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Mnoziny
00000

MnoZina — set

Jaky bude vypis?

>>> a = {1,2,3,3} (@) {1,2,3,3}
>>> print(a) (b) {1,2,3}

(c) {3,3}
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Mnoziny
00000

MnoZina — set

Jaky bude vypis?

>>> a = {1,2,3,3} (@) {1,2,3,3}
>>> print(a) (b) {1,2,3}

(c) {3,3}

Vyzkousejte sami:
e >>> a = set([1,2,3,3])
e >>> b = {}

>>> help(a)
>>> help(b)
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Mnoziny
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MnoZinové operace, a.union(b)

Jaky bude vypis?

>>> a = {1,2,3,3} 234

>>> b = {2,3,4} (a) {1,2,3,4}
>>c=a | b (b) {1,2,2,3,3,3,4}
>>> print(c) (o) {3}
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Mnoziny
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MnoZinové operace, a.intersection(b)

Jaky bude vypis?

>>> a = {1,2,3,3}

>>> b = {2,3,4} &) &)

>>c=aé&b (b) {2,3}

>>> print(c) (c) {1,2,2,3,3,2,3,4}
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Mnoziny
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MnoZina — set

o Vestavéné datové kontejnery — list, tuple, dict, set

e Prvky setu jsou:
e Unikatni — kazdy zastoupen max. jednou

e Neuspotrddané — poradi neni garantovano
e Neindexované — ale lze vyuZit operator in

e Neménné, hashovatelné (viz unikatnost)
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Mnoziny
[e]e]e] le]e]

MnoZina — set

o Vestavéné datové kontejnery — list, tuple, dict, set

e Prvky setu jsou:
e Unikatni — kazdy zastoupen max. jednou

e Neuspotrddané — poradi neni garantovano
e Neindexované — ale lze vyuZit operator in
e Neménné, hashovatelné (viz unikatnost)

e Set jako takovy ale m&nit miZeme
e set.add()

e set.remove()
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Mnoziny
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Kontrolni otazka

.| T
Kolik ¥adki je s chybou?
>>> s1 = {1, 2, ’'Hello’, 4}

. (a) zadny
>>s2 = {(1, 2), [3, 41} (b) 1
>>> s3 = {(1, 2), (3,), 4} (C) 2
>>> s4 = {{1, 2, 3}, 4} (d) 3
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Mnoziny
00000e

Neménny set — frozenset

e Specialni p¥ipad setu, nelze ménit

e Vlastnosti jako set
e ale neumi add(), remove(), ...

e 7 vestavénych Python objektd md nejbliz ke skute¢né konstanté

Pt¥iklad pouziti — kontrola pravidel

LEGAL_MOVES = frozenset( [ (0,1), (1,0), (1,1) 1)

p1 = MyPlayer ()
m = pl.move()

if m not in LEGAL_MOVES:
print( , m)

~NOoO O~ WN -
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List comprehensions
[ ele}

List comprehensions

o Kompaktni vytvofeni seznamu bez explicitniho bloku smy¢ky

o Ne&kdy se nazyva generatorovd notace, protoZe syntax je podobny
e ...ale generator je néco trochu jiného!
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List comprehensions
oeo

List comprehensions

list_comp_instant_generation.py — rychlé vytvoFeni seznamu

1 # sampling parabola x"2
a = [x**x2 for x in range(-10,10)]
print(a)

# sampling square root function sqrt(x)

# also with condition in the same command

b = [x*x0.5 for x in range(-10, 10) if x > 0]
print(b)

O~NO Ok WwWwN
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List comprehensions
ooe

List comprehensions

list_comp_instant_generation.py — vybér z existujicich dat

1 fruit = [’apple’, ’banana’, ’lemon’, ’plum’, ’watermelon’]

’ ’

3 # select items containing letter ’a
4 a = [f for f in fruit if ’'a’ in f]

5 print(a)
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Narozeninovy problém
@0000

Narozeninovy problém

e Skupina N osob

e Jaka je pravdépodobnost, Ze alespoii dva lidé maji
narozeniny ve stejny den?

e Pro jak velké N za¢ne byt pravdépodobnéjsi, Ze
alespofi jeden narozeninovy den neni unikatni?
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Narozeninovy problém
@0000

Narozeninovy problém

e Skupina N osob

e Jaka je pravdépodobnost, Ze alespoii dva lidé maji
narozeniny ve stejny den?

e Pro jak velké N za¢ne byt pravdépodobnéjsi, Ze
alespofi jeden narozeninovy den neni unikatni?

N

Zkusme programovat ,lin€" a vyuzit, co uZz zname ...
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Narozeninovy problém
(o] Jelele]

Narozeninovy problém

1 NUM_TRIALS = 1000

2 UPPER_LIMIT = 183

3

4 prob_matching_dates = {}

5

6 for group_size in range(2, UPPER_LIMIT):

7 prob_matching_dates[group_size] = 0.0

8

9 for trial in range (NUM_TRIALS):

10 birthday_dates = [random.randint(1,365) for i in range(group_size)]
11

12 if len(birthday_dates) != len(set(birthday_dates)):

13 prob_matching_dates[group_size] += 1.0 / NUM_TRIALS
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Narozeninovy problém
[e]e] Tele]

Narozeninovy problém

Result after 1000 simulations

1.04

0.9 4 ';
0.8 4

0.7 1

[-]

0.6

Probability
o
w

2
[
S
[ d
0.4 4 i
0.3 o
0.2 ;
[ 4
0.1+ j
0.0
0 25 50 75 100 125 150 175
Group size N [-]

birthday_problem.py - cely kéd v&etné grafiky
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Narozeninovy problém
[e]e]e] o]

e Rychle naprogramované
e Dobte Citelné

e V podstaté pfimo zadani, prepsané do Pythonu
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Narozeninovy problém
0000e

Result after 1000 simulations

P
/

=
=}
s

o
©
!

Potita se dlouho

[ ]
o
©
L

[ ]
o
N

N

Zbytecné vypotty?

[-]

Asi 80 procent!

Probability
o o
[C =Y

[ J
o
IS
L

Sta&i najit prvni tspéch

°
o o

®
~.Q~'

Efektivni algoritmus

c ©
o =
L L

25 50 75 100 125 150 175
Group size N [-]

o

Tomé¥ Svoboda / Katedra kybernetiky FEL CVUT / Python — Zékladni kameny az skaly 111 18 /60



Mg&Feni &asu
000000000000

Jak méFit efektivitu

Hledani slabych mist

Snaha o optimalizaci

Mé&reni doby béhu procesu

Vlastni €asovani kouskl kodu

Specializované nastroje na profilovani
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https://docs.python.org/3/library/profile.html

Mg&Feni ¢asu
0e0000000000

P¥iklad z pfedchozi prednasky

1 import random

2

3 class Memory:

4

5 def __init__(self, size):

6 self.size = size

7 self.data = []

8

9 def add(self, value):

10 self.data.append(value)

11 if len(self.data) > self.size:
12 del self.datalo]

13

14 def get_most_frequent(self):

15 return max(self.data, key=self.data.count)
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Mg&Feni ¢asu
0e0000000000

P¥iklad z pfedchozi prednasky

1 import random

2

3 class Memory:

4

5 def __init__(self, size):

6 self.size = size

7 self.data = []

8

9 def add(self, value):

10 self.data.append(value)

11 if len(self.data) > self.size:
12 del self.datalo]

13

14 def get_most_frequent(self):

15 return max(self.data, key=self.data.count)
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P¥iklad z pfedchozi prednasky

1 import random

2

3 class Memory:

4

5 def __init__(self, size):

6 self.size = size

7 self.data = []

8

9 def add(self, value):

10 self.data.append(value)

11 if len(self.data) > self.size:

12 del self.datalo]

13

14 def get_most_frequent(self): R z
15 return max(self.data, key=self.data.count) Rychle jen vypada
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i, neefektivni algoritmus

frequency_example.py — hledani nej¢astéjsiho prvku v poli

def get_most_frequent_element(data):
return max(data, key=data.count)

if __name__ == ' _ _main__
d1 = [’R’,’P’",’P"]
print(get_most_frequent_element(d1))

d2 = 8000 * ['R’,’P’,’P"]
print(get_most_frequent_element(d2))

©O~NOOTA WN -
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7
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asu — modul time

frequency_example_time.py

1 import time

2

3 def get_most_frequent_element(data):

4 return max(data, key=data.count)

5

6 if __name__ == ' _ _main__

7 d = 8000 x ['R’,’ P, P"]

8

9 t_start = time.perf_counter ()

10 print(get_most_frequent_element(d))
11 t_stop = time.perf_counter ()

12

13 print(’Elapsed time:’, t_stop - t_start, ’seconds’)
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asu — modul time

frequency_example_time.py

1 import time Prot je to tak pomalé?
2

3 def get_most_frequent_element(data):

4 return max(data, key=data.count)

5

6 if __name__ == ' _ _main__

7 d = 8000 x ['R’,’ P, P"]

8

9 t_start = time.perf_counter ()

10 print(get_most_frequent_element(d))

11 t_stop = time.perf_counter ()

12

13 print(’Elapsed time:’, t_stop - t_start, ’seconds’)
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asu — modul time

frequency_example_time.py

1 import time ‘ Prot je to tak pomalé? ‘
2

3 def get_most_frequent_element(data):

4 return max(data, key=data.count)

5

6 if __name__ == ' main__’: ‘ Dé&lame zbytetné vypotty! ‘
7 d = 8000 x ['R’,’ P, P"]

8

9 t_start = time.perf_counter ()

10 print(get_most_frequent_element(d))

11 t_stop = time.perf_counter ()

12

13 print(’Elapsed time:’, t_stop - t_start, ’seconds’)
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¢asu — modul time

M¢é¥en

frequency_example_time.py

1 import time ‘Proé je to tak pomalé?‘
2
3 def get_most_frequent_element(data):
4 return max(data, key=data.count)
5 ¥
6 if __name__ == '__main__" : ‘Déléme zbytetné V)'/pocv:ty!‘
7 d = 8000 x ['R’,’P’","P"]
8 Pro kaZdy prvek v data,
18 t_staEt = tlme.gerf_countir() ) projdi cely seznam data
print(get_most_frequent_element AR

a spotitej vyskyt tohoto prvk
11 t_stop = time.perf_counter () pocitey vysky prviu
12
13 print(’Elapsed time:’, t_stop - t_start, ’seconds’)
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asu — modul time

frequency_example_time_upgrade.py — vyuZijeme set

1 import time

2

3 def get_most_frequent_element(data):

4 return max(set(data), key=data.count)
5

6 if __name__ == ' _ _main__

7 d = 8000 x ['R’,’ P, P"]

8

9 t_start = time.perf_counter ()

10 print(get_most_frequent_element(d))
11 t_stop = time.perf_counter ()

12

13 print(’Elapsed time:’, t_stop - t_start, ’seconds’)
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¢asu — modul time

M¢é¥en

frequency_example_time_upgrade.py — vyuZijeme set

1 import time

2

3 def get_most_frequent_element(data):

4 return max(set(data), key=data.count)

5 ¥

6 if __name__ == ' _ _main__

7 d = 8000 x ['R’,’ P, P"]

8 4 Pro kaZdy prvek v set(data),
9 t_start = time.perf_counter () projdi cely seznam data
10 print(get_most_frequent_element(d)) e

1 t_stop = time.perf_counter () a spocitej vyskyt tohoto prvku
12

13 print(’Elapsed time:’, t_stop - t_start, ’seconds’)
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¢asu — modul time

M¢é¥en

measure_runtime_func.py — Funkce na monitorovani funkci

1 import time

2

3 def measure_runtime(some_function, function_args, num_repeats):
4 average_time = 0.0

5 for n in range(num_repeats):

6 t_start = time.perf_counter ()

7 some_function(*function_args)

8 t_stop = time.perf_counter ()

9 average_time += (t_stop - t_start) / num_repeats

10 return average_time
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measure_runtime_demo. py

1 from measure_runtime_func import measure_runtime

2

3 def generate_matrix_A(rows, cols, default_value):

4 return [[default_valuel] x cols] * rows

5

6 def generate_matrix_B(rows, cols, default_value):

7 matrix = []

8 for r in range(rows):

9 new_row = []

10 for ¢ in range(cols):

11 new_row.append(default_value)

12 matrix.append(new_row)

13 return matrix

14

15 if __name__ == ' _ _main__

16 args = (4500, 4500, -1)

17 t = measure_runtime(generate_matrix_A, args, num_repeats=10)
18 print(’Average time A: %.6f seconds’ % t)

19 t = measure_runtime(generate_matrix_B, args, num_repeats=10)
20 print(’Average time B: %.6f seconds’ % t)
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measure_runtime_demo. py

Mg&Feni ¢asu
000000800000

1 from measure_runtime_func import measure_runtime
2

3 def generate_matrix_A(rows, cols,

4 return [[default_valuel] x cols] * rows
5

6 def generate_matrix_B(rows, cols,

7 matrix = []

8 for r in range(rows):

9 new_row = []

10 for ¢ in range(cols):

11 new_row.append(default_value)
12 matrix.append(new_row)

13 return matrix

14

15 if __name__ == ' _ _main__':

16 args = (4500, 4500, -1)

17 t = measure_runtime(generate_matrix_A,
18 print(’Average time A: %.6f seconds’ %
19 t = measure_runtime(generate_matrix_B,
20 print(’Average time B: %.6f seconds’ %

Tomas Svoboda / Katedra kybernetiky FEL CVUT / Python — Zakladni kameny az skély 111

default_value):

‘ Co bude rychlejsi?

(A)

default_value):

(B)

args, num_repeats=10)
t)
args, num_repeats=10)
t)
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measure_runtime_demo. py

1 from measure_runtime_func import measure_runtime

2

3 def generate_matrix_A(rows, cols, default_value):

4 return [[default_valuel] * cols] * rows

5

6 def generate_matrix_B(rows, cols, default_value):

7 return [[default_value] x cols for _ in range(rows)]

8

9 if __name__ == ' _ _main__

10 args = (4500, 4500, -1)

11 t = measure_runtime(generate_matrix_A, args, num_repeats=10)
12 print(’Average time A: %.6f seconds’ % t)

13 t = measure_runtime (generate_matrix_B, args, num_repeats=10)
14 print(’Average time B: %.6f seconds’ % t)
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V8echno ma svoji cenu, jak vypadaji data v paméti?

Python 3.6 Print output (drag lower right corner to resize)
known limitations [ry, 1, 11, [1, 1, 111
[ri, 9, 11, 1, 9, 111
a = [[1]*3]*2

print(a) 4
ale][1] =9 Frames Objects
print(a)
. Global frame list
Edit this code 0 2
line that just executed a 1 1

== next line to execute

<< First <Prev

Done running (4 steps)
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V8echno ma svoji cenu, jak vypadaji data v paméti?

Python 3.6 Print output (drag lower right corner to resize)
known limitations (i, 1, 1, 11, 1, 1]
[ry, 9, 11, I[1, 1, 111

matrix = []
for r in range(2):

P
row = [] Frames Objects
for c in range(3):
row.append(1) Global frame list

matrix.append(row) matrix

=
print(matrix)

matrix[0]1[1] = 9 row
print(matrix) c

Edit this code

line that just executed
=> next line to execute
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V8echno ma svoji cenu, jak vypadaji data v paméti?

Python 3.6 Print output (drag lower right corner to resize)
known limitations [, 1, 11, 11, 1, 111
[ri, 9, 11, 11, 1, 111

matrix = []
for r in range(2):

&
row = [1]1*3 Frames Objects
matrix.append(row)

Global frame list
print(matrix) matrix  «

matrix[0] [1] = 9

ri1
print(matrix)

row
Edit this code

line that just executed
= next line to execute

<< First <Prev

Done running (11 steps)
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Modul timeit

e VZe co jsme si doposud ukdzali (a mnohem vic)

Spousténi z p¥ikazového ¥adku

Spou¥téni uvnit¥ .py programu

Kéd k analyze musi dostat jako string

e B&hem mé¥eni vypind Garbage Collector — konzistence
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Vsuvka — ovladani Garbage Collectoru

Lze délat i ru¢né

>>> import gc
>>> gc.disable()
>>> gc.enable()
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Vsuvka — ovladani Garbage Collectoru

Lze délat i rué¢né

>>> import gc
>>> gc.disable()
>>> gc.enable()

.
I

Na vlastni nebezpedi...
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Modul timeit

1 import timeit

2

3 def generate_array_A(rows, cols, default_value): timeitidemO.py
4 return [[default_value] * cols] * rows

5

6 def generate_array_B(rows, cols, default_value):

7 array = []

8 for r in range(rows):

9 new_row = []

10 for ¢ in range(cols):

11 new_row.append(default_value)

12 array.append(new_row)

13 return array

14

15 if __name__ == ' _ _main

16 NUM_TRIALS = 10

17 a = timeit.timeit( generate_array_ A(

18 setup=’fron main A,
19 number=NUM_TRIALS)

20

21 b = timeit.timeit( generate ra

22 setup=""fr o s
23 number=NUM_TRIALS)

24

25 print(f"A \: {( 6f} seconds")

26 print(f"A B: { 6f} seconds")
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Generatory
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Generdtory

Efektivni zpusob jak vyrabét sekvence pro smy&ky

Lepsi nez: vytvof seznam, potom pres néj iteruj

Kazdy prvek vznikne, az kdyZ ho pottebujeme

7

Mensi zat&Z na pamét

Zptehlednéni programu
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Generatory
0Oe00000

Generdtory; fib_generator.py — vypis N prvki Fibonacciho posloupnosti

FOZOaFIZ]-aFn: n—1+Fn—2

def generate_fib(n):
a, b = (o, 1)
for i in range(n):
yield a
a, b= (b, a+ b)

if __name__ == ' __main__"’:

for num in generate_fib (10):
print (num)

O OO ~NOOT P WN -

Krokujte v pythontutor.com.

Toma¥ Svoboda / Katedra kybernetiky FEL CVUT / Python — Zakladni kameny az skaly 111 42 /60



Generatory
[e]e] lelelele]

Generatory — co déla yield

Podobné pouZiti jako return

P¥edavéani hodnot ven z funkce/metody

Blok obsahujici yield bude vracet objekt typu generator

K samotnym prvkim z generdtoru se dostaneme pres for nebo next
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Generatory
[e]e]e] lelele]

Generdtory — ukazky pouZiti

generator_demo. py

1 def squared_sequence(start, stop, step=1):

2

O~NO Ol bW

9
10
11
12
13
14
15

if

num = start

while num < stop:
yield num *x 2
num += step

__hame__ == ' __main__
s = squared_sequence(3, 16, 1)
print(s)

print(type(s))

print(next(s)) # vygeneruj jeden novy prvek
print(next(s))

print(list(s)) # generator lze prevest na list,
s = squared_sequence(3,16,1)

print (next(s))
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Generatory
[e]e]e] lelele]

Generdtory — ukazky pouZiti

generator_demo. py

1 def squared_sequence(start, stop, step=1):

2

O~NO Ol bW

9
10
11
12
13
14
15

if

num = start

while num < stop:
yield num *x 2
num += step

__hame__ == ' __main__
s = squared_sequence(3, 16, 1)
print(s)

print(type(s))
print(next(s)) # vygeneruj jeden novy prvek
print(next(s))

print(list(s)) # generator lze prevest na list,
s = squared_sequence(3,16,1)

print (next(s))

Co se stane zde? |
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Generatory
[ee]ele] Tele]

Generdtory — generatorova notace

generator_comprehension.py

1 def squared_sequence(start, stop, step=1):
2 num = start

3 while num < stop:

4 yield num xx 2

5 num += step

6

7 if __name__ == ' _ _main__

8

9 s1 = squared_sequence (10, 15, 2)

10 s2 = (xx*2 for x in range (10, 15, 2))
11

12 ri = s1 == s2

13 r2 = list(s1) == list(s2)

14

15 print(r1, r2)
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Generatory
[ee]ele] Tele]

Generdtory — generatorova notace

generator_comprehension.py

1 def squared_sequence(start, stop, step=1):

2 num = start

3 while num < stop: 5 .

4 yield num xx 2 Jaky bude vypis?
5 num += step

6

7 if __name__ == ' __main__’: (a) Uil Wil

8 (b) True, False

9 s1 = squared_sequence (10, 15, 2)

10 s2 = (xx*2 for x in range(10, 15, 2)) (C) False, True

11

12 Fo= sl == s2 (d) False, False
13 r2 = list(s1) == list(s2)

14

15 print(rl, r2)
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Generatory
0O0000e0

Funkce range()

Pasivné zname, aktivné pouZivame " "
Co je r za objekt?

1 for i in range(-10, 10): (a) Generator
2 print (i**2) (b) List

3

4 r = range(0, 20) (c) Tuple

5 print(type(r)) (d) Range
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Generatory
O00000e

Objekt range

e Range neni generator ani tuple, ale néco mezi tim...

e Nemé&nna sekvence
e Lze iterovat (vickrat)

e Nema next(), ma indexy

v

e Prvky vytvati, aZz kdyz je potfebujeme

e Mensi spotfeba paméti
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Piskvorky

Piskvorky
000000000

Q)

O

O

https://cs.wikipedia.org/wiki/Piskvorky
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https://cs.wikipedia.org/wiki/Piškvorky

Piskvorky
0@0000000

Dekompozice problému

X7 YL

Snaha rozloZit sloZity problém na jednodu3¥i &3sti

IdedIné tak jednoduché, Ze implementace je trividln{

Prvni verze kédu stejné obvykle nepreZije

Je snadnéjsi zlepSovat &asti, nez rozkopat celek
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Piskvorky
[e]e] lelele]ele]e)

Piskvorky — pomocné logické funkce

Vraci True nebo False

Jednoducha operace, kterou ale potfebujeme €asto

Zptehlediiuji hlavni ideu algoritmu

Volani funkci v Pythonu neni zadarmo...

e ...ale program obvykle zpomaluji spi$ jiné véci

if is_in_board(pos):
VS.
if pos[@] >= @ and pos[@] < 10 and pos[1] >= @ and pos[1] < 10:
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Piskvorky — pfiklady logickych funkci

e is_empty(pos)
e is_full(pos)
e is_winning(pos)

e is_on_board(pos)
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Piskvorky
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Piskvorky
[e]e]e]e] le]elele)

Piskvorky — objektové orientovany navrh

import board, random
from shared import TTT.cfg

1
2
3
4 class BasePlayer:

5 def __init__(self, mine_sym, opp_sym):
6 self.sym = mine_sym

7 self.opp_sym = opp_sym

8 self.empty_sym = TTTcfg.EMPTY_SYM

9 self.board = board.Board()

10

11 def play(self, matrix):

12 self.board.update(matrix)

13 possible_moves = list(self.board.empty_positions())
14 return self.choose_move(possible_moves)
15

16 def choose_move(self, moves):

17 raise NotImplementedError

18

19 class RandomPlayer (BasePlayer):

20 def choose_move(self, moves):

21 return random.choice(moves)
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Piskvorky
00000e000

Piskvorky — prace s herni plochou

Hra ndm preda aktudlni stav jako 2D pole (list of lists)
Izolujeme nastroje, které se tykaji p¥imo hraci plochy
Udélame si wrapper — objekt s pomocnymi funkcemi
make_copy () — pozor na mélké kopie!

__str__() — pro Citelngjsi vypis

is_move_valid(pos)

is_move_winning(pos)

empty_positions() — vhodny kandidat na generator?
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Piskvorky — nepatrné lepsi volba tahu
1
2
3
4
5
6
7
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def empty_positions(self):
empty_fields = []
for r in range(self.size):
for ¢ in range(self.size):
if self.is_empty(r,c):
empty_fields.append((r,c))
return empty_fields

GO~ WN =

Piskvorky
000000800

def empty_positions(self):
for r in range(self.size):
for c in range(self.size):
if self.is_empty((r,c)):
yield r,c
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Piskvorky
000000080

Piskvorky — Greedy a Blocking

1 class EvalPlayer(BasePlayer):

2 def choose_move(self, valid_moves):

3 return max(valid_moves, key=self.evaluate)

4 def evaluate(self, move):

5 raise NotImplementedError (f"Implement evaluate() in {self.__class__.__name__
6

7 «class GreedyPlayer(EvalPlayer):

8 def evaluate(self, move):

9 return len(self.board.longest_sequence(move, self.sym))

10

11 class BlockingPlayer (EvalPlayer):

12 def evaluate(self, move):

13 return len(self.board.longest_sequence(move, self.opp_sym))
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Piskvorky
00000000e

Diky za pozornost

Jaka byla dnes rychlost vykladu?

(A) PFist& pridejte.

(B) Tak akorét.

(C) Prosim zpomalte.

(D) Ona uZ ptednaska skonila?
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Piskvorky
00000000e

Diky za pozornost

Dnesni latka pro vas byla:

(A) Lehka az trivialni.
(B) Tak akort.
(C) Te&zka, ztracel/a jsem se.

(D) ...
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