
Wert fur a. 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.




a3 >>> Fraction (124, 2).decimal_str ()
g2

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

'0.5'
>>> Fraction(l, 3).decimal_str (10)
o+ P 10.3333333333"
® 7 ist der Rest der Division. >>> Fraction(-101001, 100000000) .decimal_str ()
L 1-0.00101001 "
| o 3 % b glbt uns den Rest der Division >>> Fraction (1235, 1000).decimal_str (2)
"1.24"
von 179 dUI’Ch 16 also 3 >>> Fraction (99995, 100000).decimal_str (5)
! ! 10.99995"
i >>> Fraction (91995, 100000) .decimal_str (3)
® Wir bekommen also a = 30. "0.92"
>>> Fraction (99995, 100000) .decimal_str (4)
) . E g
® |m zweiten Schleifendurchlauf gibt uns
] o a: int = self.a # Get the numerator.
a // b also 30 // 16 dle Zlﬂ:er 1 if a == 0: # If the fraction is 0, we return 0.
return "O0O"
e Nun Wil’d 10 * (a %b) 140 aIs neuer negative: Final[bool]l = a < 0‘ # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
Wert fiir a. b: Final[int] = self.b # Get the demominator.
v digits: Final[list] = [1 # 4 list for collecting digits.
® Das fiihrt dann zu 140 // 16, while (a != 0) and (len(digits) <= max_frac): # Create digits.
L : g g digits.append(a // b) # Add the current digit.
| also 8, als dritte Ziffer und a wird zu a =10 % (a % b) # Ten times the remainder -> next digit.
0,
10 * (a Ab), also 120 if (a // b) >= 5: # Do we need to round up?
digits[-1] += 1 # Round up by incrementing last digit.
® Am Anfang des vierten _ - .
'i ] i if len(digits) <= 1: # Do we only have an integer part?
1 Sch|e|fendurch|aufs g||t a = 120’ return str((-1 if negative else 1) * digits[0])
N
] wahren b = 16 unverandert bleibt. digits.insert(l, ".") # Nultiple digits: Insert a decimal dot.
1 if negative: # Do we need to restore the sign?
u digits.insert(0, "-") # Insert the sign at the beginning.
e g — ol p— return "".join(map(str, digits)) # Join all digits to a string.
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a3 >>> Fraction (124, 2).decimal_str ()
g2

Fraction: decimal _str >>> Fraction(1, 2).decimal_str ()
10.5"
>>> Fraction (1, 3).decimal_str (10)
. _ 10.3333333333"
® Wir bekommen also a = 30. >>> Fraction(-101001, 100000000) .decimal_str ()
1-0.00101001 "
® Im zweiten Schleifendurchlauf gibt uns 80 eGPk, AU i C)
a // b also 30 // 16 die Ziffer 1. >Iz>9§;;5c?ion(99995, 100000) . decimal_str (5)
. >>> Fraction (91995, 100000).decimal_str (3)
® Nun wird 10 * (a %b) 140 als neuer "0.92"
f" >>> Fraction (99995, 100000) .decimal_str (4)
Wert fiir a. a0
° s a: int = self.a # Get the numerator.
Das fUhrt dann zu 140 // 16’ if a == 0: # If the fraction is 0, we return 0.
also 8, als dritte Ziffer und a wird zu melmEn 10! , ,
negative: Final[bool]l = a < 0 # Get the sign of the fraction.
10 * (a %b), also 120. a = abs(a) # Make sure that ‘a” s mow positive.
b: Final[int] = self.b # Get the denominator.
® Am Anfang des vierten digits: Finalllist] = [1 # 4 list for collecting digits.
- - — while (a !'= 0) and (len(digits) <= max_frac): # Create digits.
Schleifendurchlaufs gl|t a = 120, digits.append(a // b) # Add the current digit.

a =10 * (a % b) # Ten times the remainder -> nexzt digit.

wahren b = 16 unverandert bleibt.

if (a // b) >= 5: # Do we need to round up?

® Der vierte Wert, der an digits digits[-1] += 1 # Round up by incrementing last digit.
angehéingt wird, ist daher if len(digits) <= 1: # Do we only have an integer part?

120 // 16 7 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.
el e e ate— - - return "".join(map(str, digits)) # Join all digits to a string.
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a3 >>> Fraction (124, 2).decimal_str ()
g2

Fraction: decimal _str >>> Fraction(1, 2).decimal_str ()
'0.5'
>>> Fraction (1, 3).decimal_str (10)
. 0 10.3333333333"
® Nun wird 10 * (a %b) 140 als neuer >>> Fraction(-101001, 100000000) .decimal_str ()
. 1-0.00101001 "
Wert fur a. >>> Fraction (1235, 1000) .decimal_str (2)
"1.24"
® Das fiithrt dann zu 140 // 16, >>> Fraction (99995, 100000).decimal_str (5)
10.99995"
also 8, als dritte Ziffer und a wird zu >>> Fraction (91995, 100000).decimal_str (3)
10.92"
10 * (a %b), also 120. >>> Fraction (99995, 100000).decimal_str (4)
g
b Am Anfang des Vlerten a: int = self.a # Get the numerator.
d = — if a == 0: # If the fraction is 0, we return 0.
Schleifendurchlaufs gilt a = 120, A
wéhren b = 16 unveréindert bIeibt negative: Finall[booll = a < 0 # Get the sign of the fraction.
E a = abs(a) # Make sure that ‘a’ is now positive.

z 2 3 b: Final[int] = self.b # Get the denominator.
® Der vierte Wert, der an digits

o e 5 digits: Final[list] = [1 # 4 list for collecting digits.
angehangt wird, ist daher vhile (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
120 // 16 == 7. 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.

® Die Variable a wird mit dem Ergebnis

o )
von 10 (a Ab) upgedated' Was 80 if len(digits) <= 1: # Do we only have an integer part?
|St 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.

=]



a3 >>> Fraction (124, 2).decimal_str ()
g2

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

0.5
>>> Fraction(l, 3).decimal_str (10)
. 10.3333333333"
® Das fithrt dann zu 140 // 16, >>> Fraction(-101001, 100000000) .decimal_str ()
L . 3 p 1-0.00101001 "
L aISO 8' als drltte Zlﬂ:er Und a erd zu >>> Fraction (1235, 1000).decimal_str (2)
* 9 '1.24"
10 (a %b), also 120. >>> Fraction (99995, 100000).decimal_str (5)
. 10.99995"
e Am Anfang des vierten >>> Fraction (91995, 100000).decimal_str (3)
. . 10.92"
Schleifendurchlaufs gilt a = 120, >>> Fraction (99995, 100000).decimal_str (4)
wahren b = 16 unverdndert bleibt.
a: int = self.a # Get the numerator.
° A g g if a == 0: # If the fraction is 0, we return 0.
Der vierte Wert, der an digits A
angehéingt Wil’d ist daher negative: Finall[booll = a < 0 # Get the sign of the fraction.
iy a = abs(a) # Make sure that ‘a’ is now positive.
120 // 16 == 7. b: Finallint] = self.b # Get the denmominator.
4 b ’ 5 : digits: Final[list] = [1 # 4 list for collecting digits.
® Die Variable a wird mit dem Ergebnis while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
von 10 * (a %b) upgedated, was 80 a =10 * (a % b) # Ten times the remainder -> next digit.
Ist. if (a // b) >= 5: # Do we need to round up?

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

Als letzte Ziffer bekommen wir daher _ . _
if len(digits) <= 1: # Do we only have an integer part?
80 // 16’ naml]ch 5. 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 unverandert bleibt.

Der vierte Wert, der an digits
angehadngt 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 begimming.

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



L i >>> Fraction (124, 2).decimal_str ()
. . 162"

Fraction: decimal _str >>> Fraction(1, 2).decimal_str ()

'0.5'

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

10.3333333333"

* Am Anfang des vierten >>> Fraction(-101001, 100000000) .decimal_str ()

L H H - 1-0.00101001 "
L SChIe|fendUrCh|anS gllt a 120’ >>> Fraction (1235, 1000).decimal_str (2)
wahren b = 16 unverdndert bleibt. 1124
>>> Fraction (99995, 100000).decimal_str (5)
. . 10.99995"
® Der vierte Wert, der an digits >>> Fraction (91995, 100000).decimal_str (3)
. . . 10.92"
angehangt wird, ist daher >>> Fraction (99995, 100000) .decimal_str (4)
g
120 // 16 == 7.
a: int = self.a # Get the numerator.
) Dle Varlable a erd m|t dem Ergebn|s if a == 0: # If the fraction is 0, we return 0.
return "O0"
von 10 * (a %b) upgedated was 80 negative: Finall[bool]l = a < O # Get the sign of the fraction.
. g a = abs(a) # Make sure that ‘a’ is now positive.
Ist. b: Final([int] = self.b # Get the denominator.
$ 3 digits: Final[list] = [1 # 4 list for collecting digits.
® Als letzte Ziffer bekommen wir daher while (a != 0) and (len(digits) <= max_frac): # Create digits.
= . digits.append(a // b) # Add the current digit.
80 // 16, namlich 5. a =10 % (a % b) # Ten times the remainder -> next digit.

g ? i if (a // b) >= 5: # Do we need to round up?
Das Ist dle IetZte Zlﬂ:el’, denn digits[-1] += 1 # Round up by incrementing last digsit.
80 % 16 ist 0.

® Deshalb trifft a == 0 nach der

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

e . digits.insert (1, ".") # Multiple digits: Insert a decimal dot.
funften Iteration zu. 48 mogooives £ B 0o poed 60 Featere e shgn
digits.insert(0, "-") # Insert the sign at the beginning.

Ne BOIWLEERETS. R i
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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.

e 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(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] = [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 beginning.
return "".join(map(str, digits)) # Join all digits to a string.
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Fraction: decimal_str

TR TN i

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.
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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, B].

® Und das stimm, denn 1% = 11.1875.

>>> 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] = [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.



\&A‘;‘ -

Fraction: decimal_str

TR TN i

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 32 = 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] = [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: 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 ()

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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a3 >>> Fraction (124, 2).decimal_str ()
g2

Fraction: decimal_str >>> Fraction(1, 2).decimal_str )
0.5
>>> Fraction(1, 3).decimal_str (10)
. . . 10.3333333333"
® Zu diesem Zeltpunkt Ist >>> Fraction(-101001, 100000000) .decimal_str ()
3 —= 1-0.00101001 "
dlglts [11’ 1’ 8’ 7’ 5] >>> Fraction (1235, 1000).decimal_str (2)
"1.24"
® Und das stimm, denn % = 11.1875. >>> Fraction (99995, 100000).decimal_str (5)
10.99995"
. . >>> Fraction (91995, 100000).decimal_str (3)
® Beachten Sie, dass es zwei 10.92"
£ . . i >>> Fraction (99995, 100000).decimal_str (4)
Bedingungen gibt, bei denen die e e cerman-sE
SChIeIfe abbrlCht a: int = self.a # Get the numerator.
if a == 0: # If the fraction is 0, we return 0.
® Sie hort auf, wenn wir den Bruch return "0" _ ,
) negative: Final[bool]l = a < 0 # Get the sign of the fraction.
komplett und VO”Standlg als a = abs(a) # Make sure that ‘a’ is now positive.
> . 4 b: Final([int] = self.b # Get the denominator.
Textstring mit nicht mehr als als der
digits: Final[list] = [1 # 4 list for collecting digits.
angegebenen Menge max_frac von while (a != 0) and (len(digits) <= max_frac): # Create digits.
. . digits.append(a // b) # Add the current digit.
ZIfFern darSte”en konnen' a =10 * (a % b) # Ten times the remainder -> next digit.
° 7 el if (a // b) >= 5: # Do we need to round up?
Das war der Fall in unserem BE‘ISpIel. 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

® 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.

AT ~ =S

>>> 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 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 vollstidndig 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.

AT ~ =S

>>> 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 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

® 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 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
10006 __ .
0000 — 1.0006 mit nur 3
Nachkommastellen ausdriicken
wollen?

ST . T S

>>> 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.



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

FraCtlon: deClmal_Str >>> Fraction (1, 2).decimal_str ()
0.5"
! >>> Fraction(l, 3).decimal_str (10)
: s 10.3333333333"
i ® Das war der Fall in unserem Belsplel. >>> Fraction(-101001, 100000000) .decimal_str ()
1-0.00101001 "
° Dle Schleife hort aUCh auf' wenn Wir >>> Fraction (1235, 1000).decimal_str (2)
"1.24"
; die maximale Anzahl von Ziffern >>> Fraction (99995, 100000).decimal_str (5)
. ' 10.99995"
E’ errelchen, also wenn len(dlglts) >>> Fraction (91995, 100000).decimal_str (3)
. . '0.92"
max_frac ubertrifft. >>> Fraction (99995, 100000).decimal_str (4)
g

° Aber das kann aUCh zu PrObIemen a: int = self.a # Get the numerator.
fuhren 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.
o WaS paSSIert Z. B,, wenn Wir a = abs(a) # Make sure that ‘a’ is now positive.
10006 1 0006 m|t e 3 b: Final([int] = self.b # Get the denominator.

10000 e digits: Final[list] = [1 # 4 list for collecting digits.
Nachkommastellen ausdriicken while (a != 0) and (len(digits) <= max_frac): # Create digits.
digits.append(a // b) # Add the current digit.
WOIIen? a =10 * (a % b) # Ten times the remainder -> nexzt digit.
° Nach der SChleIfe Steht dann if (a // b) >= 5: # Do we need to round up?

digits[-1] += 1 # Round up by incrementing last digsit.
[1, 0, 0, O] in digits.
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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= i >>> Fraction (124, 2).decimal_str ()
. . 62"

Fraction: decimal _str >>> Fraction(1, 2).decimal_str ()

'0.5'

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

10.3333333333"

o Dle SCh|6|fe hort aUCh an’ wenn wir >>> Fraction(-101001, 100000000) .decimal_str ()

2 : H 1-0.00101001 "
dle rnaXImale Anzahl von ZIfFern >>> Fraction (1235, 1000) .decimal_str (2)
erreichen, also wenn len(digits) .24
. 1 >>> Fraction (99995, 100000).decimal_str (5)
max_frac lbertrifft. '0.99995"
>>> Fraction (91995, 100000).decimal_str (3)
'0.92"
® Aber das kann auch zu Problemen >>> Fraction (99995, 100000) .decimal_str (4)
. 1
fiihren.
a: int = self.a # Get the numerator.
o Was paSSIert Z B wenn Wir if a == 0: # If the fraction is 0, we return 0.
Aol return "0"
10006 _ 1.0006 mit nur 3 negative: Finall[bool]l = a < 0 # Get the sign of the fraction.
10000 2 a = abs(a) # Make sure that ‘a’ is now positive.
Nachkommaste”en ausdrucken b: Final[int] = self.b # Get the denominator.
Wollen? 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.
® NaCh der SChIelfe Steht dann a =10 * (a % b) # Ten times the remainder -> nexzt digit.

[1, 0, 0, O] in digits.

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

® Zu diesem Zeitpunkt hatten wir dann
a = 60000 und b

if len(digits) <= 1: # Do we only have an integer part?
10000. return str((-1 if negative else 1) * digits[0])

Il

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

® Aber das kann auch zu Problemen
fuhren.

® \Was passiert z. B., wenn wir
10006 __ .
d o000 = 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] = [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.



e = >>> Fraction (124, 2).decimal_str ()
q . ‘62!

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

'0.5"

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

'0.3333333333"

® Was paSSIGrt Z. B'Y wenn wir >>> Fraction(-101001, 100000000) .decimal_str ()

10006 __ o 1-0.00101001 "
i 10000 1.0006 mit nur 3 >>> Fraction (1235, 1000).decimal_str (2)
Nachkommastellen ausdriicken '1.24
>>> Fraction (99995, 100000).decimal_str (5)
onIen? '0.99995"
>>> Fraction (91995, 100000).decimal_str (3)
. '0.92"
L NaCh der SChIerfe StGht dann >>> Fraction (99995, 100000) .decimal_str (4)
[1, 0, 0, 0] in digits. e
a: int = self.a # Get the numerator.
° ZU diesem Zeitpunkt hétten wir dann if a == 0: # If the fraction is 0, we return 0.
return "O0O"
a = 60000 und b = 10000. negative: Finall[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.

® Die 6 am Ende des Zahlers ist

4 - digits: Final[list] = [1 # 4 list for collecting digits.
ungunstig: while (a !'= 0) and (len(digits) <= max_frac): # Create digits.
5 digits.append(a // b) # Add the current digit.
, ° Wenn er den Bruch m|t dre| a =10 * (a % b) # Ten times the remainder -> next digit.
! Nachkommastellen darstellen wollen, 48 @ g) ) 5o Ba i Do e meed o qound ol
digits[-1] += 1 # Round up by incrementing last digit.
dann sollte da 1.001 herauskommen,
vf - A ¢ = & if len(digits) <= 1: # Do we only have an integer part?
y nicht 1000, wie in der Liste dlgltS return str((-1 if negative else 1) * digits[0])
|
y steht. digits.insert(1, ".") # Multiple digits: Insert a decimal dot.
if negative: # Do we need to restore the sign?
o digits.insert(0, "-") # Insert the sign at the beginning.
- T e— - . ——— 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 hitten 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 anhdngen
wiirden, groRer oder gleich 5 ware.

AT ~ =S

>>> 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

® 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.

AT ~ =S

>>> 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 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. . .

AT ~ =S

>>> 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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a3 >>> Fraction (124, 2).decimal_str ()
g2

Fraction: decimal _str >>> Fraction(l, 2).decimal_str O
'0.5"
>>> Fraction(l, 3).decimal_str (10)
: - '0.3333333333 "
® Nun, alles, was wir tun miissen, um >>> Fraction(-101001, 100000000) .decimal_str ()
i ; i ; 1-0.00101001 '
dﬁs zu rep_arlerer_" ISt_ zu prUfen Ob dle >>> Fraction (1235, 1000) .decimal_str (2)
nidchste Ziffer, die wir anhangen .24
= . . > >>> Fraction (99995, 100000).decimal_str (5)
wiirden, groRer oder gleich 5 ware. '0.99995"
>>> Fraction (91995, 100000).decimal_str (3)
. " . 0.92"
® \Wenn ja, dann erhéhen wir die letzte >>> Fraction (99995, 100000) .decimal_str (4)
. . — 0310
Ziffer in digits um 1.
a: int = self.a # Get the numerator.
) Das erd S|Ch Spater als Fehler if a == 0: # If the fraction is 0, we return 0.
return "0"
herausstellen. . . negative: Finallbool]l = a < 0 # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is mow positive.

3 i £ g b: Final[int] = self.b # Get the denominator.
® Um ein Aufrunden einzufiihren, fiigen

c X 5 5 digits: Final[list] = [1 # 4 list for collecting digits.
wir ein if (a // b)>= 5 ein, das while (a '= 0) and (len(digits) <= max_frac): # Create digits.
— = 3 digits.append(a // b) # Add the current digit.
dann dlglts [_1] +=1 aUSfUhrti a =10 * (a % b) # Ten times the remainder -> nezt digit.

wenn seine Kondition zutrifft.

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.
R . 3 - ol 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
nidchste Ziffer, die wir anhangen
wiirden, gréBer oder gleich 5 ware.

® \Wenn ja, dann erhéhen 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.

AT ~ =S

>>> Fraction(124, 2).decimal_str ()
160
>>> 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

® \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.

® Jetzt missen wir diese nur in einen
String umrechnen und den dann
zuriickliefern.

>>> 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

® 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 (,..") einfiigen miissen.

>>> 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

® 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 missen 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 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

® 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
zuriickliefern.

® Zuerst schauen wir, ob wir einen
Dezimalpunkt (,,.") einfiigen missen.

® 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 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

® Jetzt miissen wir diese nur in einen
String umrechnen und den dann
zurtickliefern.

® Zuerst schauen wir, ob wir einen
Dezimalpunkt (,,.") einfligen missen.

® \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 miissen wir einen Punkt ,,.”
nach der ersten Nummer in digits
einfiigen.

A——— =

>>> 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

® Zuerst schauen wir, ob wir einen
Dezimalpunkt (,,.") einfiigen miissen.

® 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 mussen wir einen Punkt ,.”
nach der ersten Nummer in digits
einfligen.

® Das geht via
digits.insert(1, ".").

>>> 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 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 =172 hatten

: 16
wir erst
digits == [11, 1, 8, 7, B].

>>> 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)

i

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:
digits[-1] += 1

# Do we need to round up?
# 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.



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 miissen 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 begimming.

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



Fraction: decimal_str

Sonst missen wir einen Punkt ,.”
nach der ersten Nummer in digits
einfiigen.

Das geht via
digits.insert(1, ".").

In unserem Beispiel von =72 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 begimming.

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



Fraction: decimal_str

Das geht via
digits.insert(1, ".").

In unserem Beispiel von ’Tlgg 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 == [n_n,
11’ u'u, 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 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: 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
a|S() (1iE;i1]S == [II_||,
11, ".", 1, 8, 7, 5].

® Alles, was wir jetzt noch machen
miissen, ist alle Ganzzahlen in Strings
zu iibersetzen und dann alle Strings

aneinander anzuhangen.

P

>>> 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.



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

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

0.5
>>> Fraction(l, 3).decimal_str (10)
: . . 10.3333333333"
® Nach diesem Schritt haben wir >>> Fraction(-101001, 100000000) .decimal_str ()
Ry —— won 1-0.00101001 "
i dlglts [11’ °__ 9 1’ 8’ 7’ 5] >>> Fraction (1235, 1000).decimal_str (2)
"1.24"
[ ] Wenn der Bruch negativ war, also >>> Fraction (99995, 100000).decimal_str (5)
. ) 10.99995"
wenn negative wahr ist, dann fugen >>> Fraction (91995, 100000).decimal_str (3)
. . . i 10.92"
wir ein Minus vorne an die Liste an, >>> Fraction (999895, 100000) .decimal_str (4)
. .o . Ey
via digits.insert(0, "-").
a: int = self.a # Get the numerator.
° In unserem BeISpIel bekommen Wil’ if a == 0: # If the fraction is 0, we return 0.
return "0"
also dlglts == ["_" negative: Final[bool]l = a < 0 # Get the sign of the fraction.
b a = abs(a) # Make sure that ‘a’ is now positive.
11, ".", 1, 8, 7, 5]_ b: Finall[int] = self.b # Get the denominator.
% w0 digits: Final[list] = [1 # 4 list for collecting digits.
o Alles, was wir jetzt noch machen while (a != 0) and (len(digits) <= max_frac): # Create digits.
5 - E - E digits.append(a // b) # Add the current digit.
: miissen, ist alle Ganzzahlen in Strings a=10 * (a % b) # Ten times the remainder -> newt digit.
zu libersetzen und dann alle Strings .
aneinander anzuhéingen. digits[-1] += 1 # Round up by incrementing last digit.
vf 5 ] i 5 = if len(digits) <= 1: # Do we only have an integer part?
~  ® Das schaffen wir mit einer einzigen return str((-1 if negative else 1) * digits [0])
| Zeile Kode: digits.insert(l, ".") # Nultiple digits: Insert a decimal dot.
g

nn ooz PR if negative: # Do we need to restore the sign?
. «JOln(map(Str, dlglts))- digits.insert(0, "-") # Insert the sign at the beginning.
¥ o - . L T "", join(map(str, digits)) # Join all digits to a string.

T return
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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 anzuhdngen.

® 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 ()

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

® 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.

® 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 {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.

® str auf einen String angewandt
liefert den String direkt zuriick.

® Angewandt auf eine Ganzzahl
konvertiert es diese zu einem String.

A——— T -

>>> 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 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.

® strl 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(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

® map liefert uns einen Iterator, der
die Ergebnisse der Funktion str
angewandt auf die Elemente von
digits eins nach dem Anderen
zuriickliefert.

® strl 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?
# Insert the sign at the beginning.

digits.insert (0, "-
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.

e nyn JOlIl( [Ilall s npn s "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.



Fraction: Doctests

® 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: 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.

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.



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.

>>> 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: 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 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.




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
Fillen und ein paar extremen
Situationen.

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

o

>>> Fraction (1, 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 -> 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.




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 prifen wir, ob Ganzzahlen
ordentlich dargestellt werden.

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

o

>>> Fraction (1, 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 -> 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.



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 prifen wir, ob Ganzzahlen
ordentlich dargestellt werden.

! ® FEsist klar, dass Fraction(124,
f 2) .decimal_str() das Ergebnis
' "62" haben muss.

T L, OIS IERCTRTTR. T I

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

160

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

10.5"

>>> 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

e 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.

® Es st klar, dass Fraction(124,
2) .decimal_str() das Ergebnis
"62" haben muss.

! ® Dann priifen wir, ob ein normaler

f Bruch genau iibersetzt wird:

' Fraction(l, 2).decimal_str()
sollte "0.5" ergeben.

T L, OIS IERCTRTTR. T I

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

160

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

10.5"

>>> 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.



Fraction: Doctests

® Wir machen das mit einigen normalen
Fallen 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 ()

10.5"

>>> 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.



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 ()

10.5"

>>> 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.



Fraction: Doctests

® Es ist 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
1

wahlen wir 3 aus.

U % auf zehn Ziffern nach dem Komma
sollte "0.3333333333" ergeben.

® Als Beispiel fiir einen negativen Bruch
und als Beispiel fiir einen Bruch mit

mehreren filhrenden Nullen wahlen wir
—101001

100000000 *
B e L A =)

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

160

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

10.5"

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



Fraction: Doctests

® 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.

* 1 auf zehn Ziffern nach dem Komma

sollte "0.3333333333" ergeben.

® 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 ()

10.5"

>>> 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 beginming.

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



Fraction: Doctests

® 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.

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
3 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 ()

10.5"

>>> 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

* 1 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.

® 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 ()

10.5"

>>> 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.



Fraction: Doctests

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.

® Da die dritte Ziffer eine 5 ware, muss
also gerundet werden.

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

160

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

10.5"

>>> 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 begimming.

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



Fraction: Doctests

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 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"
musste korrekterweise "1.24"
herauskommen.

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

160

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

10.5"

>>> 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.



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



Fraction: Doctests

® Diese Zahl hitte 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.
T L, OIS IERCTRTTR. T 2

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

160

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

10.5"

>>> 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

® Da die dritte Ziffer eine 5 ware, 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 ()

160

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

10.5"

>>> 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

® 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 ()

10.5"

>>> 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.



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.
T L, OIS IERCTRTTR. T 2

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

160

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

10.5"

>>> 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.



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.
T L, OIS IERCTRTTR. T 2

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

160

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

10.5"

>>> 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.



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
ndchste 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.
T L, OIS IERCTRTTR. T 2

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

160

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

10.5"

>>> 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.



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 ahnliches 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.
L G BRI T I

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

160

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

10.5"

>>> 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.

NN L ST BRI -

$ pytest --timeout=10 --no-header --tb=short --doctest-modules
< fraction_decimal_str_err.py

EEEsss=s=ssssssssssss=sss===== test session starts

collected 1 item

fraction_decimal_str_err.py F [100%]
FAILURES
<
________ [doctest] fraction_decimal_str_err.Fraction.decimal_str
f
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 9.1.1 with pytest-timeout 2.4.0 failed with exit code 1.

= B TS

o el




Fraction: Doctests

® 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.
L G BRI T I

F

I L B

$ pytest --timeout=10 --no-header --tb=short --doctest-modules
< fraction_decimal_str_err.py
test session starts

collected 1 item

fraction_decimal_str_err.py F

FAILURES

037 '0.5"

038 >>> Fraction(1,
039 '0.3333333333"
040 >>> Fraction(-101001,
041 '-0.00101001"

042 >>> Fraction (1235,
043 '1.24'

044 >>> Fraction (99995,
045 '0.99995"

046 >>> Fraction (91995,

3) .decimal_str (10)

100000000) .decimal_str ()

1000) .decimal_str (2)
100000) .decimal_str (5)

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 9.1.1 with pytest-timeout 2.4.0 failed with exit code 1.
i J7 g ” £ 4 W o

[100%]




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,
v 100000) .decimal_str(3) nicht wie
’!' erwartet "0.92" liefert.

Stattdessen bekommen wir
"0.9110".

T L, OIS IERCTRTTR. T I

F

[ L el SRR T

$ pytest --timeout=10 --no-header --tb=short --doctest-modules
< fraction_decimal_str_err.py
test session starts

collected 1 item
fraction_decimal_str_err.py F

FAILURES

[doctest] fraction_decimal_str_err.Fraction.decimal_str

'0.5"
>>> Fraction(1,
'0.3333333333"'
>>> Fraction(-101001,
'-0.00101001"
>>> Fraction (1235,
'1.24"
>>> Fraction (99995,
045 '0.99995"
046 >>> Fraction (91995,
Expected:

'0.92"'
Got :

'0.9110"

037
038
039
040
041
042
043
044

3) .decimal_str (10)

100000000) .decimal_str ()

1000) .decimal_str (2)
100000) .decimal_str (5)

100000) .decimal_str (3)

/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
©y =======
# pytest 9.1.1 with

1 failed in 0.01s

pytest-timeout 2.4.0 failed with exit code 1.
a7 " o o g - -

[100%]

|
|




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?

F

L el SRR T

$ pytest --timeout=10 --no-header --tb=short --doctest-modules

< fraction_decimal_str_err.py
test session starts

collected 1 item

fraction_decimal_str_err.py F [100%]
FAILURES
o
_______ [doctest] fraction_decimal_str_err.Fraction.decimal_str
D
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 9.1.1 with with exit code 1. y

pytest-timeout 2.4.0 failed
v e - r YT

J7 g -

. N



b & B i

Fraction: DOCteStS $ pytest --timeout=10 --no-header --tb=short --doctest-modules

< fraction_decimal_str_err.py
== == test session starts

® Fiihren wir also diese Doctests mit coliectod 1 tren TTTTTITTTTTT R
pyteSt aus. fraction_decimal_str_err.py F [100%] E
® Sie schlagen fehl! - FATLURES

® Die Ausgabe zeigt us, dass var e

Fraction(91995, 03 >>> Fraction(i, 3).dscimad.str (10)

100000) .decimal_str(3) nicht wie 040 >>> Fraction(-101001, 100000000).decimal_str ()
041 '-0.00101001"

erwartet "0.92" liefert. 042 >>> Fraction (1235, 1000).decimal_str (2)
043 '1.24°
. 044 >>> Fraction (99995, 100000) .decimal_str (5)
® Stattdessen bekommen wir 045 '0.99995
046 >>> Fraction (91995, 100000).decimal_str (3)
"0.9110". Expected:
10.92°
- Got:
® Wo kommt die 0 am Ende her? o o110

/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

® Und warum sind da zwei len?

FAILED fraction_decimal_str_err.py::fraction_decimal_str_err.Fraction.
<> decimal_str
Se=osesosososo=se=s 1 failed in 0.01s *
¢y ===========================
# pytest 9.1.1 with pytest-timeout 2.4.0 failed with exit code 1.
- [ 1% J7 g gl o Ny £ 4 % T "8




Fraction: Doctests

® 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".

® \Wo kommt die 0 am Ende her?
® Und warum sind da zwei len?

® Selbst wenn wir falsch gerundet
hatten, dann hatte doch vielleicht

0.919 herauskommen konnen ... aber
doch nicht 0.91177
L G BRI T I

F

I L B

$ pytest --timeout=10 --no-header --tb=short --doctest-modules
< fraction_decimal_str_err.py
test session starts

collected 1 item

fraction_decimal_str_err.py F [100%]
FAILURES
<
________ [doctest] fraction_decimal_str_err.Fraction.decimal_str
f
037 '0.5"
038 >>> Fraction(l, 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 9.1.1 with pytest-timeout 2.4.0 failed with exit code 1.
i J7 g ” £ 4 W o




Debugging




Doctests in PyCharm

E ® \Wir wollen diesen komischen Fehler untersuchen.

S e s

B B e 3 T T v e T

e



https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/dunder/fraction_decimal_str_err.py

Doctests in PyCharm

® Wir wollen diesen komischen Fehler untersuchen.
e Dafiir wollen wir erstmal die Doctests nochmal in PyCharm ausfiihren. \

\
B = (@ pogr. v © manv | Doctest Fraction.decimal_str -+ [> ¥ ! & Q &8 - o x
[ Project 2 fraction_decimal_str_err.py Fs ¢
o ¥ simple_list_compr class Fraction: 2us Th .
A simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Y
33 2 zip| o
P-pY i i ) o M
~ [0 08_classes ! t the 1 R e ! - ]
2 & circle.py ;
& circle_user.py i
° # kahan_sum.py
a Q Show Context Actions Alt+Enter
kahan_user.py >>> Fraction(l
@ i )
2 point.py 3 62 @ Al Actions )
ST >>> Fraction(l 3 paste clev
2. polygon. . B
polygon-py - Copy / Paste Special
& rectangle.py >>> Fraction(1
| _— Column Selection Mode
@ 2 shape.py 0. 35
L 2 triangle.py >>> Fraction(- GoTo
= - [309_dunder "-0.00101001"
= & fraction.py >>> Fraction(1  Folding
. fraction_decimal_¢ + | Refactor
>>> Fraction
[C] # fraction_sqrt.py S Generate... AltsInsert
& point 5
pointpy >>> Fraction(? [ Run‘Doctest decimalstr’ |\ CirlsSHfl-F10
2 point_user_2.py -
e +x Debug "Doctest decimal_str’
2 point_with_dunde > Fraction(9 o Configurat
A pointwith dunde . odify Run Configuration... — -



https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/dunder/fraction_decimal_str_err.py

Doctests in PyCharm

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_sir -~ [> ¥ A Q & - o x
3 Project 2 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 = 188) -> str: Ous
33 & zip, o
p.py e ) M
~ [J08_classes e N -
2, & circle.py - o
A cirde_user.py m number actional
¥ Kahan_sum.py
a Q Show Context Actions Alt+Enter
[ETET] >>> Fractien(l ~ X
2 point.py 3 62 @ Al Actions
“ point_user.py >>> Fraction(l (g paste CtrlsV
2 polygon.| g5 N
BESEEDET o Copy / Paste Special
& rectangle.py >>> Fraction(1 X )
@ k 1 Column Selection Mode ift+Insert
& shape.py [
. # triangle.py >>> Fraction(- Go To
~ [J09_dunder "-9.96161661 |
- Ry —— >>> Fraction(1  Folding
. fraction_decimal_¢ N ; ciondl Refactor
>>> Fraction
[C] # fraction_sqrt.py - Generate... AltsInsert
2 point, .
(I >>> Fraction(9 [> Run 'Doctest decimal_str' y  CulshifteFio
& point_user_2.py oo
B 1* Debug "Doctest decimal_str'
o 2 point_with_dunde > Fraction(9 o Configurat
Y — o — A point_with_dunde odify Run Configuration...



https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/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.
e Wir klicken mit der rechten Maustaste und ein Kontextmenii 6ffnet sich.

]

@ progr... ~ & main v | Doctest Fraction.decimal_str -+ [> ¥ ! & Q &8 - o x

Project 2 fraction_decimal_str_err.py L

v}

The

2 simple_list_compr. class Fraction: #us

& simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Ous
3% < zip.py wan “
~ [J08_classes Convert the fi 0
circle.py

m number actional

circle_user.py

kahan_sum.py
Q Show Context Actions Alt+Enter

[ETET] >>> Fraction(l X

point.py = o @ Al Actions

point_user.py >>> Fraction(l (3| paste CtilaV
polygon.py 9.5°
rectangle.py >>> Fraction(1
shape.py ' i
triangle.py >>> Fraction(-  gpTo
 [709_dunder "-0.00101001"

Ry —— >>> Fraction(1  Folding

. fraction_decimal_¢ Refactor

& fraction_sqrt.py 2> Fraction(®  erate... AltsInsert

Copy / Paste Special

Column Selection Mode ift+Insert

)

LIEIE I I I N I I 1

@

®

2 point.py

& point_user_2.py
2 point_with_dunde >>> Fraction(9
— = — A point_with_dunde g

>>> Fraction(? [> Run 'Doctest decimal_str' [ Ctrl+Shift+F10

£ Debug "Doctest decimal_str*

(S]

Modify Run Configuration...



https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/dunder/fraction_decimal_str_err.py

Doctests in PyCharm

e Wir klicken mit der rechten Maustaste und ein Kontextmenii 6ffnet sich.
® Hier klicken wir mit der linken Maustaste auf [Run ‘Doctest decimal _str'|,

)

B ® ®

]

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

@ progr... ~ & main v

class Fraction: 3us

. Doctest Fraction.decimal_str v [> ¥

# fraction_decimal _str_err.py

def decimal_str(self, max_frac:

>>> Fraction(l

>>> Fraction(1l

>>> Fraction(1l

>>> Fraction(-

>>> Fraction(1

>>> Fraction(9

>»> Fraction(9

>»> Fraction(9

The

¥ Show Context Actions
@ Al Actions
(2] Paste
Copy / Paste Special
Column Selection Mode
GoTo
Folding
Refactor
Generate...
[> Run 'Doctest decimal_str'
1* Debug "Doctest decimal_str'
Modify Run Configuration...

int = 180) -> str: Ous

»

actional

Alt+Enter

Cirl+V

ift+Insert

Alt+Insert

Ctrl+Shift+F10




Doctests in PyCharm

® Dadurch werden alle Doctests ausgefiihrt.

<] @ progr... ~ & main v Doctest Fraction.decimal_str -~  [> ¥ & Q &8 - o x
[ Project 2 fraction_decimal_str_err.py s §
o 2 simple_list_compr class Fraction: Busages - ThomasWeise 241~ v 5
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages (ldynamic) + Thome: Y
33 2 zip.py 0.
e >>> Fraction(1, 3).decimal_str(10)
o : @ *6. 3333353333
R & circle.py

>>> Fraction(-101801, 100800000).decimal_str()

# circle_user.py L ooamion::
-6.00101061

# kahan_sum.py

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

& kahan_user.py oo
2 point.py >>> Fraction(99995, 100009).decinal_str(5)
Run Doctest Fraction.decimal_str
D ]
® G G v FuEQ ]
+ © Test Results O Tests failed: 2, passed: 6 of 8 tesis — Oms b
~ © decimal_str 0ms  /home/tweise/local/programming/python/programmingWithPythonCode/.venv/bin/py
< Fraction(91895, A0ms  Testing started at 13:30 ...
= Fraction(99995, 10 ms v
1 B3
@ o
=)
o]




Doctests in PyCharm

® Dadurch werden alle Doctests ausgefiihrt.
® |n dem kleinen Fenster unten links kénnen wir die fehlgeschlagenen Tests sehen.

B = [ opogr. v ¥ main v Doctest Fraction.decimal_str ~  [> % & Q& - o x
3 Project 2 fraction_decimal_str_err.py Fa
o 7 simple_list_compr. class Fraction: 8 ~ v
A simple_set_compr def decimal_str(self, max_frac: int = 160) -> str: 9 hor
33 A zip.py 7.5 ™
e >>> Fraction(1, 3).decimal_str(10)
40 8.3.
2, & circle.py
»»>» Fraction(-101001, 180000000).decimal_str()
& circle_user.py o .
- 161001
(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
P G Gt vig =0
~ (3 Test Results oms Tests failed: 2, passed: 6 tests —Oms
=~ O decimalstr oms i 5 . )
/home/tweise/1ocal/progranming/python/progranmingWithPythonCode/ . venv/bin/p 4
< Fraction(91895, ¥ Testing started at 13:30 ...
= Fraction(99995, 10 - {
1 =
® E
=]
o o]
—4 B -




Doctests in PyCharm

E e Wir konnen auf die fehlgeschlagenen Tests

klicken, um mehr Informationen zu erhalten.

B = [ opogr. v ¥ main v Doclest Fraction.decimal_str ~  [> % & Q&8 - o x
3 Project & fraction_decimal_str_err.py e
- 7 simple_list_compr. class Fraction: o Tho e 21~ v
<. simple_set_compr >>> Fraction(1, 2).decimal_str(}
33 2 zip.py -
] - [308-classes >>> Fraction(1, 3).decimal_str(16)
a
00 Run Doctest Fraction.decimal_str
G G @ v
~ ) Test Results oms Tests failed: 2, passed: 6 of 8 oms
~ ) decimal_str 0 ms R
Fraction(91995, 10 ms
a Fraction(99995, 10ms Faitlure _
@ <Click to see difference> o
- =l
File "/home/tweise/local/programming/python/progranmingiithPythonCode/69 dui M
e Failed example:
Fraction(91995, 100080).decimal_str(3)
® Expected:
'8.92"
5
Got:
o '0.9118" |
= = T ——




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

Ausgaben dieses Tests im Fenster unten rechts.

= [ progr. v

<& simple_set_compr
2 & zip.py
~ [0 08_classes

a
o Run

G G @

~ € Test Results 0ms
~ 0 decimal_str 0 ms
Fraction(91995, 110 ms
Fraction(99995, 10ms

@

®

(SN

¢ 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 ¥

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

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

Doctest Fraction.decimal_str

v i@ ELEQ

Tests failed: 2, passed: 6 of 8 tests - Oms

Failure
<Click to see differences

File "/home/tweise/local/programming/python/programmingWiithPythonCode/09_dui
Failed example:
Fraction(91995, 106800).decimal_str(3)
Expected:
'0.92"
Got:
'0.9110" |

o

e

e ———— P Ay




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.

5;
)

® Das ist die selbe Information, die wir schon gesehen haben.

= @ progr.. v ¥ main v Doclest Fraction.decimal_str ~  [> % & Q&8 - o x
[ Project < fraction_decimal_str_err.py s §
- 7 simple_list_compr. class Fraction: 8usages =+ ThomasWeise 21~ v
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,

~ ) Test Results oms Tests failed: 2, passed: 6 of 8 tests - Oms
~ ) decimal_str 0 ms
Fraction(91995, 10 ms

Fraction(99995, 10 ms Failure

<Click to see differences

File "/home/tweise/local/programming/python/programmingWiithPythonCode/09_dui
Failed example:
Fraction(91995, 106800).decimal_str(3)
Expected:
'0.92"
Got:
'0.9110" |




Doctests in PyCharm

® Das ist die selbe Information, die wir schon gesehen haben.

® Was wir noch nicht gesehen hatten, ist das sogar zwei Doctests fehlschlagen.

G G v

~ € Test Results 0ms
~ 0 decimal_str 0 ms
Fraction(91995, 110 ms

a Fraction(99995, 10ms

00 e ©

B = (@ pogr. v  mainv Doctest Fraction.decimal_str ~+  [> & ! A Q & -
[ Project < fraction_decimal_str_err.py
. & simple_list_compr. class Fraction: g Tho e 2 ¥
2 simple_set_compr >>> Fraction(1, 2).decimal_str(}
33 2 zip.py 0.5
[ 08_classes >>> Fraction(1, 3).decimal_str(18)
a
00 Run Doctest Fraction.decimal_str

Tests failed: 2, passed: 6 of 8 oms

Failure

<Click to see differences

File "/home/tweise/local/programming/python/programmingWiithPythonCode/09_dui
Failed example:
Fraction(91995, 106800).decimal_str(3)
Expected:
'0.92"
Got:
'0.9110" |

G @ |




Doctests in PyCharm

® Was wir noch nicht gesehen hatten, ist das sogar zwei Doctests fehlschlagen.

® 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 ++  [> ¥ ! A Q &8 - o x
3 Project # fraction_decimal_str_err.py L
o 7 simple_list_compr class Fraction: 2usages + ThomasWeise 21~ v
<. 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
+ O Test Results 0 ms Tests failed: 2, passed: 6 of 8 tests - Oms
~ ) decimal_str 0 ms R
Fraction(91995, 10 ms
a Fraction(9999s, 10ms v
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
Got:
0] '0.99910" I




Doctests in PyCharm

® Ein links-Klick auf den zweiten fehlgeschlagenen Test zeigt uns, dass Fraction (99995,
N 100000) .decimal_str(4) nicht wie erwartet "1" liefert. ¥

\
\
" "
® Stattdessen hat es "0.99910". ergeben

= [ progr.. v ¥ main v Doctest Fraction.decimal_str ~ [> ff ! & Q&8 - o x

[ Project . fraction_decimal_str_err.py oL

o 7 simple_list_compr class Fraction: BSusages =+ Thoma e 2x1A oy

<. simple_set_compr >>> Fraction(1, 2).decimal_str()
33  zip.py o
[ 08.classes »>» Fraction(1, 3).decimal_str(16)
85 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:
)
Got:
0] '0.99910" I




Doctests in PyCharm

® Stattdessen hat es "0.99910". ergeben

® \Warum ist da eine "0" am Ende unserer Zahl?

B = (@ pogr. v @ main - Doctest Fraction.decimal_str ~ > % & Q&8 - o x
3 Project # fraction_decimal_str_err.py L
- # simple_list_compr. class Fraction: g Tho e AR
<. simple_set_compr >>> Fraction(1, 2).decimal_str()
33 < zip.py o
- [ 08_classes >»> Fraction(1, 3).decimal_str(16)
)
G0 Run Doctest Fraction.decimal_str
GGG N v
~ ) Test Results oms Tests failed: 2, passed: 6 of 8 oms
~ ) decimal_str 0 ms R
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
Got:
'0.99910" I !
T —




Doctests in PyCharm

® \Warum ist da eine "0" am Ende unserer Zahl?
® \Wo kommt die her?

B = (@ pogr. v © mainv Doctest Fraction.decimal_str -~ [> & Q &8 - o x
3 Project # fraction_decimal_str_err.py L
- # simple_list_compr. class Fraction: 3us 11 o
A simple_set_compr »>> Fraction(1, 2).decimal_str() 4,
33 2 zip.py o M
- [ 08_classes >»> Fraction(1, 3).decimal_str(16)
)
G0 Run Doctest Fraction.decimal_str
GG v o
+ O Test Results oms Tests failed: 2, passed: 6 of 8 tests - Oms
~ ) decimal_str oms R
Fraction(91995, 110 ms
a Fraction(9999s, 10ms v
Failure -
@ <Click to see difference> =
= El
o]
< File "/nome/tweise/local/programming/python/progranmingWithPythonCode/89_dui
Failed example:
® Fraction(99995, 100880).decimal_str(4)
Expected:
BT
Got:
'0.99910" I
e —




Doctests in PyCharm

g ® \Wo kommt die her?
'é

- ® Nullen am Ende sollten doch mit unserem Kode gar nicht moglich sein.

GGG N v

v Test Results 0 ms
~ ) decimal_str 0 ms
Fraction(91995, 10 ms
Fraction(99995, 10ms

00 e ©

Y ———

B = (@ pogr. v  main v Doctest Fraction.decimal_str ++  [> ¥ ! A Q & -
[ Project < fraction_decimal_str_err.py
- # simple_list_compr. class Fraction: g Tho e 2 ¥
2 simple_set_compr >>> Fraction(1, 2).decimal_str()
33 2 zip.py e
- [0 08_classes >>> Fraction(1, 3).decimal_str(10)
)
G0 Run 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

® Nullen am Ende sollten doch mit unserem Kode gar nicht moglich sein.

® AuBerdem sind da vier Neunen in der Zahl, nicht drei.

B = (@ pogr. v @ main - Doctest Fraction.decimal_str ~ > % & Q&8 - o x
3 Project # fraction_decimal_str_err.py L
- # simple_list_compr. class Fraction: g Tho e 281~ v
<. 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
GGG N v
+ O Test Results 0 ms Tests failed: 2, passed: 6 of 8 oms
~ ) decimal_str 0 ms R
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
Got:
'0.99910" I -
T -




Doctests in PyCharm

E ® AuBerdem sind da vier Neunen in der Zahl, nicht drei.

L Was ist hier schief gegangen?

@ progr... ~ main -
[ Project

o ¥ simple_list_compr
< simple_set_compr

2 A zip.py
~ [0 08_classes

Doctest Fraction.decimal_str -+ [> o ! & Q& -

# fraction_decimal_str_err.py

class Fraction: hor 2 ¥

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

»>> Fraction(l, 3).decimal_str(18)

)
G0 Run Doctest Fraction.decimal_str
GGG N v
+ O Test Results 0 ms Tests failed: 2, passed: 6 of 8 oms
~ ) decimal_str 0 ms
Fraction(91995, 10 ms
a Fraction(99995, 10ms
Failure
@ <Click to see difference>
< File "/nome/tweise/local/programming/python/progranmingWithPythonCode/89_dui
Failed example:
® Fraction(99995, 100880).decimal_str(4)
Expected:
2
Got:
= ® '0.99910" I
Y ———

G @ |




Doctests in PyCharm

® Was ist hier schief gegangen?
® Wir wissen nicht, warum die Tests fehlschlagen.

B = (@ pogr. v @ main - Doctest Fraction.decimal_str ~ > % & Q&8 - o x
3 Project # fraction_decimal_str_err.py L
- # simple_list_compr. class Fraction: g Tho e AR
<. 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
GGG N v
~ ) Test Results oms Tests failed: 2, passed: 6 of 8 oms
~ ) decimal_str 0 ms R
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
Got:
'0.99910" I !
T —
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Debugger

e Wir fragen uns, was wir jetzt tun konnen.
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Debugger

® Wire es nicht schon, wenn wir unser Programm Schritt-fiir-Schritt fiir die Tests
durchgehen kénnten?

® Dann konnten wir sehen, was es wirklich macht.
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Debugger

® Wire 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
finden2=4°,
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Debuggen in PyCharm

® In PyCharm kénnen wir den Debugger auf ein ganzes Programm anwenden, aber auch auf
einen Doctest.

B = (@ pogr. v © mainv + Doctest Fraction.decimal_str ~  [> % & Q & - o x
Project 2 fraction_decimal_str_err a4
d Py -
o # 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:
39 2 zippy param mex_frac: the maximum number of fractional digits
[ 08 classes return: the string
g o circle|
o g ief >>> Fraction(124, 2).decimal_str()
circle_user.py o
62
. a
(AT >>> Fraction(1, 2).decimal_str()
& kahan_user.py T
<2 point.py >>> Fraction(1, 3).decinal_str(1e)
2 poinLuser.py 40 '0.3333333333"|
2 polygon.py >>> Fraction(-101681, 106680608).decimal_str()
2 rectangle.py '-0.08181081"
@ 2 shape.py >>> Fraction(1235, 1886).decimal_str(2)
# triangle.py et
@ CCACTED >>> Fraction(99995, 106000).decimal_str(5)
- '9.99995"
< # fraction.py
= B, >>> Fraction(91995, 106000).decimal_str(3)
raction_decimal_
'g.92"
o
® fraction_sqrt.py >>> Fraction(99995, 106000).decimal_str(4)
& point.py e
& point_user_2.py o
¥ point_with_dunde - a: int = self.a # Get the numerator

A point_with_dunde if a

Q: # If the fraction is @, we retern 8.


https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/dunder/fraction_decimal_str_err.py

e Dafiir miissen wir zuerst unsere Datei fraction_decimal_str_err.py offnen und zu
unserer Methode decimal_str skrollen.

@ progr... ~ & main v # Doctest Fraction.decimal_str ~  [> % ! & Q & - o
Project 2 fraction_decimal_str_err.py

# simple_list_compr: class Fraction: Susages =+ ThomasWeise 2 1~ v

<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9ussges (ldynamic) + Thoma:

& 2in.py param max_frac: the maximum number of fractional digits

[ 08 classes return: the string

circle,
& >>> Fraction(124, 2).decinal_str()

circle_user.py

kahan_sum.py >>> Fraction(1, 2).decimal_str()
kahan_user.py 'g.5"

62"

point.py >>> Fractien(l, 3).decimal_str(10)
point_user.py 0 '0.333333333
polygon.py >>> Fraction(-181001, 180880068).decimal_str()

rectangle.py '-0.80101881"

shape.py >>> Fraction(1235, 1006).decimal_str(2)
11,24

>>> Fraction(99995, 106000).decimal_str(5)
19.99995 "

>>> Fraction(91995, 106000).decimal_str(3)
'9.92"

>>> Fraction(99995, 186080).decimal_str(4)
point.py v

point_user_2.py o

LIEIE G N N I

triangle.py

~ [009_dunder
fraction.py
fraction_decimal_¢
fraction_sqrt.py

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

L 0 I TR R T

# If the fraction is 8, we return 8.



https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/dunder/fraction_decimal_str_err.py

|

e Auf der linken Seite unseres Kode-Fensters sehen wir eine Spalte mit Zeilennummern.

Project

= (@ progr.. © ¥ main v

. Doctest Fraction.decimal_str ~  [> ¥ ! & Q & - o

# 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
~ [009_dunder

# fraction.py

. fraction_decimal_¢

# fraction_sqrt.py

LIEIE I I I I N I I 1

2 point.py

& point_user_2.py
# point_with_dunde
A point_with_dunde

def decimal_str(self, max_frac: int

class Fraction: Susages = ThomasWeise 281 ~ v

100) -> str: Yusages(1dynamic) =+ Thoma:

param max_frac: th

aximum number of fractional digits

the string

>»> Fraction(124, 2).decimal_str()

162"

>»> Fraction(1, 2).decimal_str()

g5

>>> Fraction(1, 3).decimal_str(18)
'0.3333333333"

>>> Fraction(-101681, 106686688).decimal_str()
'-0.60101861"

>>> Fraction(1235, 1806).decimal_str(2)

11,247

>>> Fraction(99995, 180008).decinal_str(5)

>>> Fraction(91995, 180008).decinal_str(3)
'g.e2"

>>» Fraction(99995, 180008).decimal_str(4)
e

a: int = self.a # Get the numerator

if a

B: # If the fract.

is 8, we retvrn 8.

e

M




. Debuggen in PyC

e Auf der linken Seite unseres Kode-Fensters sehen wir eine Spalte mit Zeilennummern.
® Wir konnen dort links-klicken um einen Breakpoint, also einen Haltepunkt, zu setzen.

\ Bao. -

e =3

harm

I &

A point_with_dunde

Doctest Fraction.decimal_str -+ [> ¥

# fraction_decimal _str_err.py

B = (@ pogr. v & mainv
[ 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 40
2 polygon.py
 rectangle.py
@ 2 shape.py
. 2 triangle.py
= ~ [009_dunder
e & fraction.py
. fraction_decimal_¢
& & fraction_sqrt.py
2 point.py
& point_user_2.py
[0} 2 point_with_dunde

class Fraction: 3us
def decimal_str(self, max_frac

The

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)

FE e TR

a: int = self.a #

if a
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Debuggen in PyCharm

® 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.

B = () poo. v @ man- Doctest Fraction.decimalstr > f& ! & Q& - =8 x
1 Project & fraction_decimal_str_err.py L
o 2 simple_list_compr class Fraction: 3us Tho
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str
3% < zip, "
P-py ™M
~ [0 08_classes
g o circle|
a0 = >>> Fraction(124, 2).decimal_str() i
& circle_user.py o
. [ —
(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
1 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 et
@ (AT >>> Fraction(99995, 106000).decinal_str(5)
B < # fraction.py
=z 2 N >>> Fraction(91995, 106000).decinal_str(3)
# fraction_decimal_¢ Lo oo
o .92
| ® fraction_sqrt.py >>> Fraction(99995, 106000).decimal_str(4)
& point.py e
1
2 & point_user_2.py
@ ¥ point_with_dunde a: int = self.a # Get the n rator
A point_with_dunde if a a.




. Debuggen in PyC

® Breakpoints sind markierungen in unserer IDE an denen wir spater die Ausfiihrung eines
Programms pausieren wollen.

- B~

e =3

harm

e Wir wollen genau am Anfang von decimal_str pausieren.

I &

A point_with_dunde

Doctest Fraction.decimal_str -+ [> ¥

# fraction_decimal _str_err.py

B = (@ pogr. v & mainv
[ 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 40
2 polygon.py
 rectangle.py
@ 2 shape.py
. 2 triangle.py
= ~ [009_dunder
e & fraction.py
. fraction_decimal_¢
& & fraction_sqrt.py
2 point.py
& point_user_2.py
[0} 2 point_with_dunde

class Fraction: 3us

def decimal_str(self, max_frac

The

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
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Debuggen in PyCharm

e Wir wollen genau am Anfang von decimal_str pausieren.
® Deshalb machen wir genau dort einen Breakpoint hin.

<] @ progr... ~ & main v + Doctest Fraction.decimal_str ~  [> % & Q &8 - o x
1 Project & fraction_decimal_str_err.py L
e 2 simple_list_compr. class Fraction: Susages = ThomasWeise 21~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: Susages(ldynamic) + Thoma:
33 2 zip.py a max_frac: the maximum number of fractional digits
~ [J08_classes the strang
g o circle|
a0 = >>> Fraction(124, 2).decimal_str()
& circle_user.py o
62
. a
(T >>> Fraction(1, 2).decimal_str()
7 kahan_user.py T
A & point.py >>> Fraction(1, 3).decimal_str(18)
/ & 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)
,7 2 triangle.py et
S I v >>> Fraction(99995, 106000).decinal_str(5)
'9.99995"
B < # fraction.py
3 =z 2 - >>> Fraction(91995, 106000).decinal_str(3)
# fraction_decimal_¢ -
o .92
® fraction_sqrt.py >>> Fraction(99995, 106000).decimal_str(4)
& point.py e
& point_user_2.py o \
¥ point_with_dunde .& a: int = self.a # Get the numerator
A point_with_dunde if a = # If the fract. is 08, we re
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® Deshalb machen wir genau dort einen Breakpoint hin.
® Der Breakpoint wird als roter Ball iiber der Zeilennummer angezeigt.

B = (@ pogr. v & mainv + Doctest Fraction.decimal_str ~  [> % & Q &8 - o x
Project raction_decimal_str_err. :
) . fraction_decimal_str_err.py s
o 2 simple_list_compr class Fraction: Susages =+ ThomasWeise 21~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: Susages (ldynamic) + Thoma:
39 & zip.py p x_frac: the maximum ni of fracti ™
~ [J08_classes the strang =
g o circle
a0 Pt = >>> Fraction(124, 2).decimal_str()
circle_user.py o
82
a
(T >>> Fraction(1, 2).decimal_str()
2 Kahan_user.py s
A % point.py >>> Fraction(1, 3).decimal_str(10)
/ 2 point_user.py 0 '9.3333333333"
% 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 et
3| v : >>> Fraction(99995, 100008).decinal_str(S)
X ~ o
B < # fraction.py
= S >>> Fraction(91995, 100008).decinal_str(3)
raction_decimal_¢
oo
paya—
® fraction_sqrt.py >>> Fraction(99995, 106000).decimal_str(4)
a
point.py N
2 point_user_2.py
@ ¥ point_with_dunde a: int = self.a # Get the numerator

A point_with_dunde if a If the fract

n is 8, we
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den Doctest rechts-klicken.

® Um mit dem Debuggen zu beginnen, 6ffnen wir wieder das Kontextmenii, in dem wir

BE = @ proor.. v
[ Project
o & simple_list_compr
& simple_set_compr
33 & 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_¢

. 4
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

(S]

¥ main

Doctest Fraction.decimal_str -

# fraction_decimal _str_err.py

class Fraction:

Susages

[P o3

Themas Weise

def decimal_str(self, max_frac: int = 160) -> str

x_frac

the st.

maximum numbe

of frac

>>> 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..

Alt+Enter

Ctrl+V

Lstr()
Alt+ Shift+Insert

Alt+Shift+7
(5)

3)

Alt+Insert

&)
Ctrl+ Shift+F10

& aQ s 006 &
e

2 1 A v

usages (1 dynamic) 4 Thoma:
[




¢ Um mit dem Debuggen zu beginnen, 6ffnen wir wieder das Kontextmenii, in dem wir in
den Doctest rechts-klicken.

. Debuggen in PyCharm

e =3

® Dieses mal wihlen wir [Debug 'Doctest decimal_str'| aus.

I &

@

@

B ®

(S]

= (@ progr.. ¥ main 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_¢

# fraction_sqrt.py

2 point.py

& point_user_2.py

# point_with_dunde

A point_with_dunde

LD I I I N I N I I 1

Doctest Fraction.decimal_str -+ [> ! & Q& -

# fraction_decimal _str_err.py

class Fraction:

def decimal_str(self, max_frac

>>> Fraction(124, 2).decimal_str()
' Show Context Actions Alt+Enter
@ Al Actions
= Paste Ctrl+V
Copy | Paste Special

L_str()

Column Selection Mode Alt+ Shift+Insert

Find Usages

GoTo
(5)
Folding

Refactor &

Generate... Alt+Insert
[> Run 'Doctest decimal_str' Ctrl+ Shift+F10
¥ Debug 'Dectest decimal_str' X

Modify Run Configuration..

e

Thoma
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® Die Doctests werden nun ausgefiihrt.

<] progr... © ¥ main v * Doctest Fraction.decimal_str -+ (> [(&% & & - o
%
[ Project - & fraction_decimal_str_err.py =
o /& simple_list.compr. @ class Fraction: fusages * ThomasWeise 241~ v
. simple_set_compr  2° def decimal_str(self, max_frac: int = 100) -> str: Susages (ldynamic) = Thoma:
33 2 zip.py >>> Fraction(99995, 180008).decinal_str(s)
~ [0 08_classes 4t 8.9 .
2, # circle.py 47 >»> Fraction(91995, 180808).decinal_str(3)
7 circle_user.py o.eat
. e . >>> Fraction(99995, 100800).decinal_str(4)
# kahan_user.py N
2 point.py —,
b
h pointuserpy ifa=8: ion is 0, we return 0
2 polygon.py return %g"
2 rectangle py negative: bool = a < B # Get the sign of the fraction
2 shape.py a = abs(a) # Make sure that a is now positive.
& triangle.py b: int = self.b # Get the denominator.
 [109_dunder 58 2
= & fraction.py 5% digits: list = [1 # 4 list for
1 - A fraction_decimals °° while (a 1= @) and (len(digits)
| [C] & fraction_sqrt.py digits.append(a // b) # Add the cur
=18 * (a % b) # Ten times the remainder ->
& point.py @
2 2 point_user_2
. i e if (a // b >= 5: ¥ Do we need to round up?
0] point_with_dunde digits[-1] += 1 #

vl A point_with_dunde




R

Debuggen in PyCharm

B IR A. B SR e

® Die Doctests werden nun ausgefiihrt.
® Anstatt sie vollstindig auszufiihren, wird der Debugger aktiv.

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> a : & Q @& o x
3 Project & fraction_decimal_str_err.py Lo
o 7 simple_list_compr: class Fraction: @usages =+ ThomasWeise 2 1~ v

2 simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Ousages(ldynamic) = Thoma:
3% & zip.py >>» Fraction(99995, 108009).decimal_str(s)

 [J08_classes '6.99995"

2 & circle.py >>> Fraction(91995, 188000).decinal_str(3)

7 circle_user.py o.eat
. & Kahan_sum.py >>> Fraction(99995, 100000).decimal_str(4)

# kahan_user.py N

2 point.py

" & point_user.py
if a = # If the fraction is 0, we return @

2 polygon.py return g

% rectangle.py negative: bool = a < @ # Get the sign of the fraction
@ 2 shape.py a = abs(a) # Make sure that a is now positive.
— & triangle.py b: int = self.b # Get the denominator.
- +~ [ 09_dunder B

B < & fraction.py digits: list = [1 # 4 list 7 llecti ts
1 & fraction_decimal.¢ while (a != @) and (len(digits) <= max_frae): # Create digits.

®  fraction_sqrt.py digits.append(a // b) # Add the curre

2 point.py a =18 * (a%b) # Ten times the remainder -> next

2 point_user_2,

- = ) if (a // b) >= 5: % Do we need to round up?

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

A point_with_dunde
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® Anstatt sie vollstandig auszufiihren, wird der Debugger aktiv.
® Die Ausfiihrung wird genau an unserem Breakpoint pausiert.

=
[a]

o

= [ progr.. v

Project

& simple_list_compr

<& simple_set_compr

& zip.py
 [J08_classes

|-1n1n1n'|.1.|-D1n1n'h'h‘.|-1n1n1n'h

0

¥ main -

# fraction_decimal _str_err.py

* Doctest Fraction.decimal_str

>>» Fraction(91995, 1808008).

>>> Fraction(99995, 100000).

(len(digits)

- @8

: int = 100) -> str:

decimal_str(5)

decimal_str(3)

decimal_str(4)
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® Die Ausfiihrung wird genau an unserem Breakpoint pausiert.
® Diese Zeile Kode wird noch nicht ausgefiihrt, abre in blau markiert.

B = (@ progr. © % man - * Doctest Fraction.decimalstr (> a : & Q ® - =&
[ Project 2 fraction_decimal_str_err.py
o 2 simple_list_compr class Fraction: 3us Tho
2 simple_set_compr def decimal_str(self, max_frac: int = 108) -> str:
b2 2 zip.py >»>» Fraction(99995, 100009).decimal_str(s)
 [J08_classes 9.9 &

2, circle.py >»>» Fraction(91995, 100009).decimal_str(3)

circle_user.py '6.92°

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

kahan_user.py

point.py e W

point_user.py PR ——

polygon.py return "8" 4

rectangle.py negative: bool = a < @

shape.py a = abs(a) # Make su

triangle.py b: int = self.b # Get © tor.
~ [09_dunder T

fraction.py digits: list = [1 # 4 for coll

e | while (a 1= ) and (len(digits)

fraction_sartpy digits.append(a // b) # 4

a=10 % (a%b) » n
point.py

2,
point_user_2.py if (a // b) >= 5:
point_with_dunde digits[-1] += 1 § 5 . -
point_with_dunde

|-1n1n1n'|.1.|-D1n1n'h'h‘.|-1n1n1n'h
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® Bevor wir weitermachen, schauen wir in das untere PyCharm-Fenster.

<] @ progr... © & main v * Doctest Fraction.decimalL_str ~+ (> B : A Q &8 - o x
[ Project . fraction_decimal_str_err.py oL
o 2 simple_list_compr- class Fraction: 8usages =+ ThomasWeise 291~ v
< simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: 9usages (1dynamic) + Thoma
39 a zip.py >>> Fraction(99995, 100800).decinal_str(4)
~ [0 08_classes o
R 2 dirde.py

& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py

< point_user.py

if a

# If the fra
return "g" b

we return @

negative: bool = a < 8 ¥ Get th

the fraction

a = abs(a) # Make sure that a is psitive.

b: int = self.b # Get the denominat

Debug ¥ Doctest Fraction.decimal_str

@ G O I k=)
® MainThread -

< 0 decimal_str, fraction_d
@ <frame not available>
® @ _run, docrunner.py:t
O run, doctest.py:1525
O start, docrunner.py:13
o 3 <module>, docrunner

ez i Threads & Variables ~ Console iz]

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

Ed

max_frac = {int} 100
self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
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<] @ progr... © & main v * Doctest Fraction.decimalL_str ~+ (> E : A Q & -
[ Project < fraction_decimal_str_err.py
e # simple_list_compr- class Fraction: Susages = ThomasWeise 2 w1
# simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: 9usages (1dynamic)
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 o
= kahan_user.py negative: bool = a < 8 # )F the fraction
A <2 point.py a = abs(a) # Mak itive.
y < point_user.py b: int = self.b
Debug i Doctest Fraction.decimal_str
@ GO Ib A e T 6% Threads & Variables  Console
= @ MainThread v | Evaluate expression (Enter) or add a watch (CtrlsShiftsEnter)
k = 0 decimal_str, fraction_d 33 max_frac = {int} 100
i @ <frame not available> *E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
® @ _run, docrunner.py:t
O run, doctest.py:1525
O start, docrunner.py:13
3 <module>, docrunner
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® Dort gibt es eine [Debug|Zeile.

® \Wir konnen sie mit der rechten Maustaste aktivieren und hochziehen.

<] @ progr... © & main v * Doctest Fraction.decimalL_str ~+ (> E : A Q &8 - o x
[ Project . fraction_decimal_str_err.py oL
. # simple_list_compr- class Fraction: Susages = ThomasWeise 291~ 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 =
& circle_user.py
. a
kahan_sum.py eturn o n
2 kanan_user.py negative: bool = a < B # )f the fFraction
A 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 63 Threads & Variables  Console 1]
= @ MainThread ~  Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
k = 0 decimal_str, fraction_d 33 max_frac = {int} 100
i @ <frame not available> *E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
® @ _run, docrunner.py:t
O run, doctest.py:1525
O start, docrunner.py:13 \
3 <module>, docrunner
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b 3 B T4N

® Wir kdnnen sie mit der rechten Maustaste aktivieren und hochziehen.
® Wir sehen nun ein Abteil unserers Fensters das die Debug-Informationen beinhaltet.

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x
3 Project & fraction_decimal_str_err.py s 4
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
)  circle.py
Go
i
+ ek ey O
a
kahan_sum.py eturn o a

= kahan_user.py negative: bool = a < @ ne

2 point.py a = abs(a) # Make s

2 point user.py b:int = self.b %

Debug i Doctest Fraction.decimal_str

G O I & T e

Threads & Variables  Console B

@ MainThread - exp ! shi v

(3 decimal_str, fraction_d 3% max_frac = {int} 100

O <frame not a *E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
& __run, docrunner.py:Ti
O run, doctest.py

3 start, docrun
O <module>, docrul

oD e i ¢ E3
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® Wir sehen nun ein Abteil unserers Fensters das die Debug-Informationen beinhaltet.
ist der Register [Threads & Variables]_

e Das wichtigste

T

Debug

G O I &

® MainThread v

(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

¥ Doctest Fraction. decimal_str

T e Threads & Variables ~ Console

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

3% max_frac = {int} 100
*E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>

Thorea

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ 00> E : g Q@
[ Project < fraction_decimal_str_err.py
. 2 simple_list_compr- class Fraction: Susages = ThomasWeise 291~ v

& simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages (I dynamic)
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)

~ [0 08_classes o

2, & circle.py e M

& circle_user.py

a

kahan_sum.py eturn o

L kahan_user.py negative: bool = a < @

2 point.py a = abs(a) # Make sure

2 point user.py b: int = self.b # Get

e

™M
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® Das wichtigste ist der Register |Threads & Variables |
® Hier kdnnen wir die Werte aller lokaler Variablen am aktuellen Ausfiihrungspunkt sehen.

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: 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 n

= kahan_user.py negative: bool = a < @ ne

# pointpy a=abs(a) 7 ake s

a

point_user.py b: int = self.b #

Debug i Doctest Fraction.decimal_str

G O I & T e

Threads & Variables  Console B

@ MainThread - exp ! shi v

(3 decimal_str, fraction_d 3% max_frac = {int} 100

O <frame not a *E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
& __run, docrunner.py:Ti
O run, doctest.py

3 start, docrun
O <module>, docrul

oD e i ¢ E3
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® Wir sehen das max_frac den (Default-)Wert 100 hat.

=3 [ decimal_str, fraction_d
@ <frame not available>
® @ _run, docrunner.py:t
O run, doctest.py:1525
O start, docrunner.py:-13
o 3 <module>, docrunner

<] @ progr... ~ & main v * Doctest Fraction.decimalL_str ~+ (> B : A Q & - o x
3 Project & fraction_decimal_str_err py L
. # simple_list_compr- class Fraction: 3usages = ThomasWeise 291 ~ v
# simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: Ousages(ldynamic) = Thoma
39 2 zip.py >>> Fraction(99995, 100000).decimal_str(4)
~ [0 08_classes o
o  circle.py
Go
e
& circle_user.py =
. o, if a # If the fi we return 0
lan_sum. py return "g" -
= kahan_user.py negative: bool = a < 8 # Get the fraction
2 point.py a - absCa) # Make sure that a is ositive.
<2 point user.py b: int = self.b_# Get the demoni
Debug i Doctest Fraction.decimal_str
GO Ib k=) [ lN"1 Threads & Variables ~ Console 15}
® MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v

3% max_frac = {int} 100
~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
a={int} 62
b = {int} 1
Protected Attributes
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® \Wenn wir auf die Variable self klicken, sehen wir das der Z3hler 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

# simple_set_compr def decimal_str(self, : int = 180) -> str:
39 2 zippy >>> Fraction(99995, 108000).decinal_str(4) ™

~ [0 08_classes o =

# circle.py
8o

e I

a

Kkahan_sum.py return "o &

= kahan_user.py negative: bool = a < ® ne

2 point.py a = abs(a) # Make s

2 poinLuser.py b: int = self.b #

Debug i Doctest Fraction.decimal_str

G O I a L& T e

Threads & Variables  Console B

@ MainThread - exp v shi v

(3 decimal_str, fraction_d 3% max_frac = {int} 100

 <frame not available> ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359¢5f0>
@ __run, docrunner.py:1t nt} 62
O run, doctest.py b= {int) 1

O start, docruni = Protected Attributes

O <module>, docrul

oD e i ¢ E3




e

<] @ 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: Susages = ThomasWeise 291~ v

& simple_set_compr  _° def decimal_str(self, max_frac: int = 108) -> str: Ousages(ldynamic) = Thoma
39 2 zippy >>> Fraction(99995, 100000).decinal_str(4)

~ [0 08_classes o

2 < circle.py

< circle_user.py .
. i if a # IFf the fraction is 8, we return @

an_sumpy eturn w0 I

2 kahan_user.py 55 negative: bool = a < @ # Get the sign of the fraction

2 point.py 5 a - abs(a) # Make sure that @ is now pasitive.

2 poinLuser.py b: int = self.b # Get the demominat

@ gomoas

T % Threads & Variables  Console B !

® MainThread v Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v

< (O decmalstr, fraction.d 3% max_frac = (it} 100
O <frame not available> ~ & self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>

® O _run, docrunner.py:li

= O run, doctest.py:1525 i
O start, docrunner.py:13

o 3 <module>, docrunner
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® 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
. A simple_list_compr: class Fraction: gusages < ThomasWeise 2 %1 A v
# simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: OYusages(1dynamic] + Thoma
39 2 zippy >>> Fraction(99995, 108000).decinal_str(4) ™
~ [0 08_classes o =
2, # circle.py ®
# circle_user.py
a
Kkahan_sum.py return "o
2 kahan_user.py negative: bool = a < @
A 2 point.py a = abs(a) # Make sure
7 2 poinLuser.py b: int = self.b # Get

Debug i Doctest Fraction.decimal_str

Threads & Variables  Console B

® gonvuatir o

= @ MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
3 =

®

(3 decimal_str, fraction_d 3% max_frac = {int} 100

@ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c50>
{int} 62

@ run, doctest.py:1525 8 b= {int} 1

& _run, docrunner.py:Tt Re=

O start, docrunner.py:13 o Protected Attributes
3 <module>, docrunner
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e Wir wissen bereits, dass dieser Test Case erfolgreich durchlaufen werden wird.

<] @ progr... ~ & main - * Doctest Fraction.decimalL_str ~+ (> E : & Q & - o x
[ Project 2 fraction_decimal_str_err.py oL
o 2 simple_list_compr. class Fraction: Busages - ThomasWeise 291 ~ v

<. simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages (dynamic) = Thoma
39 & zip.py >>> Fraction(99995, 100800).decinal_str(4)

g

~ [0 08_classes
# circle.py
Go
toceuseyy ~ ©
# kahan_sum.py
2 kahan_user.py

if a

n is 6, we return @

return "g" 3
negative: bool = a < 8 4 Get th
2 point.py a = aps(a) # Make sure that a is
2 poinL user.py b: int = self.b # Get the denos

of the fraction

Debug ¥ Doctest Fraction.decimal_str

@ G O HDK & & 2z : Threads & Variables ~ Console |

@ MainTNe pegume program Fo e expression (Enter) or add a watch (Ctrl+Shift+Enter) -

=3 0 decimal_str, fraction_d 3 max_frac = {int} 100

O <frame not available> ~ & self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
® & _run, docrunner.py:it {int} 62
O run, doctest.py:1525 {int} 1
O start, docrunner.py:13 o Protected Attributes 1
o 3 <module>, docrunner

a
b
Pr
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e Wir wissen bereits, dass dieser Test Case erfolgreich durchlaufen werden wird.
® Deshalb interessiert er uns nicht.

Q B

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ (> E : 2
[ Project 2 fraction_decimal_str_err.py
- # simple_list_compr- class Fraction: 2usages = ThomasWeise
A simple_set_compr def decimal_str(self, max_frac: int = 100) -> str:
39 o zip.py >>> Fraction(99995, 100000).decimal_str(4)
~ [0 08_classes
2 2 circle.py =
2 circle_user.py
. a
kahan_sum.py return "0
= kahan_user.py negative: bool = the fraction
A 2 point.py a = abs(a) # Mak itive.
/ % point user.py b: int = self.b
Debug i Doctest Fraction.decimal_str
@ G O HDN A L T oD Threads & Variables  Console
= @ MainThre pogumeprogram Fo 3te expression (Enter) or add a watch (CtrlsShift+Enter)
k =3 0 decimal_str, fraction_d 3 max_frac = {int} 100
] O <frame not available> ~ 5 self = {Fraciion} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
® @ _run, docrunner.py:it 18 a={int) 62
i}
@ run, doctest.py:1525 b= {int)1
O start, docrunner py:-13 o Protected Attributes
O <module>, docrunner

2 1

9usages (1 dynamic)

Thorea
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® Deshalb interessiert er uns nicht.

e Wir klicken auf das Symbol [I> im weiter
ausgefiihrt wird.
B = (@ pogr. v & mainv * Doctest Fraction.decimalL_str ~+ (> E : & Q & - o x
1 Project 2 fraction_decimal_str_err.py Fa
- # simple_list_compr- class Fraction: 2usages = ThomasWeise 2 %1~ v
A simple_set_compr def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma
39 o zip.py >>> Fraction(99995, 100000).decimal_str(4)
~ [J08_classes £
2 2 circle.py
[ ]
2 circle_user.py
. a
kahan_sum.py eturn o a
= kahan_user.py negative: bool = the fraction
/ 2 point.py a = abs(a) # Mak itive.
y & point_user.py b: int = self.b
Debug i Doctest Fraction.decimal_str H
@ G O HDK A e e Z : Threads & Variables  Console 1]
= @ MainThre pegumeprogram Fe 3te expression (Enter) or add a watch (CtrlsShift+Enter) v
k =3 0 decimal_str, fraction_d 3 max_frac = {int} 100
O <frame not available> ~ 5 self = {Fraciion} <fraction_decimal_str_err.Fraction object at 0x70307359c5f0>
® @ _run, docrunner.py:it 18 a= {int) 62
@ run, doctest.py:1525 b= {int) 1
O start, docrunner.py:13 o Protected Attributes
1 3 <module>, docrunner
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Debuggen in PyCharm

e Wir klicken auf das Symbol [[> im [Debug|-Register, wodurch das Program weiter
ausgefiihrt wird.

® Alternativ kdnnen wir auch einfach dricken.

B = [ pogr. - main - * Doctest Fraction.decimal_str ~ (> E : & Q& - =@ x
1 Project 2 fraction_decimal_str_err.py Fa
o 2 simple_list_compr: class Fraction: 2us

& simple_set_compr def decimal_str(self, : int = 180) -> str:
39 2 zippy >>> Fractien(99995, 100000).decinal_str(4) ™

~ [0 08_classes o =

[ # circle.py
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 HDK A gk T &% Threads & Variables  Console 1]

® MainThre  gesume program

(3 decimal_str, fraction_d 5% max_frac = {int} 100

J <frame not a ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307359c50>
O __run, docrunner.py:1t nt} 62
O run, doctest.py b= {int) 1

3 start, docrun
O <module>, docrul

© Protected Attributes

oD e i ¢ B3




|

® Die Ausfiihrung des Doctests wird fortgesetzt.

<] @ 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

< 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

main -

* Doctest Fraction.decimal_str ~+ 0> a g & a & - =8 x

2 fraction_decimal_str_err.py L

class Fraction: Susages =+ ThomasWeise
int = 1680) -> str:
>>> Fraction(99995, 100000).decimal_str(4)

21~ v

def decimal_str(self, max_frac: Yusages (1dynamic) 2 Thorsa

if a

return @
return "0" b

negative: bool = a < 8 #

raction
2 point.py a = abs(a) # Make sure that @ is
2 point user.py b: int = self.b # Get the de
Debug i Doctest Fraction.decimal_str
GO Ib k=) [ lN"1 Threads & Variables ~ Console 15}
@ MainThread ~  Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

3% max_frac = (int} 100
~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307332e4e0>

o
o

a
b
Protected Aftributes




Debuggen in PyCharm

® Die Ausfiihrung des Doctests wird fortgesetzt.
® Sie wird wieder an unserem Breakpoint pausiert.

<] D progr... © & main v * Doctest Fraction.decimalL_str ~+ (> E : A Q & - o x
3 Project 2 fraction_decimal_str_err.py LY
. # simple_list_compr- class Fraction: 3usages = ThomasWeise 291 ~ v
A simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: OYusages(1dynamic] =+ Thoma
39 a zip.py >>> Fraction(99995, 100000).decinal_str(4) ™
~ [0 08_classes o
2 : circle.py =
circle_user.py :
. o, if a is return 0
'an_sum.py return "g" -
2 kanan_user.py negative: bool = a < B # 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
@ G O I & T % Threads & Variables ~ Console |
@ MainThread ~  Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
< [ decimal_str, fraction_d 33 max_frac = {int} 100
@ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307332e4e0>
® @ _run, docrunner.py:it La={int1
@ run, doctest.py:1525 b= {int) 2 L]
O start, docrunner.py:13 = Protected Attributes \
o 3 <module>, docrunner




T

ebuggen in PyCharm

® Sie wird wieder an unserem Breakpoint pausiert.

® Dieses Mal sind wir beim zweiten Doctest angekommen, der Fraction(1, 2) als Daten
hat.

B = () pogr. & main - * Doctest Fraction.decimal_str ~ (> E : & a & - =8 x
3 Project 2 fraction_decimal_str_err.py LY
. A simple_list_compr: class Fraction: gusages + ThomasWeise 2 %1 A v

A simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: OYusages(1dynamic] =+ Thoma
39 2 zippy >>> Fraction(99995, 108000).decinal_str(4) ™

 [J08_classes o £

2, # circle.py e MW

# circle_user.py

a

Kkahan_sum.py return w0

2 kahan_user.py negative: bool = a < @

2 point.py a = abs(a) # Make sure

2 poinLuser.py b: int = self.b # Get

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 3% max_frac = (int} 100

@ <frame not available> ~ B self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307332e4e0>

@ _run, docrunner.py: 1 %a={in1
@ run, doctest.py:1525 b= {int) 2 L]
O start, docrunner py:-13 = Protected Attributes

3 <module>, docrunner

oD e © i ¢ B3
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ebuggen in PyCharm

® Dieses Mal sind wir beim zweiten Doctest angekommen, der Fraction(1, 2) als

hat.
® Auch dieser Test Case ist un

T

interessant.

& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py

& point_user.py

G O I

@ __run, docrunner.py:i
O run, doctest.py-1525

O start, docrunner py-13
3 <module>, docrunner

A4 i

B = () pogr. & main - * Doctest Fraction.decimal_str ~ (> E : & a & - =8 x
3 Project & fraction_decimal_str_err.py e
. # simple_list_compr- class Fraction: 3usages = ThomasWeise 2 %1 A v
A simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: OYusages(1dynamic] =+ Thoma
39 a zip.py >>> Fraction(99995, 100000).decinal_str(4) ™
~ [0 08_classes o
2, # circle.py

return "0"

negative: bool = a < 8

a = abs(a) # Make sure

b: int = self.b # Get

Debug i Doctest Fraction.decimal_str

&z Threads & Variables ~ Console 1]

(3 decimal_str, fraction_d 3% max_frac = (int} 100
O <frame not available> ~ & self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307332e4e0>

{int} 1
Bb=q2 ¥
= Protected Attributes

= @ MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
e
®

Daten
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® Auch dieser Test Case ist uninteressant.
® Also klicken wir wieder auf [[> oder driicken

um die Ausfiihrung fortzusetzen.

B = (@ progr. v

[ Project

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

G O I LR 4
@ MainThread -

Debug
@

=3 [ decimal_str, fraction_d
- @ <frame not available>
® @ _run, docrunner.py:it
O run, doctest.py-1525
O start, docrunner py-13

3 <module>, docrunner

¢ main -

o & simple_list_compr-
< simple_set_compr

* Doctest Fraction.decimal_str ~+ (> E : 2
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.

¥ Doctest Fraction.decimal_str

&z Threads & Variables

Console

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

3% max_frac = (int} 100
~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307332e4e0>
Ra= (i1
go-im2 ®
= Protected Attributes

QB

Of the fraction

- o x
e
21~ v
Thoat
M
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-
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® Das bringt uns an den Anfang des dritten Doctest Case, wo der Bruch % mit max_frac
gleich 10 untersucht wird.

<] ) progr... © & main v * Doctest Fraction.decimalL_str ~+ (> E : A Q & - o x
3 Project & fraction_decimal_str_err.py Lo
. # simple_list_compr- class Fraction: 3usages =+ ThomasWeise 291 ~ v
A simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Ousages(ldynamic) = Thoma
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)
~ [0 08_classes o =
o  circle.py
Go
[ ]
& circle_user.py =
. o, if a is return 0
an_sum.py return kTl
= kahan_user.py negative: bool = a < 8 # n of the fraction
# pointpy a=apsa) 7 i W positive.
2 point user.py b: int = self.b_# Get the demominator.
Debug i Doctest Fraction.decimal_str
@ G O I & T % Threads & Variables ~ Console |
® 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
3 run, doctest.py:1525 gb=gm3k
O start, docrunner.py:13 o Protected Aftributes
o 3 <module>, docrunner
WA\ VR
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ebuggen in PyCharm

® Das bringt uns an den Anfang des dritten Doctest Case, wo der Bruch % mit max_frac
gleich 10 untersucht wird.

® Auch dieser Test Case wird erfolgreich sein, das wissen wir bereits.

B = ) pog. v i main - * Doctest Fraction.decimal_str ~ (> E : & Q& - =@ x
3 Project & fraction_decimal_str_err py L
o 2 simple_list_compr: class Fraction: ~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 160) -> str: 9 Thorea
3% 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)
~ [J08_classes o
2 2 circle.py o ;
2 circle_user.py
# kahan_sum.py
= kahan_user.py negative: bool = a < 8@
& point py a=absa) #
2 point_user.py b: int = self.b
Debug i Doctest Fraction.decimal_str
@ G O I At r|eg Threads & Variables ~ Console |
= @ MainThread v v
B < [ decimal_str, fraction_d 33 max_frac = {int} 10
@ <frame nof ~ & self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7030732f32f0>
® 3@ _run, docrur La={int1
O run #o=(m3ak
-
O start, docrunner.py o Protected Aftributes
(0] & <module>, docrunner
WA\ VR —
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Debuggen in PyCharm

® Auch dieser Test Case wird erfolgreich sein, das wissen wir bereits.
® Er wird uns keine niitzlichen Informationen liefern.

B = (@ pogr. v & mainv * Doctest Fraction.decimalL_str ~+ (> E : A Q & - o x
[ Project 2 fraction_decimal_str_err.py oL
. 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 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)

~ [0 08_classes o =

2 & circle.py =

& circle_user.py
. a

kahan_sum.py eturn "0 10|
= kahan_user.py negative: bool = a < 8 Jf the fraction
A 2 point.py a = abs(a) # Mak itive.
/ 2 point user.py b: int = self.b

G O I & i

& 7z : Threads & Variables ~ Console 1]
@ MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

(3 decimal_str, fraction_d 3% max_frac = {int} 10

Debug i Doctest Fraction.decimal_str
=

 <frame not available> ~ £ self = {Fraction} <fraction_decimal_str_err_Fraction object at 0x7030732f32f0>
®

& _run, docrunner.py:1t %a={in1
3 run, doctest.py:1525 gb=gm3k
O start, docrunner py:13 = Protected Attributes

3 <module>, docrunner
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e Wir iiberspringen ihn mit

® Er wird uns keine niitzlichen Informationen liefern.

<] @ 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

Debug

G O I k=)

® MainThread -
=3 0 decimal_str, fraction_d

J <frame not available>
® @ _run, docrunner.py:it

O run, doctest.py:1525
O start, docrunner.py:-13
3 <module>, docrunner

main * Doctest Fraction.decimal_str ~+ (> E : A Q & - o x
& fraction_decimal_str_err py e
class Fraction: Susages =+ ThomasWeise 21~ v
def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) = Thoma

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

e
if a # If the fra we return 0
return "0" kTl
negative: bool = a < 8 # Get th the fraction
a = abs(a) # Make sure that a is asitive.

b: int = self.b # Get the denominat

¥ Doctest Fraction.decimal_str

(7] Threads & Variables ~ Console

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

3% max_frac = {int} 10

£ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7030732{320>

a
b
o P

rotected Attributes
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Debuggen in PyCharm

® 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 & - o x
[ Project 2 fraction_decimal_str_err.py oL
. 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 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
A 2 point.py a = abs(a) # Mak itive.
/ 2 point user.py b: int = self.b

G O I & i

& 7z : Threads & Variables ~ Console 1]
@ MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

(3 decimal_str, fraction_d 3% max_frac = {int} 100

Debug i Doctest Fraction.decimal_str
=

 <frame not available> ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307339daf0>
®

& _run, docrunner.py:Tt 18 a = (int) ~101001
O run, doctest py:1525 3 b = (int) 100000000 k
O start, docrunner py:13 o Protected Attributes

3 <module>, docrunner




Debuggen in PyC

® Als wir den Breakpoint wieder erreichen, sind wir im vierten

—101001
100000000

® Auch diesen

liberspringen wir.

harm

= [ progr.. ¥ main v * Doctest Fraction.decimal_str ~+ 0> E : 2
Project & fraction_decimal_str_err.py

7 simple_list_compr: class Fraction: 2us

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

2 zip.py >>> Fraction(99995, 100000).decimal_str(4)

~ [J08_classes -

a

circle.py
+ ek ey O
# kahan_sum.py eturn o O
= kahan_user.py negative: bool = a < 8@ ne
& point py a=absa) 7 Make s
& point_user.py b: int = self.b #
Debug i Doctest Fraction.decimal_str
GO Ib A e T 6% Threads & Variables  Console 1]
@ MainThread v E exp " shi _

(3 decimal_str, fraction_d 3% max_frac = {int} 100

a <fr

@ _run, docrunner.py:1t
3 run, doctest.py

O start

ne not a

ilable> ~ 5 self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x70307339daf0>
nt} ~101001

42 b = {int) 100000000 k

o Protected Attributes

docruni

O <module>, docrul
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ebuggen in PyCharm

® Wenn der Debugger am fiinften Test Case ankommt, sehen wir, dass der Bruch

Fraction (1235, 1000) korrekt zu %6% 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 2 simple_list_compr- class Fraction: 8usages =+ ThomasWeise 291 ~ 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
 [008_classes o £
% # circle.py

e I

# kahan_sum.py
# kahan_user.py

return "g"
negative: bool = a < 8

. point.py a = abs(a) # Make

< point_user.py b: int = self.b # Get

Debug i Doctest Fraction.decimal_str

Threads & Variables  Console B
@ MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

(3 decimal_str, fraction_d 3% max_frac = {int} 2

O <frame not available> ~ & self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307395fb60>
{int} 247

@ run, doctest.py:1525 8 b = {int} 200 L3

O start, docrunner.py:13 o Protected Attributes

3 <module>, docrunner

@ _run, docrunner.py:1t Ha=

® Gownasiton
e
®
o
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® Wir iiberspringen den Test Case trotzdem mit
seien wird.

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ 00> E H & Q&8 - o x
[ Project 2 fraction_decimal_str_err.py oL
. # simple_list_compr- class Fraction: Susages = ThomasWeise 281 ~ v
A 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
3 & circle.py
Go
[ ]
. circle_user.py :
0 . if a is return 6
'an_sum.py return "g" -
= kahan_user.py negative: bool = a < 8 # n of the fraction
2 point.py a = abs(a) # I ! 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 (CtrlsShift+Enter) v

< O decimal_str, fraction_d 3% max_frac = {int} 2
O <frame not available> ~ & self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x70307395fb60>

® @ _run, docrunner.py:it 19 a = {int} 247
@ run, doctest.py:1525 2 b = {int} 200 L3
O start, docrunner.py:13 = Protected Attributes

i
o 3 <module>, docrunner
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® Das bringt uns zum letzten erfolgreichen Test Case, Fraction (99995,

19999

Bylichs -5

entspricht.

<] [ progr... ~ & main v * Doctest Fraction.decimal_str ~+ (> E : 2 Q @
[ Project < fraction_decimal_str_err.py
. # simple_list_compr- class Fraction: Susages = ThomasWeise 2
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages (Idynamic)
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)
~ [0 08_classes
2, & circle.py o
& circle_user.py
: a
kahan_sum.py eturn "0
= 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
Debug i Doctest Fraction.decimal_str
@ GO A L ] Threads & Variables ~ Console
= @ MainTnread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter)
=3 [ decimal_str, fraction_d 3% max_frac = {int} §
 <frame not available> ~ £ self = {Fraction) <fraction_decimal_str_err.Fraction object at 0x703074378110>
® @ _run, docrunner.py:it 19 a = (int} 19989
3 run, doctest.py:1525 12 b = {int) 20000 &
O start, docrunner.py:13 = Protected Attributes
O <module>, docrunner
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® Nach dem wir diesen Test Case mit [I> libersprungen haben, werden wir endlich in einem
Test Case angekommen, der fehlschlagen wird, und den wir deshalb Schritt-fiir-Schritt

durchgehen miissen.

B = [ progr.. v
[ Project
o & simple_list_compr:
< simple_set_compr
33 & zip.py
~ [0 08_classes
2o 2 circle.py
 circle_user.py
¥ kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py
Detug
@ G O I A
= @ MainThread -
B & O decimal_str, fraction_d
@ <frame not available>
® A _run, docrunner.py:it
3 run, doctest.p 5
B
3 start, docrunner.py:
1 @ O <module>, docrunner
WA\ VR

¥ 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: 9
>>> 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
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e Wir sind jetzt am Anfang des Doctest Cases Fraction (91995, 100000) .decimal_str(3)
angekommen, der fehlschlagen wird.

 circle_user.py
¥ kahan_sum.py
2 kahan_user.py
& point.py

& point_user.py

G O I

~

® MainThread

=3 0 decimal_str, fraction_d
@ <frame not available>
® @ _run, docrunner.py:it

O run, doctest.py:1525

O start, docrunner.py:13
3 <module>, docrunner

Debug i Doctest Fraction.decimal_str

if a

return

[

return
negative: bool = a < 8 # 0 of the fraction
a=abs(a) - w positive.
b: int = self.b # Get the denominator.

T e Threads & Variables ~ Console

Evaluate expression (Enter) or add a watch (Ctrlsshift+Enter)

3% max_frac = {int} 3
~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
{int} 18399
{int} 20000
rotected Attributes

Do oo

<] ) progr... ~ & main - * Doctest Fraction.decimal_str ~+ 00> E H 2 Q @ ) @&
3 Project < fraction_decimal_str_err.py e
o 2 simple_list_compr- class Fraction: 8usages =+ ThomasWeise 201~ v
<. simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: 9usages (1 dynamic) + Thoma
39 a 2ip.py >>> Fraction(99995, 100800).decinal_str(4)
~ [0 08_classes o
R 2 dirde.py
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® Der Bruch

91995

18399

wurde im Initializer __init__ zu 553== normalisiert.
100000 x = 20000

<] ) progr... ~ & main - * Doctest Fraction.decimal_str ~+ (> E & Q &8 - o x
3 Project & fraction_decimal_str_err.py Lo
e 2 simple_list_compr- class Fraction: 8usages =+ ThomasWeise 21~ v

<. simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) * Thoma
39 & 2ip.py >>> Fraction(99995, 100000).decinal_str(4)

~ [0 08_classes 1

R 2 cirdle.py

 circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py

& point_user.py

if a

# If the fi is @, we return 8
return "g" =
negative: bool = a < 8 # Get the fraction

a = abs(a)

b: int = self.b #

# Make sure that a is

psitive.

Get the denos

Threads & Variables ~ Console B

Debug i Doctest Fraction.decimal_str
G O I & (7]
® 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

Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) -
3% max_frac = {int} 3

~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

19 a = (int) 18399
& b = {int} 20000
o Protected Aftributes
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® Der Parameter max_frac von decimal_str hat den Wert
[Threads & Variables]-Fenster sehen.

# circle_user.py

<] ) progr... ~ & main - * 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: 8usages =+ ThomasWeise 201~ v
<. simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: 9usages (1 dynamic) + Thoma
39 a 2ip.py >>> Fraction(99995, 100800).decinal_str(4)
~ [0 08_classes o
R 2 dirde.py -

. - if a @: # If the fract is @, we return @
Kkahan_sum.py return "o &
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 point user.py b: int = self.b_# Get the demominator.
Debug i Doctest Fraction.decimal_str
@ GO Ib A T 6% Threads & Variables ~ Console 1]

@ MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter)

=3 0 decimal_str, fraction_d 3% max_frac = {int} 3
- @ <frame not available>
® @ _run, docrunner.py:it
O run, doctest.py:1525

O start, docrunner.py:13 o

~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
{int} 18399

{int} 20000

rotected Attributes \
o 3 <module>, docrunner

Do oo
"
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® Der Parameter max_frac von decimal_str hat den Wert 3, wir wir im
[Threads & Variables]-Fenster sehen.

® Wir wollen nun die Methode decimal_str Schritt-fiir-Schritt ausfiihren.

B = () pogr. v i main - * Doctest Fraction.decimal_str ~ (> E : & Q& - =@ x
3 Project & fraction_decimal_str_err.py L
o # simple_list_compr- class Fraction:
# simple_set_compr def decimal_str(self, max_frac: int = 160) -> str: 9
39 a 2ip.py >>> Fraction(99995, 100000).decinal_str(4) ™
~ [J08_classes o
2, & circle.py ® ;
 circle_user.py
2 kahan_sum.py
= kahan_user.py negative: bool = a < @
2 point.py a - abs(a) #
2 point user.py b: int = self.b
Debug i Doctest Fraction.decimal_str
@ G O I At r|Eg Threads & Variables ~ Console |
= @ MainThread v v
B =3 0 decimal_str, fraction_d 3% max_frac = {int} 3
@ <frame nof ~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
® 3@ _run, docrur 19 a = (int} 18389
O run & b = {in} 20000
-
O start, docrunner.py o Protected Aftributes
(0] & <module>, docrunner
WA\ VR —
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. Debuggen in PyCharm

B T4N

e 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
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 2ip.py >>> Fraction(99995, 100000).decinal_str(4) ™

~ [J08_classes o

& circle.py

8o
|
+ ek ey O
a
Kkahan_sum.py return "o &

= kahan_user.py negative: bool = a < 8 ne

2 point.py a - abs(a) # Make s

< point_user.py b: int = self.b #

Debug i Doctest Fraction.decimal_str

G O I a L& T e

Threads & Variables ~ Console B

@ MainThread - exp ! shi v

(3 decimal_str, fraction_d 3% max_frac = {int} 3

 <frame not available> ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
O __run, docrunner.py:1t nt) 18399
O run, doctest.py 2 b = {int} 20000

O start, docruni = Protected Attributes

3 <module>, docrul

oD e i ¢ E3
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® Nun hat der Debugger erstmal die Ausfiihrung an der ersten Zeile der Methode pausiert.
® Diese Zeile wurde noch nicht ausgefiihrt.

B = () pogr. v i main - * Doctest Fraction.decimal_str ~ (> E : & Q& - =@ 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:
3% 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)

~ [J08_classes o =

g 2 circle.py
Go

+ ek ey O

a

kahan_sum. py eturn o o

= kahan_user.py negative: bool = a < @ ne

& pointpy a=absa) 7 Make s

a

peint_user.py b: int = self.b #

Debug i Doctest Fraction.decimal_str

G O I & i T e

Threads & Variables ~ Console B

@ MainThread - exp ! shi v

(3 decimal_str, fraction_d 3% max_frac = {int} 3

 <frame not available> ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
O __run, docrunner.py:1t nt) 18399
O run, doctest.py 2 b = {int} 20000

O start, docruni = Protected Attributes

3 <module>, docrul

oD e i ¢ E3
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Debuggen in PyCharm

AT TR NN,

o Wir fiihren diese Zeile Kode aus, in dem wir entweder auf 22 klicken oder

step over F&

< O decimal_str, fraction_d

® @ _run, docrunner.py:t
O run, doctest.py:1525
O start, docrunner.py:13 o
o 3 <module>, docrunner

a
b
Pr

<] [ progr... ~ & main v * Doctest Fraction.decimalL_str ~+ (> E : & Q & - o x
3 Project & fraction_decimal_str_err.py L
. # simple_list_compr- class Fraction: 3usages = ThomasWeise 2 %1 ~ v
A simple_set_compr def decimal_str(self, max_frac: int = 100) -> str: Ousages(ldynamic) = Thoma
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)
~ [0 08_classes o
o  circle.py
Go
e
2 circle_user.py =
. o, if a # If the fi we return @
lan_sum. py return "g" -
= kahan_user.py negative: bool = a < 8 # Get the fraction
2 point.py a = absCa) # Make sure that a is ositive.
2 point user.py b: int = self.b_# Get the demoni
Debug i Doctest Fraction.decimal_str
GO Ib ey + ez Threads & Variables  Console 1]
® MainThread e expression (Enter) or add a watch (CtrlsShift+Enter) v

&1 max_frac = {int} 3
O <frame not available> ~ & self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

{int} 18399
{int} 20000
rotected Attributes

drucken:
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® Wir sehen, dass eine neue Variable im [Threads & Variables-Fenster auftaucht.

2 kahan_sum.py
2 kahan_user.py
< point.py

& point_user.py

G O I

~

H MainThread v

=3 0 decimal_str, fraction_d
@ <frame not available>
® @ _run, docrunner.py:it

O run, doctest.py:1525
O start, docrunner.py:13
@ <module>, docrunner

return
negative: bool = a < @
abs(a) # Make
Ny b: int = self.b #

Get the denominator.

Debug ¥ Doctest Fraction.decimal_str

r oz Threads & Variables ~ Console

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

3 a = {int) 18399
38 max_frac = {int) 3
~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
42 a={int; 18399
& b = {int} 20000
o Protected Attributes

<] [ progr... © & main - * Doctest Fraction.decimaL_str ~+ (> a : A Q & - o x
3 Project & fraction_decimal_str_err.py e
o 2 simple_list_compr- class Fraction: Susages =+ ThomasWeise 201~ v

. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (ldynamic) = Thoma
39 & 2ip.py >>> Fraction(99995, 100800).decinal_str(4) M

~ [0 08_classes o

% # circle.py °

. circle_user.py

s3
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. Debuggen in PyCharm

b 3 B T4N

® Wir sehen, dass eine neue Variable im [Threads & Variables-Fenster auftaucht.

® 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
3 Project & fraction_decimal_str_err py LY
o 2 simple_list_compr: class Fraction: 2us

 simple_set_compr def decimal_str(self, : dint = 180) -> str:
39 2 zippy >>> Fractien(99995, 108000).decinal_str(4) ™

~ [0 08_classes o

[ 2 circle
8o Py ° ;

# circle_user.py e

- s

Kkahan_sum.py v— =

% kahan_user.py negative: bool = a < ® ne

2 point.py a = abs(a) # Make 5

& point_user.py Ny b: int = self.b #

Debug i Doctest Fraction.decimal_str

G O I & i T e

Threads & Variables  Console B

H MainThread v E exp v shi v

O decimal_str, fraction.d 3% a = {in1} 18399 »
9 <fr

ne not 10 max_frac = {in} 3

O _run, docrunner.pylt ~ & self = (Fraciion} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
O run, doctest.py 2 a = {int} 18399
O start, docrun & b = {int} 20000

& <module>, docru © Protected Attributes

oD e «i ¢ E3
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I &

® Da wir a = self.a ausgefiihrt haben, gibt es jetzt die lokale Variable a mit dem Wert
18399.

® Die niachste Kodezeile kann nun ausgefiihrt werden und ist mit blauer Farbe markiert.

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: 2us

 simple_set_compr def decimal_str(self, :int = 100) -> str:
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4)

~ [0 08_classes o

2, # circle.py ° ;

# circle_user.py e

- s

Kkahan_sum.py E— =

% kahan_user.py negative: bool = a < ® ne

< point.py a = abs(a) # Make s

2 point_user.py Ny b: int = self.b #

Debug i Doctest Fraction.decimal_str

Threads & Variables  Console B

H MainThread v E exp v shi v

O decimal_str, fraction.d 3% a = {in1} 18399 »
9 <fr

ne not 10 max_frac = {in} 3

O _run, docrunnerpy Tt~ E self = {Fraction} <fraction_decimal_str_err_Fraction object at 0x7d37f0a0ed50>
O run, doctest.py
3 start, docrun

4 a = {int} 18399
& b = {int} 20000

& <module>, docru © Protected Attributes

® gopusrsir o
=
&
0]




o Wir dricken

und fithren damit die Zeile if a

(a]

@ progr... © & main v * Doctest Fraction.decimalL_str ~+ (> B : A Q & - o x
Project 2 fraction_decimal_str_err.py L
¥ simple_list_compr- class Fraction: gusages =+ ThomasWeise 2 %1~ v

2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Ousages(ldynamic) = Thoma

2 zip.py >>> Fraction(99995, 100000).decimal_str(4)
~ [0 08_classes o
2 circle.py i
[ ] int = self.a # Bet the numerator. a:
2 circle_user.py if a == 8: # If the fraction is 6, we return 6

#2 kahan_sum.py return "6" T ’
[ kahan_user.py
2 poirt py

& point_user.py

5

a = abs(a) # Muke
b: int = self.b # 6

Debug ¥ Doctest Fraction.decimal_str

G O I &

[ Threads & Variables  Console i3]

H MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift:Enter) v

(3 decimal_str, fraction_d
@ <frame not available>

3 a={iny 18389

10 max_frac = {int} 3
@ __run, docrunner.py:i
O run, doctest.py:1525
O start, docrunner.py:13
3 <module>, docrunner

£ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
4 a = {int} 18399
&% b = {int} 20000
o Protected Attributes
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L e L X%

e Wir driicken und fiihren damit die Zeile if a == 0: aus.
® Weil a == 0 nicht True ist, wird der Korper des if nicht ausgefiihrt.

<] @ progr... © & main v * Doctest Fraction.decimalL_str ~+ (> E : A Q & - o x
[ Project . fraction_decimal_str_err.py oL
. # simple_list_compr- class Fraction: Susages = ThomasWeise 2 %1 ~ v

2 simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Susages(1dynamic] = Thoma
39 2 2ip.py >>> Fraction(99995, 100000).decinal_str(4)

~ [0 08_classes o =
3 & circle.py
o A cirdl [ ] a: int = self.a # Bet a: 18399
circle_user,

el if a == @: # If the fraction is 6, we return O

¥ 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

e(“nDI]D &

T % Threads & Variables ~ Console 1]
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

< [ decimal_str, fraction_d 3% a={int) 18399

M Sdromas 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
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® Weil a == 0 nicht True ist, wird der Korper des if nicht ausgefiihrt.
® Das Programm springt dariiber.

<] @ progr... © & main v * Doctest Fraction.decimal_str 00> E H & Q&8 - o x
[ Project . fraction_decimal_str_err.py oL
o #: simple_list_compr. class Fraction: Busages - ThomasWeise 201~ v

<. simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: 9usages (1dynamic) + Thoma
39 2 zip.py >>> Fraction(99995, 100800).decinal_str(4)

g

~ [0 08_classes

% 2 circle py s
a: 183

[ ] a: int = self.a # Be
2 circle_user.py o R
ifa==8: #1

¥ kahan_sum.py

+
f the fraction is 8, we return 8

return "g" I
¥ kahan_user.py s5 ol
2 point.py a=aps(a) 7 th
2 point user.py b: int = self.b # Get the denominator.

Debug ¥ Doctest Fraction.decimal_str

e(“nDI]D &

T % Threads & Variables ~ Console 1]
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

< [ decimal_str, fraction_d 3% a={int) 18399

M Sdromas 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
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Debuggen in PyCharm

® Das Programm springt dariiber.
® Die nachste Kodezeile nach dem if ist nun markiert.

& point.py

& point_user.py
Debug ¥ Doctest Fraction.
G O I

H MainThread v

O run, doctest.py:1525
O start, docrunner.py:13

3 <module>, docrunner

Evaluate

a = abs(a) # W

b: int = self.b

decimal_str

Z

Console

Threads & Variables

expression (Enter) or add a watch (Ctrl+Shift:Enter)

4 a = {int} 18399
&% b = {int} 20000
o Protected Attributes

< [ decimal_str, fraction_d 3% a={int) 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>

<] @ progr... © & main v * Doctest Fraction.decimalL_str ~+ (> E : A Q & - o x
3 Project & fraction_decimal_str_err.py Lo
. 2 simple_list_compr- class Fraction: Susages = ThomasWeise 1X1A v

2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Ousages(ldynamic) = Thoma
39 2 zip.py >>> Fraction(99995, 100000).decinal_str(4) ™

~ [0 08_classes o

B LT [ ] int = self.a

2 circle_user.py X :
. o if a == 8: # If

an_sum.py return "0"
2 kahan_user.py [ |
= 55
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® Wir fuhren sie mit

® Die nachste Kodezeile nach dem if ist nun markiert.
aus.

& 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
3 <module>, docrunner

Evaluate

@ progr... © & main v * Doctest Fraction.decimal_str 00> E H & Q&8 - o x
3 Project 2 fraction_decimal_str_err.py re
. # simple_list_compr- class Fraction: Susages = ThomasWeise 2 %1 ~ v

2 simple_set_compr def decimal_str(self, max_frac: int = 180) -> str: Susages(1dynamic] = Thoma
39 2 2ip.py >>> Fraction(99995, 100000).decinal_str(4)

~ [0 08_classes o

3 & circle.py
o [ ] int = self.a

. circle_user.py °
. o if a == 8: # If

an_sum.py return "0"
¥ kahan_user.py -
= 55

a = abs(a) # W

b: int = self.b

Debug ¥ Doctest Fraction.decimal_str

Z Threads & Variables

Console

expression (Enter) or add a watch (Ctrl+Shift:Enter) v

3 a = {int) 18399
38 max_frac = {int) 3
£ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
42 a={int 18399
&% b = {int} 20000
o Protected Attributes




> N TR

® Die lokale Variable negative wird erzeugt.

<] @ progr... ~ & main v * Doctest Fraction.decimaL_str ++ (> B : A Q &8 - =@

[ Project 2 fraction_decimal_str_err.py

o #: simple_list_compr. class Fraction: Busages - ThomasWeise 201~ v
<. simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: 9usages (I dynamic) + Thoma

39 a zip.py >>> Fraction(99995, 100800).decinal_str(4)

~ [0 08_classes

8 & ciclepy [ ] int = self.a # 6et the a: 18399
CPETERIER) if a == 8: # If the fraction is 8, we return 0
. # kahan_sum.py eturn on : '
& kahan_user.py
= pointpy 56
h 2 point_user.py b: dint = self.b # Get the

Debug ¥ Doctest Fraction.decimal_str

G O I &

ez i Threads & Variables ~ Console [iz]

H MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v
< [ 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 2 a = {int} 18399
o 3 <module>, docrunner & b = {int) 20000
vl o Protected Attrioutes
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Debuggen in PyCharm

® Die lokale Variable negative wird erzeugt.
® Da a < 0 namlich False ist, ist negative ebenfalls False.

B = () pogr. v i main - * Doctest Fraction.decimal_str ~ (> E : & Q& - =8 x
Project 2 fraction_decimal_str_er| L
J py -
. # simple_list_compr- class Fraction: Susages =+ ThomasWeise 291~ v
a def decimal_str(self, max_frac: int = 188) -> str: 9usages {1dynamic] Thonaa.
simple_set_compr ¥ 1
39 2 zip.py >>> Fraction(99995, 100000).decimal_str(4)
~ [0 08_classes o
[ # circle.py
oe A cirdl [ ] a: int = self.a # 6et the numerator. a: 18399
circle_user.
- Py if a == @: # If the fraction is @, we return @
Kkahan_sum.py return "o
¥ kahan_user.py N
& point.py 56

& point_user.py

Debug ¥ Doctest Fraction.decimal_str

GO Ib A e Z : Threads & Variables  Console B
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

< [ decimal_str, fraction_d 3% a = {int} 18399

M Sdromas 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

e\ Vo i o Protected Aftributes
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Debuggen in PyCharm
® Da a < 0 namlich False ist, ist negative ebenfalls False.
® Die nachste Kodezeile ist markiert und wir fiihren sie mit aus.
B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ 0> E g & Q& - =8 x
3 Project & fraction_decimal_str_err.py Lo
o 2 simple_list_compr- class Fraction: 8usages =+ ThomasWeise 21~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: 9usages (I dynamic) + Thoma
39 2 zippy >>> Fraction(99995, 100000).decinal_str(4)
~ [J08_classes ‘j'
& ey [ ] a: int = self.a # Bet the numerator. a: 18399
. circle_user.py ;
o if a == 8: & If the fraction is 6, we return @
2 kahan_sum.py eturn o
# kahan_user.py ™

& point.py
& point_user.py

Debug
G O I k=)
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
3 <module>, docrunner

¥ Doctest Fraction.decimal_str

& 2 Console

Threads & Variables

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

3% a = {int) 18399

max_frac = {int} 3

negative = {bool) False

self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0edS0>
of a = {int} 18399

& b = {int) 20000

o Protected Attributes

10
a1
10
ol
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® a = abs(a) hat keinen Effekt, denn a ist ja schon positiv.

<] @ progr... ~ & main v * Doctest Fraction.decimal_str ~+  [I> a £ & Q & - o

[ Project - 2 fraction_decimal_str_err.py =

o 2 simple_lisLcompr. @ class Fraction: Susages - ThomasWeise 241~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: 9usages (1dynamic) = Thoma

3% A zip.py 54 return "@"

[ 08_classes negative: bool = a < B # Get the sign of the fraction. negative

a = abs(a) # Make sure

2, & circle.py
2 circle_user.py
¥ kahan_sum.py
2 kahan_user.py
& point.py

h & point_user.py

Debug i Doctest Fraction.decimal_str

digits: list = [1 # A list for collecting digits

while (a != 8) and (len(digits) <= max_frac): # Create digits
digits.append(a // bB) # Add the current digit.
a =18 % (a % b) # Ten times the remainder -

next digit.

® gomoas

T % Threads & Variables ~ Console
H MainThread v Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter)
< O decimalstr, fraction.d 37 a = {in1) 18399
1 @ <frame not available> 19 max_frac = {in) 3
| ® O _run, docrunnerpyt 3% negative = {bool} False
= O run, doctestpy-1525  ~ £ self = {Fraction) <fraction_decimal_str_err_Fraction object at 0x7d37f0a0ed50>
O start, docrunner.py:-13 4% a = {int} 18399
@ O <module>, docrunner £ b = {in1) 20000

vl > o Protected Attributes
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Debuggen in PyCharm

® a

® Wir driicken

abs(a) hat keinen Effekt, denn a ist ja schon positiv.
um weiterzumachen.

2 circle_user.py
¥ kahan_sum.py
2 kahan_user.py
& point.py

& point_user.py

5 Doctest Fracti

G O I

H MainThread

=3 [ decimal_str, fraction_d
O <frame not available>
® 3@ _run, docrunner.py:it

O run, doctest.py:1525
O start, docrunner.py:-13

@ <module>, docrunner

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+  [I> E : A Q & - o x
[ Project 2 fraction_decimal_str_err.py e
e 2 simple_list_compr- class Fraction: 8usages = ThomasWeise 2 w1~ v
#: simple_set_compr def decimal_str(self, max_frac: int = 188) -» str: Susages(ldynamic) = Thoma

3% A zip.py return "@"

[ 08_classes negative: bool 7 of the negative: Fals

A aps (a)

2 2 circle.py

digits: list
while (a 1=

0
) and (len(digits) <= max_frac):
digits.append(a // b)
a=10 % (a % b)

# A list for collecting dig

Add the

# Ten times

ion.decimal_str
Z

Threads & Variables ~ Console

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

a={int} 18399

max_frac = {inf} 3

negative = {bool} False

self = {Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0edS0>
&f a = {int} 18399

&9 b = {int) 20000

o Protected Attributes
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® Das filhrt b = self.b aus.

<] [ progr... ~ & main v * Doctest Fraction.decimalL_str ~+  [l> a £ & Q &8 - o x
3 Project - & fraction_decimal_str_err.py = L
o 2 simple_lisLcompr. @ class Fraction: Susages - ThomasWeise 241~ v

. simple_set_compr  2° def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) = Thoma
39 2 zippy 54 return "g"

ey, 55 negative: bool = a < B # Get the sign of the fraction. negative
- a = abs(a) # Make sure that a is now positive. [

2, 2 circle.py

b: int = self.b # Get the denominator. b: 20080
# circle_user.py

# kahan_sum.py

2 kahan_user.py
< point.py
h & point_user.py

Debug i Doctest Fraction.decimal_str

gi # Create digits
digits.append(a // b) # Add the current digit.
a =18 % (a % b) # Ten times the remainder -

next digit.

| ® gomoas

T % Threads & Variables  Console B

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

< O decimal_str, fraction_d 39 a = {int) 18399
@ <frame not available> 12 b = {int) 20000

| ® O _run, docrunnerpy:t 3% max_frac = {inf} 3
O run, doctest.py:1525 29 negative = {bool} False
2 O start, docrunnerpy:13  ~ £ self = {Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0edS0>
@ O <module>, docrunner 5 a = (int} 18399
\ VR T 19 = {int) 20000
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® Das filhrt b = self.b aus.
® Eine neue lokale Variable b mit Wert 20000 wird erstellt.

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ > a : & Q& - o x
3 Project & fraction_decimal_str_err.py L
o #: simple_list_compr. class Fraction: Busages - ThomasWeise 1x1~ v g
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) = Thoma

39 & zinpy return "o"

o negative: bool <8 D of the egative: Fate M

A abs(a) 7 ! v positive.

% # circle.py

b: int = self.b # b: 20086

2 circle_user.py
2 kahan_sum.py

59
2 kahan_user.py while (a 1= 6) and (len(digits) <= max_frac):
2 point.py digits.append(a // b) # Add the
2 poinL_user.py a =10 % (a % b) # Ten times

Debug i Doctest Fraction.decimal_str

GO I =} &z : Threads & Variables ~ Console 15}
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
< [ decimal_str, fraction_d 3% a = {int} 18399
@ <frame not available> 22 b = {int} 20000
® O _run, docrunnerpy:t 28 max_frac = {int} 3
O run, doctest.py:1525 39 negative = {bool} False

O start, docrunnerpy:13  ~ £ self = {Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0edS0>
o 3 <module>, docrunner & a = {int} 18399
int} 20000
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. Debuggen in PyCharm

b 3 B T4N

® 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.

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ > E : & Q& - o x
3 Project & fraction_decimal_str_err.py L
o 7 simple_list_compr. class Fraction: 2us

2 simple_set_compr def decimal_str(self,
39 o 2ip.py return "g"

© [ 08_classes negative: bool = a < @ Fa
% # circle.py : :‘a:s“’) 1; h ]
:int = self.
2 circle_user.py
a
kahan_sum.py Il

2 kahan_user.py 8) and (len(aigits) H

< point.py digits.append(a // b)

2 point user.py a=10% (a%b) #7T¢ e

Debug i Doctest Fraction.decimal_str

Threads & Variables  Console B

H MainThread v E exp ¥ Shi v

(3 decimal_str, fraction_d 3% a = {int) 18399
3 <fr i

ne not a 22 b = {int} 20000
@ __run, docrunner.py:i 39 max_frac = {inf} 3
3 run, docte
O start, docruni ~ E self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
&9 a = {in; 18399

%1 = {int) 20000 -

3% negative = {bool} False

® gonusrsir o
e
&
0]
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ebuggen in PyCharm

® Wir sind jetzt an der letzten Zeile des ,trivialen Setups” unserer Methode

T

dem Erstellen der Liste digits.

® Wir dricken

B = (@ pogr. v & mainv * Doctest Fraction.decimal_str ~+ > E : & Q& - o x
3 Project & fraction_decimal_str_err.py L
. # simple_list_compr- class Fraction: Susages = ThomasWeise 281 ~ v
 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Ousages(ldynamic) = Thoma
39 2 zip.py return "g"
© [ 08_classes negative: bool = a < 8 # Get the fractior negative: Fal
% 2 circle.py a = abs(a) # Mak
b: int = self.b
2 circle_user.py
a
kahan_sum.py Il
2 kahan_user.py 8) and (len(digits) =
2 point py digits.append(a // b) # Add the cur
2 point user.py a=16 % (a%b) #Ten times the re
Debug i Doctest Fraction.decimal_str
@ GO I A e T 6% Threads & Variables  Console 1]
= E MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift:Enter) v
< [ decimal_str, fraction_d 3% a = {int} 18399
@ <frame not available> 22 b = {int} 20000
® O _run, docrunnerpy:t 28 max_frac = {int} 3
O run, doctest.py:1525 3% negative = {bool} False
B
[ start, docrunner.py:13  ~ £ self = (Fraction) <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
@ O <module>, docrunner & a = {int} 18399

int} 20000

decimal_str,
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® Die neue Variable digits ist wirklich aufgetaucht.

<] @D progr... ~ & main v * Doctest Fraction.decimalL_str ~+  [I> a £ & Q & - o
[ Project - < fraction_decimal_str_err.py =
< # 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
- 5 a = abs(a) # Make sure that @ 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.
h 2 poinL_user.py a =10 % (a X b) # Ten times the remainder -» next digit.
Debug i Doctest Fraction.decimal_str
GO I A T e Z : Threads & Variables ~ Console
H MainThread v Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter)
< [ decimal_str, fraction_d 3% a = {int) 18399
1 @ <frame not available> 10 b = {int) 20000
| ® O _run, docrunnerpyt |3 i= digits = {list: 0} [1 »
3 run, doctest.py:1525 89 max_frac = {int} 3
= V.
O start, docrunner.py:13 29 negative = {bool} False
(D O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
vl
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Debuggen in PyCharm

TN

® Die neue Variable digits ist wirklich aufgetaucht.
® Sie ist eine leere Liste [].

@ progr... v
Project

& simple_list_compr-
< simple_set_compr
& zip.py
v [J08_classes
2 circle.py
2 circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py

main * Doctest Fraction.decimal_str ~+ (> E : A Q & - @ x
& fraction_decimal_str_err.py s 4
class Fraction: Susages =+ ThomasWeise 2 1~ v
def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) = Thoma

return "g"
negative: bool = a < ©
a = abs(a) # Make sure
b: int = self.b #

of the

v positive.

60
digits.append(a // b)
a=10 % (a%b) # Ten ¢

Debug i Doctest Fraction.decimal_str

G O I 2
H MainThread v

(3 decimal_str, fraction_d
G <frame not available>
@ __run, docrunner.py: i
O run, doctest.py:1525

O start, docrunner.py-13
@ <module>, docrunner

& 7 : Threads & Variables ~ Console 1]

Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
3% a = {int) 18399
39 b = {int} 20000

digits = {list: 0} [] (3

max_frac = {int} 3

negative = {bool} False

i

o 23 25

self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>
%3 =1in 18399
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Debuggen in PyCharm

® Sie ist eine leere Liste [].
® Wir sind nun am Anfang der while-Schleife.

@ progr... v
Project

& simple_list_compr-
< simple_set_compr
& zip.py
v [J08_classes
2 circle.py
2 circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py

main * Doctest Fraction.decimal_str ~+ (> E : A Q & - @ x
& fraction_decimal_str_err.py e
class Fraction: Susages =+ ThomasWeise 2 1~ v

def decimal_str(self, max_frac: int = 1808) -> str:

9usages (1 dynamic)

Thoma
return "g"
negative: bool = a < ©
aps(a) # Make
b: int = self.b #

of the

a= sure v positive.

60
digits.append(a // b)
a=10 % (a%b) # Ten ¢

Debug i Doctest Fraction.decimal_str
GO I k=) e % Threads & Variables ~ Console B
H MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v

(3 decimal_str, fraction_d
G <frame not available>
@ __run, docrunner.py: i
O run, doctest.py:1525

O start, docrunner.py-13
@ <module>, docrunner

3% a = {int) 18399

20 b = {int} 20000

digits = (st 0} [ &,
max_frac = {int} 3
negative = {bool} False

i

o 23 25

self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>
%3 =1in 18399
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Debuggen in PyCharm

e Wir sind nun am Anfang der while-Schleife.
e Wir driicken wodurch die Bedingung am Anfang der Schleife gepriift wird.

B = progr... © £ main v * Doctest Fraction.decimal_str -+ 1> &4 : 2 D & @
+
[ 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
* [08_classes negative: bool negative: Fal: <
N a = aps(a) 7! -
2 2 circle.py

b: int = self.b #
# 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 e S Threads & Variables  Console 1]

H MainThread v | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v

< 0 decimal_str, fraction_d 3% a = {int} 18399
& <frame not available> 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 39 negative = {bool} False
1 @ O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
WA\ VR %3 =1in 18399 —
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Debuggen in PyCharm

e Wir sehen, dass nun die erste Zeile des Schleifenkdrpers markiert ist.

<] D progr... © & main v * Doctest Fraction.decimaL_str ~+  [I> a : 2 Q@ o x
1 Project 2 fraction_decimal_str_err.py L
o #: simple_list_compr. class Fraction: Busages - ThomasWeise 21 A v

<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) = Thoma
39 2 zippy return "g"

s negative: bool = a < B # Get of the
- a = abs(a) # Make sure now positive.

2, 2 circle.py

b: int = self.b #
2 circle_user.py

¥ kahan_sum.py

digits: list = [1 # 4 list for collecting d

2 kahan_user.py
< point.py 61
& point_user.py

1= 0) and (len(digits) <=
pend(a // b) T#
16 % (a % b)

max_frac) :

Debug i Doctest Fraction.decimal_str

e(“nDI]D ]

& ez i Threads & Variables ~ Console iz]
H MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v

< [ decimal_str, fraction_d 3% a = {int} 18399

(@ <frame not available> 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>

)

int} 18399
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ebuggen in PyCharm

e Wir sehen, dass nun die erste Zeile des Schleifenkdrpers markiert ist.
® Das bedeutet, dass a !'= 0 und len(digits)<= max_frac beide True sind.

B = (@ pogr. v © mainv * Doctest Fraction.decimal_str ~+ (> E : & Q&8 - o x
1 Project 2 fraction_decimal_str_err.py L
. # simple_list_compr- class Fraction: Susages = ThomasWeise 281 ~ v
 simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: Ousages(ldynamic) = Thoma
39 2 zip.py return "g"
© [ 08_classes negative: bool = a < & # the fraction. negative: Fal: M =
g, & cirdle.py a = abs(a) # Make s
b: int = self.b # Get the d 20000
2 circle_user.py
a
kahan.sum.py aigits: st = [1 # 4 List for co
2 kahan_user.py while (a 1= 8) and (len(digits)
e
2 point user.py a=16% (a%b) # Ten times
Debug i Doctest Fraction.decimal_str
@ GO I A e T 6% Threads & Variables  Console 1]
= E MainThread v Evaluate expression (Enter) or add a watch (CtrlsShiftsEnter) v
< [ decimal_str, fraction_d 3% a = {int} 18399
(@ <frame not available> 39 b = {int} 20000
® O _run, docrunner.pytt |5 S digits = {list: 0} []
O run, doctest.py:1525 39 max_frac = {int} 3
O start, docrunner.py:13 39 negative = {bool} False
1 @ @ <module>, docrunner ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
1%a=1in) 18399 -
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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 = (@ pogr. v © mainv * Doctest Fraction.decimaL_str ~+  [I> a : A Q & - @ x
[ 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 "@"
 [J08_classes negative: bool negative: Fal: M
- a = abs(a) 7/
2, & circle.py

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

< O decimal_str, fraction_d 3% a = {int) 18399

(@ <frame not available> 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>
1%a=1in) 18399




W" % TR
Debuggen in PyCharm

e Wir driicken den 22-Knopf, um die erste Zeile des Schleifenkorpers auszufiihren.

B = (@ pogr. v © mainv * Doctest Fraction.decimalL_str ~+  [I> a : A Q & - @ x
[ 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% & zip.py return "@"
 [J08_classes negative: bool negative: Fal: M
- a = abs(a) 7/
2, & circle.py

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(digits) <
pend(a // b) [#

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

< O decimal_str, fraction_d 3% a = {int) 18399

(@ <frame not available> 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>
1%a=1in) 18399




a— . TS
Debuggen in PyCharm

® digits.append(a // b) wird nun den Wert 18399 // 20000 an die Liste digits
anhangen.

<] D progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : 2 Q & - o x
3 Project - & fraction_decimal_str_err.py s 4
o 7 simple_list_compr: class Fraction: gusages -+ ThomasWeise 2 1~ v
2 simple_set_compr def decimal_str(self, max_frac: int 9usages {1 dynamic) =+ Thorsa
29 2 zip.py digits: list = [1 # t for
[ 08_classes while (a != 8) and (len(digits) M
: digits.append(a // b) #
2, 2 circle.py < EEE
2 circle_user.py
: a
kahan_sum.py if (a /f B »= 51 # Do we need to round
2 kahan_user.py digits[-1] += 1 # R crem =
& point.py
A point_user.py if len(digits) <= 1: # Do we have an integer part?
T Debug i Doctest Fraction.decimal_str
@ GO a T @ @ i  Threads & Variables  Console B
H MainThread v Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
< O decimal_str, fraction.d &9 a = {in) 18399
@ <frame not available > 32 b = {int} 20000
® O _run, docrunner.py: i |5 1= digits = {iist: 1) [0]
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>




-

W‘., % Bio. - -2
Debuggen in PyCharm

L e L X%

e Weil das das Ergebnis einer Ganzzahldivision ist, bei der der Nenner groRer als der Zahler
ist, ist digits nun [0].

= D progr... © & main - * Doctest Fraction.decimal_str > a : & Q& - o x
3 Project - & 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 Susages (1dynamic) = Thorsay
29 2 zip.py digits: list = [1 # t for
(508 classes while (a != 8) and (len(digits) =
: digits.append(a // b) #
2, & circle.py <  EEE
& circle_user.py
. a
kahan_sum.py if (a /f B »= 51 # Do we need to round
2 kahan_user.py digits[-1] += 1 # R crem i)
& point.py
2 point_user.py if Tlen(digits) <= 1: # Do we have an integer part?
T Debug i Doctest Fraction.decimal_str
@ GO a T @ @ i  Threads & Variables  Console B
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v
< O decimal_str, fraction.d &9 a = {in) 18399
3 <frame not available> 32 b = {int} 20000
® O _run, docrunner.py:t |5 i digits = (list: 1} [0]
¥: 2
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>




\ TR

Debuggen in PyCharm

e Weil das das Ergebnis einer Ganzzahldivision ist, bei der der Nenner groRer als der Zahler
ist, ist digits nun [0].

® Wir dricken um weiterzumachen.

B = [ pogr. - i main - * Doctest Fraction.decimal_str > E : & Q& - =@ x
3 Project - & fraction_decimal_str_err.py s 4
o & simple_list_compr: class Fraction: gusages = ThomasWeise 2 1~ v

A simple_set_compr def decimal_str(self, max_frac: int = 188) -> str: 9u {1dynamic) Thomas
29 2 zip.py digits: list = []1 # t for co le]

+ [708_classes while (a 1= 8) and (len(digits) ts M =
- digits.append(a // b) # Add ©

2, & circle.py

2ccweap ¢ T

# kahan_sum.py

if (a // b) »=

# Do we need to round up?
2 kahan_user.py digits[-1] += 1 # Round wp 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 Ib A T &% Threads & Variables  Console B
H MainThread v 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

oD e i ¢ B3

O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>




e

| Debuggen in PyCharm

® Nun wird a = 10 * (a %b) ausgefiihrt.

<] @ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : & Q &8 - o x
[ Project - 2 fraction_decimal_str_err.py = s §
. & simple_list_compr. class Fraction: 8usages = ThomasWeise 281~ v

& simple_set_compr  *° def decimal_str(self, max_frac: int = 180) -> str: Susages(ldynamic] = Thoma
29  zip.py 5% digits: list = []1 # A list for collecting digits. d [e]

~ [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) »= 5: # Do we need to round up?

2 kahan_user.py digits[-1] = 1 # Round up by incrementing last digit |

& point.py
h % point_user.py if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str § =

@ GO I & & b o - Threads & Variables  Console B 1

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

< O decimalstr, fraction.d 37 a = {in) 183990
@ <frame not available> 10 b = {int) 20000
O _run, docrunner.py: > i digits = {list:
® o d > 12 digits = {list: 1} [0]
3 run, doctest.py:1525 89 max_frac = {int} 3 |
= v
O start, docrunner.py:13 42 negative = (bool} False
@ O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>




Debuggen in PyCharm

® Nun wird a = 10 * (a %b) ausgefiihrt.
® \Weil 18399 %20000 immer noch 18399 ist, wird a nun 183990.

<] @ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> B : 2 Q & - o x
3 Project & fraction_decimal_str_err.py e
o 7 simple_list_compr: class Fraction: gusages -+ ThomasWeise 2 1~ v
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: [o]
~ [0 08_classes &)
- digits.append(a // b) # Add ti
2, & circle.py
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

GO I =] e g Threads & Variables  Console i)

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
< (J decimal_str, fraction_d 3% a = {int) 183980

@ <frame not available> 20 b = {int} 20000

i

® 3@ _run, docrunner.py:it

O run, doctest.py:1525

O start, docrunner.py:13
(0] O <module>, docrunner ~

digits = (list: 1} [0]
max_frac = {inf} 3

negative = {bool} False

am

self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>




W‘ T

o »

ebuggen in PyCharm

® Weil 18399 %20000 immer noch 18399 ist, wird a nun 183990.
® Nun wird der Kopf der Schleifen mit deren Bedingung wirder markiert.

T

Debug
GO I A
H MainThread v
(J decimal_str, fraction_d
@ <frame not available>
@ __run, docrunner.py:H
O run, doctest.py:1525

O start, docrunner.py:13
@ <module>, docrunner

o B e «i ¢ B3

B = (@ pogr. © & mainv * Doctest Fraction.decimalL_str ~+ (> E : 2 Q & - =@
[ Project 2 fraction_decimal_str_err.py
o 2 simple_list_compr- class Fraction: 8usages = ThomasWeise 241~ v
2 simple_set_compr def decimel_str(self, max_frac: int = 188) -> str {1 dynamic) = Thoma
39 2 zip.py gigits: list = [] # 4
~ [0 08_classes &) -
. digits.append(a // b)
2, & circle.py
a=10# (a%b) #Ti
& circle_user.py
a
kahan_sum.py if (a /f B »= 51 # Do we need to round up?
2 kahan_user.py aigits[-1] += 1 # Round up by u
& point.py
& point_user.py if len(digits) <= 1: # Do we only have an integer part?

5 Doctest Fraction. decimal_str

(7] Threads & Variables ~ Console 1]
Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v

&% a= {int) 183990
3% b = {int} 20000
12 digits = (list: 1} [0]
3% max_frac = {int} 3
39 negative = {bool} False
~ = self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>




L e L X%

-

W., % TN,
Debuggen in PyCharm

® Nun wird der Kopf der Schleifen mit deren Bedingung wirder markiert.
e Wir driicken 22 um ihn auszufiihren.

<] @ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> E : 2 Q & - o x
3 Project & fraction_decimal_str_err.py e
o 2 simple_list_compr. class Fraction: Busages - ThomasWeise

2 simple_set_compr def decimel_str(self, max_frac: int

39  zip.py digits: list = [1 # 4 List for collect
~ [0 08_classes &) =
% & circle.py digits.append(a // b) # Add ti
a=10 % (a% b) # Ten times the remainder -> next digit.

# circle_user.py

. a
kahan_sum.py if (@ /f B) »=5: # 00 we need to round up?

# kahan_user.py digits[-1] += 1 # Round up by —

& point.py

& point_user.py if len(digits) <= 1: # Do we only

Debug i Doctest Fraction.decimal_str

®(§DI]D &

&7 : Threads & Variables ~ Console 1]
H MainThread ~ | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v

a= {in} 183990
b = {int} 20000
digits = (list: 1} [0]

< [ decimal_str, fraction_d 3
@ <frame not available> 3

® O _run, docrunnerpyt > =

O run, doctest.py:1525 3

3 start, docrunner.py:13 39 negative = {bool} False

@ O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

max_frac = {int} 3




-
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Debuggen in PyCharm

® Die Schleifenbedingung wird immer noch erfiillt, also ist nun wieder die erste Zeile der
Schleife markiert.

<] [0 progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : 2 Q & - o x
3 Project & fraction_decimal_str_err.py e
o 7 simple_list_compr: class Fraction: gusages -+ ThomasWeise 2 1~ 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

+ [708_classes while (a ) and (len(digits) <= max_frac)

2, & circle.py a I

# circle_user.py

a=18+ (a%b) # Ten times the remainder -> next digit.

# kahan_sum.py

if (a // b) »= 5: % Do we need to round
¥ kahan_user.py

& point.py

A point_user.py if len(digits) <= 1: # Do we only have an integer part?

digits[-1] += 1 # Round uvp by i

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) ~

a={int} 183980
b = {int} 20000
® O _run, docrunner.pyt > 1= 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 ~ §

< O decimal_str, fraction_d 3
@ <frame not available> 3

self = {Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>




® Nachdem wir

driicken, wird 9 an die Liste digits angehangt.

[Ba]

@0 progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : 2 Q & - =&
Project - 7 fraction_decimal_str_err.py
2 simple_list_compr- class Fraction: 8usages =+ ThomasWeise 2 81~ v

2 simple_set_compr def decimal_str(self, max_frac: int usages (1 dynamic)
& zip.py digits: list = [1 # t for

[0 08_classes while (a != 8) and (len(digits)
& circle.py digits.append(a // b) #

©

2 circle_user.py

2 kahan_sum.py if (a // b) »= 5: # Do we

digits[-1] += 1 # R

to round

2 kahan_user.py
& point.py
& point_user.py

crem

if len(digits) <= 1: # Do we

have an integer part?

Debug i Doctest Fraction.decimal_str

GO Ib <] T o2 Threads & Variables  Console

H MainThread v  Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

(3 decimal_str, fraction_d
@ <frame not available>

a7 a = {in1) 183990

3% b = {int} 20000

Baigits = (ist: 2) (0,9] )
3% max_frac = {int} 3

3% negative = {bool} False

@ __run, docrunner.py:%
O run, doctest.py:1525
O start, docrunner.py:13

O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

Thorea

e




e

| Debuggen in PyCharm

® Nun wird a auf 39900 gesetzt.

<] @ progr... ~ & main -
[ Project - 2 fraction_decimal_str_err.py =
- 7 simple_list_compr.  © class Fraction: Susages
& simple_set_compr  *° def decimal_str(self, max_frac:
3 & zip.py 3¢ igi list = []
~ [0 08_classes &)
B o circle.|
o o a=10+ (a%b)
& circle_user.py
: a
kanan.sum.py if (a // b) »= 5:
2 kahan_user.py digits[-1] += 1
& point.py
h & point_user.py if len(digits) <= 1:

Debug i Doctest Fraction.decimal_str

GO I A L& T e

H MainThread ~  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
@ O <module>, docrunner ~ §

digits.append(a // b)

Threads & Variables

* Doctest Fraction.decimal_str ++ > m :

+ Thomas Weise

# Add the curre

# Do we need to round up?

Console

or add a watch (CtrlsShift+Enter)

int = 1680) -> str:

# A list for collecting digits.

Nt di

# Ten times the remainder

# Round up by incrementing

# Do we only have an inte

& Q& - o x

e
2 1 A v
9usages (1 dynamic) + Thorma
ts: [0, 9]

next digit.

last digit

ger part?

self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>




SO TR

® Wir kommen zur nichsten lteration der Schleife.

<] [0 progr... -~ main - * Doctest Fraction.decimalL_str ++ (> a : & Q& - o

[ Project 2 fraction_decimal_str_err.py =

. & simple_list_compr. class Fraction: 8usages = ThomasWeise 281~ v
& simple_set_compr  *° def decimal_str(self, max_frac: int = 180) -> str: Susages(ldynamic] = Thoma

29  zip.py 5% digits: list = [1 # A list fer collecting digits. woigits: [0, 9]

60 while (a

6) and (len(digits) <= max_frac): # Create digits

~ [0 08_classes

2, < circle.py
a=10+ (a%b) #Ten times the remainder -» next digit.
< circle_user.py
: 2 kahan_sum, X
-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
h % point_user.py if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str § =

® gqomoas

T % Threads & Variables  Console B

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

< (O decmalst, fraction.d 3% a={int} 39900
r 3 <frame not available> 32 b = {int} 20000
{ ® O _run, docrunnerpy:lt > 1S digits = {list: 2} [0, 8]
O run, doctest.py:1525 48 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>




e

| Debuggen in PyCharm

® Nun wird 1 an die Liste digits angehdngt.

<] @D progr... © & main - * Doctest Fraction.decimaL_str ~+ (> a : & Q &8 - o x
Project # fraction_decimal_str_err.py e
i Py .
o & simple_listcompr. @ class Fraction: gusages * ThomasWeise 241~ v
a def decimal_str(self, max_frac: int = 108) -> str: OSusages(ldynamic) = Thoma
simple_set_compr ¥ iyt
29 2 zip.py 5¢ digits: list = [1 # A list for collecting digits. digits: [, 9, 1]
[ 08 classes o while (a 1= 8) and (len(digits) <= max_frac): # Create digits
- 51 digits.append(a // b) # Add the current digi
2, # circle.py s
# circle_user.py
o - 3
kahan_sum.py if (@ // b) 3= 5: # Do we need to round up?
2 kahan_user.py Ny digits[-1] += 1 # Round vp by incrementing last digit a
& point.py
h 2 point_user.py if len(digits) <= 1: # Do we only have an integer part?

(3 decimal_str, fraction_d
@ <frame not available>

10
o
10
&
@ _run, docrunner.py:% >
O run, doctest.py:1525

O start, docrunner py:13
3 <module>, docrunner

10
a1
10
o1

Debug i Doctest Fraction.decimal_str
@ gownasir ez
H MainThread v

Evaluate expression (Enter)

Threads & Variables ~ Console

or add a watch (CtrlsShift+Enter)
a = {int} 39900

b = {int} 20000

2 digits = (it 3) [0, 9,11 ),

max_frac = {int} 3
negative = {bool} False
self = {Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>




e

| Debuggen in PyCharm

® Dann wird a auf 199000 upgdated.

~ [0 08_classes
circle.py
circle_user.py
kahan_sum. py
kahan_user.py
point.py
point_user.py

® gomoas

il

< O decimalstr, fraction.d &9
T O<femenctavsiabies 3
® O _run, docrunnerpyti > =

O run, doctest.py:1525 8
= O start, docrunner.py:13 B
@ O <module>, docrunner ~ §

<] @ 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]

a=10 * (a % b) # Ten times the remainder next digit.

if (a // b) »= 5: # Do we need to round up?

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

if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str E =

ez i Threads & Variables ~ Console [iz]

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

a = {in} 199000

b = {int} 20000

digits = (list: 3} [0, 8, 1]

max_frac = {int} 3

negative = {bool} False

self = {Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>




e

| Debuggen in PyCharm

® Ein neuer Schleifendurchlauf begint.

<] ) 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 = 180) -> str: Susages(ldynamic) = Thoma
29 2 zip.py 59 digits: list = []1 # 4 list for collecting digits. woigits: [0, 9, 1]

Y 50 while (a 1= 8) and (len(digits) <= max_frac) Create digits
8 crdery .
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
h 2 point_user.py if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str § =

GO A T % Threads & Variables  Console i)

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, docrunnerpyt > 1= digits = {list: 3} [0, 9,
= O run, doctest.py:1525 39 max_frac = {int} 3 i
O start, docrunner.py:13 42 negative = {bool} False

O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>




e

<] [ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : & Q &8 - o x
3 Project - & fraction_decimal_str_err.py s 4
o /& simple_listcompr. @ class Fraction: Susages * ThomasWeise 241~ v
& simple_set_compr  ** def decimal_str(self, max_frac: int = 188) -> str: 9usages (1dynamic) = Thoma
29 2 zip.py 5¢ digits: list = [1 # A4 list for collecting digits. digits: [8, 9, 1,
[ 08 classes o while (a != 8) and (len(digits) <= max_frac): # Create digits
- 51 digits.append(a // b) # Add the current digi
2, # circle.py s
# circle_user.py
o - 3
kahan_sum.py if (a // b) 3= 5: # Do we need to round up?
2 kahan_user.py digits[-1] += 1 # Round vp 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 A L&

r e Z : Threads & Variables ~ Console i) !

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

< (O dedmalst, fraction.d 37 a = {int} 199000

@ <frame not available> 10 b = {int} 20000
® O _run, docrunnerpyt > 1= digits = {list: 4} [0, 9, %, 8]
O run, doctest py:1525 39 max_frac = {int} 3 * |
2 O start, docrunner py-13 42 negative = {bool} False
@ @ <module>, docrunner  ~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>




e

| Debuggen in PyCharm

® Danach wird a auf 190000 gesetzt.

<] [ 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

2 simple_set_compr  *° def decimal_str(self, max_frac: int = 180) -> str: Susages(ldynamic] = Thoma
29  zip.py 5% igi 1list = [1 # A list for collecting digits. ts: [0, 9, 1,

~ [0 08_classes

cirdle.py digits.append(a // B) # Add the current di

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 -

if len(digits) <= 1: # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str § =

® gqomoas

T e Z i Threads & Variables  Console i) !

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

< (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>




|

® Danach wird a auf 190000 gesetzt.
® Bisher sieht alles gut aus.

[ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> B : 2 Q & - o x

Project & fraction_decimal_str_err.py e
simple_list_compr: class Fraction: Busages - ThomasWeise 241~ v
simple_set_campr def decimal_str(self, max_frac: int = 100) Thora:

a
a

& zip.py

[ 08_classes

2 circle.py

2 circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py

& point_user.py

list = [] 1,

digits.append(a // B) # Add

a=18+ (a % b) # Ten times the remainder -> next digit.

if (a // b) »= 5: # Do we need to round

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

ez i Threads & Variables ~ Console [iz]

Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) ~

8 a= (in 190000

20 b = {int} 20000

1= digits = (list- 4} [0, 9, 1, 8]

max_frac = {int} 3

negative = {bool} False

£ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>




|

® Bisher sieht alles gut aus.
® Nun ist digits zu [0, 9, 1, 9] geworden.

Debug i Doctest Fraction.decimal_str

GO I &

ez i Threads & Variables ~ Console

< (O decimalst, fraction.d & a={ini) 180000 »
ailable > 20 b = {int} 20000

® O _run, docrunner.py:t > 1= digits = {list: 4} [0, 9, 1, 9]
O run, doctest.py:1525 max_frac = {int} 3

O start, docrunner.py:13 negative = {bool} False

3@ <frame not

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

21~ v
Thorea

1,

<] [ progr... © & main - * Doctest Fraction.decimal_str ~+ > B :
[ Project 2 fraction_decimal_str_err.py
o 2 simple_list_compr- class Fraction: Susages - ThomasWeise
# simple_set_compr def decimal_str(self, max_frac: int = 100)
3 2 zip.py 1list = []
~ [0 08_classes &)
- digits.append(a // ) # Add
2, # circle.py
a=18 (a%b) # Ten times the remainder -» next digit.
# circle_user.py
. a
kahan.sum.py if (a /f D) >= 51 # Do we need to
 kahan_user.py digits[-1] += 1 # Round up by incrementing
& point.py
A point_user.py if len(digits) <= 1: # Do we only

have an integer part?

@ O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>




Debuggen in PyCharm

® 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 ~+ (> B : 2 Q & - o x
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
39  zip.py digits: list = [1 # 4 list for collect its: [0, 9, 1
~ [0 08_classes &)
- digits.append(a // b) # Add ti
2, & circle.py
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

a = {in} 190000 S

b = {int} 20000

digits = (list 4} [0, 8,1, 8]
max_frac = {int} 3
negative = {bool} False \
self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>

@ <frame not available>
® @ _run, docrunner.py:it
O run, doctest.py:1525
O start, docrunner.py:13
(0] 3 <module>, docrunner ~

i

am




Debuggen in PyCharm

® Weil max_frac gleich 3 ist, trifft 1en(digits)<= max_frac nicht mehr zu.
e Wir sind wieder am Kopf der Schleife.

<] [ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> B : 2 Q & - o x
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
~ [0 08_classes &)
- digits.append(a // b) # Add ti
2, & circle.py
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
T Debug i Doctest Fraction.decimal_str
@ GO a T @ @ i  Threads & Variables  Console B
H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrleShift+Enter) v
< (J decimal_str, fraction_d 3% a = {int} 180000 »
3 <frame not available> 32 b = {int} 20000
® O _run, docrunnerpy: i > 2 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 ~ £ self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
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L e L X%

e Wir sind wieder am Kopf der Schleife.
® \Wenn wir nun driicken, wird die Schleifenbedingung wieder ausgewertet.

<] [0 progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : 2 Q @& o x
3 Project & fraction_decimal_str_err.py s 4
e A simple_list_compr- class Fraction: Susages = ThomasWeise 291~ 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 2, 1,
© [508_classes while (a != 8) and (len(digits) <= max_frac) =
A digits.append(a // b) # Add the current digit. '
2, & circle.py
= a=10+ (a % b) # Ten times the remainder -» next digit.
circle_user.py
. a
kahan_sum.py I -
7 kahan_user.py T aigits[-1] = E— :
& point.py

A point_user.py if len(digits) <= 1:

Debug i Doctest Fraction.decimal_str

®(§DI]D &

T % Threads & Variables ~ Console

E MainThread ~ Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
< 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

o O <module>, docrunner ~

£ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
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® \Wenn wir nun driicken, wird die Schleifenbedingung wieder ausgewertet.
® Dieses Mal ist sie aber False.

<] [0 progr... © & main - * Doctest Fraction.decimal_str ~+ > a : & Q& - o x
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 2, 1,
© [508_classes while (a != 8) and (len(digits) <= max_frac) =
A digits.append(a // b) # Add the current gigit. '
2, & circle.py
= a=10+ (a % b) # Ten times the remainder -» next digit.
circle_user.py

# kahan_sum.py i |
# kahan_user.py

& point.py
& point_user.py

1

digits[-1] +:

if len(digits) <= 1:

Debug i Doctest Fraction.decimal_str

@ GO a T @ @ i  Threads & Variables  Console

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

< (J decimal_str, fraction_d 3% a = {int} 180000

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 39 max_frac = {int} 3
3 start, docrunner py-13 39 negative = {bool} False

o O <module>, docrunner ~

£ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
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L e L X%

® Dieses Mal ist sie aber False.
® Die Schleife terminiert und die nachste Zeile Kode danach

 circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py

& point_user.py

GO I

~

H MainThread

< [ decimal_str, fraction_d
@ <frame not available>
® 3@ _run, docrunner.py:it

O run, doctest.py:1525
O start, docrunner.py:13
3 <module>, docrunner

<] [0 progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : 2 Q @& o x
3 Project & fraction_decimal_str_err.py e
- A simple_list_compr- class Fraction: Susages = ThomasWeise 291~ 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 2, 1,

© [508_classes while (a I= 0) and (len(digits) <= max_frac)
- digits.append(a // p) # Add the current d

2, & circle.py

Debug i Doctest Fraction.decimal_str

Evaluate expression (Enter)

a

18 * (a % b) #

Ten times the remainder ->

next digit.

64

1

digits[-1] +:

if len(digits) <= 1:

r o Threads & Variables ~ Console

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

£ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
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® \Wenn wir uns anschauen, was wir bisher berechnet haben, dann stimmt alles.

<] @ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : 2 Q @& o x
3 Project & fraction_decimal_str_err.py e
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,
(508 classes while (a 1= 0) and (len(digits) <= max_frac) M
- digits.append(a // b) # Add the current digit.
2, & circle.py
= 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

H MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

< (J decimal_str, fraction_d 3% a = {int} 180000

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 39 max_frac = {int} 3
3 start, docrunner.py:13 39 negative = {bool} False

o 3 <module>, docrunner ~

£ self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
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® \Wenn wir uns anschauen, was wir bisher berechnet haben, dann stimmt alles.

® \Wir wollen den Bruch

91995
100000

zu einer Dezimal mit drei Nachkommastellen umrechnen.

(3 decimal_str, fraction_d
@ <frame not available>
@ _run, docrunner.py:H
O run, doctest.py:1525

O start, docrunner.py:13
@ <module>, docrunner

o B e i ¢ E3

B = [ pogr. i main - * Doctest Fraction.decimal_str ~ > E : & a & - =@ x
3 Project & fraction_decimal_str_err.py e
e 2 simple_list_compr- class Fraction: Susages = ThomasWeise 21~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: Ousages(ldynamic) = Thoma
29 2 zip.py digits: list = [1 # A Llist for collec 9, 1,
(508 classes while (a != 8) and (len(digits) <= max_frac: M
A digits.append(a // p) # Add
2, & circle.py
a=10# (a%b) # T mes the
& circle_user.py
¥ kahan_sum.py
¥ kahan_user.py 5
& point.py
& point_user.py
Debug i Doctest Fraction.decimal_str
GO Ib Ak ez Threads & Variables ~ Console B
H MainThread v 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]
&9 max_frac = {int} 3
39 negative = {bool} False
~ E self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>




W‘., % TN
Debuggen in PyCharm

® Wir wollen den Bruch % zu einer Dezimal mit drei Nachkommastellen umrechnen.
® Bisher haben wir die Ziffern 0, 9, 1, und 9.

B = [ pogr.. © & mainv * Doctest Fraction.decimal_str > a : & Q& - o x
1 Project 2 fraction_decimal_str_err.py L
- # simple_list_compr- class Fraction: Susages = ThomasWeise 281 ~ v
2 simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: Ousages(ldynamic) = Thoma
29 2 zip.py digits: list = []1 # 4 list for collecting digits its: [o, 9, 1,
[ 08_classes while (a I= 0) and (len(digits) <= max_frac): M =
R 2 dirde.py digits.append(a // b) # Add the current
a=10# (a%b) #Ten times the re
& circle_user.py
. a
kanan.stim.py if (a /f b) »= 5: # Do we need to round up?
& kanan_userpy o digi 1
& point.py
N .
7 2 point_user.py if Tlen(digits) <= 1:
Debug i Doctest Fraction.decimal_str H
@ GO I & & e @ i Threads & Variables ~ Console B
= [ MainThread v Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
k < [ decimal_str, fraction_d 3% a = {int) 190000
@ <frame not available> 20 b = {int} 20000
® O _run, docrunner.py:t > S digits = {list: 4} [0, 9, 1, 9]
O run, doctest.py:1525 39 max_frac = {int} 3
3 start, docrunner.py:13 39 negative = {bool} False
1 @ <module>, docrunner ~ E self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

%3 =1{in; 18399 -
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® 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

 circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py

& point_user.py

Debug
® gqomoas
= E MainThread v
< [ decimal_str, fraction_d
@ <frame not available>
® 3@ _run, docrunner.py:it

O run, doctest.py:1525
O start, docrunner.py:13
@ <module>, docrunner

65

Evaluate expression (Enter)

B = [ pogr.. © & mainv * Doctest Fraction.decimalL_str ~+ (> a : 2 Q & - o x
3 Project & fraction_decimal_str_err.py e
- 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

39 2 zip.py digits: list = []1 # 4 list for collecting digits its: [o, 9, 1,

(508 classes while (a != 0) and (len(digits) <= max_frac): M

A digits.append(a // b) # Add the current

2, & circle.py

a=10 * (a % b) # Ten times the res

we need to

if (a // b) »=5: # 0o
digi )

if len(digits) <= 1:

¥ Doctest Fraction.decimal_str

[N7] Threads & Variables

Console

or add a watch (Ctrl+Shift+Enter) v
&% a = {int) 190000

b = {int} 20000

1= digits = {list- 4} [0, 9, 1, 8]

max_frac = {int} 3

negative = {bool} False

self = (Fraction) <fraction_decimal_sir_err.Fraction object at 0x7d37f0a0ed50>
%3 =1{in; 18399

10
o
10
&
10
o
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Debuggen in PyCharm

® 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. i main - * Doctest Fraction.decimal_str ~ > E : & a & - =@ x
1 Project 2 fraction_decimal_str_err.py L
o #: simple_list_compr. class Fraction: Susages - ThomasWeise 21 A 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 collec 9, 1,

[ 08 classes while (2 != 0) and (len(digits) <= max_frac M =
A digits.append(a // B) # Add

& & circkepy =18 % (a%b) # T m

. circle_user.py e e . e

¥ kahan_sum.py

¥ kahan_user.py 5

& point.py

& point_user.py

Debug i Doctest Fraction.decimal_str

GO Ib Ak ez Threads & Variables ~ Console B
H MainThread ~ | Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v

(O decimal_str, fraction.d 3% a = {int} 190000

3 <frame not available> 3% b = {int} 20000

& _run, docrunner.py:lt > i2 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

o B e i ¢ E3

O <module>, docrunner  ~ £ self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
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i AR 3% (v

® Nun, a ist 190000 und b ist immer noch 20000, deshalb ist a // b gleich 9.
® Die Bedingung sollte also wahr sein.

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 Ib <] r e Z : Threads & Variables ~ Console

E MainThread ~ Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)
(O decimal_str, fraction.d 3% a = {int} 190000

@ <frame not available> 22 b = {int} 20000

@ _run, docrunner.py: > 2 digits = {list: 4} [0, 9, 1, 9]

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>

<] @ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : 2 Q @& o x
3 Project & fraction_decimal_str_err.py e
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,
(508 classes while (a 1= 0) and (len(digits) <= max_frac)
- digits.append(a // b) # Add the current digit.
2, & circle.py
= a=10+ (a%b) # Ten times the remainder -» next digit.
circle_user.py
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® Die Bedingung sollte also wahr sein.
e Wir driicken 22 um das zu priifen.

<] @ progr... © & main - * Doctest Fraction.decimalL_str ~+ (> a : 2 Q & - o x
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
39 2 zip.py digits: list = []1 # 4 list for collecting digits. [0, 9, 1,

 [308_classes while (a != 8) and (len(digits) <= max_frac): digits

- digits.append(a // B) # Add the cur
2, & circle.py

a =10 % (@a % b) # Ten times the remainder -> next digit.
7 circle_user.py
‘ a
kahan_sum.py if (a /f b) = 5: # 00 we need to rounc
¥ kahan_user.py 5 -
& point.py
A point_user.py if len(digits) <= # Do we only have an integer part?

Debug i Doctest Fraction.decimal_str

®(§DI]D &

ez i Threads & Variables ~ Console [iz]

E MainThread ~ Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
< (J decimal_str, fraction_d 3% a = {int} 180000

ailable> 29 b = {int} 20000

® O _run, docrunner.py: it > 1= digits = {iist: 4} [0, 8, 1, 9]

@ <frame not

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>




|

® Jetzt sehen wir den Bug, also den Fehler, in unserem Kode.

<] [ progr... ~ & main v * Doctest Fraction.decimaL_str ~+ (> a : A Q & - o x
[ Project < fraction_decimal_str_err.py s §
o 2 simple_list_compr. class Fraction: Susages - ThomasWeise 201~ v
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) + Thoma
29 A zip.py if (a /f ) »>=5: % 1 to round up?
© T ICAErEES digits[-1] += 1 # up by incrementing last digit
R 2 dirde.py

87 len(digits)

& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py

& point_user.py

return str((-1 if negative else 1) * digits[e])

digits.insert(1, ".") # Hultiple

if negative: # Do we need to I

digits.insert(s, "-") #

Debug i Doctest Fraction.decimal_str

e(“nDI]D &

ez i Threads & Variables ~ Console [iz]
E MainThread v Evaluate expression (Enter) or add a watch (CtrlsShift+Enter)

< 0 decimal_str, fraction_d 3% a = {int} 180000
(@ <frame not available> 20 b = {int} 20000
® 3@ _run, docrunner.py:it digits = (ist: 4] [0,9, 1,701

il

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>
%3 =1in1 18399




Debuggen in PyC

harm

® 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.

oD e e i ¢ E3

= [ progr.. ~ ¥ main v * Doctest Fraction.decimal_str > E H & Q&8 - o x
Project 2 fraction_decimal_str_err.py oL
7 simple_list_compr: class Fraction: 2us Thol
2 simple_set_compr def decimal_str(self, max_frac
A zip.py if (a // p) >= 5: ™
~ [J08_classes digits(-1] += 1
2 circle.py
67
2 circle_user.py
¥ kahan_sum.py
2 kahan_user.py digits.insert(1, ".")
2 point py if negative: # Do we need b
& 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

(3 decimal_str, fraction_d 3% a = {int} 180000

@ <fr

ne not a 20 b = {nt} 20000

O _run, docrunner.py: 3 5 digits = {ist: 4] [0, 9,7,10]

O run, doctest py

O start

O <module>, docrul

3% max_frac = {int} 3

39 negative

~ 2 self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%3 =1in1 18399

docruni = {bool} False




® digits war

PR

Debuggen in PyCharm

o, 9, 1, 91.

® Um aufzurunden, haben wir die letzte Ziffer in unserer Liste digits um 1 erhoht.

& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py

& point_user.py

G O I

~

H MainThread v

=3 0 decimal_str, fraction_d
3 <frame not available>
® 3@ _run, docrunner.py:it

O run, doctest.py:1525

O start, docrunner py-13
O <module>, docrunner v

Debug i Doctest Fraction.decimal_str
T e

Evaluate expression

len(digits)

<] [ progr... ~ & main v * Doctest Fraction.decimaL_str ~+ (> E : A Q & - o x
3 Project < fraction_decimal_str_err.py re
o 2 simple_list_compr. class Fraction: Susages - ThomasWeise 201~ v
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) + Thoma
29  zip.py if (a // b) »= 5: % Do we need to round
- [ 08 classes digits[-1] += 1 # Round up by i
R 2 dirde.py

return str((-1 if negative else 1) * digits[e])

digits.insert(1, ".")

if negative:

digits.insert(s,

Z Threads & Variables

(Enter)
3% a = {int} 180000

39 b = {int} 20000

B aigits = (ist: 4) [0,8,1,10]
3% max_frac = {int) 3

3% negative = {bool} False

# Do we r

or add a watch (CtrlsShift+Enter)

Console

£ self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

%3 =1in1 18399




> N TR

® digits war [0, 9, 1, 9].
® Deshalb ist es jetzt [0, 9, 1, 10].

<] [ progr... ~ & main v * Doctest Fraction.decimaL_str ~+ (> a £ & Q & - o
[ Project - 2 fraction_decimal_str_err.py =
o & simple_list_compr. class Fraction: Susages = ThomasWeise 281~ v
& simple_set_compr  *° def decimal_str(self, max_frac: int = 188) -> str: Susages(ldynamic) + Thoma
29  zip.py 64 if (a // b) >= 5: # Do we need to round up?
[ 08 classes 5 digits[-1] += 1 # Round up by incrementing last digit
g & circle.py
o len(digits) part
7 circle_user.py " " iaq
. 68 return str((-1 if negative else 1) * digits[e])
¥ Kahan_sum.py
& kahan_user.py digits.insert(1, ".") # Multiple digits: Insert a decimal dot
2 point.py 7L if negative: # Do we need to restore the sign? o
h 2 poinLuser.py 72 digits.insert(d, "-*) # Insert the sign at the begir

Debug i Doctest Fraction.decimal_str

@ gomuas

rE g Threads & Variables  Console B
H MainThread v Evaluate expression (Enter) or add a watch (Ctrl+Shift+Enter) v
< O decimalstr, fraction.d 37 a = {int) 190000
1 @ <frame not available> 19 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
= V:
O start, docrunner.py:13 42 negative = {bool) False
(D O <module>, docrunner  ~ £ 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.

<] [ progr... ~ & main v * Doctest Fraction.decimaL_str ~+ (> E : A Q & - o x
[ Project 2 fraction_decimal_str_err.py oL
o 2 simple_list_compr. class Fraction: Susages - ThomasWeise 201~ v
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) + Thoma
29  zip.py if (a // b) »= 5: % Do we need to round
© [ 08 classes digits[-1] += 1 # Round up by i M
R 2 dirde.py

87 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, ".") # Myl

2 point.py 1if negative: # 0o we !
& point_user.py digits.insert(a, "

Debug i Doctest Fraction.decimal_str

e(“nDI]D &

rE g Threads & Variables ~ Console 1]

H MainThread ~ | Evaluate expression (Enter) or add a watch (CtrlsShift+Enter) v
< O decimal_str, fraction_d 3% a = {int} 180000
@ <frame not available> 20 b = {int} 20000
® & _run, docrunnerpy:t > = digits = {list: 4} [0, 9, 1, 10]
Y. =l 8

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>
e\ Vo i 10 5 = {int} 18399
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® Die komische 0 hinten in der Ausgabe war keine einzelne Ziffer.
® Es war die hintere 0 einer Zehn.
<] [ progr... ~ & main v * Doctest Fraction.decimal_str ~+ (> E : 2 D & @
3 Project & fraction_decimal_str_err.py Le
. 2 simple_list_compr- class Fraction: Susages = ThomasWeise 21~ v

<& simple_set_compr

3 & zip.py
 [J08_classes

2, & circle.py

& circle_user.py

2 kahan_sum.py

2 kahan_user.py

& point.py

& point_user.py

e(“nDI]D &

H MainThread v
=3 0 decimal_str, fraction_d
O <frame not available >
® 3@ _run, docrunner.py:it
O run, doctest.py:1525

O start, docrunner py-13
o 3 <module>, docrunner

Debug i Doctest Fraction.decimal_str

def decimal_str(

self, max_frac: int

108) -> str:

>= 5: # Do we

if (a /f D) veed to round
digits[-1] += 1 # Round up by i
67 len(digits)

return str((-1 if negative else 1) * digits[e])

digits.insert(1, ".") # Hul

if negative:

T e
Evaluate expression (Enter)

&7 a = {int) 190000

39 b = {int} 20000

B aigits = (ist: 4) [0,8,1,10]
3% max_frac = {int) 3

3% negative = {bool} False

%3 =1in1 18399

digits.insert(s, "

Threads & Variables

# Do we r

Console

or add a watch (CtrlsShift+Enter)

£ self = (Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>

9usages (1 dynamic)

Thorea




raa— .
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TN,

= RS

® Es war die hintere 0 einer Zehn.

L e L X%

® \Wir haben nicht bedacht, dass wir nicht nur in einfachen Fallen aufrunden.

(a]

[ progr... ~ & main v * Doctest Fraction.decimaL_str ~+ (> E : A Q & - o x
Project & fraction_decimal_str_err.py Le
2 simple_list_compr. class Fraction: Susages - ThomasWeise 201~ v
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) + Thoma

2 zip.py if (a // b) >= 5: # Do we need to round ™
- [ 08 classes digits[-1] += 1 # Round up by i
2 circle.py
67 len(digits)

& circle_user.py
2 kahan_sum.py
2 kahan_user.py

return str((-1 if negative else 1) * digits[e])

digits.insert(1, ".") # Hul

2 point.py 1if negative: # 0o we !
& point_user.py digits.insert(a, "

Debug i Doctest Fraction.decimal_str

GO I A T &2 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

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>
%3 =1in1 18399
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. Debuggen in PyCharm

B T4N

® \Wir haben nicht bedacht, dass wir nicht nur in einfachen Fallen aufrunden.

® Klar, das Aufrunden von 1.25 ergibt 1.3 und wir miissen nur eine Ziffer erhohen.

B = [ pogr. v i main - * Doctest Fraction.decimal_str ~ > E : & Q& - =@ x
1 Project 2 fraction_decimal_str_err.py L
o 7 simple_list_compr: class Fraction: 2us
A simple_set_compr def decimal_str(self,
2 2 zip.py if (a [/ D) >= 5 “
© [ 08_classes digits[-1] +=
2 2 circle.py o ;
2 circle_user.py
2 kahan_sum.py
2 kahan_user.py digits.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
@ <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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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
drei Nachkommastellen Genauigkeit haben wollen.

B = @ pog. > ¥
[ Project
o & simple_list_compr-
<& simple_set_compr
2 & zip.py
 [J08_classes
2, & circle.py
& circle_user.py
2 kahan_sum.py
2 kahan_user.py
& point.py
& point_user.py
oebeg
@ G O I A
= E MainThread v
a & O decimal_str, fraction_d
@ <frame no
1 ® & _run, docrur
3 run
B
O start, docrunner py
(0] & <module>, docrunner

main ~

* Doctest Fraction.decimal_str > E :

2 fraction_decimal_str_err.py

class Fraction:
def decimal_str(self,

if (a // p) >= 5:
digits[-1] += 1

Ther

nax_frac

digits.insert(1
if negative:
digits.insert(o,

¥ Doctest Fraction.decimal_str

R ] Threads & Variables ~ Console

3% a = {int} 180000
3¢ b = {int} 20000

B aigits = (ist: 4) [0,8,1,10]
3% max_frac = {int} 3
3% negative = {bool} False
~ 2 self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%3 =1in1 18399

wir




. Debuggen in PyCharm

I &

® Es konnte aber auch Fille wie 0.9999, geben, wo wir auf 1 runden miissen, selbst wenn wir
drei Nachkommastellen Genauigkeit haben wollen.

® Unser Kode macht das nicht.

B = (@ pogr. v & mainv * Doctest Fraction.decimaL_str ~+ (> E : A Q & - o x
[ Project < fraction_decimal_str_err.py s §
o 7 simple_list_compr: class Fraction: 8us Tho

2 simple_set_compr def decimal_str(self, max_frac
3 2 zip.py if (a [/ D) >= 5 “

~ [ 08_classes digits[-1] += 1

2, & circle.py o :

& circle_user.py

¥ kahan_sum.py

s kahan_user.py digits.insert(1, ".")

2 point py if negative: # Do we need 5

& point_user.py digits.insert(s, "-") #

Debug i Doctest Fraction.decimal_str

Threads & Variables ~ Console B

H MainThread v E exp vat shi v

(3 decimal_str, fraction_d 3% a = {int} 180000
@ <fr

20 b = {int} 20000

O _run, docrunnerpyt > i digits = {list: 4) [0, 9, 3,101
O run, doctest py
3 start, docrun

ne not a

3% max_frac = {int} 3

39 negative

~ 2 self = {Fraction} <fraction_decimal_str_err.Fraction object at 0x7d37f0a0ed50>
%3 =1in1 18399

= {bool} False

O <module>, docrul

@ GownaLir &z
<
®
0]




= RS

W‘., % Bio. - -2
Debuggen in PyCharm

L e L X%

® Unser Kode macht das nicht.

® Wir konnen hier aufhdren, zu debuggen, und zuriick zu unserem Kode gehen.

<] [ progr... ~ & main v * Doctest Fraction.decimaL_str ~+ (> E : A Q & - o x
[ Project 2 fraction_decimal_str_err.py oL
o 2 simple_list_compr. class Fraction: Susages - ThomasWeise 201~ v
<. simple_set_compr def decimal_str(self, max_frac: int = 108) -> str: 9usages (1dynamic) + Thoma
29  zip.py if (a // b) »= 5: % Do we need to round
- [ 08 classes digits[-1] += 1 # Round up by i M
R 2 dirde.py

87 len(digits)

7 circle_user,|
e return str((-1 if negative else 1) * digits[e])
# kahan_sum.py

# kahan_user.py

digits.insert(1, ".") # Mul
2 point.py 1if negative: # 0o we ! o
& point_user.py digits.insert(a, "

Debug i Doctest Fraction.decimal_str

e(“nDI]D &

rE g Threads & Variables ~ Console 1]
H MainThread ~  Evaluate expression (Enter) or add a watch (CtrleShift+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] ,
@ run, doctest.py:1525 33 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>
WA\ VR %3 =1in1 18399




Reparierte Methode




222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fraction: decimal str >>> Fraction (99995, 100000).decimal_str (4)
y 1
.
o - o a: int = self.a # Get the numerator.
® Wir implementieren unsere Methode if a == 0: # If the fraction s 0, we return 0.

return "0"
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.

decimal_str jetzt korrekt in

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 -> nexzt 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[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[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] =
_, del digits([-1]

= 0: # Remove all trailing zeros.
# 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.



https://example.com

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fraction: decimal str >>> Fraction (99995, 100000).decimal_str (4)
J - i
o - o a: int = self.a # Get the numerator.
® Wir implementieren unsere Methode if a == 0: # If the fraction s 0, we return 0.
o . . return "0"
decimal_str jetzt korrekt in . negative: Final[booll = a < O # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
) Unser Kode zum Aufrunden erd b: Final[int] = self.b # Get the denominator.
komp|exer_ 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 -> 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[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[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.

5 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.



https://example.com

222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fractlon: decj_mal str >>> Fraction (99995, 100000) .decimal_str (4)
- g
| i . a: int = self.a # Get the numerator.
® Wir |mp|ement|eren 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.

) Unser Kode zum Aufrunden erd b: Final[int] = self.b # Get the denominator.
komplexer_ digits: Finall[list] = [1 # 4 list for collecting digits.
while (a != 0) and (len(digits) <= max_frac): # Create digits.
54 = digits.append(a // b) # Add the current digit.
® Zuerst mussen wir iiber alle a <10+ (a % b) # Ten times the remainder -> nemt digit.

Nachkommastellen von hinten nach 95 @ Jf W) S= Be & o we meed to rowsd wyf

" # This may lead to other digits topple over, e.g., 0.999...
vorne Iiterieren. for i in range(len(digits) - 1, 0, -1): # ezcept first!
; digits[il += 1 # Increment the digit at position 4.
E 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.

- ‘A
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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 iiber 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)
1

self.a # Get the numerator.
# If the fraction is 0, we return 0.

o

Final [bool]l = a < 0 # Get the sign of the fraction.
# Make sure that “a” is now positive.

self .b # Get the denominator.

a: int =
i m == 03

return
negative:
a = abs(a)
b: Final[int] =

Final[list]l = [1 # 4 list for collecting digits.

!= 0) and (len(digits) <= max_frac): # Create digits.
# Add the current digit.

-> next digit.

digits:
while (a
digits.append(a // b)
a =10 *x (a % b) # Ten times the remainder

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.

= O3 # Remove all
# Delete the trailing zero.

while digits[-1] = trailing zeros.
del digits[-1]
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.
"".join(map(str, digits)) # Join all digits to a string.

‘A
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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 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.

TR~ 0 T o ey e R W O W Wt =00 L -~ =

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 < 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] == # 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
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222 Fraction(9lyvo, 1UVVUUV).decimal_stris)

'0.92"
Fraction: decimal str >>> Fraction (99995, 100000).decimal_str (4)
- g
. a: int = self.a # Get the numerator.
® Unser Kode zum Aufrunden wird if a == 0: # If the fraction is 0, we return 0.
k | return "0"
omplexer. negative: Final[bool] = a < O # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ is now positive.
° Zuerst mussen 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.

ke 5 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.
L DaS geht mit if (a // b) >= 5: # Do we need to round up?

.- A # This may lead to other digits topple over, e.g., 0.999...
for i in range(len(dlglts) for i in range(len(digits) - 1, 0, -1): # ezcept first!
-1 0 _1) digits[il += 1 # Increment the digit at position 4.

2 2 > if digits[i] != 10: # Was there no overflow?
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.
i B = = else: # This is only reached if no “break  was done.
iteriert range(len(dlglts) = digits[0] += 1 # Increment the integer part.
1, O, -1) liber die Zahlen 4, 3, 2 while digits[-1] == 0: # Remove all trailing zeros.
del digits[-1]1 # Delete the trailing zero.
und 1. & g
if len(digits) <= 1: # Do we only have an integer part?
) er erhéhen d|e ZlfFer an Index i return str((-1 if negative else 1) * digits[0])
jewe”S um 1. digits.insert(1, ".") # Hultiple 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 missen 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.

DR = T m ey e R WL S Wkt =8 T L -~ =

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 < 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] == # 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.
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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 # Ge
dif @ =3
return "0"
negative: Final[booll
a = abs(a)

digits: Final[list] =

while (a != 0) and (len(digits) <= max_frac):
digits.append(a // b)

a =10 * (a % b)

if (a // b) >= 5:

# Make sure that “a°
b: Final[int] = self.b

t the numerator.

# If the fraction is 0, we return 0.

= a <0 # Get the sign of the fraction.
is now positive.

# Get the denominator.

[1 # 4 list for collecting digits.

# Create digits.
# Add the current digit.

# Ten times the remainder -> next digit.

# 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):
digits[i] += 1

if digits[i]
break
digits[i]l = 0
else: # This 1is
digits [0] +=

while digits[-1] ==
del digits[-1] #

if len(digits) <= 1:
return str((-1 if

digits.insert (1, ".")
if negative: # Do we

digits.insert (0,
return ""

TR~ 0 T o ey e R W O W Wt =00 L -~ =

.join(map(str, digits))

# except first!
# Increment the digit at position .
!= 10: # Was there no overflow?

# Digits in 1..9, no overflow, we can stop.

# We got a “10°, so we set it to 0.
only reached if no “break  was done.
1 # Increment the integer part.

# Remove all trailing zeros.
Delete the trailing zero.

# Do we only have an integer part?
negative else 1) * digits[0])

# Multiple digits: Insert a decimal dot.
need to restore the sign?
"-") # Insert the sign at the beginning.
# Join all digits to a string.

‘A
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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 < 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[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, ".") # 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



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 nichste
Nachkommastelle erhoht, usw.

Wenn wir bei Index 1 ankommen und
trotzdem weiter iterieren mussten,
dann ended die Schleife trotzdem.

B = T e e, e R W S k. e T

222 rractionlvyldvo,
'0.92"

>>> Fraction (99995,
g

10VUL0V) .decimal_stris)

100000) .decimal _str (4)

a: int = self.a # Get the numerator.
# If the fraction is 0,

non

dif @ =3 we return 0.

return
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): # 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] = 0 # We got a 10, so we set it to 0.

‘break = was dome.
integer part.

else: # This is only reached if no
digits[0] += 1 # Increment the

while digits[-1] ==
del digits[-1]

# Remove all trailing zeros.

# Delete the trailing zero.

if len(digits) <= 1:
return str((-1 if

# Do we only have an integer part?
negative else 1) * digits[0])
") dot.

# Do we

digits.insert (1, ".
if negative:

# Multiple digits: Insert a decimal
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.
s N ‘A



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.

e T m ey R LN R T

222 rractionlvyldvo,
'0.92"

>>> Fraction (99995,
g

10VUL0V) .decimal_stris)

100000) .decimal _str (4)

self.a # Get the numerator.
# If the fraction is 0,
o

Final[bool]l = a < 0 # Get the sign of the fraction.
# Make sure that “a” is now positive.

self .b # Get the denominator.

a: int =
if a == 0:

return
negative:
a = abs(a)
b: Final[int] =

we return 0.

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,
for i in range(len(digits) - 1, 0, -1):

e.g., 0.999...
# 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] = 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.

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

‘A
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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[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

® Somit wird dann die nichste
Nachkommastelle erhdht, usw.

® \Wenn wir bei Index 1 ankommen und
trotzdem weiter iterieren miissten,
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 reguldr beendet
wurde, also wenn kein
break-Statement ausgefiihrt wurde.

IR = e e ek W N L. T

222 rractionlvyldvo,
'0.92"

>>> Fraction (99995,
g

10VUL0V) .decimal_str o)

100000) .decimal _str (4)

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

if a == 0: # If the fraction is 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.

we return 0.

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:
# This may lead to other digits topple over,
for i in range(len(digits) - 1, 0, -1):

# Do we need to round up?
e.g., 0.999...
# 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] = 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, ".") dot.

if negative:

# Multiple digits: Insert a decimal

# 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.
s N A



Fraction: decimal_str

® \Wenn wir bei Index 1 ankommen und
trotzdem weiter iterieren miissten,
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 erhdhen wir die Zahl an

Index 0 um 1.
R g e A,

o T

222 rractionlvyldvo,
'0.92"

>>> Fraction (99995,
g

10VUL0V) .decimal_striso)

100000) .decimal _str (4)

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

if a == 0: # If the fraction is 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.

we return 0.

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 ower,
for i in range(len(digits) - 1, 0, -1):

e.g., 0.999...
# 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[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, Insert a decimal dot.

if negative:
digits.insert (0,

return ""

".")  # Multiple digits:
# Do we need to restore the sign?

"-") # Insert the sign at the beginning.
.join(map(str, digits)) # Join all digits to a string.

Q



Fraction: decimal_str

® 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 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.

A - v T T N P e AT T VT

222 rractionlvyldvo,
'0.92"

>>> Fraction (99995,
g

10VL0V) .decimal_str o)

100000) .decimal _str (4)

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

if a == 0: # If the fraction is 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.

we return 0.

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,
for i in range(len(digits) - 1, 0, -1):

e.g., 0.999...
# 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] = 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,
if negative:

digits.insert (0,
return ""

".") # Multiple digits: Insert a decimal dot.
# Do we need to restore the sign?

"-") # Insert the sign at the beginning.

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

A



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.

A - v T T N P e AT T VT

222 rractionlvyldvo,
'0.92"

>>> Fraction (99995,
g

10VUL0V) .decimal_str o)

100000) .decimal _str (4)

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,
for i in range(len(digits) - 1, 0, -1):

e.g., 0.999...
# 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 = O # 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



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 erhéhen 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.
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222 rractionlvyldvo,
'0.92"

>>> Fraction (99995,
i

10VUL0V) .decimal_stris)

100000) .decimal _str (4)

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): # 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
del digits[-1]

trailing zeros.
# 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.

Q



222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fraction: decimal_str T;? Fraction (99995, 100000).decimal_str (4)
. 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 "0"
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 ) , 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.
° D Z hI -t t t d a =10 * (a % b) # Ten times the remainder -> next digit.
1ese Zanl reprasentiert aen
. if (a // b) >= B5: # Do we need to round up?
Ganzzahl-Teil unseres Bruches. 7 This mey lead to other digits topple over, ¢.g., 0.999...
for i in range(len(digits) - 1, 0, -1): # ezcept first!
° 3 d NI + digits[il += 1 # Increment the digit at position 4.
Hler Ist es VOHIg OK' €ine 9 aUF 10 if digits[i] !'= 10: # Was there no overflow?
aufzurunden_ break # Digits in 1..9, no overflow, we can stop.
digits[i] = O # We got a 10", so we set it to 0.
else: # This is only reached if no “break  was done.
L Z B kann man 9999 auf 10 runden digits[0] += 1 # Increment the integer part.
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])

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.
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222 Fraction(9lyvo, 1UVLUUV).decimal_stris)

'0.92"
Fraction: decimal_str TI? Fraction (99995, 100000).decimal_str (4)
i 9 . . a: int = self.a # Get the numerator.
® Diese Zahl reprasentiert den if a == 0: # If the fraction 4s 0, we return 0.
. return "0"
GanZZahl-Tell unseres BrUChes- negative: Final[bool] = a < O # Get the sign of the fraction.
a = abs(a) # Make sure that ‘a’ s now positive.
° HIer ISt es VO”|g OK’ eine 9 auf 10 b: Final[int] = self.b # Get the denominator.
aufzurunden_ 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.
® Z.B. kann man 9.999 auf 10 runden a-10 % (a % b) # Ten times the remainder -> nest digit.
Und 12399 auf 240 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!
Dleser neue KOde kann Zu Nu”en am digits[il += 1 # Increment the digit at position 4.

Ende des Strings fuhren. if digits[i] != 10: # Was there no overflow?

break # Digits in 1..9, no overflow, we can stop.
AT r o digits[i] = 0 # We got a '10°, so we set it to 0.
o er IOSChen dIeSe mit elner else: # This is only reached if no “break  was done.

o . = E : digits[0] += 1 # Increment the integer part.
zusdtzlichen while-Schleife direkt

MRy TR L ¥ R T
[}

h d R d while digits[-1] == 0: # Remove all trailing zeros.
nach dem Runaden. 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.

I > 00 w. ew. e R WL ek =T -~ = ‘A



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.

IR = e e ek W N L. T

222 rractionlvyldvo,
'0.92"

>>> Fraction (99995,
iy

10VUL0V) .decimal_str o)

100000) . decimal _str (4)

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

if a == 0: # If the fraction is 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.

we return 0.

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
del digits[-1]

trailing zeros.
# Delete the trailing zero.

if len(digits) <= 1:
return str((-1 if negative else 1) * digits[0])

# Do we only have an integer part?

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.
s N A



Fraction: decimal_str

® 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.

e All Doctests sind nun erfolgreich.

F B = T e e, e R W S k. e T

222 rractionlvyldvo,
'0.92"

>>> Fraction (99995,
iy

10VUL0V) .decimal_str o)

100000) .decimal _str (4)

self.a # Get the numerator.
# If the fraction is 0, we return 0.

o

Final[bool]l = a < 0 # Get the sign of the fraction.
# Make sure that “a” is now positive.

self .b # Get the denominator.

a: int =
dif @ =3

return
negative:
a = abs(a)
b: Final[int] =

Final[list]l = [1 # 4 list for collecting digits.

!= 0) and (len(digits) <= max_frac): # Create digits.
# Add the current digit.

-> nexzt digit.

digits:

while (a
digits.append(a // b)
a =10 *x (a % b) # Ten times the remainder

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] = 0 # We got a 10, so we set it to 0.

‘break = was domne.
integer part.

else: # This is only reached if no
digits[0] += 1 # Increment the

while digits[-1] # Remove all

del digits[-1]

trailing zeros.
# Delete the trailing zero.

if len(digits) <= 1:
return str((-1 if

# Do we only have an integer part?
negative else 1) * digits[0])
dot.

digits.insert (1, ".") Insert a decimal

if negative: # Do we

# Multiple digits:
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.
s N ‘A
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Fraction: sqrt

® So, nun koénnen wir das machen, was

wir eigentlich machen wollten.

C Lot 2R S AN et S

"""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.

sqrt (number: float) -> float:

wun

Compute the square root of a given “number .

:param number: The number to compute the square root of.

ireturn: 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): # Repeat until no change.
old_guess = guess

guess = 0.5 * (guess + number / guess) # The new guess.
return guess

B TR AN

# The current guess becomes the old guess.

=



https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/functions/my_math.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/dunder/fraction_sqrt.py

TN R RN SOV e ATSTamS N

; Fraction: sqrt

® So, nun koénnen wir das machen, was
wir eigentlich machen wollten:

® Wir wollten Quadratwurzeln mit
wahnsinniger Genauigkeit berechnen!
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"""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
product: int = 1 # Initialize
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.

‘product’ as 1.

sqrt (number: float) -> float:

wun

Compute the square root of a given “number .

:param number: The number to compute the square root of.

ireturn: A value “v° such that “v * v’ is approximately ~number .

wnn
guess: float = 1.0
old_guess: float = 0.0
while not isclose(old_guess, guess):
old_guess = guess

# This will hold the current guess.
# 0.0 is just a dummy value != guess.
# Repeat wuntil mo change.

guess = 0.5 * (guess + number / guess)
return guess

# The new guess.

# The current guess becomes the old guess.



https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/functions/my_math.py
https://github.com/thomasWeise/programmingWithPythonCode/blob/7f0bd37bc41a1699298363b4b575705619c0bb28/dunder/fraction_sqrt.py

N .
Fraction: sqrt

wir eigentlich machen wollten:

® Wir wollten Quadratwurzeln mit
wahnsinniger Genauigkeit berechnen!

® Schauen wir uns dafiir unsere
Funktion sqrt aus my_math.py
nochmal an.

® So, nun koénnen wir das machen, was

RS Ut SRS R

"""A module with mathematics routines."""

from math import isclose # Checks if two float numbers are

def factorial(a: int) -> int: # 1 ‘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

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

def sqrt(number: float) -> float:

wun

Compute the square root of a given “number .

The number to compute the square root of

A value “v° such that “v * v' is approximately

:param number:
:return:
wnn
float = 1.0
float = 0.0

guess :
old_guess: # 0.0 is just a dummy value !=

guess) :

while not isclose(old_guess,
old_guess = guess
guess = 0.5 * (guess + number / guess)
return guess

parameter and “int’

W AN

similar.

result

factorial.

“number " .

# This will hold the current guess.

guess.

# Repeat wuntil mo change.
# The current guess becomes the old guess.
# The mew guess.

ol 4
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:param max_steps: the maximum number of steps, defaults to 10"

g X :return: A value “v' such that “v % v' is approximately ‘number .
Wir wollten Quadratwurzeln mit v
>>> sqrt(Fraction(2, 1)).decimal_str (750)
Wahnsinniger Genauigkeit berechnen‘ '1.4142135623730950488016887242096980785696718753769480731766797379\

907324784621070388503876534327641572735013846230912297024924836055850737\
21264412149709993583141322266592750559275579995050115278206057147010955\

Sch - dafis 99716059702745345968620147285174186408891986095523292304843087143214508\
Cchauen WIr uns darur unsere 39762603627995251407989687253396546331808829640620615258352395054745750\
p 28775996172983557522033753185701135437460340849884716038689997069900481\
Funktlon Sqrt aus my_math,py 50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\

nochmal an. 41556570696776537202264854470168588016207584749226572260020855844665214\

58398893944370926591800311388246468157082630100594858704003186480342194\
897278290641045072636881313739855626611732204025"

Im Grunde werden wir diese Funktion 250 G ERaien @, BP-Aril s

. . >>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)
in unsere neue Datei 11.6180339887498948482045868343656381177203091798057628621354486227\
. 3 . 05260462818902449707207204189391137484754088075386891752126633862223536\
fractlon_sqrt py kopleren Und el 93179318006076672635443338908659593958290563832266131992829026788067520\
3 s 87668925017116962070322210432162695486262963136144381497587012203408058\
paar notWendlge Anderungen 87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '
VOrnehmen. if number < ZERO: # No negative numbers are permitted.
raise ArithmeticError (f"Cannot computed sqrt({mumber}).")
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.

Pl .. T - B i - AL T T L p—
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BRSSP SN RSP S NSRS 1)) square root algorithm based om fractioms.’tt |[ENCARL
FraCtion: Sqrt from fraction import ONE, ONE_HALF, ZERO, Fraction
def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:
So, nun kénnen wir das machen, was e i S H 6 ¢ e ST P
wir eigentlich machen wollten: R e

§
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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 miussen alle floats in diesem
Kode mit Fractions austauschen.
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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:

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.

® |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.

® Die Signatur der Funktion dndert sich

von def sqrt(number: float)
-> float zu def sqrt(number:

Fraction) -> Fraction.
T T -
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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:

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.
o
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Fraction: sqrt

Im Grunde werden wir diese Funktion
in unsere neue Datei
fraction_sqrt.py kopieren und ein
paar notwendige Anderungen
vornehmen.

Wir mussen 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.
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"""A square root algorithm based on fract).cns e

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 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 kénnen sie also nicht exakt mit
einer Instanz von Fraction
darstellen.
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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:

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 ()

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.
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action: 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 konnen sie also nicht exakt mit
einer Instanz von Fraction
darstellen.

® |m Originalkode ist das kein Problem.
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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:

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

® 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.

® |m Originalkode ist das kein Problem.

® Die Originalfunktion wird wegen der

begrenzten Genauigkeit des Datentyps
float irgendwann aufhoren.
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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:

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.
o
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. Fraction: sqrt
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® Nun wissen wir ja, dass die
Quadratwurzel von Zahlen wie v/2
irrational sind.

® \Wir kdénnen 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.
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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:

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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" "inA square root algorithm based on fractions. """
g FraCtlon: Sqrt from fraction import ONE, ONE_HALF, ZERO, Fraction
—
B def sqrt(number: Fraction, max_steps: int = 10) -> Fraction:
® Wir kdnnen sie also nicht exakt mit Compute the square root of a given iclass: Fraction'.
iparam number: The rational number to compute the square root of.
einer Instanz von Fraction P P .

:param max_steps: the maximum number of steps, defaults to

>>> sqrt(Fraction(2, 1)).decimal_str (750)

897278290641045072636881313739855626611732204025"

Y Das paSSiert, wenn dle 15 bIS 16 >;> sqrt (Fraction (4, 1)).decimal_str ()

. . . >>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)
Ziffern Genamgkelt von float 11.6180339887498948482045868343656381177203091798057628621354486227\
5 05260462818902449707207204189391137484754088075386891752126633862223536\
aufgebraucht sind. 93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\

[ ] Mit Fraction kann er Selbe Kode 2125448770664780915884607499887124007652170656751797883416625624940758907 '

aber Unendlich Iange iterieren. if number < ZERO: # No negative numbers are permitted.

old_guess: Fraction = ZERO # 0.0 is just a dummy value !=

return guess # Return the final guess.

R ot g e, 2 - B i - AN T T L p—

darSte”en, :return: A value “v' such that “v % v' is approximately “number .

raise ArithmeticError (f"Cannot computed sqrt({mumber}).")
guess: Fraction = ONE # This will hold the current 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).

T Y

® |m Originalkode ist das kein Pl’Oblem '1.4142135623730950488016887242096980785696718753769480731766797379\ E

90732478462107038850387534327641572735013846230912297024924836055850737\ \
21264412149709993583141322266592750559275579995050115278206057147010955\ =

e Die Originalfunkti ird d 99716059702745345968620147285174186408891986095523292304843087143214508\
e riginaltun tion wir wegen aer 39762603627995251407989687253396546331808829640620615258352395054745750\

4 4 28775996172983557522033753185701135437460340849884716038689997069900481\

begrenzten Genaulgkelt des Datentyps 50305440277903164542478230684929369186215805784631115966687130130156185\
68987237235288509264861249497715421833420428568606014682472077143585487\

float irgendwa nn aufharen r 41556570696776537202264854470168588016207584749226572260020856844665214\

58398893944370926591800311388246468157082630100594858704003186480342194\

. 01

P

]
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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.
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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:

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.
R TN T R T T B W L T R T —— o
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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.
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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:

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
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® 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.
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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:

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.
o
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® 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.
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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:

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.

B i - AN T T L p—

e e s e e [

=
k,

P

]




:

e
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Wir haben ja eine Genauigkeit, die nur
durch den zur Verfiigung stehenden
Arbeitsspeicher begrenzt wird.

Der Kode kénnte fast fiir immer nach
besseren Anniherungen suchen.

Wir miussen also die Anzahl der
Iterationen mit einem weiteren
Parameter begrenzen.

Wir fiigen 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.
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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:

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 sSteps..
break # ...then we stop (and return the guess).

return guess # Return the final guess.
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Der Kode konnte fast fiir immer nach
besseren Anndherungen suchen.

Wir miissen also die Anzahl der
Iterationen mit einem weiteren
Parameter begrenzen.

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.

T wmd - RN T 5T 2 —EEEEE—

SRR R e e o s e -
"""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 ()

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 missen 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.
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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:

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
zuldsst, 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 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. ..

o~ . r 4
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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:

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 werden spater sehen, dass der
Default-Wert, der nur 10 Iterationen
zul3sst, bereits ziemlich gute
Annaherungen 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.

® 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 - = T 4 -
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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:

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

® 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.

e 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 waére.

® So oder so, die numerischen

Konstanten in unserer Funktion sind
nun Instanzen von Fraction.

o~ . r 4 .
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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:

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.
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® Das missen 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.

. r 4 .

SRR R
"""A square root algorithm based on fractioms."""

e o s e -

from fraction import ONE, ONE_HALF, ZERO, Fraction

def sqrt(number: Fraction, -> Fraction:

max_steps: int = 10)

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 ()
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).

guess.

return guess
o

# Return the final
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Fraction: sqrt

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.

Wenn ja, dann ISst sie einen
ArithmeticError aus.

Danach hat sie fast die gleiche
Schleife wie unsere originale Funktion.

X RN
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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:

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 ()

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 (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

X RN

® 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.

SRR R e e e e s -
"""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°
: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 ()
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 sSteps..
break # ...then we stop (and return the guess).
return guess # Return the final guess.
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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.
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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:

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.
o
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sqrt: Doctests

e Natiirlich machen wir wieder Doctests
fur unsere 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:

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\
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 4is just a dummy value guess




sqrt: Doctests

e Natiirlich machen wir wieder Doctests
fur unsere Funktion.

® Wir testen zum Beispiel den Ausdruck
sqrt (Fraction(2,
1)) .decimal_str(750).

"""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 guess.
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sqrt: Doctests

e Natiirlich machen wir wieder Doctests
fir 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.

"""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°
: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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sqrt: Doctests

e Natiirlich machen wir wieder Doctests
fir unsere Funktion.

® 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 ilibersetzt er das Ergebnis zu
einer Dezimalzahl mit 700
Nachkommastellen!

"""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°
: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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sqrt: Doctests

Natirlich machen wir wieder Doctests
fir unsere Funktion.

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 [19, 31].

"""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.




sqrt: Doctests

Wir testen zum Beispiel den Ausdruck
sqrt (Fraction(2,
1)) .decimal_str(750).

Der Berechnet \/% = /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 [19, 31].

Wenn unsere Funktion diese Zahl
nach zehn Schritten nicht auf 700
Nachkommastellen genau liefert, wird
dieser Doctest fehlschlagen!

"""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.
0ld_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 [19, 31].

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.

"""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.
0ld_guess: Fraction = ZERO # 0.0 is just a dummy value != guess.



sqrt: Doctests

® Danach iibersetzt er das Ergebnis zu
einer Dezimalzahl mit 700
Nachkommastellen!

® Wir holen uns den korrekten Wert
von [19, 31].

® \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.

® Natiirlich ndhern wir die
Quadratwurzel nur durch mehrere
Schritte an.

"""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 ()

g1

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420)

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
931793180060766726354433389086595939582906563832266131992829026788067520\
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 != guess.



sqrt: Doctests

Wir holen uns den korrekten Wert
von [19, 31].

Wenn unsere Funktion diese Zahl
nach zehn Schritten nicht auf 700
Nachkommastellen genau liefert, wird
dieser Doctest fehlschlagen!

Der zweite Doctest priift einfach ob
/4 als nach der
decimal_str-Ubersetzung als 2
ausgegeben wird.

Natiirlich nahern wir die
Quadratwurzel nur durch mehrere
Schritte an.

Daher ist der echte Ndherungswert
vielleicht nicht wirklich 2.

"""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°
: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 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 N3herungswert
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: 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.
0ld_guess: Fraction = ZERO # 0.0 is just a dummy value guess.




sqrt: Doctests

Der zweite Doctest priift einfach ob
V/4 als nach der
decimal_str-Ubersetzung als 2
ausgegeben wird.

Natiirlich nahern wir die
Quadratwurzel nur durch mehrere
Schritte an.

Daher ist der echte N3herungswert
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.

"""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.
0ld_guess: Fraction = ZERO # 0.0 is just a dummy value guess.
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sqrt: Doctests

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 #

"""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°
: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.
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sqrt: Doctests

® Dabher 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

® Wir konnen das als
ONE_HALF * (ONE +

sqrt (Fraction(5, 1))) schreiben.

"""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°
: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 ()

o

>>> (ONE_HALF * (ONE + sqrt(Fraction(5, 1)))).decimal_str (420

'1.6180339887498948482045868343656381177203091798057628621354486227\
05260462818902449707207204189391137484754088075386891752126633862223536\
93179318006076672635443338908659593958290563832266131992829026788067520\
87668925017116962070322210432162695486262963136144381497587012203408058\
87954454749246185695364864449241044320771344947049565846788509874339442\
21254487706647809158846074998871240076521705751797883416625624940758907 '

nuw

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

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 [9] nehmen) genau ist.

1))) schreiben.

"""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.
0old_guess: Fraction = ZERO # 0.0 is just a dummy value guess.
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sqrt: Doctests

Zu guter Letzt wollen wir den
Goldenen Schnitt ¢*** berechnen.

Dieser entspricht %

Wir konnen das als
ONE_HALF * (ONE +

sqrt (Fraction(5, 1))) schreiben.

Im Doctest erwarten wir, dass das
Ergebnis auf 420 Nachkommastellen
(die wir von [9] nehmen) genau ist.

Wir fiihren die Doctests mit pytest
aus.

"""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°
: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.
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sqrt: Doctests

® Dieser entspricht %

® Wir konnen das als
ONE_HALF * (ONE +

sqrt (Fraction(5, 1))) schreiben.

® |m Doctest erwarten wir, dass das
Ergebnis auf 420 Nachkommastellen
(die wir von [9] nehmen) genau ist.

e Wir fiihren die Doctests mit pytest
aus.

® Sie sind alle erfolgreich!

$ 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 0.01s

# pytest 9.1.1 with pytest-timeout 2.4.0 succeeded with exit code 0.
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sqrt: Doctests

® Wir kénnen das als
ONE_HALF * (ONE +
sqrt (Fraction(5, 1))) schreiben.

® |Im Doctest erwarten wir, dass das
Ergebnis auf 420 Nachkommastellen
(die wir von [9] nehmen) genau ist.

e Wir fiihren die Doctests mit pytest
aus.

® Sie sind alle erfolgreich!

® Wir haben nun
Grundschulmathematik in eine Klasse
in Python gegossen.

$ 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 0.01s

# pytest 9.1.1 with pytest-timeout 2.4.0 succeeded with exit code 0.
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sqrt: Doctests

Im Doctest erwarten wir, dass das
Ergebnis auf 420 Nachkommastellen
(die wir von [9] nehmen) genau ist.

Wir fiihren die Doctests mit pytest
aus.

Sie sind alle erfolgreich!

Wir haben nun
Grundschulmathematik in eine Klasse
in Python gegossen.

Dann haben wir die in einem
2000 Jahre alten Algorithmus
verwendet.

$ 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 0.01s
3 ===========================
# pytest 9.1.1 with pytest-timeout 2.4.0 succeeded with exit code 0.
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sqrt: Doctests

Wir fiihren die Doctests mit pytest
aus.

Sie sind alle erfolgreich!

Wir haben nun
Grundschulmathematik in eine Klasse
in Python gegossen.

Dann haben wir die in einem
2000 Jahre alten Algorithmus
verwendet.

Und mit zehn Schritten des
Algorithms konnten wir V2 und ¢ auf
mehrere hundert Nachkommastellen
genau berechnen.

$ pytest --timeout=10 --no-header --tb=short --doctest-modules

<~ fraction_sqrt.py

==== test session starts
— ========
collected 1 item

fraction_sqrt.py .

== = 1 passed in 0.01s

[100%]

# pytest 9.1.1 with pytest-timeout 2.4.0 succeeded with exit code 0.

W N
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sqrt: Doctests

® Sie sind alle erfolgreich!

® Wir haben nun
Grundschulmathematik in eine Klasse
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.

® |st das nicht irrsinnig cool?

$ 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 0.01s

# pytest 9.1.1 with pytest-timeout 2.4.0 succeeded with exit code 0.
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Zusammenfassung

* o |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.

Th BT WF L ™ |z “"J

T LS SRAAIER A T




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.

Wir kénnen Breakpoints setzen und den Prozess laufen lassen, bis er bei ihnen ankommt.

Dann konnen wir uns die Werte von Variablen anschauen.
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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.
® Dann kénnen wir uns die Werte von Variablen anschauen.

® Dann kénnen wir jede Zeile Kode einzeln ausfiihren.

e
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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 kdnnen.
Wir kénnen Breakpoints setzen und den Prozess laufen lassen, bis er bei ihnen ankommt.
Dann konnen wir uns die Werte von Variablen anschauen.

Dann kénnen wir jede Zeile Kode einzeln ausfiihren.

Wir kénnen sehen, wie sich jede einzelne Variable dndert.
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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.
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 kénnen 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.
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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.

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 kénnen 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.

® \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 kénnen 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.

® \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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Glossary (in English) |

breakpoint

debugger

denominator

docstring

doctest

Git

GitHub

IDE

i0S

iPadOS

macOS

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.

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 *.

The number b of a fraction 9 € Q is called the denominator.

Docstrings are special string constants in Python that contain documentation for modules or functions **. They must be
delimited by Wi w1038

doctests are unit tests in the form of as small pieces of code in the docstrings that look like interactive Python sessions. The
first line of a statement in such a Python snippet is indented with Python» > and the following lines by .... These snippets
can be executed by modules like doctest ” or tools such as pytest **. Their output is the compared to the text following the
snippet in the docstring. If the output matches this text, the test succeeds. Otherwise it fails.

is a distributed Version Control Systems (VCS) which allows multiple users to work on the same code while preserving the
history of the code changes **°. 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.

532

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.

26,32

or Mac OS is the operating system that powers Apple Mac(intosh) computers Learn more at

https://www.apple.com/macos.
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Glossary (in English) Il

modulo division

Mypy

numerator

PyCharm

pytest
Python

signature

type hint

is, in Python, done by the operator 7, that computes the remainder of a division. 15 % 6 gives us 3.

16

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

in >
The number a of a fraction % € Q is called the numerator.

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.

6,13,21,23,40

is a framework for writing and executing unit tests in Python Learn more at https://pytest.org.

11,15,17,39

The Python programming language , i.e., what you will learn about in our book **. Learn more at https://python.org.

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 *.

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.
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unit test

VvCs

Xcode

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 **°****2"3* [|f 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.

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 1+2\/§. 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 .

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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