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

Die  Webseite  mit dem Lehrmaterial ~ dieses  Kurses  ist  htt-
ps://thomasweise.github.io/programmingWithPython (sieche auch den QR-Kode
unten rechts). Dort kdnnen Sie das Kursbuch (in Englisch) und diese Slides finden.
Das Repository mit den Beispielprogrammen in Python finden Sie unter htt-
ps:/ /github.com/thomasWeise /programmingWithPythonCode.
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- Quadratwurzel

e Alte Lehmtablets beweisen, dass Babylonier v/2 vielleicht schon vor 4000 Jahren annahern
konnten3273,
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. Quadratwurzel

i e Alte Lehmtablets beweisen, dass Babylonier v/2 vielleicht schon vor 4000 Jahren annahern

. konnten32.73

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)
gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir
heute als Heron's Methode kennen?:73.
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Quadratwurzel

® Alte Lehmtablets beweisen, dass Babylonier /2 vielleicht schon vor 4000 Jahren annihern
konnten3273,

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)

gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir
heute als Heron's Methode kennen?:73.

® Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.
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Quadratwurzel

® Alte Lehmtablets beweisen, dass Babylonier /2 vielleicht schon vor 4000 Jahren annihern
konnten32.73

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)
gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir
heute als Heron's Methode kennen®?:73.

® Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

® Dann beginnt dieser Algorithmus mit einer anfanglichen, ersten Anndherung xg.
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Quadratwurzel

® Alte Lehmtablets beweisen, dass Babylonier /2 vielleicht schon vor 4000 Jahren annihern
konnten32.73

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)
gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir
heute als Heron's Methode kennen®?:73.

® Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

® Dann beginnt dieser Algorithmus mit einer anfanglichen, ersten Anndherung xg.

® Sagen wir, zg = 1.
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Quadratwurzel

® Alte Lehmtablets beweisen, dass Babylonier /2 vielleicht schon vor 4000 Jahren annihern
konnten32.73

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)

gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir

heute als Heron's Methode kennen®?:73.

Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

Dann beginnt dieser Algorithmus mit einer anfianglichen, ersten Anndherung xg.

Sagen wir, xg = 1.

In jeder Iteration berechnet der Algorithmus eine neue Anndherung ;1 basierend auf der

aktuellen Schitzung z;4%73.
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Quadratwurzel

® Alte Lehmtablets beweisen, dass Babylonier /2 vielleicht schon vor 4000 Jahren annihern
konnten32.73

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)

gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir

heute als Heron's Methode kennen®?:73.

Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

Dann beginnt dieser Algorithmus mit einer anfianglichen, ersten Anndherung xg.

Sagen wir, xg = 1.

In jeder Iteration berechnet der Algorithmus eine neue Anndherung ;1 basierend auf der

aktuellen Schitzung z; wie folgt*73:

1 a
Ti+1 = 5 (»Tz E l‘z) (1)
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Quadratwurzel

® Alte Lehmtablets beweisen, dass Babylonier /2 vielleicht schon vor 4000 Jahren annihern
konnten32.73

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)

gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir

heute als Heron's Methode kennen®?:73.

Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

Dann beginnt dieser Algorithmus mit einer anfianglichen, ersten Anndherung xg.

Sagen wir, xg = 1.

In jeder Iteration berechnet der Algorithmus eine neue Anndherung ;1 basierend auf der

aktuellen Schitzung z; wie folgt*73:

1 a
Ti+1 = 5 (»Tz E l‘z) (1)

e Wir kdnnen uns grob vorstellen, wie das funktioniert.
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Quadratwurzel

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)
gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir
heute als Heron's Methode kennen®?:73.

Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

Dann beginnt dieser Algorithmus mit einer anfanglichen, ersten Anndherung xg.

Sagen wir, g = 1.

In jeder Iteration berechnet der Algorithmus eine neue Anndherung ;1 basierend auf der
aktuellen Schitzung x; wie folgt*®73:

1 a
Tir1 = E <I‘Z =8 :L‘l> (1) %';

e Wir konnen uns grob vorstellen, wie das funktioniert.
® Ist x; zu groB, also z; > /a, dann ist = < \/a < x;.
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Quadratwurzel

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)
gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir
heute als Heron's Methode kennen®?:73.

® Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

® Sagen wir, g = 1.

® |n jeder Iteration berechnet der Algorithmus eine neue Anndherung x;.1 basierend auf der
aktuellen Schitzung z; wie folgt*’3:

i =3 (22 2 1) |

i

e Wir kdnnen uns grob vorstellen, wie das funktioniert.
® Ist x; zu groB, also x; > /a, dann ist & < \/a < x;.
® Ist x; zu klein, also z; < \/a, dann ist & > \/a > x;.
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Quadratwurzel

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)
gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir
heute als Heron's Methode kennen®?:73.

® Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

® |n jeder lteration berechnet der Algorithmus eine neue Anndherung x;11 basierend auf der
aktuellen Schitzung z; wie folgt*73:

Tis1 = % <x i “) (1)

2

Wir kénnen uns grob vorstellen, wie das funktioniert.

Ist z; zu groR, also z; > /a, dann ist i < e

Ist x; zu klein, also x; < \/a, dann ist x% > -

Wir verwenden den Mittelwert von z; und z% als nachste Annaherung und hofffen, damit
niher an y/a zu kommen.

K
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Quadratwurzel

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)
gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir
heute als Heron's Methode kennen®?:73.

® Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

® |n jeder lteration berechnet der Algorithmus eine neue Anndherung x;11 basierend auf der
aktuellen Schitzung z; wie folgt*73:

® Ist x; zu groB, also x; > +/a, dann ist & < \/a < x;.
® Ist x; zu klein, also z; < \/a, dann ist d > S
e Wir verwenden den Mittelwert von z; und R aIs nachste Anndherung und hofffen, damit

naher an y/a zu kommen.
& ilShins S Sdannigilc— == O Ao in e =12
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Quadratwurzel

® Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)
gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir
heute als Heron's Methode kennen®?:73.

® Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

® |n jeder lteration berechnet der Algorithmus eine neue Anndherung x;11 basierend auf der
aktuellen Schitzung z; wie folgt*73:

® Ist x; zu klein, also z; < v/a, dann ist & > \/a > x;.

® Wir verwenden den Mittelwert von z; und L aIs nachste Anndherung und hofffen, damit
naher an y/a zu kommen.

e Wenn z; = \/a, dann gilt z% SR 0T

e Tatsachlich zu beweisen, dass das funktoniert und dass der Fehler tatsichlich kleiner wird
ist kompliziert”3.

1 a
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Quadratwurzel

Der Mathematiker Hero(n) von Alexandria hat im ersten Jahrhundert Common Era (CE)
gelebt. Er hat einen Algorithmus zum Berechnen der Quadratwurzel entwickelt, den wir
heute als Heron's Methode kennen*%73.

Angenommen, wir wollen die Quadratwurzel \/a einer Zahl a finden.

In jeder Iteration berechnet der Algorithmus eine neue Anndherung ;1 basierend auf der
aktuellen Schitzung z; wie folgt*?73:

a

1
Tit1 = 5 (l’z T 1:-) (1) 4%

Wir verwenden den Mittelwert von z; und = als ndchste Annadherung und hofffen, damit
ndher an y/a zu kommen.

Wenn z; = \/a, dann gilt = = \/a und 211 = ;.

Tatsachlich zu beweisen, dass das funktoniert und dass der Fehler tatsachlich kleiner wird
ist kompliziert”3.

(Aber das machen wir hier nicht.)
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Die while-Schleife

® Wenn wir Heron's Methode implementieren wollen, dann brauchen wir irgendeine Art
Schleife.
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Die while-Schleife

® Wenn wir Heron's Methode implementieren wollen, dann brauchen wir irgendeine Art
Schleife.
® Es ist offensichtlich, dass wir die selbe Sache immer wieder machen wollen.

!
3

#—-anm S L 0 e . A el g YR



< Rt BRI P

S B LT S LT -

Die while-Schleife

® Wenn wir Heron's Methode implementieren wollen, dann brauchen wir irgendeine Art
Schleife.
® Es ist offensichtlich, dass wir die selbe Sache immer wieder machen wollen.

® Wir werden die Gleichung x;11 = % (:c, + xi) wieder und wieder ausrechnen.
K
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Die while-Schleife

® Wenn wir Heron's Methode implementieren wollen, dann brauchen wir irgendeine Art
Schleife.

® Es ist offensichtlich, dass wir die selbe Sache immer wieder machen wollen.

® Wir werden die Gleichung x;11 = % (:c, + x%) wieder und wieder ausrechnen.

® Allerdings wird eine for-Schleife hier nicht funktionieren.

!
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Die while-Schleife

® Wenn wir Heron's Methode implementieren wollen, dann brauchen wir irgendeine Art
Schleife.
Es ist offensichtlich, dass wir die selbe Sache immer wieder machen wollen.

Wir werden die Gleichung x;11 = % (:c, + xi) wieder und wieder ausrechnen.
K

Allerdings wird eine for-Schleife hier nicht funktionieren.
Wir wissen ja nicht, wie viele Schritte wir brauchen, bis z; = x;11. ..
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Die while-Schleife

® Wenn wir Heron's Methode implementieren wollen, dann brauchen wir irgendeine Art
Schleife.

e FEs ist offensichtlich, dass wir die selbe Sache immer wieder machen wollen.

® Wir werden die Gleichung x;11 = % (:c, + x%) wieder und wieder ausrechnen.

® Allerdings wird eine for-Schleife hier nicht funktionieren.

e Wir wissen ja nicht, wie viele Schritte wir brauchen, bis z; = z;11. ..

e Kilar, wir kdnnten einfach eine sehr sehr grole Zahl fiir die Anzahl der Iterationen nehmen
und die Schleife mit break abbrechen ... aber das ist einfach zu haRlich.
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Die while-Schleife

® Wenn wir Heron's Methode implementieren wollen, dann brauchen wir irgendeine Art
Schleife.

e FEs ist offensichtlich, dass wir die selbe Sache immer wieder machen wollen.

® Wir werden die Gleichung x;11 = % (:c, + x%) wieder und wieder ausrechnen.

® Allerdings wird eine for-Schleife hier nicht funktionieren.

e Wir wissen ja nicht, wie viele Schritte wir brauchen, bis z; = z;11. ..

e Kilar, wir kdnnten einfach eine sehr sehr grole Zahl fiir die Anzahl der Iterationen nehmen
und die Schleife mit break abbrechen ... aber das ist einfach zu haRlich.

e Wir brauchen ein while-Schleife®!.
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Die while-Schleife

e Wir brauchen ein while-Schleife®?.

® Wie die for-Schleife besteht eine while-Schleife aus einem Kopf und einem Korper.

"""The syntax of a while-loop in Python."""

while booleanExpression:
loop body statement 1  # The loop body s exzecuted as long as the
loop body statement 2  # booleanExzpression evaluates to True.
#

normal statement 1 # After booleanExzpression became False, the while
normal statement 2 # loop ends and the code after it is exzecuted.
#

"«
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Die while-Schleife

e Wir brauchen ein while-Schleife®®.
® Wie die for-Schleife besteht eine while-Schleife aus einem Kopf und einem Kérper.

® Der Kopf beginnt mit while gefolgt von der Schleifenbedingung booleanExpression und
ended mit dem Doppelpunkt

"""The syntax of a while-loop in Python."""

while booleanExpression:
loop body statement 1  # The loop body s exzecuted as long as the
loop body statement 2  # booleanExzpression evaluates to True.
#

normal statement 1 # After booleanExzpression became False, the while
normal statement 2 # loop ends and the code after it is exzecuted.
#
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Die while-Schleife

e Wir brauchen ein while-Schleife®?.

® Wie die for-Schleife besteht eine while-Schleife aus einem Kopf und einem Kérper.

® Der Kopf beginnt mit while gefolgt von der Schleifenbedingung booleanExpression und

ended mit dem Doppelpunkt

® Der Schleifenkorper ist wieder ein mit vier Leerzeichen eingeriickter Kodeblock.

"""The syntax of a while-loop in Python."""

while booleanExpression:
loop body statement 1  # The loop body s exzecuted as long as the
loop body statement 2  # booleanExzpression evaluates to True.
#

normal statement 1 # After booleanEzpression became False, the while
normal statement 2 # loop ends and the code after it is exzecuted.
#




Die while-Schleife

® Wie die for-Schleife besteht eine while-Schleife aus einem Kopf und einem Korper.

® Der Kopf beginnt mit while gefolgt von der Schleifenbedingung booleanExpression und
ended mit dem Doppelpunkt

® Der Schleifenkorper ist wieder ein mit vier Leerzeichen eingeriickter Kodeblock.

® Jedesmal bevor der Schleifenkdrper ausgefiihrt wird, wird die Schleifenbedingung
booleanExpression ausgerechnet.

"""The syntax of a while-loop in Python."""

while booleanExpression:
loop body statement 1  # The loop body s exzecuted as long as the
loop body statement 2  # booleanExzpression evaluates to True.
#

normal statement 1 # After booleanEzpression became False, the while :
normal statement 2  # loop ends and the code after it 1s exzecuted.
#

DR—'



Die while-Schleife

® Der Kopf beginnt mit while gefolgt von der Schleifenbedingung booleanExpression und
ended mit dem Doppelpunkt

® Der Schleifenkdrper ist wieder ein mit vier Leerzeichen eingeriickter Kodeblock.

® Jedesmal bevor der Schleifenkdrper ausgefiihrt wird, wird die Schleifenbedingung
booleanExpression ausgerechnet.

® Nur wenn sie True ergibt, wird der Schleifenkdrper ausgefiihrt.
"""The syntax of a while-loop in Python."""
while booleanExpression:

loop body statement 1  # The loop body s exzecuted as long as the
loop body statement 2  # booleanExzpression evaluates to True.

#
normal statement 1 # After booleanEzpression became False, the while é
normal statement 2 # loop ends and the code after it s exzecuted.

#

DR—'



Die while-Schleife

® Der Schleifenkorper ist wieder ein mit vier Leerzeichen eingeriickter Kodeblock.

® Jedesmal bevor der Schleifenkdrper ausgefiihrt wird, wird die Schleifenbedingung
booleanExpression ausgerechnet.

® Nur wenn sie True ergibt, wird der Schleifenkorper ausgefiihrt.

® Nur dann kann es weitere lteratinen geben, vor denen jeweils wieder die
Schleifenbedingung ausgerechnet wird.

"""The syntax of a while-loop in Python."""

while booleanExpression:
loop body statement 1  # The loop body s exzecuted as long as the
loop body statement 2  # booleanExzpression evaluates to True.
#

normal statement 1 # After booleanEzpression became False, the while :
normal statement 2 # loop ends and the code after it s exzecuted.
#

DR—'



Die while-Schleife

® Jedesmal bevor der Schleifenkdrper ausgefiihrt wird, wird die Schleifenbedingung
booleanExpression ausgerechnet.

® Nur wenn sie True ergibt, wird der Schleifenkdrper ausgefiihrt.

® Nur dann kann es weitere lteratinen geben, vor denen jeweils wieder die
Schleifenbedingung ausgerechnet wird.

® Wenn die Schleifenbedingung nicht wahr ergab, dann wird die Schleife sofort abgebrochen.

"""The syntax of a while-loop in Python."""

while booleanExpression:
loop body statement 1  # The loop body s exzecuted as long as the
loop body statement 2  # booleanExzpression evaluates to True.
#

normal statement 1 # After booleanEzpression became False, the while :
normal statement 2 # loop ends and the code after it s exzecuted.
#

DR—'



Die while-Schleife

® Nur wenn sie True ergibt, wird der Schleifenkdrper ausgefiihrt.

® Nur dann kann es weitere lteratinen geben, vor denen jeweils wieder die
Schleifenbedingung ausgerechnet wird.

® Wenn die Schleifenbedingung nicht wahr ergab, dann wird die Schleife sofort abgebrochen.

® |n anderen Worten, der Schleifenkorper wird so lange aus gefiihrt wie der Ausdruck im
Schleifenkopf wahr ist.

+ MRS P 5

"""The syntax of a while-loop in Python."""

while booleanExpression:
loop body statement 1  # The loop body s exzecuted as long as the
loop body statement 2  # booleanExzpression evaluates to True.
#

TR

normal statement 1 # After booleanEzpression became False, the while
normal statement 2 # loop ends and the code after it s exzecuted.
#
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Implementierung von Heron’s Methode

® |mplementieren wir nun Heron's
Methode, um die Quadratwurzeln
von 0.5, 2, und 3 zu berechnen.



Implementierung von Heron’s Methode

® |mplementieren wir nun Heron's OO @ Coo® lewm 60 Amionons Homen’s Towhed, DI
MethOdey um dle Quadratwurzeln from math import isclose # Checks if two float numbers are similar.
von 0 5 2 Und 3 zu berechnen from math import sqrt # Compute the root as exactly as possible.
9, 4, 5
° Wir beginning unser Programm mit for number in [0.5, 2.0, 3.0]: # The three numbevjs we u/c‘mt to test.
. . ; 1 y # Apply Heron's method to get square Toot of ‘number .
einer auBeren for-Schleife, die ein guess: float = 1.0 # This will hold the current guess.
V . bl b b d old_guess: float = 0.0 # 0.0 is just a dummy value != guess.
ariaple number uber die
- while not isclose(old_guess, guess): # Repeat wuntil no change.
Fl|er§k0mmawerte 0.5, 2.0, und 3.0 old_guess = guess # The current guess becomes the old guess.
iteriel’en |aSSt guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

]
. # We use ‘while not isclose(old_guess, guess)  instead of |
A # “while old_guess != guess ' to avoid a strict comparison of floats: -
4 # Looping wuntil two floating point numbers become equal is very -
# dangerous. It may, in some cases, lead to endless loops. (Not in case‘i
# of this algorithm, though, but let's be on the safe side and always ‘
# follow best practices.)
| python3 while_loop_sqrt.py | K
1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476 |
\/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
. \/3.0~1.7320508075688772, sqrt(3.0)=1.7320508075688772
- -
-
k3 B .
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Implementierung von Heron’s Methode

® |mplementieren wir nun Heron's
Methode, um die Quadratwurzeln
von 0.5, 2, und 3 zu berechnen.

® Wir beginning unser Programm mit
einer duBeren for-Schleife, die ein
Variable number iiber die
FlieBRkommawerte 0.5, 2.0, und 3.0
iterieren |asst.

® Wir wollen den Algorithmus auf jeden
dieser Werte anwenden.

"""Using a “while® loop to implement Heron's Method."""
from math import isclose # Checks if two float numbers are similar.
from math import sqrt # Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
# Apply Heron's method to get square Toot of “number .
guess: float = 1.0 # This will hold the current guess.
old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.
old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.

actual: float = sqrt(number) # Use the 'sqrt’ function from “math’
print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

# We use ‘while not isclose(old_guess, guess)' instead of
# “while old_guess != guess ' to avoid a strict comparison of floats:
# Looping until two floating point numbers become equal is very i
# dangerous. It may, in some cases, lead to endless loops. (Not in case |
# of this algorithm, though, but let's be on the safe side and always ‘
# follow best practices.)

| python3 while_loop_sqrt.py | K
V/0.5~0.7071067811865475, sqrt (0.5)=0.7071067811865476 |
V/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
\/3.0~1.7320508075688772, sqrt(3.0)=1.7320508075688772

-




Implementierung von Heron’s Methode

® |mplementieren wir nun Heron's OO @ Coo® lewm 60 Amionons Homen’s Towhed, DI
MethOdey um dle Quadratwurzeln from math import isclose # Checks if two float numbers are similar.
von O 5 2 und 3 zu berechnen from math import sqrt # Compute the root as exactly as possible.
9, 4, 5
° Wil’ beginning unser Programm mit for number in [0.5, 2.0, 3.0]: # The three numb@s we u/c‘mt to test.
. . ; 1 y # Apply Heron's method to get square Toot of ‘number
einer auBeren for-Schleife, die ein guess: float = 1.0 # This will hold the current guess.
V . bl b b d old_guess: float = 0.0 # 0.0 is just a dummy value != guess.
ariaple number uber die
- while not isclose(old_guess, guess): # Repeat wuntil no change.
F||eBk0mmaWerte 0.5, 2.0, und 3.0 old_guess = guess # The current guess becomes the old guess.
iterieren |aSSt guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

° er WO”en den A|g0rlthmus auf Jeden print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall}")

dieser Werte anwenden.

We use “while not isclose(old_guess, guess)  instead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops. (Not in case
of this algorithm, though, but let's be on the safe side and always |
follow best practices.)

® Wir benutzen die beiden Variablen
guess und old_guess.

oW oo oW oW

| python3 while_loop_sqrt.py |

- .

|

1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476
\/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
\/3.0~1.7320508075688772, sqrt(3.0)=1.7320508075688772
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Implementierung von Heron’s Methode

® Wir beginning unser Programm mit "N Using a “while® loop to implement Heron's Method."""
einer augeren for_SChlelfex dle ein from math import isclose # Checks if two float numbers are similar.
Var|ab|e number Uber d|e from math import sqrt # Compute the root as exactly as possible.
FlieRkommawerte 0.5, 2.0, und 3.0 for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
iterieren |:ciSSt # Apply Heron's method to get square Toot of  number .
i guess: float = 1.0 # This will hold the current guess.
. . . old_guess: float = 0.0 # 0.0 is just a dummy value != guess.
® Wir wollen den Algorithmus auf jeden
E while not isclose(old_guess, guess): # Repeat wuntil no change.
d|eser Werte anWenden. old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
C er benUtzen dle belden Varlablen actual: float = sqrt(number) # Use the 'sqrt’ function from “math .

guess Und old guess print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall}")

Y guess ist unsere aktuelle Annéherung # We use ‘while not isclose(old_guess, guess)  instead of
# “while old_guess != guess ' to avoid a strict comparison of floats:
von ‘/number # Looping until two floating point numbers become equal is very -
1 # dangerous. It may, in some cases, lead to endless loops. (Not in case‘.
# of this algorithm, though, but let's be on the safe side and always ‘
# follow best practices.)
{ | python3 while_loop_sqrt.py | K
; 1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476 |
] \/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
. \/3.0~71.7320508075688772, sqrt(3.0)=1.7320508075688772
& =
]




Implementierung von Heron’s Methode

® Wir wollen den Algorithmus auf jeden
dieser Werte anwenden.

® Wir benutzen die beiden Variablen
guess und old_guess.

® guess ist unsere aktuelle Ann3herung

von 4/ number.

® o0ld_guess ist die vorherige
Annadherung, die wir uns merken
miussen, damit wir sehen, wann wir
fertig sind.

"N Using a

from math import isclose
from math import sqrt

for number in [0.5,

“while™ loop to implement Heron's Method."""
# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

2.0, 3.0]: # The three numbers we want to test.

# Apply Heron's method to get square Toot of “number .

guess: float = 1.0 # This will hold the current guess.

old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess):
old_guess = guess # The current guess becomes

guess = 0.5 * (guess + number / guess)

# Repeat until no change.

actual: float = sqrt(number) # Use the
print (£"\u221A{number}\u2248{guess},

‘sqrt” function from “math’
sqrt ({number})={actuall}")

the old guess.
# Compute the new guess.

# We use ‘while not isclose(old_guess, guess)' instead of |
# “while old_guess != guess ' to avoid a strict comparison of floats: -
# Looping until two floating point numbers become equal is very -
# dangerous. It may, in some cases, lead to endless loops. (Not in case‘i
# of this algorithm, though, but let's be on the safe side and always ‘
# follow best practices.)
| python3 while_loop_sqrt.py | K
1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476 |
\/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
\/3.0~1.7320508075688772, sqrt(3.0)=1.7320508075688772
-
E ~AE .



Implementierung von Heron’s Methode

® Wir benutzen die beiden Variablen WiUsing a “while® loop to implement Heron's Method.'"
guess Und 01d_guess- from math import isclose # Checks if two float numbers are similar.
from math import sqrt # Compute the root as exactly as possible.

® guess ist unsere aktuelle Ann3herung

von /number. for 2ur;1ber in [0.5’, 2.0, 3.0]: # The three numbevjs we u/c‘mt to test.
pply Heron's method to get square Toot of “number .

guess: float = 1.0 # This will hold the current guess.

® old guess |St d|e Vorherige old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

Annéherung, d|e Wir uns merken while not isclose(old_guess, guess): # Repeat wuntil no change.
. N K 3 old_guess = guess # The current guess becomes the old guess.
mussen, dam|t WIr Sehen, wann wir guess = 0.5 * (guess + number / guess) # Compute the new guess.
fertlg sind. actual: float = sqrt(number) # Use the ‘sqrt’ function from ‘math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

® Wir initialisieren guess mit 1.0 und

old_guess mit einem anderen Wert, : We use ‘while not fsclase(uld,guess, guess)’ instead of _ B
while old_guess != guess' to awoid a strict comparison of floats: -
Sagen wir O‘O # Looping until two floating point numbers become equal is very \E
# dangerous. It may, in some cases, lead to endless loops. (Not in case
# of this algorithm, though, but let's be on the safe side and always ‘
# follow best practices.)
/ | python3 while_loop_sqrt.py | K
; 1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476 |
] \/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
" \/3.0~71.7320508075688772, sqrt(3.0)=1.7320508075688772
-
s k3 B .
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Implementierung von Heron’s Methode

® guess ist unsere aktuelle Ann3herung

von 4/ number.

® 0ld_guess ist die vorherige
Anndherung, die wir uns merken
miussen, damit wir sehen, wann wir
fertig sind.

® Wir initialisieren guess mit 1.0 und
old_guess mit einem anderen Wert,
sagen wir 0.0.

® Unsere while-Schleife soll dan
iterieren, so lange
guess != old_guess und in jedem
Schritt die Anndherung der Wurzel
updaten.

"""Using a “while® loop to implement Heron's Method."""
from math import isclose

from math import sqrt # Compute the root as ezactly as

for number in [0.5, 2.0, 3.0]: #
# Apply Heron's method to get
guess: float = 1.0 #
old_guess: float = 0.0

square root of ‘number .

while not isclose(old_guess, guess):

old_guess = guess # The current guess becomes
guess = 0.5 * (guess + number / guess)
actual: float = sqrt(number) # Use the “sqrt’

print (£"\u221A{number}\u2248{guess},

We use ‘while not isclose(old_guess,
‘while old_guess != guess’
Looping until two floating point numbers become equal is
dangerous. It may, in some cases, lead to endless loops.
of this algorithm, though, but let's be on the safe side
follow best practices.)

guess)’ instead of

oW oW oW oW W

| python3 while_loop_sqrt.py |

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~1.7320508075688772,

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772

# 0.0 is just a dummy value

function from
sqrt ({number})={actuall}")

# Checks if two float numbers are similar.

possible.

The three numbers we want to test.

This will hold the current guess.

I= guess.

# Repeat until mo change.
the old guess.
# Compute the new guess.

“math ".

to avoid a strict comparison of floats:

very
(Not in case
and always

4
.
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Implementierung von Heron’s Methode

® 01d_guess ist die vorherige
Anniherung, die wir uns merken
missen, damit wir sehen, wann wir
fertig sind.

® Wir initialisieren guess mit 1.0 und
old_guess mit einem anderen Wert,
sagen wir 0.0.

® Unsere while-Schleife soll dan
iterieren, so lange
guess != old_guess und in jedem
Schritt die Ann3herung der Wurzel
updaten.

® Die Schleifenbedingung hier ist sehr
interessant und wichtig.

"""Using a “while® loop to implement Heron's Method."""
from math import isclose

from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: #
# Apply Heron's method to get square Toot of “number .
guess: float = 1.0 # This will hold the current guess.
old_guess: float = 0.0 # 0.0 is just a dummy value

The three numbers we want to test.

I= guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall}")

We use ‘while not isclose(old_guess, guess)  instead of

!= guess ' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops. (Not in case
of this algorithm, though, but let's be on the safe side and always

follow best practices.)

‘while old_guess

oW oW oW oW oW

| python3 while_loop_sqrt.py |

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~1.7320508075688772,

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772

4
.

]



Implementierung von Heron’s Methode

® Wir initialisieren guess mit 1.0 und WinUsing a “while' loop to implement Heron's Method. """
O]-d_guess mlt einem anderen Wertx from math import isclose # Checks if two float numbers are similar.
H from math import sqrt # Compute the root as ezactly as possible.
sagen wir 0.0. P 4 ? voesr
° Unsere while—SchIeife SO” dan for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
) 1 # Apply Heron's method to get square Toot of ‘number .
iterieren, so |ange guess: float = 1.0 # This will hold the current guess.
. . old_guess: float = 0.0 # 0.0 is just a dummy value != guess.
guess != old_guess und in jedem
. . = while not isclose(old_guess, guess): # Repeat wuntil no change.
SChI’Itt d|e Annahel’ung der WUI’ZG| old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
updaten.
actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .
i H q a N int (£"\u221A b \u2248 B t( b )= tual}")
° DIe Schlelfenbedlngung h|er ist sehr print ( u {number}\u {guess}, sqrt({number})={actual}
interessant und WIChtlg' # We use ‘while not isclose(old_guess, guess)' instead of |
1 # ‘“while old_guess != guess  to avoid a strict comparison of floats: |
® Denken wir mal dartiber nach. # Looping until two floating point numbers become equal is very X
# dangerous. It may, in some cases, lead to endless loops. (Not in case‘i
# of this algorithm, though, but let's be on the safe side and always ‘
# follow best practices.)
/ | python3 while_loop_sqrt.py | K
; 1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476 |
] \/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
" \/3.0~1.7320508075688772, sqrt(3.0)=1.7320508075688772
-
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Implementierung von Heron’s Methode

® Unsere while-Schleife soll dan
iterieren, so lange
guess != old_guess und in jedem
Schritt die Anndherung der Wurzel
updaten.

® Die Schleifenbedingung hier ist sehr
interessant und wichtig.

® Denken wir mal dartiber nach.

® Konnten wir die reellen Zahlen R mit
unendlicher Genauigkeit darstellen,
dann wiirde so eine Schleife fiir
Zahlen number mit irrationalen
Wourzen niemals aufhoren, denn wir
wiirden dann ja niemanls
guess == old_guess erreichen.

"""Using a “while® loop to implement Heron's Method."""

from math import isclose
from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
# Apply Heron's method to get square Toot of “number .
guess: float = 1.0 # This will hold the current guess.

old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall}")

We use ‘while not isclose(old_guess, guess)  instead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops. (Not in case
of this algorithm, though, but let's be on the safe side and always
follow best practices.)

oW oW oW oW oW

| python3 while_loop_sqrt.py |

i

1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476
414213562373095, sqrt(2.0)=1.4142135623730951
.7320508075688772, sqrt(3.0)=1.7320508075688772
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Implementierung von Heron’s Methode

® Die Schleifenbedingung hier ist sehr
interessant und wichtig.

® Denken wir mal dartiber nach.

e Konnten wir die reellen Zahlen R mit
unendlicher Genauigkeit darstellen,
dann wiirde so eine Schleife fiir
Zahlen number mit irrationalen
Wourzen niemals aufhéren, denn wir
wiirden dann ja niemanls
guess == old_guess erreichen.

® Fiir irrationale Wurzen wiirde unser
Algorithmus niemals terminieren.

"""Using a “while® loop to implement Heron's Method."""
from math import isclose

from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: #
# Apply Heron's method to get
guess: float = 1.0 #
old_guess: float = 0.0

The three numbers we want to test.
square root of ‘number .

This will hold the current guess.

# 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

We use ‘while not isclose(old_guess, guess)  instead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops. (Not in case
of this algorithm, though, but let's be on the safe side and always
follow best practices.)

oW oW oW oW

| python3 while_loop_sqrt.py |

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~1.7320508075688772,

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772

4
.
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Implementierung von Heron’s Methode

® Denken wir mal dariiber nach.

® Konnten wir die reellen Zahlen R mit
unendlicher Genauigkeit darstellen,
dann wiirde so eine Schleife fiir
Zahlen number mit irrationalen
Wourzen niemals aufhdren, denn wir
wiirden dann ja niemanls
guess == old_guess erreichen.

® Fiir irrationale Wurzen wiirde unser
Algorithmus niemals terminieren.

® Aber wir haben nunmal den Datentyp
float mit begrenzer Prazision.

"""Using a “while® loop to implement Heron's Method."""

from math import isclose # Checks if two float numbers are similar.
from math import sqrt # Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.

oW oW oW oW oW

# Apply Heron's method to get square Toot of “number .
guess: float = 1.0 # This will hold the current guess.
old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.

actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

We use ‘while not isclose(old_guess, guess)' dinstead of
‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very

dangerous. It may, in some cases, lead to endless loops. (Not in case |

of this algorithm, though, but let's be on the safe side and always
follow best practices.)

| python3 while_loop_sqrt.py |

1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476

414213562373095, sqrt(2.0)=1.4142135623730951
.7320508075688772, sqrt(3.0)=1.7320508075688772

-

]
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e Konnten wir die reellen Zahlen R mit

unendlicher Genauigkeit darstellen,
dann wiirde so eine Schleife fiir
Zahlen number mit irrationalen
Wurzen niemals aufhéren, denn wir
wiirden dann ja niemanls

guess == old_guess erreichen.

Fiir irrationale Wurzen wiirde unser
Algorithmus niemals terminieren.

Aber wir haben nunmal den Datentyp
float mit begrenzer Prazision.

Wir arbeiten also mit begrenzer
Prazision und erreichen irgendwann
den Punkt, wo wir unsere
Annaherungsgenauigkeit nicht mehr
erhéhen kdnnen.

Implementierung von Heron’s Methode

"""Using a “while® loop to implement Heron's Method."""

from math import isclose
from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.

oW oW oW oW oW

# Apply Heron's method to get square Toot of “number .
guess: float = 1.0 # This will hold the current guess.
old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

We use ‘while not isclose(old_guess,
‘while old_guess != guess'

guess)’ instead of

to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It
of this algorithm, though, but let's be on the safe side and always
follow best practices.)

| python3 while_loop_sqrt.py |

1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476
\/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
\/3.0~1.7320508075688772, sqrt(3.0)=1.7320508075688772

may, in some cases, lead to endless loops. (Not in case

i
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Implementierung von Heron’s Methode

® Fiir irrationale Wurzen wiirde unser
Algorithmus niemals terminieren.

® Aber wir haben nunmal den Datentyp
float mit begrenzer Prazision.

® Wir arbeiten also mit begrenzer
Prazision und erreichen irgendwann
den Punkt, wo wir unsere
Ann3herungsgenauigkeit nicht mehr
erhohen konnen.

® Wir sollten also tatsachlich immer
irgendwann guess == old_guess
erreichen.

"""Using a “while® loop to implement Heron's Method."""
from math import isclose

from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: #
# Apply Heron's method to get
guess: float = 1.0 #
old_guess: float = 0.0

The three numbers we want to test.
square root of ‘number .

This will hold the current guess.

# 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from ‘math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall}")

We use ‘while not isclose(old_guess, guess)  instead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops. (Not in case
of this algorithm, though, but let's be on the safe side and always
follow best practices.)

oW oW oW oW oW

| python3 while_loop_sqrt.py |

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~1.7320508075688772,

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772
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Implementierung von Heron’s Methode

® Aber wir haben nunmal den Datentyp
float mit begrenzer Prazision.

e Wir arbeiten also mit begrenzer
Prazision und erreichen irgendwann
den Punkt, wo wir unsere
Ann3herungsgenauigkeit nicht mehr
erhéhen konnen.

® Wir sollten also tatsichlich immer
irgendwann guess
erreichen.

old_guess

® Die Unperfektheit der
FlieBkommazahlen fiihrt jedoch zu
einem unerwarteten Problem.

"""Using a “while® loop to implement Heron's Method."""
from math import isclose

from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: #
# Apply Heron's method to get
guess: float = 1.0 #
old_guess: float = 0.0

The three numbers we want to test.
square root of ‘number .

This will hold the current guess.
# 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall}")

We use ‘while not isclose(old_guess,

‘while old_guess != guess'

guess)’ instead of

to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops.
of this algorithm, though, but let's be on the safe side
follow best practices.)

(Not in case
and always

oW oW oW oW oW

| python3 while_loop_sqrt.py |

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~1.7320508075688772,

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772

4
.
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Implementierung von Heron’s Methode

® Die Unperfektheit der
FlieBkommazahlen fiihrt jedoch zu
einem unerwarteten Problem.

Gute Praxis

Aufgrund der begrenzten Auflésung von FlieBkommazahlen wird vom direkten Vergleichen

von Ergebnissen von Berechnungen mit FlieBkommawerten mit den strengen Operatoren
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® \Wenn uns direkte Gleichheits- oder
Ungleichheitsvergleiche von floats
als Bedingungen bei ifs in Probleme
bringen kdnnen, dann wird es Sie
nicht tiberraschen, dass das in whiles
nicht anders ist.

Gute Praxis

Benutzen Sie keine strengen Gleichheits- oder Ungleichheits-Vergleiche von floats als
Abbruchkriterien von Schleifen®®, denn sie kdnnen leicht zu Endlosschleifen fiihren, die
niemals abbrechen. Es kann immer komische Eingabewerte geben, die zu einer endlo-
sen Oszillation zwischen Werten oder dem Auftauchen von nan fiihren kdnnen. Das erste
Problem kann zumindest wieder teilweise durch anndherungsweises Vergleichen mit Funk-
tionen wie isclose abgeschwdicht werden®.
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® \Wenn uns direkte Gleichheits- oder WiUsing a “while® loop to implement Heron's Method.'"
Ung|e|Chhe|t5V3rg|e|Che von floats from math import isclose # Checks if two float numbers are similar.
from math import sqrt # Compute the root as exzactly as possible.

als Bedingungen bei ifs in Probleme
brlngen konnen' dann erd €s Sle for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
nicht ijberraschen, dass das in whiles # Apply Heron's method to get square root of “number .

. A guess: float = 1.0 # This will hold the current guess.
nicht anders ist. old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

L4 OK, a|SO benutzen Wir old_guess = guess # The current guess becomes the old guess.
guess 1= Old guess ||eber nICht guess = 0.5 * (guess + number / guess) # Compute the new guess.

actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .

als SChleIfenkrlterlum' print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall}")

We use “while not isclose(old_guess, guess)  instead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very -
dangerous. It may, in some cases, lead to endless loops. (Not in case‘i
of this algorithm, though, but let's be on the safe side and always ‘
follow best practices.)

BV 8 o

oW oW oW oW oW

| python3 while_loop_sqrt.py | K
1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476 |
V/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951

\/340%147320508075688772 , sqrt(3.0)=1.7320508075688772
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Implementierung von Heron’s Methode

e QOK, also benutzen wir
guess != old_guess lieber nicht
als Schleifenkriterium.

A T

"""Using a “while®

from math import isclose
from math import sqrt

loop to implement Heron's Method."""

# Checks if two float numbers are similar.
# Compute the root as exzactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
# Apply Heron's method to get square root of number .
guess: float = 1.0 # This will hold the current guess.
old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

;oW oW oW oW oW

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~71.7320508075688772,

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

We use ‘while not isclose(old_guess, guess)  instead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops.
of this algorithm, though, but let's be on the safe side and always
follow best practices.)

| python3 while_loop_sqrt.py |

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772

)
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Implementierung von Heron’s Methode

e QOK, also benutzen wir
guess != old_guess lieber nicht
als Schleifenkriterium.

® Wir importieren Funktion isclose
aus dem Modul math.

"""Using a “while®

from math import isclose
from math import sqrt

loop to implement Heron's Method."""

# Checks if two float numbers are similar.
# Compute the root as exzactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
# Apply Heron's method to get square root of number .
guess: float = 1.0 # This will hold the current guess.
old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

;oW oW oW oW oW

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~71.7320508075688772,

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

We use “while not isclose(old_guess, guess)  instead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops.
of this algorithm, though, but let's be on the safe side and always

follow best practices.)

| python3 while_loop_sqrt.py |

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772

) i

(Not in case
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Implementierung von Heron’s Methode

e QOK, also benutzen wir
guess != old_guess lieber nicht
als Schleifenkriterium.

® Wir importieren Funktion isclose
aus dem Modul math.

® Wir schreiben
not isclose(guess, old_guess)
anstatt von guess != old_guess.

"""Using a “while  loop to implement Heron's Method."""

from math import isclose
from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.

# Apply Heron's method to get square root of “number .
guess: float = 1.0 # This will hold the current guess.
old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

# We use ‘while not isclose(old_guess, guess)' instead of |
# “while old_guess != guess ' to avoid a strict comparison of floats: |
# Looping until two floating point numbers become equal is very -
# dangerous. It may, in some cases, lead to endless loops. (Not in case‘i
# of this algorithm, though, but let's be on the safe side and always ‘
# follow best practices.)
| python3 while_loop_sqrt.py | K
V/0.5~0.7071067811865475, sqrt (0.5)=0.7071067811865476 |
V/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
\/3.0~1.7320508075688772, sqrt(3.0)=1.7320508075688772
-
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Implementierung von Heron’s Methode

e QOK, also benutzen wir
guess != old_guess lieber nicht
als Schleifenkriterium.

® Wir importieren Funktion isclose
aus dem Modul math.

® Wir schreiben
not isclose(guess, old_guess)
anstatt von guess != old_guess.

® Die Funktion isclose betrachtet
guess und old_guess als gleich
wenn deren relativer Unterschied
weniger als ein Teil pro Milliarde
betragt?.

"""Using a “while® loop to implement Heron's Method."""

from math import isclose
from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
# Apply Heron's method to get square Toot of “number .
guess: float = 1.0 # This will hold the current guess.

old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

We use ‘while not isclose(old_guess, guess)' dnstead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very

dangerous. It may, in some cases, lead to endless loops.
of this algorithm, though, but let's be on the safe side and always

follow best practices.)

oW oW oW oW

| python3 while_loop_sqrt.py |

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~1.7320508075688772,

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772

(Not in case
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Implementierung von Heron’s Methode

® Wir importieren Funktion isclose
aus dem Modul math.

® Wir schreiben
not isclose(guess, old_guess)
anstatt von guess !'= old_guess.

® Die Funktion isclose betrachtet
guess und old_guess als gleich
wenn deren relativer Unterschied
weniger als ein Teil pro Milliarde
betragt®.

® Unsere Schleife wird also abbrechen,
sobald die aktuelle und die vorherige
Anndherung anndhernd gleich sind.

"""Using a “while® loop to implement Heron's Method."""

from math import isclose
from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exzactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
# Apply Heron's method to get square Toot of “number .
guess: float = 1.0 # This will hold the current guess.
old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

We use ‘while not isclose(old_guess,

‘while old_guess != guess'

guess)’ instead of

to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops.
of this algorithm, though, but let's be on the safe side
follow best practices.)

(Not in case
and always

oW oW oW oW oW

| python3 while_loop_sqrt.py |

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~71.7320508075688772,

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772
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Implementierung von Heron’s Methode

® Wir schreiben
not isclose(guess, old_guess)
anstatt von guess != old_guess.

® Die Funktion isclose betrachtet
guess und old_guess als gleich
wenn deren relativer Unterschied
weniger als ein Teil pro Milliarde
betragt?.

® Unsere Schleife wird also abbrechen,
sobald die aktuelle und die vorherige
Ann3herung anndhernd gleich sind.

® Der Korper der Schleife ist dann ganz
einfach.

"N Using a

from math import isclose
from math import sqrt

“while™ loop to implement Heron's Method."""

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
# Apply Heron's method to get square Toot of “number .
guess: float = 1.0 # This will hold the current guess.

oW oW oW W

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~1.7320508075688772,

old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat until no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

We use ‘while not isclose(old_guess, guess)' dnstead of

‘while old_guess to avoid a strict comparison of floats:

Looping until

I= guess®
two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops.
of this algorithm, though, but let's be on the safe side
follow best practices.)

and always

| python3 while_loop_sqrt.py |

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772

(Not in case
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Implementierung von Heron’s Methode

® Die Funktion isclose betrachtet
guess und old_guess als gleich
wenn deren relativer Unterschied
weniger als ein Teil pro Milliarde
betragt?.

® Unsere Schleife wird also abbrechen,
sobald die aktuelle und die vorherige
Anniherung annihernd gleich sind.

® Der Korper der Schleife ist dann ganz
einfach.

® Erstmal speichern wir die aktuelle
Anniherung in der alten via
old_guess = guess.

"""Using a “while® loop to implement Heron's Method."""
from math import isclose

from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: #
# Apply Heron's method to get
guess: float = 1.0 #
old_guess: float = 0.0

The three numbers we want to test.
square root of ‘number .

This will hold the current guess.

# 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

We use ‘while not isclose(old_guess, guess)  instead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops. (Not in case
of this algorithm, though, but let's be on the safe side and always
follow best practices.)

oW oW oW oW

| python3 while_loop_sqrt.py |

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~1.7320508075688772,

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772
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Implementierung von Heron’s Methode

® Unsere Schleife wird also abbrechen,
sobald die aktuelle und die vorherige
Anndherung anndhernd gleich sind.

® Der Korper der Schleife ist dann ganz
einfach.

® Erstmal speichern wir die aktuelle
Annzherung in der alten via
old_guess = guess.

® Dann updaten wir die Annhdherung
nach Heron's Formel, also in dem wir
guess gleich
0.5 * (guess + number/guess)
setzen.

"""Using a “while® loop to implement Heron's Method."""
from math import isclose

from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exzactly as possible.

for number in [0.5, 2.0, 3.0]: #
# Apply Heron's method to get
guess: float = 1.0 #
old_guess: float = 0.0

The three numbers we want to test.
square root of ‘number .

This will hold the current guess.

# 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

We use “while not isclose(old_guess, guess)  instead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops. (Not in case
of this algorithm, though, but let's be on the safe side and always
follow best practices.)

oW oW oW oW oW

| python3 while_loop_sqrt.py |

4/0.5~0.7071067811865475,
V/2.0~1.414213562373095,
\/3.0~71.7320508075688772,

sqrt (0.5)=0.7071067811865476
sqrt(2.0)=1.4142135623730951
sqrt (3.0)=1.7320508075688772
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® Der Korper der Schleife ist dann ganz : wivusing a “while® loop to implement Heron's Method. """
elnfaCh- from math import isclose # Checks if two float numbers are similar.
from math import sqrt # Compute the root as exactly as possible.

® Erstmal speichern wir die aktuelle

Annéherung in der alten via for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
# Apply Heron's method to get square Toot of “number .

old guess = guess. guess: float = 1.0 # This will hold the current guess.

— old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

° Dann Updaten WIr dle Annhéherung while not isclose(old_guess, guess): # Repeat until no change.
] . - old_guess = guess # The current guess becomes the old guess.
nach Heron's Formel, also in dem wir O © 0.8 5 (grems & ombo /) Gee) & Gmpoie Ho 0o greso.
guess gIeICh actual: float = sqrt(number) # Use the ‘sqrt’ function from “math’

0.5 % (gueSS + nu.mber/guess) print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall}")

zen.
setze # We use ‘while not isclose(old_guess, guess)' instead of |
; : ) # “while old_guess != guess  to avoid a strict comparison of floats: |
° Fert|g_ Wir haben Heron's Methode # Looping until two floating point numbers become equal is very i
¥ 4 # dangerous. It may, in some cases, lead to endless loops. (Not in case
Implementlel’t, # of this algorithm, though, but let's be on the safe side and always ‘
# follow best practices.)
/ | python3 while_loop_sqrt.py | K
; 1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476 |
] \/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
" \/3.0~71.7320508075688772, sqrt(3.0)=1.7320508075688772
-
e E E .




&

Implementierung von Heron’s Methode

® Erstmal speichern wir die aktuelle
Ann3herung in der alten via
old_guess = guess.

® Dann updaten wir die Annhdherung
nach Heron's Formel, also in dem wir
guess gleich
0.5 * (guess + number/guess)
setzen.

® Fertig. Wir haben Heron's Methode
implementiert.

® Jetzt drucken wir noch die Ergebnisse
der Berechnungen aus.

"""Using a “while® loop to implement Heron's Method.

from math import isclose
from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
# Apply Heron's method to get square Toot of “number .
guess: float = 1.0 # This will hold the current guess.

old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

# We use ‘while not isclose(old_guess, guess)' instead of
# “while old_guess != guess ' to avoid a strict comparison of floats:
# Looping until two floating point numbers become equal is very 5
# dangerous. It may, in some cases, lead to endless loops. (Not in case |
# of this algorithm, though, but let's be on the safe side and always ‘
# follow best practices.)

| python3 while_loop_sqrt.py | K
V/0.5~0.7071067811865475, sqrt (0.5)=0.7071067811865476 |
V/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
\/3.0~1.7320508075688772, sqrt(3.0)=1.7320508075688772

-
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Implementierung von Heron’s Methode

® Dann updaten wir die Annhdherung
nach Heron's Formel, also in dem wir
guess gleich
0.5 * (guess + number/guess)
setzen.

® Fertig. Wir haben Heron's Methode
implementiert.

® Jetzt drucken wir noch die Ergebnisse
der Berechnungen aus.

® Zum Vergleich drucken wir noch die
Ergebnisse der Funktion sqrt aus
dem Modul math mit dazu.

"""Using a “while® loop to implement Heron's Method.

from math import isclose
from math import sqrt

# Checks if two float numbers are similar.
# Compute the root as exactly as possible.

for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
# Apply Heron's method to get square Toot of “number .
guess: float = 1.0 # This will hold the current guess.

old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

while not isclose(old_guess, guess): # Repeat wuntil no change.

old_guess = guess # The current guess becomes the old guess.
guess = 0.5 * (guess + number / guess) # Compute the new guess.
actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")

# We use ‘while not isclose(old_guess, guess)' instead of
# “while old_guess != guess ' to avoid a strict comparison of floats:
# Looping until two floating point numbers become equal is very i
# dangerous. It may, in some cases, lead to endless loops. (Not in case |
# of this algorithm, though, but let's be on the safe side and always ‘
# follow best practices.)

| python3 while_loop_sqrt.py | K
V/0.5~0.7071067811865475, sqrt (0.5)=0.7071067811865476 |
V/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
\/3.0~1.7320508075688772, sqrt(3.0)=1.7320508075688772

-




Implementierung von Heron’s Methode

. . ’

® Fertig. Wir haben Heron's Methode WiUsing a “while® loop to implement Heron's Method. '™
Implementlert' from math import isclose # Checks if two float numbers are similar.
from math import sqrt # Compute the root as exzactly as possible.

® Jetzt drucken wir noch die Ergebnisse
der Berechnungen aus. for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.

# Apply Heron's method to get square root of “number .
guess: float = 1.0 # This will hold the current guess.

® Zum Vergleich drucken wir noch die 0ld_guess: float = 0.0 # 0.0 is just o dummy value I= guess.
Ergebnisse del’ Funktion SqI‘t aus while not isclose(old_guess, guess): # Repeat until no change.

old_guess = guess # The current guess becomes the old guess.

dem MOdU| math m|t daZU. guess = 0.5 * (guess + number / guess) # Compute the new guess.

actual: float = sqrt(number) # Use the 'sqrt’ function from “math’

> Wle Sle Sehen Ilefert unser print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")
Algorithmus jeweils fast das gleiche
Ergebnis.

We use “while not isclose(old_guess, guess)  instead of |
‘while old_guess != guess' to avoid a strict comparison of floats: -
Looping until two floating point numbers become equal is very -
dangerous. It may, in some cases, lead to endless loops. (Not in case‘i
of this algorithm, though, but let's be on the safe side and always ‘
follow best practices.)

oW oW oW oW oW

| python3 while_loop_sqrt.py |

o

; 1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476
] \/2.0~1.414213562373095, sqrt(2.0)=1.4142135623730951
\/3.0~71.7320508075688772, sqrt(3.0)=1.7320508075688772
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Implementierung von Heron’s Methode

® Jetzt drucken wir noch die Ergebnisse | 'viucing a while® loop to implement Heron's Method. """
der BereChnungen aus. from math import isclose # Checks if two float numbers are similar.
from math import sqrt # Compute the root as exactly as possible.

® Zum Vergleich drucken wir noch die

Ergebnisse der Funktion sqrt aus for number in [0.5, 2.0, 3.0]: # The three numbers we want to test.
; # Apply Heron's method to get square Toot of ‘number®

dem Modul math mit dazu. guess: float = 1.0 # This will hold the current guess.

old_guess: float = 0.0 # 0.0 is just a dummy value != guess.

® \Wie Sie sehen liefert unser o med doeleco(eldpueas, Eom)s  f Hanesd whieh 0o ChEIge.
. . . . old_guess = guess # The current guess becomes the old guess.
Algorithmus jeweils fast das gleiche o © 0.8 5 (grem & nwho / @) 6 Gxpnie Mo oo greso.
Ergebnls' actual: float = sqrt(number) # Use the ‘sqrt’ function from “math .

print (£"\u221A{number}\u2248{guess}, sqrt({number})={actuall")
® Beachten Sie auch, wie wir mir

Unicode Escape-Sequenzen die
Sonderzeichen /- und = als \u221A
und \u2248 ausdriicken, um sie
schon in unser Terminal gedruckt zu
bekommen.

We use “while not isclose(old_guess, guess)  instead of

‘while old_guess != guess' to avoid a strict comparison of floats:
Looping until two floating point numbers become equal is very
dangerous. It may, in some cases, lead to endless loops. (Not in case
of this algorithm, though, but let's be on the safe side and always
follow best practices.)

4
.

oW oW oW oW

| python3 while_loop_sqrt.py |

1/0.5~0.7071067811865475, sqrt(0.5)=0.7071067811865476
414213562373095, sqrt(2.0)=1.4142135623730951
.7320508075688772, sqrt(3.0)=1.7320508075688772

]
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else am Ende von Schleifen

® Sie haben gelernt, dass wir eine Schleife immer mit break beenden kénnen.




else am Ende von Schleifen

® Sie haben gelernt, dass wir eine Schleife immer mit break beenden kénnen.
= ® Sagen wir, Sie wollen eine Aktion A ausfiihren, wenn eine Schleife normal beendet wurde,
also wenn break nicht benutzt wurde.




else am Ende von Schleifen

® Sie haben gelernt, dass wir eine Schleife immer mit break beenden kénnen.

- ® Sagen wir, Sie wollen eine Aktion A ausfiihren, wenn eine Schleife normal beendet wurde,
also wenn break nicht benutzt wurde.

® Das konnen wir auch jetzt schon.
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else am Ende von Schleifen

Sie haben gelernt, dass wir eine Schleife immer mit break beenden konnen.

Sagen wir, Sie wollen eine Aktion A ausfiihren, wenn eine Schleife normal beendet wurde,
also wenn break nicht benutzt wurde.

Das konnen wir auch jetzt schon.

Wir kdnnen eine Boolesche Variable ok deklarieren die wahr ist, wenn die Schleife normal
beendet wurde.
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else am Ende von Schleifen

® Sie haben gelernt, dass wir eine Schleife immer mit break beenden kdnnen.

® Sagen wir, Sie wollen eine Aktion A ausfiihren, wenn eine Schleife normal beendet wurde,
also wenn break nicht benutzt wurde.

® Das kénnen wir auch jetzt schon.

® \Wir kdnnen eine Boolesche Variable ok deklarieren die wahr ist, wenn die Schleife normal
beendet wurde.

® \Wir wurden sie mit ok = True initialisieren.
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else am Ende von Schleifen

Sie haben gelernt, dass wir eine Schleife immer mit break beenden konnen.

Sagen wir, Sie wollen eine Aktion A ausfiihren, wenn eine Schleife normal beendet wurde,
also wenn break nicht benutzt wurde.

Das konnen wir auch jetzt schon.

Wir kdnnen eine Boolesche Variable ok deklarieren die wahr ist, wenn die Schleife normal
beendet wurde.

Wir wiirden sie mit ok = True initialisieren.

Wenn wir break aufrufen wollen, dann setzten wir ok erstmal auf False und machen
dann break.
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else am Ende von Schleifen

Sie haben gelernt, dass wir eine Schleife immer mit break beenden konnen.

Sagen wir, Sie wollen eine Aktion A ausfiihren, wenn eine Schleife normal beendet wurde,
also wenn break nicht benutzt wurde.

Das konnen wir auch jetzt schon.

Wir kdnnen eine Boolesche Variable ok deklarieren die wahr ist, wenn die Schleife normal
beendet wurde.

Wir wiirden sie mit ok = True initialisieren.

Wenn wir break aufrufen wollen, dann setzten wir ok erstmal auf False und machen
dann break.

Nach der Schleife wiirden wir die Aktion A dann in ein if packen und einfach ok als
Bedingung nehmen.
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else am Ende von Schleifen

® Sie haben gelernt, dass wir eine Schleife immer mit break beenden kdnnen.

® Sagen wir, Sie wollen eine Aktion A ausfiihren, wenn eine Schleife normal beendet wurde,
also wenn break nicht benutzt wurde.

® Das kénnen wir auch jetzt schon.

® \Wir kdnnen eine Boolesche Variable ok deklarieren die wahr ist, wenn die Schleife normal
beendet wurde.

® Wir wiirden sie mit ok = True initialisieren.

® \Wenn wir break aufrufen wollen, dann setzten wir ok erstmal auf False und machen

dann break.

® Nach der Schleife wiirden wir die Aktion A dann in ein if packen und einfach ok als
Bedingung nehmen.

® Das ist absolut OK ... aber Python bietet uns eine viel einfachere Methode an.
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else am Ende von Schleifen

Sagen wir, Sie wollen eine Aktion A ausfiihren, wenn eine Schleife normal beendet wurde,
also wenn break nicht benutzt wurde.

Das kénnen wir auch jetzt schon.

Wir konnen eine Boolesche Variable ok deklarieren die wahr ist, wenn die Schleife normal
beendet wurde.

Wir wiirden sie mit ok = True initialisieren.

Wenn wir break aufrufen wollen, dann setzten wir ok erstmal auf False und machen
dann break.

Nach der Schleife wiirden wir die Aktion A dann in ein if packen und einfach ok als
Bedingung nehmen.

Das ist absolut OK ... aber Python bietet uns eine viel einfachere Methode an.

Wir kdnnen einen else-Block ans Ende der Schleife schreiben und der wird dann nur
ausgefiihrt, wenn die Schleife normal beendet wurde.
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else am Ende von Schleifen

Das kdnnen wir auch jetzt schon.

Wir konnen eine Boolesche Variable ok deklarieren die wahr ist, wenn die Schleife normal
beendet wurde.

Wir wiirden sie mit ok = True initialisieren.

Wenn wir break aufrufen wollen, dann setzten wir ok erstmal auf False und machen
dann break.

Nach der Schleife wiirden wir die Aktion A dann in ein if packen und einfach ok als
Bedingung nehmen.

Das ist absolut OK ... aber Python bietet uns eine viel einfachere Methode an.

Wir konnen einen else-Block ans Ende der Schleife schreiben und der wird dann nur
ausgefiihrt, wenn die Schleife normal beendet wurde.

Das geht sowohl mit for als auch mit while.
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else am Ende von Schleifen

® \Wir kdnnen einen else-Block ans Ende der Schleife schreiben und der wird dann nur
ausgefiihrt, wenn die Schleife normal beendet wurde.

® Das geht sowohl mit for als auch mit while.

"""The syntax of a for-loop with else staement in Python."""

for loopVariable in sequence:
loop body statement 1 # The loop body tis executed for every item

loop body statement 2 # wn the sequence.
#

else:
else  statement 1, ,#,The, body, of the, 'else' block, is ,only, executed, if
else statement 2 # 'break' was never invoked in the for loop body.

#

normal statement 1 # After the sequence %s exhausted, the code after
normal statement 2 # the for loop will be ezxzecuted.
#y...

L = == =2~ — = = e




else am Ende von Schleifen

® \Wir kdnnen einen else-Block ans Ende der Schleife schreiben und der wird dann nur
ausgefiihrt, wenn die Schleife normal beendet wurde.

® Das geht sowohl mit for als auch mit while.

"""The syntax of a while-loop with else statement in Python."""

while booleanExpression:
loop body statement 1 # The loop body s executed as long as the
loop body statement 2 # booleanEzpression evaluates to True.
#

else:
else  statement 1, ,#,The, body, of the, 'else' block, is ,only, executed, if
else statement 2 # 'break' was never invoked in the while loop.

#

normal statement 1 # After booleanExpression became False, the while
normal statement 2 # loop ends and the code after it is ezxzecuted.

#y...

L = == =2~ — = = e




Beispiel: Bindre Suche

® \Wir benutzen nun dieses Konstrukt,
um eine binire Suche”3848 (EN: binary
search) zu implementieren.
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Beispiel: Bindre Suche

® \Wir benutzen nun dieses Konstrukt,
um eine binire Suche”3848 (EN: binary
search) zu implementieren.

® Binare Suche findet den Index eines
Elements in einer sortierten Sequence
data von Werten.

|
|
[
il

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a", "c", "o Ty, O

"p

# Perform binary search to find “search’ in “data’
upper: int = len(data) # *Ezxclusive+* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat until lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly..
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...
print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # ezecuted if the while condition is False; not after break

Binary Search."""

# A string of sorted characters.

v, t"z" # Search siz characters.

print (f"Did not find {search!r} in {data!r}.")

| python3 while_loop_search.py |

Found 'a' at index 0 in

Did not find 'c' in 'abdfjlmoqsuvwyz

'abdfjlmogqsuvwyz

'

Found 'o' at index 7 in 'abdfjlmogsuvwyz
Did not find 'p' in 'abdfjlmogsuvwyz'.
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmogsuvwyz'.

T s}

e,



Beispiel: Bindre Suche

® \Wir benutzen nun dieses Konstrukt,
um eine binire Suche”3848 (EN: binary
search) zu implementieren.

® Binare Suche findet den Index eines
Elements in einer sortierten Sequence
data von Werten.

Das Kernkonzept von binarer Suche
ist, dass wir immer ein Segment S der
Liste betrachten, in dem wir das
gesuchte Element E vermuten.

CETTETN —S
[ ]

"""Using a “while' loop to implement
data: str = "abdfjlmogsuvwyz" # 4 s
for search in ["a", "c", "o", "p", "
# Perform binary search to find
upper: int = len(data)
lower: int = 0
while lower < upper:
mid: int = (lower + upper) // 2
mid_str: str = data[mid] #
if mid_str < search: # If
lower = mid + 1 # oL
elif mid_str > search: # If
upper = mid & oco

else: # If neither (mid_st
print (£"Found {search!r}

break # Ezit while loop

else: # exzecuted if the while c
print (£"Did not find {search

W

# Lowest possible
# Repeat until

Binary Search."""

tring of sorted characters.

woougw

“search

# Search siz characters.

in “data

# *Exclusive* upper indecx.

index = 0 (inclusive).
lower >= upper.

# Works ONLY in Python 3 :-).
Get the character at indez mid.
search, then clearly...
of search must be < mid.
search, then clearly...
the index of search must be > mid.
< search) mor (mid_str > search)...
at index {mid} in {datal!r}.")

and skip over while loop's else.
ondition is False; not after break
'r} in {data'r}.")

mid_str <
. the index
mid_str >

| python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz'
Did not find 'c' in 'abdfjlmoqsuvwyz'

Found 'o' at index 7 in 'abdfjlmoqsuvwyz
Did not find 'p' in 'abdfjlmogsuvwyz'

Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.



Beispiel: Bindre Suche

® Wir benutzen nun dieses Konstrukt, OO @ SENNo° lewn o Amcnoms Dimomy SocmEh, 190
: o 7,38,48 b
um eine blnare SUChe (EN b,nary data: str = "abdfjlmoqsuvwyz" # 4 string of sorted characters.
search) zu implementieren. o comeh fn [9a0, OeT, G67, TnF O, W0l O Gecoed 600 EHRGIED.
# Perform binary search to find “search” in “data .
® Binare Suche findet den Index eines upper: int = len(data) # rEzclusiver upper indea. ) )
= L = lower: int = 0 # Lowest possible indez = 0 (inclusive).
E|ements In elner sortierten Sequence while lower < upper: # Repeat until lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
data von Werten. mid_str: str = datalmid] # Get the character at index mid.
if mid_str < search: # If mid_str < search, then clearly...
o lower = mid + 1 # ...the indez of search must be < mid.
® Das Kernkonzept von bindrer Suche cnfiE mhApem > ocomehs £ 07 mOG.ofe 5 oGmreh, (RGD GOEAIZ. ..
. d - . . S S d upper = mid # ...the index of search must be > mid.
IStx ass Wir immer €ein egment er else: # If neither (mid_str < search) nor (mid_str > search)...
H H F print (f"Found {search!r} at index {mid} in {data!r}.")
LISte bEtraChten' n dem wir das break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break
geSUChte Element E vermuten. print (£"Did not find {search!r} in {data!r}.")
5 5 - ; - &
® |n jedem Schritt wollen wir die GroRe | python3 while_loop_search.py | A
! H = i Found 'a' at index O in 'abdfjlmogsuvwyz'
< des Segments verringern, in dem wir D mot Tind e im ondtiiessenenss
die Halfte, in der E nicht seien kann, Found 'o' at index 7 in 'abdfjlmoqsuviyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'
ausschliegen_ Found 'w' at index 12 in 'abdfjlmogsuvwyz'.

Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.




Beispiel: Bindre Suche

® Binire Suche findet den Index eines OO @ SENNo® lewn o Amcnomd Dimomy SocmEh, 190
Elements in einer Sortierten Sequence data: str = "abdfjlmoqsuvwyz" # 4 string of sorted characters.
data von Werten.

for search in ["a", "c", "o", "p", "w", "z"]: # Search siz characters.
# Perform binary search to find “search” in “data .
® Das Kernkonzept von binéirer Suche upper: int = len(data) # *Ezclusive* upper index.
= = ) lower: int = 0 # Lowest possible indez = 0 (inclusive).
ISt, dass WIr Immer ein Segment S der while lower < upper: # Repeat until lower >= upper.
= [ | mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-)
Liste betrachten, in dem wir das mid_str: str = datalmid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly..
gesuchte Element E vermuten. lorem © @A & 0 G o0 Goden Of Sl M Bo & .
elif mid_str > search: # If mid_str > search, then clearly...
. ¢ - . - upper = mid # ...the index of search must be > mid.
O In Jedem SChrltt Wo”en WIr dle Grorge else: # If neither (mid_str < search) nor (mid_str > search)...
H ~ . print (f"Found {search!r} at index {mid} in {data!r}.")
des Segments Verrlngern’ n dem wir break # Ezit while loop and skip over while loop's else.
die Hé‘lfte, in der E' nicht seien kann' else: # ezecuted if the while condition is False; not after break

print (£"Did not find {search!r} in {data!r}.")

ausschlieRen. ‘
| python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz
Did not find 'c' in 'abdfjlmoqsuvwyz'

® Wir tuen das, in dem wir uns das

Element M in der Mltte von S Found 'o' at index 7 in 'abdfjlmogsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.
angucken_ Found 'vw' at index 12 in 'abdfjlmogsuvwyz'.

Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

- L



Beispiel: Bindre Suche

® Das Kernkonzept von binarer Suche OO @ SENNo® lewn o Amcnomd Dimomy SocmEh, 190
IStx dass WIr Immer ein Segment S der data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
Liste betrachten, in dem wir das o comeh fn [9a0, OeT, G67, TnF gty Wrls O Geced 060 EHARGED.
gesuchte Element E vermuten. # Perfo'{“m b_inary search to find 'sen'rc.h\ in “data .
upper: int = len(data) # *Exclusive* upper index.
= i s N . lower: int = 0 # Lowest possible indez = 0 (inclusive).
® |n Jedem Schntt W0||en WIr d|e GroBe while lower < upper: # Repeat until lower >= upper.
h r . mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
des Segments verringern, in dem wir mid_str: str = datalmid] # Get the character at indes mid.
. i . . . if mid_str < search: # If mid_str < search, then clearly...
die Hilfte, in der E nicht seien kann, Noer = A © 4 6 e tie dothe of Sardh mish Be & mid.
I. elif mid_str > search: # If mid_str > search, then clearly...
aUSSCh Ie[gen- upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...
° H H - print (f"Found {search!r} at index {mid} in {data!r}.")
er tuen das' n dem wir uns das break # Ezit while loop and skip over while loop's else.
Element M in der Mitte von S else: # ezecuted if the while condition is False; not after break

print (£"Did not find {search!r} in {data!r}.")

angucken. ‘
| python3 while_loop_search.py |

Found 'a' at index 0 in 'abdfjlmogsuvwyz'.

Q Dle gesamte Sequenz data und daher Did not find 'c' in 'abdfjlmoqsuvwyz'

auch das Segment S sind sortiert. Found 'o' at index 7 in 'abdfjlmogsuvwyz
Did not find 'p' in 'abdfjlmogsuvwyz'.

Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

- L



Beispiel: Bindre Suche

® |n jedem Schritt wollen wir die GroRe
des Segments verringern, in dem wir
die Hilfte, in der E nicht seien kann,
ausschlieRen.

e Wir tuen das, in dem wir uns das
Element M in der Mitte von S
angucken.

® Die gesamte Sequenz data und daher
auch das Segment S sind sortiert.

® Wenn M groRer als E ist, dann kann
E nur in der ersten Halfte von S,
namlich in dem Teil vor M.

""'Using a “while' loop to implement

data: str = "abdfjlmogsuvwyz" # 4 s

for search in ["a", "c", "o", "p", "
# Perform binary search to find
upper: int = len(data)
lower: int = 0

while lower < upper:

# Lo
# Re

mid: int = (lower + upper) /
mid_str: str = datal[mid] #
if mid_str < search: # If
lower = mid + 1 # oL
elif mid_str > search: # If
upper = mid & oco

else: # If neither (mid_st
print (£"Found {search'r}

break # Ezit while loop

else: # exzecuted if the while c
print (£"Did not find {search

| python3 while_

Found 'a' at index 0 in
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in
Did not find 'p' in 'abdfjlmogsuvwyz
Found 'w' at index 12 in

Found 'z' at index 14 in 'abdfjlmogs

'abdfjlmogsuvwyz

'abdfjlmoqsuvwyz

Binary Search."""
tring of sorted characters.

# Search siz characters.
“data "

o g
‘search” in

# #*Exclusive* upper indecx.

west possible indez = 0 (inclusive).
peat until lower >= upper.

/ 2 # Works ONLY in Python 3 :-).
Get the character at
search, then clearly...
of search must be < mid.
search, then clearly...
the index of search must be > mid.
< search) mor (mid_str > search)...
at index {mid} in {datal!rl}.")

and skip over while loop's else.
not after break

index mid.
mid_str <
. the indez
mid_str >

ondition is False;
'r} in {data!r}.")

loop_search.py |

'abdf jlmogsuvwyz '.

uvwyz '.
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Beispiel: Bindre Suche

® Wir tuen das, in dem wir uns das
Element M in der Mitte von S
angucken.

® Die gesamte Sequenz data und daher
auch das Segment S sind sortiert.

® \Wenn M groBer als E ist, dann kann
E nur in der ersten Halfte von S,
namlich in dem Teil vor M.

® |st M dagegen kleiner als F, dann
kann E nur in der zweiten Halfte von
S sein, namlich in dem Teil nach M.

""'Using a “while® loop to implement Binary Search."""
data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
for search in ["a" "c" "o", "p" "w" tz" # Search siz characters.
# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly..
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.

else: # If neither (mid_st
print (£"Found {search!r}

break # Ezit while loop

else: # exzecuted if the while c
print (£"Did not find {search

< search) mor (mid_str > search)...
at index {mid} in {datal!r}.")

and skip over while loop's else.
ondition is False; not after break
'r} in {data'r}.")

| python3 while_loop_search.py |

Found 'a' at index 0 in
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in
Did not find 'p' in 'abdfjlmogsuvwyz
Found 'w' at index 12 in
Found 'z' at index 14 in

'abdfjlmogsuvwyz

'abdfjlmoqsuvwyz

'abdf jlmogsuvwyz '.
'abdfjlmogsuvwyz '.



Beispiel: Bindre Suche

® Die gesamte Sequenz data und daher
auch das Segment S sind sortiert.

e Wenn M groBer als E ist, dann kann
E nur in der ersten Halfte von S,
namlich in dem Teil vor M.

® |st M dagegen kleiner als E, dann
kann E nur in der zweiten Halfte von
S sein, namlich in dem Teil nach M.

e Andernfalls, also falls £ = M, dann
haben wir E gefunden.

el

"N Using a

data:

for search in ["a"

str =

“while® loop to implement Binary Search."""

"abdf jlmoqsuvwyz" # A string of sorted characters.

"t "o " "w", "z"]: # Search siz characters.

"p

# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive)

while lower < upper:

else:

Found
Did not find 'c' in
'o' at
Did not find 'p' in
'w' at
'z' at

Found

Found
Found

# Repeat until lower >= upper.

mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).

mid_str: str = datal[mid] # Get the character at indez mid.

if mid_str < search: # If mid_str < search, them clearly...
lower = mid + 1 # ...the index of search must be < mid

elif mid_str > search: # If mid_str > search, then clearly..
upper = mid # ...the index of search must be > mid

else: # If neither (mid_str < search) nor (mid_str > search)..

at index {mid} in {datal!rl}.")
and skip over while loop's else.
not after break

print (£"Found {search'r}
break # Ezit while loop
# exzecuted if the while condition is False;
print (£"Did not find {search!r} in {datal'r}.")

| python3 while_loop_search.py |

' at index 0 in 'abdfjlmoqsuvwyz'
'abdfjlmoqsuvuyz '
index 7 in 'abdfjlmoqsuvwyz
'abdf jlmogsuvwyz '.
index 12 in 'abdfjlmogsuvwyz'.

index 14 in 'abdfjlmogsuvwyz'.



Beispiel: Bindre Suche

® Wenn M groBer als E ist, dann kann OO @ SENNo® leon o Amicnomd Dimomy SocmEh, 190
E nur in der erSten Halfte von Sy data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
namlich in dem Teil vor M. o coeeh @n [9a0, OeT, G67, TnF O, W0lE O Geced 060 EHREIED.

# Perform binary search to find “search” in “data .
® |st M dagegen k|einer als E dann upper: int = len(data) # *Ezclusive* upper index.
= 9 & lower: int = 0 # Lowest possible indez = 0 (inclusive).
kann E nur in der zweiten Hailfte von while lower < upper: # Repeat until lower >= upper.
| _—— ¥ F mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
S sein, namlICh n dem Te|| nach M mid_str: str = datalmid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, them clearly...
lower = mid + 1 # ...the index of search must be < mid.

® Andernfalls, also falls £ = M, dann elif mid_str > search: # If mid_str > search, then clearly...

h b - E f d upper = mid # ...the index of search must be > mid.
aben wir ge unaen. else: # If neither (mid_str < search) nor (mid_str > search)...
print (f"Found {search!r} at index {mid} in {data!r}.")

Y 1 1 break # Ezit while loop and skip over while loop's else.
Wenn wir E nOCh nICht gefunden else: # exzecuted if the while condition is False; not after break
haben aber die ausgewéhlte Halfte print (£"Did not find {search!r} in {data'r}.")

- 8 5 . = =
von S leer ist (vielleicht hatte S ja + python3 while_loop_search.py | -

Found 'a' at index 0 in 'abdfjlmogsuvwyz

nur ein oder zwei Elemente) ... dann = [oid la st dnier 0 e rede

ist E nicht in S und darum auch nicht = Found 'o' at index 7 in ‘'abdfjlmogsuvuyz
Did not find 'p' in 'abdfjlmogsuvwyz'

in data. Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.




Beispiel: Bindre Suche

® |st M dagegen kleiner als E, dann
kann E nur in der zweiten Halfte von
S sein, namlich in dem Teil nach M.

® Andernfalls, also falls £ = M, dann
haben wir E gefunden.

® \Wenn wir E noch nicht gefunden
haben aber die ausgewahlte Halfte
von S leer ist (vielleicht hatte S ja

nur ein oder zwei Elemente) ... dann
ist  nicht in S und darum auch nicht
in data.

® Wenn n = len(data), dann kdnnen
wir héchstens log, n Mal unsere
Sequenz halbieren. Also ist die
Zeitkomplexitat von bindrer Suche
in O(logn)738:48,

""WUsing a “while® loop to implement Binary Search."""

data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
for search in ["a", "c", "o", "p", "w", "z"]: # Search siz characters.
# Perform binary search to find “search” in “data .
upper: int = len(data) # *Exclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat until lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly...
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly..
upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...

print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

| python3 while_loop_search.py |

g i

Found 'a' at index 0 in 'abdfjlmogsuvwyz
Did not find 'c' in 'abdfjlmoqsuvwyz'
Found 'o' at index 7 in 'abdfjlmoqsuvwyz
Did not find 'p' in 'abdfjlmogsuvwyz'
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.



Beispiel: Bindre Suche

® Wenn wir E noch nicht gefunden

haben aber die ausgewahlte Halfte
von S leer ist (vielleicht hatte S ja
nur ein oder zwei Elemente) ... dann
ist £ nicht in S und darum auch nicht
in data.

Wenn n = len(data), dann kdnnen
wir hochstens log, n Mal unsere
Sequenz halbieren. Also ist die
Zeitkomplexitat von bindrer Suche

in O(logn)738:48,

In unserem Beispielprogramm wollen
wir die Indizes von ein paar Zeichen in
einer alphabetisch sortierten Sequenz
data = "abdfjlmogsuvwyz" von
Buchstaben finden.

""WUsing a “while® loop to implement Binary Search."""

data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
for search in ["a", "c", "o", "p", "w", "z"]: # Search siz characters.
# Perform binary search to find “search” in “data .
upper: int = len(data) # *Exclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat until lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly...
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...

print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

| python3 while_loop_search.py |

Found 'a' at index 0 in 'abdfjlmoqsuvwyz '.
Did not find 'c' in 'abdfjlmogsuvwyz'.
Found 'o' at index 7 in 'abdfjlmoqsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

- L



Beispiel: Bindre Suche

® Wenn n = len(data), dann kdnnen "inUsing a “while' loop to implement Binmary Search."""
wir hOChStens 10g2n Mal unsere data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
Sequenz halbleren' Also Ist dle for search in ["a", "c", "o", "p", "w", "z"l: # Search siz characters.
¥ 4+ iha # Perform binary search to find “search’ in “data’
ZeltkompIeXItat von blnarer SUChe upper:f int = leg(data) fb‘ *Ezxclusive* upper indecx.
in O(logn)7,38,43 lower: int = 0 # Lowest possible indes = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
° |n unserem Beispielprogramm Wo”en mid_str: str = datalmid] # Get the character at indez mid.
- » i o 3 i if mid_str < search: # If mid_str < search, then clearly..
WIr dle IndIZeS von €in paar Zelchen n lower = mid + 1 # ...the index of search must be < mid.
. - . elif mid_str > search: # If mid_str > search, then clearly...
einer alphabetisch sortierten Sequenz e © 5 e tio Gotos of comrdh mugh B S M.
— g " else: # If neither (mid_str < search) nor (mid_str > search)...
data - abdelquSquyZ von print (f"Found {search!r} at index {mid} in {data!'!rl}.")
2 break # Ezit while loop and skip over while loop's else
BUChStaben flnden else: # exzecuted if the while condition is False; not after break

print (£"Did not find {search!r} in {data!r}.")

® Wir konnten dazu natirlich die N e
Strlng_MethOde flnd zum SUChen Found 'a' at index O in 'abdfjlmogsuvwyz'.
der Zeichen verwenden. '

Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in 'abdfjlmogsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.




Beispiel: Bindre Suche

® \Wenn n = len(data), dann kdnnen "nwUsing a “while® loop to implement Binary Search."""
Wir hOChStenS 10g2n Mal unsere data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
Sequenz halbieren. Also ist die for search in [Ma®, "ce, "o%, "pv, "wh, *znl: # Search siz characters.
2 A [ # Perform binary search to find “search” in “data .
ZeltkompIeXItat von bindrer Suche upper: int = len(data) # *¥Ezclusives upper indez.
in O(logn)7,38,48 lower: int = 0 # Lowest possible index = 0 (inclusive).
: while lower < upper: # Repeat until lower >= upper
- mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-)
° |n unserem Be|sp|e|programm Wo”en mid_str: str = datalmid] # Get the character at indez mid.
- " i ¥ ) i if mid_str < search: # If mid_str < search, then clearly..
WIr dle IndIZeS von €in paar Zelchen n lower = mid + 1 # ...the index of search must be < mid.
. - . elif mid_str > search: # If mid_str > search, then clearly...
einer alphabetisch sortierten Sequenz e © 5 e tiho Gotos of comrdh mugh B S M.
— g " else: # If neither (mid_str < search) nor (mid_str > search)...
data = abdelquSuVWyz von print (f"Found {search!r} at index {mid} in {data!'!rl}.")
: break # Ezit while loop and skip over while loop's else
BUChStaben flnden' else: # exzecuted if the while condition is False; not after break

print (£"Did not find {search!r} in {data!r}.")

® Wir konnten dazu natirlich die e N
Strlng_MethOde flnd zum SUChen Found 'a' at index O in 'abdfjlmogsuvwyz'.
der Zeichen verwenden. '

Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in 'abdfjlmoqsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.

) Dlese Methode durchsucht Strlngs Found 'w' at index 12 in 'abdfjlmoqsuvwyz'.
= Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.
aber linear.

- L
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Beispiel: Bindre Suche

® In unserem Beispielprogramm wollen

wir die Indizes von ein paar Zeichen in
einer alphabetisch sortierten Sequenz
data = "abdfjlmogsuvwyz" von
Buchstaben finden.

Wir konnten dazu natiirlich die
String-Methode find zum Suchen
der Zeichen verwenden.

Diese Methode durchsucht Strings
aber linear.

Wir wollen den Umstand, dass die
Zeichen alphabetisch sortiert sind,
ausnutzen und implementieren daher
bindre Suche.

""WUsing a “while® loop to implement Binary Search."""

data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
for search in ["a", "c", "o", "p", "w", "z"]: # Search siz characters.
# Perform binary search to find “search” in “data .
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly...
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...

print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

| python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz
Did not find 'c' in 'abdfjlmoqsuvwyz'
Found 'o' at index 7 in 'abdfjlmoqsuvwyz
Did not find 'p' in 'abdfjlmogsuvwyz'
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

E N L -
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Beispiel: Bindre Suche

® Wir konnten dazu natirlich die
String-Methode find zum Suchen
der Zeichen verwenden.

® Diese Methode durchsucht Strings
aber linear.

® Wir wollen den Umstand, dass die
Zeichen alphabetisch sortiert sind,
ausnutzen und implementieren daher
bindre Suche.

® Wir suchen die Zeichen "a", "c",
Iloll’ Ilpll llwll’ und ”Z".

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz" # 4 s

for search in ["a" c o o)
# Perform binary search to find
upper: int = len(data)
lower: int = 0
while lower < upper:

mid: int =

mid_str: str = datal[mid] #

if mid_str < search: # If
lower = mid + 1 # oL

elif mid_str > search: # If
upper = mid & oco

else: # If neither (mid_st
print (£"Found {search'r}

break # Ezit while loop

else: # exzecuted if the while c
print (£"Did not find {search

J python3 while_loop_search.py | o

Found 'a' at index 0 in
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in
Did not find 'p' in 'abdfjlmogsuvwyz
Found 'w' at index 12 in
Found 'z' at index 14 in

W

(lower + upper) // 2

'abdfjlmogsuvwyz

'abdfjlmoqsuvwyz

o

Binary Search.

tring of sorted characters.
", "z"]: # Search siz characters.

‘search” in “data’

# #*Exclusive* upper indecx.
# Lowest possible
# Repeat until

index = 0 (inclusive).
lower >= upper.

# Works ONLY in Python 3 :-).
Get the character at indez mid.
mid_str < search, then clearly...
.the index of search must be < mid.
mid_str > search, then clearly...
the index of search must be > mid.
< search) mor (mid_str > search)...
at index {mid} in {datal!rl}.")

and skip over while loop's else.
ondition is False; not after break
'r} in {data!r}.")

'abdf jlmogsuvwyz '.
'abdfjlmogsuvwyz '.



Beispiel: Bindre Suche

® Diese Methode durchsucht Strings
aber linear.

® Wir wollen den Umstand, dass die
Zeichen alphabetisch sortiert sind,
ausnutzen und implementieren daher
bindre Suche.

® Wir suchen die Zeichen "a"
"O", llpllv "W", und "Z".

"C",

® Vier davon sind in data, aber "c"
und "p" sind nicht.

"""Using a “while  loop to implement Binary Search.

data: str = "abdfjlmogsuvwyz"

for search in ["a", "c", "o "p", "
# Perform binary search to find
upper: int = len(data)
lower: int = 0

while lower < upper:

mid: int = (lower + upper) // 2

mid_str: str = datalmid]
if mid_str < search: # If

lower = mid + 1 # oL
elif mid_str > search: # If

upper = mid & oco

else: # If neither (mid_st
print (£"Found {search'r}

break # Ezit while loop

else:

o

# A string of sorted characters.

"z"]: # Search siz characters.

‘search” in “data’

# #*Exclusive* upper indecx.

# Lowest possible index = 0 (inclusive).
# Repeat until

lower >= upper.
# Works ONLY in Python 3 :-).

# Get the character at indez mid.

mid_str < search, then clearly...

.the index of search must be < mid.

mid_str > search, then clearly...
the index of search must be > mid.
< search) mor (mid_str > search)...
at index {mid} in {datal!rl}.")

and skip over while loop's else.

# exzecuted if the while condition is False; not after break

print (£"Did not find {search!r} in {data!r}.")

| python3 while_loop_search.py |

Found
Did not find 'c' in 'abdfjlmoqsuvwyz

Found 'o' at index 7 in 'abdfjlmoqsuvwyz

a' at index 0 in 'abdfjlmogsuvwyz

F N L

Did not find 'p' in 'abdfjlmogsuvwyz'.
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

|
N




Beispiel: Bindre Suche

® Wir wollen den Umstand, dass die
Zeichen alphabetisch sortiert sind,
ausnutzen und implementieren daher
bindre Suche.

® Wir suchen die Zeichen "a", "c",
Iloll’ Ilpll’ Ilwll’ und Ilzll.

® Vier davon sind in data, aber "c"
und "p" sind nicht.

® Wir suchen sie trotzdem.

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a" c o o)
# Perform binary search to find
upper: int = len(data)
lower: int = 0
while lower < upper:

mid: int =

mid_str: str = datalmid]
if mid_str < search: # If
lower = mid + 1 #

elif mid_str > search: # If

upper = mid & oco

else: # If neither (mid_st
print (£"Found {search!r}
break # Ezit while loop

else: # ezecuted

‘search” in
# *Exclusive* upper indecx.
# Lowest possible
# Repeat until
(lower + upper) // 2

if the while condition

Binary Search."""

# A string of sorted characters.

"z"]: # Search siz characters.
“data "

lower >= upper.
# Works ONLY in Python 3 :-).

# Get the character at indez mid.

mid_str < search, then clearly...

.the index of search must be < mid.

mid_str > search, then clearly...
the index of search must be > mid.
< search)
at index {mid} in {datal!r}.")

and skip over while loop's else.
is False; not after break

print (£"Did not find {search!r} in {data!r}.")

| python3 while_loop_search.py |

Found 'a' at index 0 in
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in
Did not find 'p' in
Found 'w' at index 12 in
Found 'z' at index 14 in

'abdfjlmogsuvwyz

'abdfjlmoqsuvwyz
'abdf jlmogsuvwyz '.

'abdf jlmogsuvwyz '.
'abdfjlmogsuvwyz '.

index = 0 (inclusive).

nor (mid_str > search)...

F N L -



Beispiel: Bindre Suche

® Wir suchen die Zeichen "a", "c",
Iloll’ Ilpll llwll’ und "Z".

® Vier davon sind in data, aber "c"
und "p" sind nicht.

® Wir suchen sie trotzdem.

® \Wir lassen eine Varriable search
uber die Liste
["a" , "¢, Moh, upu , W',
in der duBeren Schleife iterieren.

llzll]

r = i T

|

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a", "c", "o Ty, O

"p

# Perform binary search to find “search’ in “data’
upper: int = len(data) # *Ezxclusive+* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat until lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly..
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...
print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # ezecuted if the while condition is False; not after break

Binary Search."""

# A string of sorted characters.

"z"]: # Search siz characters.

print (f"Did not find {search!r} in {data!r}.")

| python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in 'abdfjlmoqsuvwyz

Did not find
Found 'w' at
Found 'z' at

'p' in
index 12 in
index 14 in

T s}

'

'abdf jlmogsuvwyz '.
'abdf jlmogsuvwyz '.
'abdf jlmogsuvwyz '.

e,



Beispiel: Bindre Suche

1 1 1 n n
® \ier davon sind in data, aber "c OO @ SENNo® lewn o Amicnomd Dimomy SocmEh, 190
n n H H
Und p Slnd nICht- data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
3 3 for search in ["a" "c" "o", "p" "w" "z"]: # Search siz characters.
® Wir suchen sie trotzdem. . ELIN 0 Seare
# Perform binary search to find ‘search” in “data
upper: int = len(data) # *Exclusive* upper indecx.
[ ] W|r |assen eine Varr|ab|e search lower: int = 0 # Lowest possible indez = 0 (inclusive).
= = = while lower < upper: # Repeat wuntil lower >= upper.
tiber die Liste mid: int = (lower + upper) // 2 # Works ONLY in Python 3
mid_str: str = datal[mid] # Get the character at indez mid.
n n n n n n n n n n n n N N
[ a’, (Ch o, P wo, V4 ] if mid_str < search: # If mid_str < search, then clearly...
- " - - . lower = mid + 1 # ...the indez of search must be < mid.
in der auBeren Schlelfe iterieren. elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.
2 - 3 = lse: # If neither (mid_str < search) nor (mid_str > search)...
° e
In der Inneren SChIeIfe Implementleren print (f"Found {search!r} at index {mid} in {data!r}.")
1 H nAa break # Ezit while loop and skip over while loop's else.
wir dle blnare SUChe' else: # ezecuted if the while condition is False; not after break

print (£"Did not find {search!r} in {data!r}.")

| python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz
Did not find 'c' in 'abdfjlmoqsuvwyz'
Found 'o' at index 7 in 'abdfjlmoqsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

F N L -



Beispiel: Bindre Suche

® Wir suchen sie trotzdem.

® \Wir lassen eine Varriable search
uber die Liste
[Ilall’ "C", "O", llpll’ IIWII’ llzll]
in der 3uBeren Schleife iterieren.

® In der inneren Schleife implementieren
wir die bindre Suche.

® Die Suche benutzt zwei Indizes,
lower und upper.

"""Using a “while  loop to implement Binary Search."""

data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.

for search in ["a" c o "p w "z"]: # Search siz characters.
# Perform binary search to find “search’ in “data’

upper: int = len(data) # *Exclusive* upper indecx.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, them clearly...
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...

print (f"Found {search!r} at index {mid} in {data!'!rl}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {data!r}.")

| python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz
Did not find 'c' in 'abdfjlmoqsuvwyz'
Found 'o' at index 7 in 'abdfjlmogsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

F N L -



Beispiel: Bindre Suche

® Wir lassen eine Varriable search
tiber die Liste
[Ilall "C"’ lloll, llpll’ "W", "Z"]
in der auBeren Schleife iterieren.

® |n der inneren Schleife implementieren
wir die bindre Suche.

® Die Suche benutzt zwei Indizes,
lower und upper.

® lower ist das inklusive untere Ende
des Segments S in dem search
beinhaltet seien konnte.

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a", "c", "o", "p", "

W

o

Binary Search.

# A string of sorted characters.

"z" # Search siz characters.

# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly..
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.

else: # If neither (mid_st
print (£"Found {search!r}
break # Ezit while loop

else: # ezecuted

if the while condition

< search) mor (mid_str > search)...
at index {mid} in {datal!r}.")

and skip over while loop's else.

is False; not after break

print (£"Did not find {search!r} in {data!r}.")

i
J python3 while_loop_search.py | j
Found 'a' at index O in 'abdfjlmogsuvwyz'
Did not find 'c' in 'abdfjlmoqsuvwyz'
Found 'o' at index 7 in 'abdfjlmoqsuvwyz'.

Did not find 'p' in 'abdfjlmogsuvwyz
Found 'w' at index 12 in
Found 'z' at index 14 in

'abdf jlmogsuvwyz '.
'abdfjlmogsuvwyz '.



Beispiel: Bindre Suche

® In der inneren Schleife implementieren

wir die binare Suche.

® Die Suche benutzt zwei Indizes,
lower und upper.

® lower ist das inklusive untere Ende
des Segments S in dem search
beinhaltet seien konnte.

® Es wird daher mit 0 initialisiert.

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a", "c", "o", "p", "
# Perform binary search to find
upper: int = len(data)
lower: int = 0

while lower < upper:

mid: int = (lower + upper) // 2

mid_str: str = datalmid]

if mid_str < search: # If
lower = mid + 1 # ..

elif mid_str > search: # If
upper = mid & oco

else: # If neither (mid_st

print (£"Found {search'r}
break # Ezit while loop
else:

o

Binary Search.

# A string of sorted characters.

"z"]: # Search siz characters.

‘search” in “data’

# #*Exclusive* upper indecx.

# Lowest possible index = 0 (inclusive).
# Repeat until lower >= upper.

# Works ONLY in Python 3 :-).

# Get the character at indez mid.

mid_str < search, then clearly...

.the index of search must be < mid.

mid_str > search, then clearly...

the index of search must be > mid.
< search) mor (mid_str > search)...
at index {mid} in {datal!rl}.")

and skip over while loop's else.

# exzecuted if the while condition is False; not after break

print (£"Did not find {search!r} in {data!r}.")

| python3 while_loop_search.py |

Found
Did not find 'c' in 'abdfjlmoqsuvwyz

Found 'o' at index 7 in 'abdfjlmoqsuvwyz

a' at index 0 in 'abdfjlmogsuvwyz

F N L

Did not find 'p' in 'abdfjlmogsuvwyz'.
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

|
N




Beispiel: Bindre Suche

® Die Suche benutzt zwei Indizes,
lower und upper.

® Jlower ist das inklusive untere Ende
des Segments S in dem search
beinhaltet seien konnte.

® Es wird daher mit O initialisiert.

® upper ist das exklusive obere Ende
des Segments S in dem search
beinhaltet seien konnte.

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a" c o o)
# Perform binary search to find
upper: int = len(data)
lower: int = 0
while lower < upper:

mid: int = (lower + upper) // 2
# Get the character at indez mid.

mid_str: str = datalmid]

if mid_str < search: # If
lower = mid + 1 # oL

elif mid_str > search: # If
upper = mid & oco

else: # If neither (mid_st

print (£"Found {search!r}

break # Ezit while loop

else:
print (£"Did not find {search!

W

o

Binary Search.

# A string of sorted characters.

"z"]: # Search siz characters.
search” in “data’

# *Exclusive* upper indecx.
# Lowest possible index = 0 (inclusive).
# Repeat until lower >= upper.

# Works ONLY in Python 3 :-).

mid_str < search, then clearly...

.the index of search must be < mid.

mid_str > search, then clearly...

the index of search must be > mid.
< search) mor (mid_str > search)...
at index {mid} in {datal!r}.")

and skip over while loop's else.

# exzecuted if the while condition is False; not after break

r} in {datal!r}.")

J python3 while_loop_search.py | =

Found
Did not find 'c' in 'abdfjlmoqsuvwyz

a' at index 0 in 'abdfjlmogsuvwyz

Found 'o' at index 7 in 'abdfjlmogsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.




Beispiel: Bindre Suche

® lower ist das inklusive untere Ende
des Segments S in dem search
beinhaltet seien konnte.

® Es wird daher mit O initialisiert.

® upper ist das exklusive obere Ende
des Segments S in dem search
beinhaltet seien kdnnte.

® Wir initialisieren es mit len(data):
Da es exklusiv ist, ist es 1 groBer als
der grobte giiltige Index
len(data)- 1.

CETTETN —S

""'Using a “while' loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a" c o", "p

Binary Search."""

# A string of sorted characters.

w", "z"]: # Search stz characters.

# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly..
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.

else: # If neither (mid_st
print (£"Found {search'r}

break # Ezit while loop

else: # exzecuted if the while c
print (£"Did not find {search

< search) mor (mid_str > search)...
at index {mid} in {datal!rl}.")

and skip over while loop's else.
ondition is False; not after break
'r} in {data'r}.")

| python3 while_loop_search.py |

Found 'a' at index 0 in
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in
Did not find 'p' in 'abdfjlmogsuvwyz
Found 'w' at index 12 in
Found 'z' at index 14 in

'abdfjlmogsuvwyz

'abdfjlmoqsuvwyz

'abdf jlmogsuvwyz '.
'abdfjlmogsuvwyz '.



Beispiel: Bindre Suche

® Es wird daher mit O initialisiert.

® upper ist das exklusive obere Ende
des Segments S in dem search
beinhaltet seien konnte.

e Wir initialisieren es mit len(data) :
Da es exklusiv ist, ist es 1 groRer als
der grofRte giiltige Index
len(data)- 1.

Unser Segment S ist nicht leer,
beinhaltet also mindestens ein
Element, so lange wie

lower < upper gilt.

el
o

""WUsing a “while® loop to implement Binary Search.

data:

for search in ["a"

str = "abdfjlmogsuvwyz"

o

# A string of sorted characters.

"c" "o", "p" "w" "z"]: # Search siz characters.

# Perform binary search to find “search’ in “data’

upper: int = len(data)
lower: int = 0
while lower < upper:

else:

Found
Did not find 'c' in 'abdfjlmoqsuvwyz

Found 'o' at index 7 in 'abdfjlmoqsuvwyz

# *Exclusive* upper indecx.

# Lowest possible index = 0 (inclusive)
# Repeat until lower >= upper.

# Works ONLY in Python 3 :-).
# Get the character at indez mid.

mid: int = (lower + upper) // 2
mid_str: str = datalmid]

if mid_str < search: # If mid_str < search, then clearly...
lower = mid + 1 # ...the index of search must be < mid

elif mid_str > search: # If mid_str > search, then clearly..
upper = mid # ...the index of search must be > mid

else: # If neither (mid_str < search) nor (mid_str > search)..
print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
# exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

| python3 while_loop_search.py |

' at index 0 in 'abdfjlmoqgsuvwyz'

Did not find 'p' in 'abdfjlmogsuvwyz'.

Found
Found

'w' at index 12 in 'abdfjlmogsuvwyz'.
'z' at index 14 in 'abdfjlmoqsuvwyz'.



Beispiel: Bindre Suche

® upper ist das exklusive obere Ende
des Segments S in dem search
beinhaltet seien kdnnte.

e Wir initialisieren es mit len(data):
Da es exklusiv ist, ist es 1 groBer als
der groRte giiltige Index
len(data)- 1.

® Unser Segment S ist nicht leer,
beinhaltet also mindestens ein
Element, so lange wie
lower < upper gilt.

® Das ist also unsere Schleifenbedingung
fiir die innere Schleife.

""'Using a “while' loop to implement Binary Search."""
data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
for search in ["a", "c" "o", "p" "w", "z" # Search siz characters.

# Perform binary search to find

upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.

else:

‘search” in “data’

(lower + upper) // 2 # Works ONLY 4in Python 3 :-).
# Get the character at index mid.
# If mid_str < search, then clearly..

mid: int =
mid_str: str = datalmid]
if mid_str < search:

lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...

upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...

at index {mid} in {datal!rl}.")
and skip over while loop's else.
not after break

print (£"Found {search'r}
break # Ezit while loop
# exzecuted if the while condition is False;
print (£"Did not find {search!r} in {datal'r}.")

| python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz
Did not find 'c' in 'abdfjlmoqsuvwyz'

Found 'o' at index 7 in 'abdfjlmogsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.



Beispiel: Bindre Suche

® Wir initialisieren es mit len(data) :
Da es exklusiv ist, ist es 1 groRer als
der grolte giiltige Index
len(data)- 1.

® Unser Segment S ist nicht leer,
beinhaltet also mindestens ein
Element, so lange wie

lower < upper gilt.

Das ist also unsere Schleifenbedingung
fur die innere Schleife.

In der bindre-Suche-Schleife
berechnen wir erstmal den Index mid
des mittleren Elements als

mid = (lower + upper)// 2.

""WUsing a “while® loop to implement Binary Search."""

data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
for search in ["a", "c", "o", "p", "w", "z"]: # Search siz characters.
# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive)
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, them clearly...
lower = mid + 1 # ...the index of search must be < mid
elif mid_str > search: # If mid_str > search, then clearly..
upper = mid # ...the index of search must be > mid
else: # If neither (mid_str < search) nor (mid_str > search)..

print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

J python3 while_loop_search.py | o

Found
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in 'abdfjlmogsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.

Found 'w' at index 12 in 'abdfjlmoqgsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

a' at index 0 in 'abdfjlmogsuvwyz



Beispiel: Bindre Suche

® Das ist also unsere Schleifenbedingung
fir die innere Schleife.

® |n der bindre-Suche-Schleife
berechnen wir erstmal den Index mid
des mittleren Elements als
mid = (lower + upper)// 2.

Warnung: Interessanterweise ist das so
nur korrekt in Python 3 mit seinen
beliebig groben Ganzzahlen. In
Sprachen wir C or Java, wo
Ganzzahlen feste

Grenzen haben, miissen wir stattdessen
mid = lower + (upper - lower)//

rechnen38.

SN —
[ ]

Found 'a' at index O in 'abdfjlmogsuvwyz
5 Did not find 'c' in 'abdfjlmogsuvwyz
Found 'o' at index 7 in 'abdfjlmoqsuvwyz
Did not find 'p' in 'abdfjlmogsuvwyz
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

""'Using a “while' loop to implement Binary Search."""
data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.

for search in ["a", "c", "o", "p", "w", "z"]: # Search siz characters.

# Perform binary search to find “search” in “data .
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).

mid_str: str = datal[mid] # Get the character at indez mid.

if mid_str < search: # If mid_str < search, them clearly...
lower = mid + 1 # ...the index of search must be < mid.

elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.

else: # If neither (mid_str < search) nor (mid_str > search)...

print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

E N L -

| python3 while_loop_search.py |



Beispiel: Bindre Suche

® |n der bindre-Suche-Schleife OO @ SENNo° leon e Amcnomd Dimomy SocmEh, 190
bereChnen wir erStmal den Index mld data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
des mittleren Elements als o coeeh fn (960, OeT, G6P, TnF Oty W0l O Geced 600 EHARGED.
3 = # Perform binary search to find “search” in “data .
mid (1ower i upper)// 2. upper: int = len(data) # *Ezclusive* upper indec.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
o Warnung: Interessanterweise ist das SO while lower < upper: # Repeat until lower >= upper.
# p . mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
nur korrekt in Python 3 mit seinen mid_str: str = datalmid] # Get the character at index mid.
- . if mid_str < search: # If mid_str < search, then clearly...
beliebig groBen Ganzzahlen. In Tores © WA & A 5 oo tfce af Somdd et be & mid
. elif mid_str > search: # If mid_str > search, then clearly...
Sprachen wir C or Java, wo S—— o e o oo et o o
1lse: # I th d_st h d_st h)...
Ganzzahlen feste T rint (1'Found {ssamchiry at inder {aia) in Tamvatehoo
1 H break # Ezit while loop and skip over while loop's else.
Grenzen haben' mussen WIrStattdessen else: # ezecuted if the while condition is False; not after break
mid = lower + (upper _ lower) // 2 print (£"Did not find {search!r} in {data!r}.")
rechnen38_ | python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz

° Egal Wir bekommen den Wert Did not find 'c' in 'abdfjlmoqsuvwyz'

Found 'o' at index 7 in 'abdfjlmoqsuvwyz

mid_str als das eine Zeichen an dem @ DPid not find 'p' in 'abdfjlmogsuveyz'

- Found 'w' at index 12 in 'abdfjlmoqsuvwyz'.
IndeX mid via Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

mid_str = data[mid].

- L



Beispiel: Bindre Suche

® Warnung: Interessanterweise ist das so
nur korrekt in Python 3 mit seinen
beliebig groken Ganzzahlen. In

Sprachen wir C or Java, wo

Ganzzahlen feste

Grenzen haben, miissen wir stattdessen
mid = lower + (upper - lower)// 2

rechnen32.

Egal. Wir bekommen den Wert
mid_str als das eine Zeichen an dem
Index mid via

mid_str = data[mid].

® \Wir wissen, wenn

mid_str < search, dann kann
unser Zeichen search an keiner
Stelle in 0..mid liegen.

# A string of sorted characters.

# Search siz characters.
“data ".

# *Ezclusive* upper indec.

""'Using a “while® loop to implement Binary Search."""
data: str = "abdfjlmogsuvwyz"
for search in ["a", "c", "o", "p", "u", "z"]:

# Perform binary search to find “search’

upper: int = len(data)

lower: int = 0

while lower < upper:

mid: int = (lower + upper) // 2
mid_str: str = datal[mid]
if mid_str < search: # If mid_str <
lower = mid + 1 # ...the indez
elif mid_str > search: # If mid_str >
upper = mid # ...the index
else: # If neither (mid_str < search)
print (£"Found {search!r}
break # Ezit while loop
else: # exzecuted if the while condition is False;

# Lowest possible index =
# Repeat until

0 (inclusive).

lower >= upper.

# Works ONLY in Python 3 :-).
# Get the character at index mid.

search, then clearly...
of search must be < mid.
search, then clearly...

of search must be > mid.
nor (mid_str > search)...

at index {mid} in {datal!r}.")
and skip over while loop's else.

not after break

print (£"Did not find {search!r} in {data!r}.")

Found 'a' at
Did not find
Found 'o' at
Did not find
Found 'w' at
Found 'z' at

| python3 while_loop_search.py |

index 0 in
‘c' in 'abdfjlmoqsuvwyz
index 7 in 'abdfjlmoqsuvwyz
'p' in 'abdfjlmogsuvwyz '

'abdfjlmogqsuvwyz

index 12 in 'abdfjlmogsuvwyz'.
index 14 in 'abdfjlmogsuvwyz'.

- L



Beispiel: Bindre Suche

® Egal. Wir bekommen den Wert
mid_str als das eine Zeichen an dem
Index mid via
mid_str = data[mid].

® \Wir wissen, wenn
mid_str < search, dann kann
unser Zeichen search an keiner
Stelle in 0..mid liegen.

® |n diesem Fall kdnnen wir den
inklusiven unteren Index lower auf
mid + 1 setzen.

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz" # 4 s

for search in ["a", "c", "o Ty, O

"p

# Perform binary search to find “search’ in “data’
upper: int = len(data) # *Exclusive* upper indecx.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly..
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...
print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break

print (£"Did not find {search

W

o

Binary Search.
tring of sorted characters.

woougw

'r} in {data!r}.")

| python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in

Did not find
Found 'w' at
Found 'z' at

'p' in 'abdfjlmogsuvwyz
index 12 in
index 14 in

'abdfjlmoqsuvwyz

'abdf jlmogsuvwyz '.
'abdfjlmogsuvwyz '.

# Search siz characters.



Beispiel: Bindre Suche

® Egal. Wir bekommen den Wert OO @ SENNo° lewn o Amicnomd Dimomy SocmEh, 190
mid_Str als das €ine ZeIChen an dem data: str = "abdfjlmoqsuvwyz" # 4 string of sorted characters.
Index mid via

for search in ["a", "c", "o", "p", "w", "z"]: # Search siz characters.
mid_str = data[mld] | # Perfov."m binary search to find 'sen'rc.h\ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
® Wir wissen, wenn while lower < upper: # Repeat until lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str < search, dann kann mid_str: str = datalmid] # Get the character at index mid.
. . if mid_str < search: # If mid_str < search, then clearly...
unser Zeichen search an keiner lorem © @A & 0 G oo 0 dodlen Of Sl M Bo & mid.
S ” . 0 0 I elif mid_str > search: # If mid_str > search, then clearly...
te € in '-mld Iegen- upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...

° H I o print (f"Found {search!r} at index {mid} in {data!r}.")
In diesem Fall kénnen wir den break # Ezit while loop and skip over while loop's else.

1 1 else: # ezecuted if the while condition %is False; not after break
Ink|USIven unteren |ndEX 10Wer an print(f"Did not find {search!r} in {data!r}.")
mid + 1 setzen.

| python3 while_loop_search.py |

Found

2 Andernfalls, wenn Did not find 'c' in 'abdfjlmoqsuvwyz

mid str > search dann wissen Found 'o' at index 7 in 'abdfjlmogsuvwyz
= ' Did not find 'p' in 'abdfjlmogsuvwyz'

wir, dass search unmdoglich irgendwo = Found 'w' at index 12 in 'abdfjlmogsuvuyz'.
= Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.
an den Indizes

in mid..len(data)- 1 liegen kann.

a' at index 0 in 'abdfjlmogsuvwyz

E N L -



Beispiel: Bindre Suche

® Wir wissen, wenn
mid_str < search, dann kann
unser Zeichen search an keiner
Stelle in 0..mid liegen.

® |n diesem Fall kdnnen wir den

inklusiven unteren Index lower auf

mid + 1 setzen.

® Andernfalls, wenn

an den Indizes

mid_str > search, dann wissen
wir, dass search unmoglich irgendwo

in mid..len(data)- 1 liegen kann.

® Wir konnen also den exklusiven oberen

""WUsing a “while® loop to implement Binary Search."""

data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.

for search in ["a", "c", "o", "p", "w", "z"]: # Search siz characters.
# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive)
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.

if mid_str < search: # If mid_str < search, then clearly...
lower = mid + 1 # ...the index of search must be < mid

elif mid_str > search: # If mid_str > search, then clearly..
upper = mid # ...the index of search must be > mid

else: # If neither (mid_str < search) nor (mid_str > search)..
print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

| python3 while_loop_search.py |

Found
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in 'abdfjlmoqsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.

Found 'w' at index 12 in 'abdfjlmogsuvwyz'.

a' at index 0 in 'abdfjlmogsuvwyz

Index upper auf mid setzen, was alle
Elemente ab Index mid ausschlieft.

Found 'z' at

index 14 in 'abdfjlmogsuvwyz'.

E N L -



Beispiel: Bindre Suche

® |n diesem Fall kdnnen wir den OO @ SENNo° lewn o Amcnoms Dimomy SocmEh, 190
Ink|USIVen unteren Index lower au{: data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
mld + 1 Setzen' for search in ["a", "c" "o", "p", "w", "z"]: # Search siz characters.
# Perform binary search to find “search’ in “data’
Y Andernfalls wenn upper: int = len(data) # *Ezclusive* upper index.
L . lower: int = 0 # Lowest possible indez = 0 (inclusive).
mid_str > search, dann wissen while lower < upper: # Repeat until lower >= upper.
=== B . mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
wir, dass search unmoghch |rgendwo mid_str: str = datalmid] # Get the character at indez mid.
. if mid_str < search: # If mid_str < search, then clearly...
an den Indizes lower = mid + 1 # ...the indez of search must be < mid.
. g - elif mid_str > search: # If mid_str > search, then clearly...
n mld..len(data)— 1 ||egen kann upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...

° o - . print (£"Found {search!r} at index {mid} in {data!r}.")
Wir kénnen also den exklusiven oberen break # Ezit while loop and skip over while loop's else.

|ndex upper auf mid setzen, was a”e else: # ezecuted if the while condition is False; not after break
)

| print (£"Did not find {search!r} in {data!r}.")
Elemente ab Index mid ausschlieft. ‘
| python3 while_loop_search.py |

° Wenn nun Wedel’ mld Str < SeaI‘Ch Found 'a' at index O in 'abdfjlmogsuvwyz'
= Did not find 'c' in 'abdfjlmogsuvwyz'
3 1 Found 'o' at index 7 in 'abdfjlmogsuvwyz'.
nOCh mld_Str > SearCh gllt' dann Did not find 'p' in 'abdfjlmogsuvwyz'
muss mid _str == search gelten Found 'w' at index 12 in 'abdfjlmogsuvwyz'.

Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

E N L -



Beispiel: Bindre Suche

® Andernfalls, wenn
mid_str > search, dann wissen
wir, dass search unméglich irgendwo
an den Indizes
in mid..len(data)- 1 liegen kann.

® Wir kdnnen also den exklusiven oberen
Index upper auf mid setzen, was alle
Elemente ab Index mid ausschlielt.

Wenn nun weder mid_str < search
noch mid_str > search gilt, dann
muss mid_str == search gelten.

Dann haben wir search gefunden —
es liegt an Index mid.

""WUsing a “while® loop to implement Binary Search."""

data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.
for search in ["a", "c", "o", "p", "w", "z"]: # Search siz characters.
# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive)
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, them clearly...
lower = mid + 1 # ...the index of search must be < mid
elif mid_str > search: # If mid_str > search, then clearly..
upper = mid # ...the index of search must be > mid
else: # If neither (mid_str < search) nor (mid_str > search)..

print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

| python3 while_loop_search.py |

Found
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in 'abdfjlmogsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.

Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

a' at index 0 in 'abdfjlmogsuvwyz



Beispiel: Bindre Suche

® Wir kdnnen also den exklusiven oberen
Index upper auf mid setzen, was alle
Elemente ab Index mid ausschlielt.

® \Wenn nun weder mid_str < search
noch mid_str > search gilt, dann
muss mid_str search gelten.

® Dann haben wir search gefunden —
es liegt an Index mid.

® Wir geben dieses Ergebnis aus (wobei
die !'r im f-String Anfiihrungszeichen
um unsere Strings machen).

""'Using a “while' loop to implement

data: str = "abdfjlmogsuvwyz" # 4 s

for search in ["a", "c", "o", "p
# Perform binary search to find
upper: int = len(data)
lower: int = 0
while lower < upper:

# Lo
# Re

mid: int = (lower + upper) /
mid_str: str = data[mid] #
if mid_str < search: # If
lower = mid + 1 # oL
elif mid_str > search: # If
upper = mid & oco

else: # If neither (mid_st
print (£"Found {search!r}

break # Ezit while loop

else: # exzecuted if the while c
print (£"Did not find {search

| python3 while_

Found 'a' at index 0 in
Did not find 'c' in 'abdfjlmoqsuvwyz

Found 'o' at index 7 in 'abdfjlmoqsuvwyz
Did not find 'p' in 'abdfjlmogsuvwyz
Found 'w' at index 12 in 'abdfjlmogs
Found 'z' at index 14 in 'abdfjlmogs

'abdfjlmogsuvwyz

Binary Search."""

tring of sorted characters.

# Search siz characters.
“data "

o g
‘search” in

# *Exclusive* upper indecx.

west possible indez = 0 (inclusive).
peat until lower >= upper.

/ 2 # Works ONLY in Python 3 :-).
Get the character at
search, then clearly...
of search must be < mid.
search, then clearly...
the index of search must be > mid.
< search) mor (mid_str > search)...
at index {mid} in {datal!r}.")

and skip over while loop's else.
ondition is False; not after break
'r} in {data'r}.")

index mid.
mid_str <
. the index
mid_str >

loop_search.py |
'

'

uvwyz '.

uvwyz '.



Beispiel: Bindre Suche

® \Wenn nun weder mid_str < search
noch mid_str > search gilt, dann
muss mid_str search gelten.

® Dann haben wir search gefunden —
es liegt an Index mid.

® Wir geben dieses Ergebnis aus (wobei
die !'r im f-String Anfiihrungszeichen
um unsere Strings machen).

Nach dem Ausgeben dieser
Information verlassen wir die
while-Schleife mit break.

CETTETN —S
[ )

"""Using a “while® loop to implement
data: str = "abdfjlmogsuvwyz" # 4 s
for search in ["a", "c", "o", "p" U
# Perform binary search to find
upper: int = len(data)
lower: int = 0
while lower < upper:
mid: int = (lower + upper) // 2
mid_str: str = data[mid] #
if mid_str < search: # If
lower = mid + 1 # oL
elif mid_str > search: # If
upper = mid & oco

else: # If neither (mid_st
print (£"Found {search!r}
break # Ezit while loop
else: # exzecuted if the while c

print (£"Did not find {search

W

# Repeat until

Binary Search."""

tring of sorted characters.

woougw

‘search” in

# Search siz characters.
“data "

# #*Exclusive* upper indecx.
# Lowest possible

index = 0 (inclusive).
lower >= upper.

# Works ONLY in Python 3 :-).
Get the character at indez mid.
mid_str <
. the indez
mid_str >

search, then clearly...
of search must be < mid.
search, then clearly...
the index of search must be > mid.
< search) mor (mid_str > search)...
at index {mid} in {datal!rl}.")

and skip over while loop's else.
ondition is False; not after break
'r} in {data'r}.")

| python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz'
Did not find 'c' in 'abdfjlmoqsuvwyz'

Found 'o' at index 7 in 'abdfjlmoqsuvwyz
Did not find 'p' in 'abdfjlmogsuvwyz'

Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.



Beispiel: Bindre Suche

® Dann haben wir search gefunden —
es liegt an Index mid.

® Wir geben dieses Ergebnis aus (wobei
die !'r im f-String Anfiihrungszeichen
um unsere Strings machen).

® Nach dem Ausgeben dieser
Information verlassen wir die
while-Schleife mit break.

Was pasiert nun, wenn wir search
nicht finden, weil es nicht in data
drin ist?

CETTETN —S
[ )

"""Using a “while~®

data:

for search in ["a"
# Perform binary search to find
upper :
lower: int = 0
while lower < upper:

else:

str = "abdfjlmogsuvwyz"

loop to implement Binary Search."""

# A string of sorted characters.

W "z"]: # Search siz characters.
‘search” in “data’

# *Exclusive* upper indecx.

# Lowest possible index = 0 (inclusive).
# Repeat until lower >= upper.

@ o", "p

int = len(data)

mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).

mid_str: str = datal[mid] # Get the character at indez mid.

if mid_str < search: # If mid_str < search, them clearly...
lower = mid + 1 # ...the index of search must be < mid.

elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.

else: # If neither (mid_str < search) nor (mid_str > search)...

print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
# exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

| python3 while_loop_search.py |

Found ' at index 0 in 'abdfjlmoqgsuvwyz'
Did not find 'c' in 'abdfjlmoqsuvwyz'

Found 'o' at index 7 in 'abdfjlmogsuvwyz'.
Did not find 'p' in 'abdfjlmogsuvwyz'.
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.




Beispiel: Bindre Suche

® Wir geben dieses Ergebnis aus (wobei
die !'r im f-String Anfiihrungszeichen
um unsere Strings machen).

® Nach dem Ausgeben dieser
Information verlassen wir die
while-Schleife mit break.

Was pasiert nun, wenn wir search
nicht finden, weil es nicht in data
drin ist?

® Dann werden wir nichts ausgeben und
auch nie break machen.

CETTETN —S
[ ]

""'Using a “while' loop to implement

data: str = "abdfjlmogsuvwyz" # 4 s

for search in ["a", "c", "o", "p", "

W

Binary Search."""

tring of sorted characters.

"z" # Search siz characters.

# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly..
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.

else: # If neither (mid_st
print (£"Found {search!r}

break # Ezit while loop

else: # exzecuted if the while c
print (£"Did not find {search

< search) mor (mid_str > search)...
at index {mid} in {datal!rl}.")

and skip over while loop's else.
ondition is False; not after break
'r} in {data'r}.")

| python3 while_loop_search.py |

Found 'a' at index 0 in
Did not find 'c' in
Found 'o' at

'abdfjlmoqsuvuyz
index 7 in

'abdfjlmogsuvwyz

'abdfjlmoqsuvwyz

Did not find 'p' in 'abdfjlmogsuvwyz'
Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.




CETTETN —S

Beispiel: Bindre Suche

® Nach dem Ausgeben dieser
Information verlassen wir die
while-Schleife mit break.

® \Was pasiert nun, wenn wir search
nicht finden, weil es nicht in data
drin ist?

® Dann werden wir nichts ausgeben und
auch nie break machen.

® In jeder Iterattion wird aber entweder
lower groler oder upper kleiner.

o

"""Using a “while  loop to implement Binary Search.

data: str = "abdfjlmoqsuvwyz" # A string of sorted characters.

for search in ["a" c o "p W "z"]: # Search siz characters.
# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.

mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).

mid_str: str = datalmid] # Get the character at indez mid.

if mid_str < search: # If mid_str < search, then clearly..
lower = mid + 1 # ...the index of search must be < mid.

elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.

else: # If neither (mid_str < search) nor (mid_str > search)...
print (f"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

J python3 while_loop_search.py | o

Found 'a' at index 0 in
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in 'abdfjlmoqsuvwyz
Did not find 'p' in 'abdfjlmogsuvwyz'.

Found 'w' at index 12 in 'abdfjlmogsuvwyz'.
Found 'z' at index 14 in 'abdfjlmoqsuvwyz'.

'abdfjlmogsuvwyz




Beispiel: Bindre Suche

® \Was pasiert nun, wenn wir search
nicht finden, weil es nicht in data
drin ist?

® Dann werden wir nichts ausgeben und
auch nie break machen.

® In jeder Iterattion wird aber entweder
lower groler oder upper kleiner.

® |rgendwann muss also
lower < upper False werden.

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a", "c", "o", "p", "w

# Perform binary search to find
upper: int = len(data)
lower: int = 0
while lower < upper:
mid: int =
mid_str: data[mid]
if mid_str < search: # If
lower = mid + 1 # oL
elif mid_str > search: # If
upper = mid & oco
else: # If neither (mid_st
print (£"Found {search'r}
break # Ezit while loop
# exzecuted

str =

else:
print (£"Did not find {search!

| python3 while_loop_search.py |

Found 'a' at index O in 'abdfjlmogsuvwyz
Did not find 'c' in 'abdfjlmoqsuvwyz'
Found 'o' at index 7 in 'abdfjlmoqsuvwyz

Did not find
Found 'w' at
Found 'z' at

'p' in
index 12 in
index 14 in

# *Exclusive#*
# Lowest possible
# Repeat until
(lower + upper) // 2
# Get the character at indez mid.

. the

if the while condition

o

Binary Search.

# A string of sorted characters.

"z" # Search siz characters.
search” in “data’

upper index.

index = 0 (inclusive).
lower >= upper.

# Works ONLY in Python 3 :-).

mid_str < search,
indez
mid_str >

then clearly...
of search must be < mid.
search, then clearly...
the index of search must be > mid.
< search) mor (mid_str > search)...
at index {mid} in {datal!rl}.")

and skip over while loop's else.

is False; not after break
r} in {data!r}.")

'abdf jlmogsuvwyz '.
'abdf jlmogsuvwyz '.
'abdfjlmogsuvwyz '.




Beispiel: Bindre Suche

® Dann werden wir nichts ausgeben und
auch nie break machen.

® In jeder Iterattion wird aber entweder
lower groler oder upper kleiner.

® |rgendwann muss also
lower < upper False werden.

® Die Schleife beendet sich also normal,
weil ihre Schleifenbedingung False
wird.

"""Using a “while®

data: str = "abdfjlmogsuvwyz"

for search in ["a" c o

loop to implement Binary Search.

npt, oty

o

# A string of sorted characters.

"z" # Search siz characters.

# Perform binary search to find “search’ in “data’
upper: int = len(data) # *Exclusive* upper indecx.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, them clearly...
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.
else: # If neither (mid_str < search) nor (mid_str > search)...
print (£"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
else: # exzecuted if the while condition is False; not after break

print (£"Did not find {search!r} in {data!r}.")

i
| python3 while_loop_search.py | i

Found 'a' at index O in 'abdfjlmogsuvwyz'

Did not find 'c' in 'abdfjlmoqsuvwyz'.

Found 'o' at index 7 in 'abdfjlmoqsuvwyz'.

Did not find 'p' in 'abdfjlmogsuvwyz'.

index 12 in
index 14 in

Found 'w' at
Found 'z' at

'abdf jlmogsuvwyz '.
'abdf jlmogsuvwyz '.




CETTETN —S

Beispiel: Bindre Suche

® |n jeder lterattion wird aber entweder
lower groler oder upper kleiner.

® Irgendwann muss also
lower < upper False werden.

® Die Schleife beendet sich also normal,
weil ihre Schleifenbedingung False
wird.

® Dann und nur dann wird der Korper
des else-Statement am Ende der
Schleife ausgefiihrt.

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a" "c", "o L

"p

W

o

Binary Search.

# A string of sorted characters.

"z"]: # Search siz characters.

# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly..
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.

else: # If neither (mid_st
print (£"Found {search!r}
break # Ezit while loop

else: # ezecuted

if the while condition

< search) mor (mid_str > search)...
at index {mid} in {datal!r}.")

and skip over while loop's else.

is False; not after break

print (£"Did not find {search!r} in {data!r}.")

J python3 while_loop_search.py | o

Found 'a' at index 0 in
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in
Did not find 'p' in 'abdfjlmogsuvwyz
Found 'w' at index 12 in
Found 'z' at index 14 in

'abdfjlmogsuvwyz

'abdfjlmoqsuvwyz

'abdf jlmogsuvwyz '.
'abdfjlmogsuvwyz '.



Beispiel: Bindre Suche

® [rgendwann muss also
lower < upper False werden.

® Die Schleife beendet sich also normal,
weil ihre Schleifenbedingung False
wird.

® Dann und nur dann wird der Korper
des else-Statement am Ende der
Schleife ausgefiihrt.

Dann und nur dann geben wir aus,
dass wir den String search nicht
finden konnten.

el
L

"""Using a “while®

data:

for search in ["a"
# Perform binary search to find
upper :
lower: int = 0
while lower < upper:

else:

Found
Did not find 'c' in
'o' at
Did not find 'p' in
'w' at
'z' at

Found

Found
Found

str = "abdfjlmogsuvwyz"

loop to implement Binary Search."""

# A string of sorted characters.

w", "z"]: # Search siz characters.
‘search” in “data’

# *Exclusive* upper indecx.

# Lowest possible index = 0 (inclusive)
# Repeat until lower >= upper.

c o

"p

int = len(data)

mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).

mid_str: str = datal[mid] # Get the character at indez mid.

if mid_str < search: # If mid_str < search, them clearly...
lower = mid + 1 # ...the index of search must be < mid

elif mid_str > search: # If mid_str > search, then clearly..
upper = mid # ...the index of search must be > mid

else: # If neither (mid_str < search) nor (mid_str > search)..

print (£"Found {search!r} at index {mid} in {data!r}.")
break # Ezit while loop and skip over while loop's else.
# exzecuted if the while condition is False; not after break
print (£"Did not find {search!r} in {datal'r}.")

| python3 while_loop_search.py |

' at index 0 in
'abdfjlmoqsuvuyz
index 7 in 'abdfjlmoqsuvwyz
'abdf jlmogsuvwyz '.

index 12 in 'abdfjlmogsuvwyz'.
index 14 in 'abdfjlmogsuvwyz'.

'abdfjlmogqsuvwyz
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Beispiel: Bindre Suche

® Die Schleife beendet sich also normal,
weil ihre Schleifenbedingung False
wird.

® Dann und nur dann wird der Korper
des else-Statement am Ende der
Schleife ausgefiihrt.

® Dann und nur dann geben wir aus,
dass wir den String search nicht
finden konnten.

® Unsere bindre Suche funktioniert.

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a", "c", "o Ty, O

"p

o

Binary Search.

# A string of sorted characters.

w", "z"]: # Search stiz characters.

# Perform binary search to find “search’ in “data’
upper: int = len(data) # ¥Ezclusive* upper index.
lower: int = 0 # Lowest possible indez = 0 (inclusive).
while lower < upper: # Repeat wuntil lower >= upper.
mid: int = (lower + upper) // 2 # Works ONLY in Python 3 :-).
mid_str: str = datal[mid] # Get the character at indez mid.
if mid_str < search: # If mid_str < search, then clearly..
lower = mid + 1 # ...the index of search must be < mid.
elif mid_str > search: # If mid_str > search, then clearly...
upper = mid # ...the index of search must be > mid.

else: # If neither (mid_st
print (£"Found {search!r}
break # Ezit while loop

else: # ezecuted

if the while condition

< search) mor (mid_str > search)...
at index {mid} in {datal!rl}.")

and skip over while loop's else.

is False; not after break

print (£"Did not find {search!r} in {data!r}.")

J python3 while_loop_search.py | o

Found 'a' at index 0 in
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in
Did not find 'p' in 'abdfjlmogsuvwyz
Found 'w' at index 12 in
Found 'z' at index 14 in

'abdfjlmogsuvwyz

'abdfjlmoqsuvwyz

'abdf jlmogsuvwyz '.
'abdfjlmogsuvwyz '.
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Beispiel: Bindre Suche

® Dann und nur dann wird der Korper
des else-Statement am Ende der
Schleife ausgefiihrt.

® Dann und nur dann geben wir aus,
dass wir den String search nicht
finden konnten.

® Unsere bindre Suche funktioniert.

® Wow. Wir konnen schon ziemlich
coole Sachen implementieren.

"""Using a “while® loop to implement

data: str = "abdfjlmogsuvwyz"

for search in ["a" c o o)
# Perform binary search to find
upper: int = len(data)
lower: int = 0
while lower < upper:

mid: int =
mid_str: str = datalmid]
if mid_str < search: # If

lower = mid + 1 # oL
elif mid_str > search: # If

upper = mid & oco

else: # If neither (mid_st
print (£"Found {search!r}

break # Ezit while loop

else: # exzecuted if the while c
print (£"Did not find {search

(lower + upper) // 2
# Get the character at index mid.

o

Binary Search.

# A string of sorted characters.

w", "z"]: # Search stz characters.

‘search” in “data’

# *Exclusive* upper indecx.
# Lowest possible
# Repeat until

index = 0 (inclusive).
lower >= upper.
# Works ONLY in Python 3 :-).

mid_str < search, then clearly...

.the index of search must be < mid.

mid_str > search, then clearly...
the index of search must be > mid.
< search) mor (mid_str > search)...
at index {mid} in {datal!r}.")

and skip over while loop's else.
ondition is False; not after break
'r} in {data!r}.")

J python3 while_loop_search.py | o

Found 'a' at index 0 in
Did not find 'c' in 'abdfjlmoqsuvwyz
Found 'o' at index 7 in
Did not find 'p' in 'abdfjlmogsuvwyz
Found 'w' at index 12 in
Found 'z' at index 14 in

'abdfjlmogsuvwyz

'abdfjlmoqsuvwyz

'abdf jlmogsuvwyz '.
'abdfjlmogsuvwyz '.
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. Zusammenfassung <

® Wir beherrschen nun zwei Arten von Schleifen, die for- und die while-Schleife.




LT D NS LT VA R SERTVD. e e AR RN TN R - &
- Zusammenfassung

® Wir kdnnen mit continue zur nichsten lteration springen.

® Wir beherrschen nun zwei Arten von Schleifen, die for- und die while-Schleife. !
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- Zusammenfassung

® Wir beherrschen nun zwei Arten von Schleifen, die for- und die while-Schleife.

® Wir kdnnen mit continue zur nichsten lteration springen.

® \Wir konnen die Schleifen mit break beenden.
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Zusammenfassung

Wir beherrschen nun zwei Arten von Schleifen, die for- und die while-Schleife.

Wir kdnnen mit continue zur ndchsten lteration springen.

Wir konnen die Schleifen mit break beenden.

Wir konnen else am Ende benutzen, um eine Aktion auszufiihren, wenn die Schleife
normal terminiert hat.
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Zusammenfassung

Wir beherrschen nun zwei Arten von Schleifen, die for- und die while-Schleife.

Wir kdnnen mit continue zur ndchsten lteration springen.

Wir konnen die Schleifen mit break beenden.

Wir konnen else am Ende benutzen, um eine Aktion auszufiihren, wenn die Schleife
normal terminiert hat.

Wir kdénnen jetzt richtig coole Sachen machen.
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Zusammenfassung

Wir beherrschen nun zwei Arten von Schleifen, die for- und die while-Schleife.

Wir kdnnen mit continue zur ndchsten lteration springen.

Wir konnen die Schleifen mit break beenden.

Wir konnen else am Ende benutzen, um eine Aktion auszufiihren, wenn die Schleife
normal terminiert hat.
, Wir kdnnen jetzt richtig coole Sachen machen:

® Wir kénnen LIU Hui (##X) seine Methode zum Annihern von 7 beliebig oft in einer Schleife
ausfiihren.
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Zusammenfassung

Wir beherrschen nun zwei Arten von Schleifen, die for- und die while-Schleife.

Wir kdnnen mit continue zur ndchsten lteration springen.

=
[ ]

Wir konnen die Schleifen mit break beenden.

Wir konnen else am Ende benutzen, um eine Aktion auszufiihren, wenn die Schleife
normal terminiert hat.
Wir kdénnen jetzt richtig coole Sachen machen:

® Wir kénnen LIU Hui (##X) seine Methode zum Annihern von 7 beliebig oft in einer Schleife
ausfiihren.
® Wir kénnen Wurzeln mit dem Algorithmus von Heron berechnen.
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Zusammenfassung

Wir beherrschen nun zwei Arten von Schleifen, die for- und die while-Schleife.

Wir kdnnen mit continue zur nachsten Iteration springen.

Wir konnen die Schleifen mit break beenden.

Wir konnen else am Ende benutzen, um eine Aktion auszufiihren, wenn die Schleife
normal terminiert hat.
Wir kdénnen jetzt richtig coole Sachen machen:

® Wir kénnen LIU Hui (##X) seine Methode zum Annihern von 7 beliebig oft in einer Schleife
ausfiihren.

® Wir kénnen Wurzeln mit dem Algorithmus von Heron berechnen.

® Wir kdnnen bindre Suche implementieren.
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Zusammenfassung

® Wir beherrschen nun zwei Arten von Schleifen, die for- und die while-Schleife.
® Wir kdnnen mit continue zur nichsten lteration springen.
~ @ Wir kdnnen die Schleifen mit break beenden.
® \Wir kdnnen else am Ende benutzen, um eine Aktion auszufiihren, wenn die Schleife
normal terminiert hat.

® Wir konnen jetzt richtig coole Sachen machen:

® Wir kénnen LIU Hui (##X) seine Methode zum Annihern von 7 beliebig oft in einer Schleife
ausfiihren.

® Wir kénnen Wurzeln mit dem Algorithmus von Heron berechnen.

® Wir kdnnen bindre Suche implementieren.

® Das ist doch schon sehr nett.
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Thank youl
Vielen Dank!
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Glossary (in English) |

Bash is a shell used under Ubuntu Linux, i.e., the program that ,runs” in the terminal and interprets your commands, allowing you
to start and interact with other programs3:°2:9¢ | earn more at https://www.gnu.org/software/bash.

BCE The time notation before Common Era is a non-religious but chronological equivalent alternative to the traditional Before
Christ (BC) notation, which refers to the years before the birth of Jesus Christ*®. The years BCE are counted down, i.e., the

larger the year, the farther in the past. The year 1 BCE comes directly before the year 1 CE74/97,

C is a programming language, which is very successful in system programming situations2598:91
CE The time notation Common Era is a non-religious but chronological equivalent alternative to the traditional Anno
Domini (AD) notation, which refers to the years after the birth of Jesus Christ'®. The years CE are counted upwards, i.e., the
smaller they are, the farther they are in the past. The year 1 CE comes directly after the year 1 before Common Era
(BCE)74:°7
client In a client-server architecture, the client is a device or process that requests a service from the server. It initiates the

communication with the server, sends a request, and receives the response with the result of the request. Typical examples for
clients are web browsers in the internet as well as clients for database management systems (DBMSes), such as psql.

client-server architecture is a system design where a central server receives requests from one or multiple clients?54:5:69.72  These requests and
responses are usually sent over network connections. A typical example for such a system is the World Wide Web (WWW),
where web servers host websites and make them available to web browsers, the clients. Another typical example is the structure
of database (DB) software, where a central server, the DBMS, offers access to the DB to the different clients. Here, the client
can be some terminal software shipping with the DBMS, such as psql, or the different applications that access the DBs.

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

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


https://www.gnu.org/software/bash

Glossary (in English) Il

escape sequence

f-string

IT

Java

LAMP Stack

Linux

MariaDB

Microsoft Windows

Escaping is the process of presenting ,forbidden” characters or symbols in a sequence of characters or symbols. In Pythongz,
string escapes allow us to include otherwise impossible characters, such as string delimiters, in a string. Each such character is
represented by an escape sequence, which usually starts with the backslash character (,,\“)27. In Python strings, the escape
sequence \", for example, stands for ", the escape sequence \\ stands for \, and the escape sequence \n stands for a
newline or linebreak character. In Python f-strings, the escape sequence {{ stands for a single curly brace {. In
PostgreSQL®?, similar C-style escapes (starting with ,\") are supported®?!.

let you include the results of expressions in string514'33'34'36'59'76. They can contain expressions (in curly braces) like
£"a{6-1}b" that are then transformed to text via (string) interpolation, which turns the string to "a5b". F-strings are
delimited by £"...".

information technology

is another very successful programming language, with roots in the C family of languages*®55.

A system setup for web applications: Linux, Apache (a web server), MySQL, and the server-side scripting language PHP15:41

is the leading open source operating system, i.e., a free alternative to Microsoft Windows®40:75:87:89 \\/e recommend using
it for this course, for software development, and for research. Learn more at https://www.linux.org. Its variant Ubuntu is
particularly easy to use and install.

An open source relational database management system that has forked off from MySQL'2:6:26:57:70 gee
https://mariadb.org for more information.

is a commercial proprietary operating system2. It is widely spread, but we recommend using a Linux variant such as Ubuntu
for software development and for our course. Learn more at https://www.microsoft.com/windows.
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MySQL An open source relational database management system11'26'71'33'94. MySQL is famous for its use in the LAMP Stack. See
https://www.mysql.com for more information.

PostgreSQL An open source object-relational DBMS30:64:67,:83  gee https://postgresql.org for more information.
psql is the client program used to access the PostgreSQL DBMS server.

] Python The Python programming Ianguage42'53'56'92, i.e., what you will learn about in our book®2. Learn more at
g https://python.org.

relational database A relational DB is a database that organizes data into rows (tuples, records) and columns (attributes), which collectively form
tables (relations) where the data points are related to each other29:37:39,77,82,90,93

server In a client-server architecture, the server is a process that fulfills the requests of the clients. It usually waits for incoming
communication carring the requests from the clients. For each request, it takes the necessary actions, performs the reguired
computations, and then sends a response with the result of the request. Typical examples for servers are web servers® in the
internet as well as DBMSes. It is also common to refer to the computer running the server processes as server as well, i.e., to
call it the ,,server computer“so.
SQL The Structured Query Language is basically a programming language for querying and manipulating relational
databases!7:21723,43,60,78-80,82 ¢ s ynderstood by many DBMSes. You find the Structured Query Language (SQL)

commands supported by PostgreSQL in the reference”®.

-

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

)
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terminal

] Ubuntu

Unicode

WwWw

A terminal is a text-based window where you can enter commands and execute them®19, Knowing what a terminal is and
how to use it is very essential in any programming- or system administration-related task. If you want to open a terminal
under Microsoft Windows, you can Druck auf (28 ]+( R, dann Schreiben von cmd, dann Druck auf Under Ubuntu Linux,

(Ctrl]+[Alt]+[T ] opens a terminal, which then runs a Bash shell inside.

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

A standard for assigning characters to numbers?#89:88  The Unicode standard supports basically all characters from all
languages that are currently in use, as well as many special symbols. It is the predominantly used way to represent characters
in computers and is regularly updated and improved.

World Wide Web®24

is the ratio of the circumference U of a circle and its diameter d, i.e., # = U/d. @ € R is an irrational and transcendental
number31:45:63  \ hich is approximately 7 &~ 3.141 592 653 589 793 238 462 643. In Python, it is provided by the math module
as constant pi with value 3.141592653589793. In PostgreSQL, it is provided by the SQL function pi() with

value 3.141592653589793°2.

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

is Euler's numberzg, the base of the natural logarithm. e € R is an irrational and transcendental number31’45, which is

approximately e &~ 2.718 281 828 459 045 235 360. In Python, it is provided by the math module as constant e with
value 2.718281828459045. In PostgreSQL, you can obtain it via the SQL function exp(1) as value 2.718281828459045 58 .
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If f(z) = ©2(g(x)), then there exist positive numbers 2o € RT and ¢ € RT such that f(z) > c * g(z) > OV > 20*%47. In
other words, €2(g(z)) describes a lower bound for function growth.

If f(z) = O(g(x)), then there exist positive numbers zo € RT and ¢ € RT such
that 0 < f(z) < ¢ * g(z)Vz > 0394752 In other words, O(g(x)) describes an upper bound for function growth.

If f(z) = ©(g(x)), then f(z) = O(g(x)) and f(z) = 2(g(x))*®*7. In other words, ©(g(z)) describes an exact order of
function growth.

the set of the real numbers.

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

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.

g
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