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Datové typy

v Pythonu

» Jednoduché typy: (primitive data type)
» celé Cislo, realné Cislo, logicka hodnota,

» Slozené typy / datové struktury: (composite/compound
data type, data structures)

> fetézec, n-tice (tuple), pole
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Slozené typy / datové struktury

» Hierarchicky sdruzuji data

» Slouzi k organizaci dat, souvisejici data jsou ulozena a
manipulovana spolu
» Pro zvyseni efektivity programovani i vykonavani
» Operace na datovych strukturach
> Vytvoreni
» Cteni jednotlivych slozek (elementii)
» Modifikace jednotlivych slozek
» Vyhledavani
» Pridavani, odebirani, ...
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Pole

(Array)

» Obsahuje N elementd (objekti,prvki)

» Primy pfistup (random access) pomoci indexii
» Pro cCteni i zapis
» V konstantnim case
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Pole v Pythonu

> Vytvoreni
>>> a=[0.3,0.6,0.1]
>>> a
[0.3, 0.6, 0.1]
» Cteni prvku
>>> al1]
0.6
>>> al[0]
0.3

@ V Pythonu ma prvni prvek index 0.
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Pole v Pythonu

> Vytvoreni
>>> a=[0.3,0.6,0.1]
>>> a
[0.3, 0.6, 0.1]
» Cteni prvku
>>> al1]
0.6
>>> al[0]
0.3
» Zmeéna prvku
>>> a[2]=1.5
>>> a
[0.3, 0.6, 1.5]

@ V Pythonu ma prvni prvek index 0.
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Pole bez poli

> Vytvoreni

>>> a0=0.3 ; al=0.6 ; a2=0.1
» Cteni prvku

>>> al

0.6

>>> a0

0.3
» Zmeéna prvku

>>> a2=1.5
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S polem je to pohodIngjsi. ..

» Operace s celym polem
a=[0.3,0.6,0.1]
print(a)

[0.3, 0.6, 0.1]

» Index mize byt vyraz
s=0.
for i in range(3):

s+=al[il
print ("al[%dl=%f" % (i,alil))
print(s)
a[0]=0.300000
a[1]1=0.600000
a[2]=0.100000
0.9999999999999999
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Pole riznych typi

a=[0.3,0.6,0.1]
print(al0])

0.3
b-[3,1,4,1,5,9,2]
print(b[2])

4
barvy=["srdce","listy","kule","Zaludy"]
print (barvy[3])
Zaludy
bits=[True,Falsel
print(bits)
[True, False]

@ Homogenni pole = viechny prvky jsou stejného typu.
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Funkce a pole

Unarni operace

>>> a=[0.3,0.6,0.1]
>>> print(a)

[0.3, 0.6, 0.1]

>>> len(a)

3

>>> sum(a)
0.9999999999999999
>>> max(a)

0.6

>>> bits=[True,False]
>>> all(bits)
False

>>> any(bits)

True
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Funkce a pole

Binarni operace

Spojovani, opakovani
>>> a=[0.3,0.6,0.1]

>>> b=[0.7,0.9]
>>> a+b

[0.3, 0.6, 0.1, 0.7, 0.9]
>>> b*3

(0.7, 0.9, 0.7, 0.9, 0.7, 0.9]
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Vytvoreni pole

> Vyctem

>>> a=[0.3,0.6,0.1]
» opakovanim prvki

>>> a=10%[0]

Opakovani pouzivejte pouze pro primitivni nebo neménné
typy.
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Vytvoreni pole

> Vyctem

>>> a=[0.3,0.6,0.1]
» opakovanim prvki

>>> a=10%*[0]

Opakovani pouzivejte pouze pro primitivni nebo neménné
typy.

>>> a=3*[[1,2]]

>>> a

[(C1, 21, [1, 2], [1, 2]1]
>>> al[1][0]=10

>>> a

([10, 21, [10, 2], [10, 2]]
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Vytvoreni pole (2)

» z posloupnosti
>>> list(range(1,11))
[1> 2, 3: 4; 5: 65 7: 85 9: 10]

@ V Pythonu se tento druh pole jmenuje list
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Vytvoreni pole (2)

» z posloupnosti
>>> list(range(1,11))
[1> 2: 3: 4; 5: 6: 7: 85 9: 10]

@ V Pythonu se tento druh pole jmenuje list

» pridavanim na konec

a=[]

for i in range(10):
a+=[0.0]

print(a)

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0]

Pridavani maze byt ¢asové narocné.

@V jinych jazycich je délka pole pevna.
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Vytvoreni pole (3)

» vyrazem (list comprehension)
>>> [i for i in range(1,11)]
(1, 2, 3, 4, 5, 6, 7, 8, 9, 10]

>>> [i*i for i in range(1,11)]
[1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

>>> [0. for i in range(1,11)]
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0]

Elegantni, ale specialita Pythonu — nemusite si pamatovat.
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Indexace
x[i]

> /-ty prvek x

» pro sekvenni typy: pole, fetézce, n-tice

15/68



Indexace

x[i]
> /-ty prvek x
» pro sekvenni typy: pole, fetézce, n-tice

a=[2,7,1]
print(al2])
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Indexace

x[i]
> /-ty prvek x
» pro sekvenni typy: pole, fetézce, n-tice
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Indexace

x[i]
> /-ty prvek x
» pro sekvenni typy: pole, fetézce, n-tice

a=[2,7,1]
print(al2])

1

s="Ferda"
print(s[2])
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Indexace

x[i]
> /-ty prvek x
» pro sekvenni typy: pole, fetézce, n-tice

a=[2,7,1]
print(al2])

1

s="Ferda"
print(s[2])

r
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Indexace

x[i]
> /-ty prvek x
» pro sekvenni typy: pole, fetézce, n-tice

a=[2,7,1]
print(al2])

1

s="Ferda"
print(s[2])

r

t=(1,2)
print (£ [0])

1
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Indexace (2)

Zaporné indexy

Specialita Pythonu — nemusite si pamatovat.

x[i] proi <0
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Indexace (2)

Zaporné indexy

Specialita Pythonu — nemusite si pamatovat.

>>>
>>>
(6,
>>>

>>>

>>>

x[i] proi <0
x[i]l=x[len(x)+i]

a=[6,7,5,2,9]
a

7, 5, 2, 9]
al-1]

al2]

al[-2]
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Rezy pole

(array slicing)

Specialita Pythonu — nemusite si pamatovat.

x[i:j] = [x[i],x[i+1],...,x[j-1]]

Priklad:

a=[6,7,5,2,9]
print(al2:4])

17/68



Rezy pole

(array slicing)

Specialita Pythonu — nemusite si pamatovat.
x[i:3] = [x[1],x[i+1],...,x[j-1]]
Priklad:

a=[6,7,5,2,9]
print(al2:4])

(5, 2]
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Rezy pole (2)

(vynechané argumenty)

x[i:]=x[i:len(x)]
x[:j1=x[0:3]
x[:]1=x[0:1len(x)]=x

a=[6,7,5,2,9]
print(al:3])
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Rezy pole (2)

(vynechané argumenty)

x[i:]=x[i:len(x)]
x[:j1=x[0:3]
x[:]1=x[0:1len(x)]=x

a=[6,7,5,2,9]
print(al:3])

(6, 7, 5]
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Rezy pole (2)

(vynechané argumenty)

x[i:]=x[i:len(x)]
x[:j1=x[0:3]
x[:]1=x[0:1len(x)]=x

a=[6,7,5,2,9]
print(al:3])

(6, 7, 5]

print(al-2:1)
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Rezy pole (2)

(vynechané argumenty)

x[i:]=x[i:len(x)]
x[:j1=x[0:3]
x[:]1=x[0:1len(x)]=x

a=[6,7,5,2,9]
print(al:3])
6, 7, 5]
print(al-2:1)
[2, 9]
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Rezy pole (2)

(vynechané argumenty)

x[i:]=x[i:len(x)]
x[:j1=x[0:3]
x[:1=x[0:1len(x)]=x

a=[6,7,5,2,9]
print(al:3])

(6, 7, 5]

print(al-2:]1)
[2, 9]

s="Rakousko"
print(s[3:]1)

ousko
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Priklad: Jména dni v tydnu

Ukol: prevedte i € {0,...,6} na jméno dne.

def jmeno_dne(i):

if i==0:

return "pondéli"
elif i==1:

return "utery"
elif i==2:

return "streda"
elif i==3:

return "Ztvrtek"
elif i==4:

return "patek"
elif i==b:

return "sobota"
elif i==6:

return "nedéle"
else:
return "777"
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Priklad: Jména dni v tydnu (2)

print (jmeno_dne(3))

ctvrtek
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Priklad: Jména dni v tydnu (3)

Reseni pomoci pole

jmena_dni=["pond&li","atery","stfeda","Ctvrtek",
"patek","sobota","ned&le"]

print (jmena_dni[3])
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Priklad: Jména dni v tydnu (3)

Reseni pomoci pole

jmena_dni=["pond&li","atery","stfeda","Ctvrtek",
"patek","sobota","ned&le"]

print (jmena_dni[3])

ctvrtek

def jmeno_dne(i):
return jmena_dni[i]

print (jmeno_dne(3))
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Priklad: Jména dni v tydnu (3)

Reseni pomoci pole

jmena_dni=["pond&li","atery","stfeda","Ctvrtek",
"patek","sobota","ned&le"]

print (jmena_dni[3])

ctvrtek

def jmeno_dne(i):
return jmena_dni[i]

print (jmeno_dne(3))

ctvrtek

Uzavorkovany vyraz Ize rozdélit na vice radek.
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Priklad: primér a smérodatna odchylka
Odhad ze vzorki

N

N
1 1
SN o= g 2 )
1=

i=1

def mean(v):
"Calculate a mean of a vector"

s=0.
for i in range(len(v)):
s+=v[il]

return(s/len(v))

@ Retézec za hlavickou funkce slouzi k dokumentaci. Lze ho
zobrazit pfikazem help(mean).
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Priklad: primér a smérodatna odchylka (2)

1 < 1
MX:NZX,', Ox = N_lz(xi—ux)2
i=1 j

import math

def stdev(v):
"Calculate a corrected sample standard deviation"
m=mean (v)
s=0.
for i in range(len(v)):
s+=(v[i]-m)**2
return math.sqrt(s/(len(v)-1))
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Priklad: primér a smérodatna odchylka (3)

Vypocitdame i, o pro x; = 0,..., x3001 = 1000
a=list(range(1001))
print("mean=",mean(a)," sigma=",stdev(a))
mean= 500.0 sigma= 289.10811126635656

Pro spojitou uniformni distribuci [0,1000] je

— _ 1000
j1 =500 a0 = 299 ~ 288.67.
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Pole jako argument cyklu

Praimér podruhé

Misto
def mean(v):
"Calculate a mean of a vector"

s5=0.
for i in range(len(v)):
s+=v[il]

return(s/len(v))
Miizeme psat
def mean(v):
"Calculate a mean of a vector"
s=0.
for x in v:
st+=Xx
return(s/len(v))

@ Argumentem cyklu for je sekvence, napiiklad pole.
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Pole jako argument cyklu (2)

Vysledek je stejny
def mean(v):
"Calculate a mean of a vector"
s=0.
for x in v:
st=Xx
return(s/len(v))

a=list(range(1001))

print ("mean=",mean(a))
mean= 500.0
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Pouziti funkci pole

Pramér potreti

Misto:

def mean(v):
s=0.
for x in v:
st=X
return(s/len(v))

Miizeme psat

def mean(v):
"Calculate a mean of a vector"
return(sum(v)/len(v))

Pokud mizete, pouzivejte existujici funkce.
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Pouziti funkci pole (2)

Smérodatna odchylka podruhé

Misto:

def stdev(v):
"Calculate a corrected sample standard deviation"
m=mean (v)
s=0.
for i in range(len(v)):
s+=(v[i]-m)**2
return math.sqrt(s/(len(v)-1))

MuazZeme psat
def stdev(v):
"Calculate a corrected sample standard deviation"
m=mean (v)
s=sum([(x-m)**2 for x in v])
return math.sqrt(s/(len(v)-1))
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Pouziti funkci pole (2)

def stdev(v):
"Calculate a corrected sample standard deviation"
m=mean (v)
s=sum([(x-m)**2 for x in v])
return math.sqrt(s/(len(v)-1))

Ize dale zkratit

def stdev(v):
return math.sqrt(sum([(x-mean(v))**2 for x in v])/
(len(v)-1))
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Pouziti funkci pole (2)

def stdev(v):
"Calculate a corrected sample standard deviation"

m=mean (v)
s=sum([(x-m)**2 for x in vJ])
return math.sqrt(s/(len(v)-1))

Ize dale zkratit

def stdev(v):
return math.sqrt(sum([(x-mean(v))**2 for x in v])/
(len(v)-1))

Vysledek se nezménil
print("mean=",mean(a)," sigma=",stdev(a))
mean= 500.0 sigma= 289.10811126635656

Zkracovani mtize zhorsit srozumitelnost kédu.
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Priklad: Nahodna permutace

Vytvorte ndhodnou permutace ¢isel 0,1,..., N —1
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Priklad: Nahodna permutace

Vytvorte ndhodnou permutace ¢isel 0,1,..., N —1
Myslenka
» Ulozime do pole pocateéni permutaci 0,1,..., N —1

» Budeme vyménovat vzdy dva prvky
» Aktualni prvek i = 0,..., N — 2 vyménime s nahodné
vybranym prvkem na pozici j=1i,i+1,...,N—1
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Priklad: Nahodna permutace (2)

import random

def permutation(n):
"Create a random permutation of integers 0..n-1"
p=list(range(n))
for i in range(n-1):
r=random.randrange(i,n)
temp=p [r]
plrl=pli]
plil=temp
return(p)
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Priklad: Nahodna permutace (3)

Vyzkousime:

print (permutation(10))

(2, 6, 5, 3, 1, 9, 8, 4, 7, 0]
print (permutation(10))

(o, 4, 3, 2,7,8,1, 6,5, 9]
print (permutation(10))

[8, 5, 0, 9, 2, 3,7, 1, 4, 6]
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Kontrolni tisky

Jak to vlastné funguje

def permutation(n):
"Create a random permutation of integers 0..n-1"
p=list(range(n))
print("p=",p)
for i in range(n-1):
r=random.randrange (i,n)
temp=p [r]
plrl=plil
plil=temp
print("i=yd r=Y%d p=%s" % (i,r,str(p)))
return(p)

permutation(5)
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Kontrolni tisky (2)

p= [0, 1, 2, 3, 4]

0 r=3 p=[3, 1, 2, 0, 4]
1 r=3 p=[3, 0, 2, 1, 4]
=2 r=3 p=[3, 0, 1, 2, 4]
3 r=3 p=[3, 0, 1, 2, 4]

B

Toto je velmi obecna a uzite€na technika ovéreni funkénosti
programl.
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Permutace pole

Vytiskneme prvky pole v ndhodném poradi:

barvy=["srdce","listy","kule","Zaludy"]
p=permutation(len(barvy))

for i in range(len(barvy)):
print (barvy[p[il])
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Permutace pole

Vytiskneme prvky pole v ndhodném poradi:

barvy=["srdce","listy","kule","Zaludy"]
p=permutation(len(barvy))

for i in range(len(barvy)):
print(barvy[p[i]])
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Permutace pole

Vytiskneme prvky pole v ndhodném poradi:

barvy=["srdce","listy","kule","Zaludy"]
p=permutation(len(barvy))

for i in range(len(barvy)):
print(barvy[p[i]])

zaludy

kule

listy

srdce

Pole v novém poradi:

print ([ barvy[i] for i in p])
['Zaludy', 'kule', 'listy', 'srdce'l
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Priklad: Hazeni dvéma kostkami

Jaka je pravdépodobnost, ze padne soucet s?
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Priklad: Hazeni dvéma kostkami
Jaka je pravdépodobnost, ze padne soucet s?

P(s) = pocet pfiznivych 6 — [s — 7|

pocet celkem 62

pocet moznosti  P(s)

1 0.028
0.056
0.083
0.111
0.139
0.167
0.139
0.111
0.083
0.056
0.028

s
2
3
4
5
6
7
8

9
10
11
12

R NN WS OTO G 0N
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Simulace hazeni dvéma kostkami

import random

h=[0]*13 # cCetnost wvyskytu soultu h/[s]
n=100000

# Simulace n dvojic hodi
for i in range(n):
x=random.randrange (1,7)
y=random.randrange (1,7)
S=Xx+y
h[s]+=1

Soubor dve_kostky.py
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Simulace hazeni dvéma kostkami (2)

# Tisk vyslednych pravdépodobnostt
for s in range(2,13):
anal=(6-abs(s-7))/36
simul=h[s]/n
print("s=%2d P(s)=analyticky %0.3f "
"simulace %0.3f chyba %6.3f" 7
(s,anal,simul,anal-simul))

Soubor dve_kostky.py
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Simulace hazeni dvéma kostkami (2)

Terminal> python3 dve_kostky.py

P(s)=analyticky
P(s)=analyticky
P(s)=analyticky
P(s)=analyticky
P(s)=analyticky
P(s)=analyticky
P(s)=analyticky
P(s)=analyticky
P(s)=analyticky
P(s)=analyticky
P(s)=analyticky

O OO OO OO OO oo

.028
.056
.083
.111
.139
.167
.139
.111
.083
.056
.028

simulace
simulace
simulace
simulace
simulace
simulace
simulace
simulace
simulace
simulace
simulace

O OO OO OO OO OO Oo

.028
.056
.082
.111
.138
.167
.139
.112
.083
.055
.028

chyba
chyba
chyba
chyba
chyba
chyba
chyba
chyba
chyba
chyba
chyba

.000
.001
.002
.000
.001
.001
.001
.001
.000
.000
.000
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Hodnoty a reference
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Hodnotova semantika

(value semantics)

» U objektu je dilezita hodnota, nikoliv identita. Proménna
reprezentuje hodnotu.

» Primitivni typy v Pythonu se chovaji jako hodnoty (values)
> Prifazeni vytvofi novy objekt.

a=7

b=a

a=6

print(a)
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Hodnotova semantika

(value semantics)

» U objektu je dilezita hodnota, nikoliv identita. Proménna
reprezentuje hodnotu.

» Primitivni typy v Pythonu se chovaji jako hodnoty (values)
> Prifazeni vytvofi novy objekt.

a=7

b=a

a=6

print(a)

6

print(b)
-
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Referenéni semantika

(reference semantics)

» Proménna typu pole je referenci/odkazem (reference,link)
> Prifazeni vytvofi novy odkaz na existujici objekt.
a=[7,3]
b=a
al[1]=6
print(a)
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Referenéni semantika

(reference semantics)

» Proménna typu pole je referenci/odkazem (reference,link)
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a=[7,3]
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Referenéni semantika

(reference semantics)

» Proménna typu pole je referenci/odkazem (reference,link)
> Prifazeni vytvofi novy odkaz na existujici objekt.

a=[7,3]

b=a

al[1]=6

print(a)

[7, 6]

print (b)

[7, 6]

» Pole Ize ménit (mutable)
» Sdileni odkazii (sharing,aliasing)
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Neménnost
(immutability)

» Vlastnost datového typu.
» Neménné objekty po vytvoreni zménit nelze — fetézce,n-tice

>>> s="Ahoj"

>>> s[0]="a"

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: ' ' object does not support item assignment

str

TypeError: 'str' object does not support item assignment
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Neménnost (2)
(immutability)

@ Proménné v Pythonu nejsou hodnoty, ale odkazy (references).

» Neménné typy (Cisla,fetézce,n-tice) se presto chovaji jako hodnoty

a="raz"
b=a
a="dva"
print(a)

dva

print(b)

raz
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Prace s neménnymi objekty

Jak |ze s neménnymi objekty pracovat?
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Prace s neménnymi objekty

Jak |ze s neménnymi objekty pracovat?
Vytvofime objekt novy, nezavisly na starém.
>>> s="Ahoj"

>>> r="a"+s[1:]

>>> r

'ahoj'

>>> s

'Ahoj '
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Vedlejsi efekty funkci

Funkce maze zménit své zménitelné (mutable) parametry

def add_one(x):
for i in range(len(x)):
x[i]+=1

v=[1,2,3]

add_one (v)
print(v)
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Vedlejsi efekty funkci

Funkce maze zménit své zménitelné (mutable) parametry
def add_one(x):

for i in range(len(x)):

x[i]+=1

v=[1,2,3]
add_one (v)
print(v)

[2, 3, 4]
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Vedlejsi efekty funkci

Funkce maze zménit své zménitelné (mutable) parametry
def add_one(x):

for i in range(len(x)):
x[i]+=1

v=[1,2,3]
add_one (v)
print(v)

[2, 3, 4]
Funkce neni €ista (impure).

Vedlejsim efektiim se pokud mozno vyhnéte.
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Nahrazeni vedlejsich efekti

def add_one_clean(x):
return [ x[i]+1 for i in range(len(x))]

v=[1,2,3]
v=add_one_clean(v)
print(v)

[2, 3, 4]
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Kopirovani poli

» Prifazeni proménné typu pole vytvori novy odkaz na stejné pole
a=[7,3]
b=a
al1]=6
print("a=",a, "b=",b)
a= [7, 6] b= [7, 6]

48 /68



Kopirovani poli

» Prifazeni proménné typu pole vytvori novy odkaz na stejné pole
a=[7,3]
b=a
al1]=6
print("a=",a, "b=",b)
a= [7, 6] b= [7, 6]
» Kopirovanim se vytvofi novy objekt se stejnym obsahem
a=[7,3]
b=a.copy ()
al1]=6
print("a=",a, "b=",b)
a= [7, 6] b= [7, 3]

@ Lze psat téz b=al:]
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Kopirovani poli

» Prifazeni proménné typu pole vytvofi novy odkaz na stejné pole
a=[7,3]
b=a
al1]=6
print("a=",a, "b=",b)
a= [7, 6] b= [7, 6]
» Kopirovanim se vytvofi novy objekt se stejnym obsahem
a=[7,3]
b=a.copy ()
al1]=6
print("a=",a, "b=",b)
a= [7, 6] b= [7, 3]

@ Lze psat téz b=al:]

¢ Kopirovani je mélké (shallow), jen jedna Groven.
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Neménost
Immutability

Vyhody
» Vylouéeni vedlejSich efekti
> Meéné chyb
» Kdy kopirovat, co Ize prepsat
» Vzdaleny kéd méni proménné
» Snazsi optimalizace
» Snazsi paralelizace
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Neménost
Immutability

Vyhody
» Vylouéeni vedlejSich efekti
> Meéné chyb
» Kdy kopirovat, co Ize prepsat
» Vzdaleny kéd méni proménné
» Snazsi optimalizace
» Snazsi paralelizace
Nevyhody
» Trochu mensi expresivita.
» Objektii vznika velké mnozstvi, alokace/dealokace paméti.
» Nutnost kopirovani.
> Pamétova a vypocetni narocnost.
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Neménost
Immutability

Vyhody
» Vylouéeni vedlejSich efekti
> Meéné chyb
» Kdy kopirovat, co Ize prepsat
» Vzdaleny kéd méni proménné
» Snazsi optimalizace
» Snazsi paralelizace
Nevyhody
» Trochu mensi expresivita.
» Objektii vznika velké mnozstvi, alokace/dealokace paméti.
» Nutnost kopirovani.
> Pamétova a vypocetni narocnost.

@ Existuji techniky jak kopirovani omezit.
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Dalsi priklady
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Priklad: Problém sbératele

Coupon collector

Kolikrat musime nahodné s opakovanim vybrat z mnoziny N prvka,
nez vybereme kazdy prvek alespon jednou?
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Priklad: Problém sbératele

Coupon collector

Kolikrat musime nahodné s opakovanim vybrat z mnoziny N prvka,
nez vybereme kazdy prvek alespon jednou?

Matematicka analyza

pocet vybéri = T(N) = [N Hy| ~ N(log N + 0.577) + 0.5
T(50) = 225
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coupon_collector.py

# -*- coding: utf-8 -*-

# Simulace problému sbératele,
import random

import sys

n=int(sys.argv[1]) # pocet riznych prukid
collectedCount=0 # pocet jiZ wybranych riuznych prvki
isCollected=[Falsel*n # jiZ jsme vidéli tento prvek
count=0 # kolik prukid jsme jiZ vybrali

while collectedCount < n:
r=random.randrange(n) # ndhodny prvek 0..n-1
count+=1
if not isCollected[r]: # novy prvek

collectedCount+=1
isCollected[r]=True

print ("Pro n=Yd bylo potfeba %d vybéra." 7 (n,count))
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Terminal> python3 coupon_collector.py 50

Pro n=50 bylo potreba 177 vybérd.

Terminal> python3 coupon_collector.py 50

Pro n=50 bylo potfeba 250 vybérd.

Terminal> python3 coupon_collector.py 50

Pro n=50 bylo potfeba 123 vybérid.

Terminal> python3 coupon_collector.py 50

Pro n=50 bylo potfeba 200 vybérd.
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Prvocisla

prvocislod.py

# prvocislo3.py - VypiSe prvocisla mensi neZ zadany limit
import sys
m=int (sys.argv[1])
for n in range(2,m): # cyklus 2..m-1
p=2 # zacldtek testu
while p*p<=n:
if n % p == 0:
break
pt+=1
if pxp > n: # n je prvocislo
print(n,end=", ")
print() # zdvéreény konec 7ddky
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Terminal> python3 prvocislo3.py 1000

2, 3,5, 7,11, 13, 17, 19, 23, 29, 31, 37, 41, 43,

47, 53, 59, 61, 67, 71, 73, 79, 83, 89, 97,
101, 103, 107, 109, 113, 127, 131, 137, 139,
149, 151, 157, 163, 167, 173, 179, 181, 191,
193, 197, 199, 211, 223, 227, 229, 233, 239,
241, 251, 257, 263, 269, 271, 277, 281, 283,
293, 307, 311, 313, 317, 331, 337, 347, 349,
353, 359, 367, 373, 379, 383, 389, 397, 401,
409, 419, 421, 431, 433, 439, 443, 449, 457,
461, 463, 467, 479, 487, 491, 499, 503, 509,
521, 523, 541, 547, 557, 563, 569, 571, 577,
587, 593, 599, 601, 607, 613, 617, 619, 631,
641, 643, 647, 653, 659, 661, 673, 677, 683,
691, 701, 709, 719, 727, 733, 739, 743, 751,
757, 761, 769, 773, 787, 797, 809, 811, 821,
823, 827, 829, 839, 853, 857, 859, 863, 877,
881, 883, 887, 907, 911, 919, 929, 937, 941,
947, 953, 967, 971, 977, 983, 991, 997,
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Eratosthenovo sito

eratosthenes.py

# -*- coding: utf-8 -*-
# eratosthenes3.py - VypiSe prvocéisla mensi neZ zadany limit

import sys
n=int (sys.argv[1])

p=[Truel*n # p[i] = je '%' prvoéislo?

for i in range(2,n):
if pl[il: # je to prvocislo

print(i,end=", ")
j=2%i # oznal 75=2%,3%,... < n
while j<n:

pljl=False

je3+i

print() # zdvéredny konec 7ddky
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Terminal> python3 eratosthenes.py 1000

2, 3,5, 7,11, 13, 17, 19, 23, 29, 31, 37, 41, 43,

47, 53, 59, 61, 67, 71, 73, 79, 83, 89, 97,
101, 103, 107, 109, 113, 127, 131, 137, 139,
149, 151, 157, 163, 167, 173, 179, 181, 191,
193, 197, 199, 211, 223, 227, 229, 233, 239,
241, 251, 257, 263, 269, 271, 277, 281, 283,
293, 307, 311, 313, 317, 331, 337, 347, 349,
353, 359, 367, 373, 379, 383, 389, 397, 401,
409, 419, 421, 431, 433, 439, 443, 449, 457,
461, 463, 467, 479, 487, 491, 499, 503, 509,
521, 523, 541, 547, 557, 563, 569, 571, 577,
587, 593, 599, 601, 607, 613, 617, 619, 631,
641, 643, 647, 653, 659, 661, 673, 677, 683,
691, 701, 709, 719, 727, 733, 739, 743, 751,
757, 761, 769, 773, 787, 797, 809, 811, 821,
823, 827, 829, 839, 853, 857, 859, 863, 877,
881, 883, 887, 907, 911, 919, 929, 937, 941,
947, 953, 967, 971, 977, 983, 991, 997,

57/68



Porovnani rychlosti

time -p python3 prvocislo3.py 10000 >/dev/null
time -p python3 eratosthenes.py 10000 >/dev/null

Cas [s]
N prvocislo3 Eratosthenes
103 0.05 0.05
10* 0.15 0.06
10° 2.11 0.24
10° 53.11 2.19
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Dvourozmérné matice

pole poli

a=[[1,0,2,3] s [032’3’1] b [3’0’2’5]]
print(a)

[[1, OJ 2, 3], [O, 2’ 3’ 1], [3, O, 2! 5]]
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Dvourozmérné matice

pole poli

a=[[1,0,2,3] s [032’3’1] b [3’0’2’5]]
print(a)

[[1, OJ 2? 3], [O, 2’ 3’ 1]’ [3, O, 2! 5]]

print(len(a))
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Dvourozmérné matice

pole poli

a=[[1,0,2,3] s [032’3’1] b [3’0’2’5]]
print(a)

[[1, OJ 2? 3], [O, 2’ 3’ 1]’ [3, O, 2! 5]]

print(len(a))
3
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Dvourozmérné matice

pole poli

a=[[1,0,2,3] s [032’3’1] b [3’0’2’5]]
print(a)

[[1, O’ 2? 3]} [O, 2’ 3’ 1]’ [3, O, 2! 5]]

print(len(a))
3

print(al1])
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Dvourozmérné matice

pole poli

a=[[1,0,2,3] s [032’3’1] b [3’0’2’5]]
print(a)

[[1, OJ 2, 3], [O, 2’ 3’ 1], [3, O, 2! 5]]

print(len(a))
3

print(al1])
(o, 2, 3, 1]
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Dvourozmérné matice

pole poli

a=[[1,0,2,3],[0,2,3’1],[3’0’2’5]]
print(a)
[[1, O’ 2, 3], [O, 2’ 3’ 1]’ [3, O, 2, 5]]

print(len(a))
3

print(al1])
(o, 2, 3, 1]

print(al1][2])
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Dvourozmérné matice

pole poli

a=[[1,0,2,3] s [032’3’1] b [3’0’2’5]]
print(a)

[[1, O’ 2? 3]} [O, 2’ 3’ 1]’ [3, O, 2! 5]]

print(len(a))
3

print(al1])
(o, 2, 3, 1]

print(al1][2])
3
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Tisk matice

def print_2d_matrix(a):
for i in range(len(a)):
print(alil)

print_2d_matrix(a)

[l, O) 2’ 3]
(o, 2, 3, 1]
[3, O’ 2’ 5]
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Vytvoreni dvourozmérné matice

a=[[0.]*4]%2
print_2d_matrix(a)
(0.0, 0.0, 0.0, 0.0]
(0.0, 0.0, 0.0, 0.0]
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Vytvoreni dvourozmérné matice

a=[[0.]*4]*2
print_2d_matrix(a)
(0.0, 0.0, 0.0, 0.0]
(0.0, 0.0, 0.0, 0.0]

a[0][1]=1.0
print_2d_matrix(a)
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Vytvoreni dvourozmérné matice

a=[[0.]*4]%2
print_2d_matrix(a)
(0.0, 0.0, 0.0, 0.0]
(0.0, 0.0, 0.0, 0.0]

al0] [1]=1.0
print_2d_matrix(a)
[0.0, 1.0, 0.0, 0.0]
[0.0, 1.0, 0.0, 0.0]
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Vytvoreni dvourozmérné matice

a=[[0.]*4]*2
print_2d_matrix(a)
(0.0, 0.0, 0.0, 0.0]
(0.0, 0.0, 0.0, 0.0]

al0][1]1=1.0
print_2d_matrix(a)
[0.0, 1.0, 0.0, 0.0]
[0.0, 1.0, 0.0, 0.0]

Nefunguje jak chceme, kviili aliasingu.
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Vytvoreni dvourozmérné matice (2)

def create_2d_matrix(n,m,v):
"Creates a n-by-m matrix with initial value 'v'"

a=[]

for i in range(n):
a+=[ [v]*m ]

return a
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Vytvoreni dvourozmérné matice (2)

def create_2d_matrix(n,m,v):
"Creates a n-by-m matrix with initial value 'v'"
a=[]
for i in range(n):
a+=[ [v]*m ]
return a

a=create_2d_matrix(2,4,0.0)
alo][1]=1.0
print_2d_matrix(a)

[0.0, 1.0, 0.0, 0.0]

[0.0, 0.0, 0.0, 0.0]
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Vytvoreni dvourozmérné matice (2)

def create_2d_matrix(n,m,v):
"Creates a n-by-m matrix with initial value 'v'"
a=[]
for i in range(n):
a+=[ [v]*m ]
return a

a=create_2d_matrix(2,4,0.0)
al0][1]=1.0
print_2d_matrix(a)

[0.0, 1.0, 0.0, 0.0]

[0.0, 0.0, 0.0, 0.0]

@  Toto je specialita Pythonu
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Vytvoreni dvourozmérné matice (3)

(array/list comprehension)

def create_2d_matrix(n,m,v):
"Creates a n-by-m matrix with initial value 'v
return [ [v]*m for i in range(n) ]
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Vytvoreni dvourozmérné matice (3)

(array/list comprehension)

def create_2d_matrix(n,m,v):
"Creates a n-by-m matrix with initial value 'v'"
return [ [v]*m for i in range(n) ]

a=create_2d_matrix(2,4,0.0)
alo][1]=1.0
print_2d_matrix(a)

[0.0, 1.0, 0.0, 0.0]

[0.0, 0.0, 0.0, 0.0]
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Binomicky koeficient

(kombinaéni &islo)

n n!
= —_— > >
<k) Ki(n — k)! fornzkz20

» pocet k prvkovych podmnozin z n

Qs (-
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Binomicky koeficient

(kombinaéni &islo)

n n!
- > >
<k) Ki(n — k)! fornzkz20

» pocet k prvkovych podmnozin z n

Qs (-

» koeficient v binomické vété

k=0
(x+y)=x+y
(x+y)? = x* +2xy +y?
3 .3 2 2 3
(x+y)=x"+3xy+3y°x+y
(X—|—y)4:X4—|—4X3y+6x2y2—|—4xy3+y3
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Pascaltv trojuhelnik

Pascal’s triangle

k=0 k=1 k=2 k=3 k=4
n=20 1
n=1 1 1
n=>2 1 2 1
n=3 1 3 3 1
n=4 1 4 6 4 1

Plati rekurze
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Pascalav trojuhelnik v Pythonu

Vypocitejte pole p, tak aby p[n] [k1= (})

def pascal_triangle(N):
p=[[1]1]
for n in range(1,N):
prev=p[n-1] # predchozi Tada

pr=[[1] +
[ prev[k-1] + prev[k] for k in range(l,n) ]
+ [1]1]
return p
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print_2d_matrix(pascal_triangle(5))
[1]

[1, 1]
[1, 2, 1]
[1, 3, 3, 1]

[1’ 47 6’ 4) l]

@ Radky pole nemusi mit stejnou délku.
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> Pole

» Casto pouzivana datova struktura

> obsahuje n prvkil (nejéastéji stejného typu)

» k prvkim pristupujeme pomoci celociselného indexu
» prvky pole mohou byt i slozené datové typy

> Proménné jsou reference, aliasing
» Neménné (immutable) typy, hodnotova semantika
» Priklady pouziti poli

68 /68



	Pole
	Hodnoty a reference
	Další příklady

