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Vyhledavani

Searching

» Méjme posloupnost (pole) ag, ..., an—1
» Méjme hodnotu g

» Ukol: zjistit, zda existuje a; = q
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Vyhledavani

Searching

» Méjme posloupnost (pole) ag, ..., an—1

» Méjme hodnotu g

» Ukol: zjistit, zda existuje a; = q

Varianty

» Vystup: ano/ne nebo pozice

» Hledani opakujeme mnohokrat pro stejné a
> predzpracovani

» Posloupnost a je setfidéna.

» Stochastické hledani
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Vyhledavani v Pythonu

operator in

Obsahuje pole dany prvek?

>>> a=[17,20,26,31,44,77,65,55,93]
>>> 20 in a

True

>>> 30 in a

False

>>> 30 not in a

True

>>> 20 not in a

False
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Viyhledavani v Pythonu (2)

in / not in funguje i pro fetézce, n-tice a podobné typy

(containers)

>>> "omo" in "Olomouc" # podTetézec

True

>>> "" in "Olomouc" # prdzdny Tetézec
True

>>> "olo" in "Olomouc" # rozliSuje velkd/mald pismena
False

>>> 4 in (3,4)

True

>>> 3. in (3,4) # na typu nezdlezZt
True
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Linearni vyhledavani
linear/sequential search

Prochazime postupné a nez narazime na q

def sequential_search(a,q):
" Returns ’True’ <1f ’a’ contains ’q’ """
for x in a:
if x==q:
return True
return False

17 | 20 | 26 | 31 44|54|55I65|7TI93|

Start

Image from Miller & Ranum: Problem solving with algothms and data structures
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Linearni vyhledavani
linear/sequential search

Prochazime postupné a nez narazime na q

def sequential_search(a,q):
"t Returns ’True’ if ’a’ contains ’q’ """
for x in a:
if x==q:
return True
return False

Pocet porovnani:
nejméné nejvice primérné
qg¢a N N N
gea 1 N N/2

» Slozitost O(N), kde N=1en(a).
» Rychleji to nejde, protoze na kazdy prvek a; se musime
podivat.
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Linearni vyhledavani — empiricka slozitost
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Soubor search_experiments.py
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Binarni vyhledavani
Binary search

Vyhledavani v setfidéné posloupnosti

v

M&jme posloupnost (pole) a3 < ap < a3 < - - <ay_1 < ay

v

Méjme hodnotu g

v

Ukol: zjistit, zda existuje a; = g

v

Je vyhledavani v setfidéném poli rychlejsi?
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Binarni vyhledavani
Binary search

Hlavni myslenky
» Postupné zmensujeme interval indext, kde by mohlo lezet ¢

» V kazdém kroku porovname g s prostiednim prvkem intervalu
a podle toho zvolime jeden z podintervali.

» Skoncime, pokud je prvek nalezen, nebo pokud je podinterval
prazdny.

nooonnnaan
>

Start

Image from Miller & Ranum: Problem solving with algothms and data structures
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Binarni vyhledavani — implementace

def binary_search(a,q):
1=0 # first index of the subinterval
h=len(a)-1 # last indexz of the subinterval
while 1<=h:
m=(1+h)//2 # middle point
if al[m]==q:
return True
if alm]l>q:
h=m-1
else:
1=m+1
return False
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Binarni vyhledavani — casova slozitost

Pocet porovnani

v

Pocet prvkii v intervalu je d = h—/+1 a v prvni iteracid = N

v

V kazdé iteraci se interval d zmensi nejméné na polovinu
Po t iteracich je d < N271
Dokud algoritmus bézi, musi platit d > 1,

v

v

1<d< N2t
2'<N = t<log, N

v

Pocet porovnani t ~ log, N
Slozitost O(log n)
Strategie rozdél a panuj (Divide and conquer)

v

v
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Binarni vyhledavani — empiricka slozitost
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Soubor search_experiments.py
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Binarni vs. sekvencni vyhledavani

10°
—e seqin
e—e seq notin
10" | e=e binary in
e—e binary notin

10'5 n 1 1
10° 10* 10° 10° 107

Vyplati se, pokud mnohokrat vyhledavame nad stejnym a.
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Tridéni

Sorting

» Méjme posloupnost (pole) A= [ap,...,an_1] a relaci ‘<’

» Najdéte takovou permutaci B = [bo, . .,bN_l} pole A, aby
bo < by <--- < by_1.

Poznamky:
» Formy vystupu:
» Tridéni na misté (in place)
» Vytvoreni nového pole B, pole A ziistdvd nezménéno.
» Najdeme indexy ji,jo, ..., jn, tak aby b; = a;, (alj[11])

» Stabilni tfidéni — zachovava poradi ekvivalentnich prvki.
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Tridéni v Pythonu

Funkce sorted vraci nové setfidéné pole

>>> a=[80,43,20,15,90,67,51]
>>> sorted(a)
[15, 20, 43, 51, 67, 80, 90]

Metoda sort setfidi pole na misté (Gspornéjsi)

>>> a.sort()
>>> a
[15, 20, 43, 51, 67, 80, 90]
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déni v Pythonu

Funkce sorted vraci nové setfidéné pole

>>> a=[80,43,20,15,90,67,51]
>>> sorted(a)
[15, 20, 43, 51, 67, 80, 90]

Metoda sort setfidi pole na misté (Gspornéjsi)

>>> a.sort()
>>> a

(15, 20, 43, 51, 67, 80, 90]

TFidéni sestupné

>>> sorted(a,reverse=True)
[90, 80, 67, 51, 43, 20, 15]
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TFidéni retézcii

Lze tridit veSkeré porovnatelné typy, napriklad fetézce

>>> names=["Barbora","Adam","David","Cyril"]
>>> sorted(names)
[’Adam’, ’Barbora’, ’Cyril’, ’David’]
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TFidéni retézcii

Lze tridit veSkeré porovnatelné typy, napriklad fetézce

>>> names=["Barbora","Adam","David","Cyril"]
>>> sorted(names)
[’Adam’, ’Barbora’, ’Cyril’, ’David’]

@ Tridéni neni podle ceskych pravidel

print (sorted(["pan","paze"]))
['pan', 'paze'l
print (sorted(["pan","paze"]))

['paze', 'pan'l
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TFidéni n-tic

n-tice jsou tfidény postupné podle slozek

>>> a=[(50,2),(50,1), (40,100), (40,20)]
>>> sorted(a)
[(40, 20), (40, 100), (50, 1), (50, 2)]
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TFidéni n-tic

n-tice jsou tfidény postupné podle slozek

>>> a=[(50,2),(50,1), (40,100), (40,20)]
>>> sorted(a)

[(40, 20), (40, 100), (50, 1), (50, 2)]

>>> studenti=[("Bara",18), ("Adam",20),

. ("David",15),(”Cyril",25)]

>>> sorted(studenti)

[(°’Adam’, 20), (’Bara’, 18), (’Cyril’, 25), (’David’, 15)]
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Uzivatelska tridici funkce

Funkce v parametru key transformuje prvky pro tfidéni.

Trideni podle druhé slozky dvojice

>>> a=[(50,2),(50,1),(40,100), (40,20)]
>>> sorted(a,key=lambda x: x[1])

(50, 1), (50, 2), (40, 20), (40, 100)]

>>> studenti=[("Bara",18), ("Adam",20),
("David",15), ("Cyril",25)]
>>> sorted(studentl key=lambda x: x[1])
[(°David’, 15), (’Bara’, 18), (’Adam’, 20), (’Cyril’, 25)]
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Uzivatelska tidici funkce (2)

T¥idéni bez ohledu na velikost pismen

>>> g=["Python","Quido","abeceda","zahrada"]
>>> sorted(s)

[’Python’, ’Quido’, ’abeceda’, ’zahrada’]
>>> sorted(s,key=lambda x: x.lower())
[’abeceda’, ’Python’, ’Quido’, ’zahrada’]
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Tridici algoritmy
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algoritmy

Tridéni probublavanim (bubble sort)
TFidéni zatfidovanim (insertion sort)
Tridéni vybérem (selection sort)
Shell sort

Tridéni spojovanim (merge sort)
Quick sort

sort, sorted
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Razeni probublavanim

Bubble sort

Vyménuje sousedni prvky ve Spatném poradi. Jeden priichod:

|54|26|93|\7 ??|3|44|55|20‘
|25|54l93|w7 7| @ ulaslzn‘
|2£|54l93|7|77|3|44|55|20‘
|25|54||7l!l:!l?7]3|4-4|55|20‘
[z [sa [ [ [ea]ar]ua]ss]m]
|2a|541|7|77 31[9 ulsslzo‘
| 26 | 54 I 17 | 7 | Eal I a4 83 I 55 ] 20 ‘
|26|s4||?|77|31 44 55[93]20‘
|2s|5a||7| 31 sslzulss‘

Image from Miller & Ranum:

Exchange

No Exchange

Exchange

Exchange

Exchange

Exchange

Exchange

Exchange

93 in place
after first pass

Problem solving with algothms and data structures
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Razeni probublavanim — implementace
Bubble sort

def bubble_sort(a):
""" sorts array a in-place in ascending order"""
for i in range(len(a)-1,0,-1):
# 4=n-1..1. a[t+1:] is already sorted
for j in range(i):
if aljl>alj+1]:
aljl,alj+1]=alj+1],alj]l # ezchange
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Razeni probublavanim — implementace
Bubble sort

def bubble_sort(a):
"o sorts array a in-place in ascending order”"""
for i in range(len(a)-1,0,-1):
# 4=n-1..1. a[t+1:] is already sorted
for j in range(i):
if a[jl>alj+1]:
aljl,alj+1]=alj+1],alj]l # ezchange

Slozitost

» V/néjsi smycka probéhne N — 1 ~ N-krat

» Vnitini smycka probéhne vzdy i-krat, kde i < N, tedy max.
N-krat

Pocet porovnani je tedy max. N> — slozitost O(N?)

v

v

Pocet vymeén je velky, element musi ‘probublat’ nakonec
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Razeni probublavanim — vylepseni

Pokud neprobéhla zadna vyména, je pole setfidéné.

def bubble_sort(a):
" sorts array a in-place in ascending order"""
for i in range(len(a)-1,0,-1):
# i=n-1..1. al[i+1:] is already sorted
exchanged=False # ezchanges in this iteration?
for j in range(i):
if aljl>alj+1]:
aljl,alj+1]=alj+1],alj]l # ezchange
exchanged=True
if not exchanged: break
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Tridéni probublavanim — kontrola

>>> a=[31, 60, 23, 91, 62, 65, 59, 92, 42, 74]
>>> bubble_sort(a)

>>> a

[23, 31, 42, 59, 60, 62, 65, 74, 91, 92]
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Tridéni probublavanim — kontrola

>>> a=[31, 60, 23, 91, 62, 65, 59, 92, 42, 74]
>>> bubble_sort(a)

>>> a

[23, 31, 42, 59, 60, 62, 65, 74, 91, 92]

€  Spravny test je dtkladngjsi:

def test_sort(f=bubble_sort):

for j in range(100):
n=100
a=[random.randrange (100000) for i in range(n)]
f(a)
for i in range(n-1):

assert(al[il<=a[i+1])
print(f.__name__," sort test passed")
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Tridéni zatfidovanim
Insertion sort

Prvek a; zatfidime do jiz setfidénych ap,...,a; 1

Assume 54 is a sorted
26[93 17 77 31[“[“]”' list of 1 item

£ 2 2 2 2 X C B 2 el
"I”IuI“IssIml e
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Tridéni zatfidovanim — implementace

Insertion sort

def insertion_sort(a):
""" sorts array a in-place in ascending order"""
for i in range(l,len(a)): # al0:1] is sorted
val=al[i]
j=i
while j>0 and a[j-1]>val:
aljl=alj-1]
j-=1
aljl=val
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Tridéni zatfidovanim — implementace

Insertion sort

def insertion_sort(a):
" sorts array a in-place in ascending order”"""
for i in range(l,len(a)): # al0:1] is sorted
val=al[i]
j=i
while j>0 and al[j-1]>val:
aljl=alj-1]
j-=1
aljl=val

Slozitost

Vnéjsi smycka probéhne N — 1 ~ N-krat.

» Vnitfni smycka probéhne max. i < N krat.

» Pocet porovnani je tedy max. N> — slozitost O(N?).
» Nepouziva vymény, ale posun (rychlejsi).

» Prirozené detekuje setfidéné pole.

v
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Tridéni zatridovanim — kontrola

>>> a=[43, 22, 42, 7, 58, 85, 48, 82, 80, 1]
>>> insertion_sort(a)

>>> a

[1, 7, 22, 42, 43, 48, 58, 80, 82, 85]
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Tridéni vybérem
Selection sort

> Vybere maximum mezi ag,...,ay_1, to umisti do ay_1.

> Vybere maximum mezi ag,...,ay_», to umisti do ay_»...

26 e w | | s e |85 | 2 93 Is largest
[ [
| % | 5 | 0 | v [n] n | a | 5 |93 | 71 s trget
26 54 20 17 55 3 44 T 9a 55 is largest
I
| k) [50] 20 | 17 | “ | 31 | 55 | w |93 | 54 is largest
¥
Izﬁlz: ”w [u]n

I

Izsl:x mlnlulnlssl'nlgz' 31 is largest

26 ” 20 31 “ 54 55 w €a 26 is largest

20 s | o7 | a3

a4 is largest
stays in place

l7|16|31|“|5‘|55|77‘03| 20 is largest

|IT|ID|20|31|M|54|55|ﬁ|93| 17 ok
st is sorted
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Tridéni vybérem — implementace
Selection sort

def selection_sort(a):

""" sorts array a in-place in ascending order"""
for i in range(len(a)-1,0,-1):

# find out what should go to ali]

max_pos=0 # index of the mazimum

for j in range(l,i+1):

if al[jl>almax_pos]:
max_pos=]
alil,a[max_pos]=a[max_pos],alil]
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Tridéni vybérem — implementace
Selection sort

def selection_sort(a):

""" sorts array a in-place in ascending order"""
for i in range(len(a)-1,0,-1):

# find out what should go to alt]

max_pos=0 # index of the mazimum

for j in range(l,i+1):

if al[jl>almax_pos]:
max_pos=]
alil,a[max_pos]=a[max_pos],alil]

Slozitost
» V/néjsi smycka probéhne N — 1 ~ N-krat

» Vnitfni smycka probéhne vzdy i-krat, kde i < N, tedy max.
N-krat

» Pocet porovnani je tedy max. N — slozitost O(N?)
» Pouze jedna vyména v kazdé vnéjsi smycce
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Tridéni vybérem — kontrola

>>> a=[60, 46, 31, 69, 45, 11, 43, 14, 61, 36]
>>> selection_sort(a)

>>> a

[11, 14, 31, 36, 43, 45, 46, 60, 61, 69]
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Porovnani rychlosti
Nahodna pole

30 : : : :
e—e bubble_sort
o—e selection_sort

25(| e=e insertion_sort 1
o—e python_sort

time [s]

0 2000 4000 6000 8000 10000
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Porovnani rychlosti
Nahodna pole

10?
e—e bubble_sort
o—e selection_sort
10" || e—e insertion_sort
o—e python_sort
100 |
Z 1
g"
107 ¢
10° 1
10" -
10° 10° 10

32/33



Porovnani rychlosti
Setfidéné pole

16 , : : .
e—e bubble_sort
14| | ®= selection_sort
e—e nsertion_sort
1ol | @ python_sort 1
10} 1
@
o 8 J
£
6l 4
4l 4
2k 4
0
0 2000 4000 6000 8000 10000
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Porovnani rychlosti
Setfidéné pole

10? :
e—e bubble_sort
10" e—e selection_sort
e—e nsertion_sort
o—e python_sort
10° b E
_ 10"t 1
)
[}
£
10 E
10° | E
10 | 1
10-5 L
10° 10° 10
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