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Zaklady algoritmizace

" Dnes:
= Merge sort
" Quick sort
= Heap sort
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Merge Sort
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Merge Sort

= Razeni pomoci rozdélovani a slu¢ovani
= Postupné rozdéluje seznam na poloviny
" Prazdny nebo jednoprvkovy seznam je setridény

= Pokud mame dvé poloviny setridéné, spojime je operaci
merge

" Postupneé spojujeme setridené casti, dokud nemame cely
seznam

= Je stabilni

= Rekurzivni algoritmus — vysledek vznika pomoci volani
stejného algoritmu na mensi casti
+ NOS 2 NBT dzNJ A



Merge Sort

= Rozdéleni
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= Slouceni

Merge Sort
54 26‘93”17' 77 31 L4:J 55 | | 20
26 | 54 |17|93| |31 77' 20 | 55

Y \ 3
17 | 26 | 54 | 93 20 | 44 | 55

.
| 20 | 31 | 44 ‘ 55 ‘ 77 '
v

17 | 20 | 26 | 31 | 44 | 54 | 55 | 77 | 93
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Merge Sort

def mergeSort (array):

If len (array) < 2.
return  array

m = len (array) // 2

return  merge( mergeSort (array[:m]), mergeSort (array[m:]))
def merge( leftPart , rightPart ):

result =[]

I =j= 0

while 1 < len (leftPart ) and j< len (rightPart ):

if leftPart [i]< rghtPart [j]:
result.append  (leftPart [1])

| += 1
else :
result.append  (rightPart [j])
j+= 1
result += leftPart [ :]
result += rightPart  [j:]

return result



Merge Sort

= Rozdélovani konci na jednoprvkové mnozinée
" Ta je z definice serazena

* Vhodny na data se sekvencnim pristupem (napr. data
vétsi nez operacni pamét)
* Vhodny pro spojové seznamy

" Vhodny pro paralelni zpracovani
1t OSYS &ax 0
" Moznost vyuziti v kombinaci jinymi algoritmy
" Pro seznamy mensi nez zvolené n vyuzijeme jiny algoritmus

= MUzeme definovat maximalni pocet rozdéleni (zanoreni) v
zavislosti na velikosti vstupnich dat

= Merge sort + insertion sort = timsort
t e0K2Y H®POZI WI



Quick Sort

Jifi VokFinek, 2018 B6B36ZAL - Pfrednaska 7



Quick Sort

= Razeni pomoci rozdélovani a slu¢ovani
" Rozdéluje seznam na zakladé pivota X
" Nalevo od prvku X umistime vsechny prvky mensi nez X
" Napravo od prvku X umistime vsechny prvky vétsi nez X
= Rozdéleni se opakuje pro seznam nalevo a napravo od X

" Postup opakujeme dokud nerozdélujeme jednoprvkove
useky

= Neni stabilni

= Rekurzivni algoritmus — vysledek vznika pomoci volani
stejného algoritmu na mensi Casti
+ NOS 2 NBT dzNJ A



Quick Sort

= VVybér pivota — ovlivhuje vykonost razeni
" Prvni prvek
* Median ze tfi (prvni, stfedni, posledni)

B4 will be the

54 26 a3 17 77 31 44 55 20 f .
irst pivot value

= Postupné prerovnavani prvkl a hledani bodu pro
rozdéleni
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Quick Sort

Jiti Vokrinek, 2018

leftmark and rightmark
will converge on split point

leftmark ———» 4— rightmark

26<54 move to right
93>54 stop

leftmark rightmark

now rightmark
20<54 stop

leftmark rightmark

93 | exchange 20 and 93

leftmark rightmark
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Quick Sort

now continue moving leftmark and rightmark

T7>54 stop
44<=54 stop
exchange 77 and 44

leftmark  rightmark

T7>54 stop
31<54 stop
rightmark<leftmark
split point found
exchange 54 and 31

rightmark leftmark

54 is in place

Jiti Vokfinek, 2018

31

26 | 20 | 17 | 44 77 | 55 | 93

quicksort left half quicksort right half
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Quick Sort

def quickSort (array):
guickSortHelper (array, O, len (array) -1)

def quickSortHelper ( array,first,last ):
if first<last:
splitpoint = partition( array,first,last )
quickSortHelper (array,first,splitpoint -1)
quickSortHelper (array,splitpoint+ 1,last)
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Quick Sort

def partition( array,first,last

pivotvalue = array][first]
left = first+ 1
right = last
while True
while left <= right
left += 1
while  right >= left
rnght -=1
If  right < left:
break
else :
array[left],

array[right ]

and array[left] <=

and array[right] >=

array[first],array[right] = array[right],array|first]

return  right

Jiti Voktinek, 2018
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= array[right],

pivotvalue

pivotvalue

array[left]
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Quick Sort

= Rozdélovani konci na jednoprvkové mnozinée
" Ta je z definice serfazena

" Vhodny na , in-memory“ data — hodné nahodnych
pristupl v rdmci celé mnoziny dat

" VVyuziva zameén v ramci vstupni datove struktury
(nepotrebuje pomocné ulozeni dat)

" Povazovan za ,,nejrychlejsi”

= Citlivy na volbu pivota
* Mnoho alternativnich zpusobU vybéru

* Mozna detekce ,Spatné situace” a zména algoritmu za
behu



Heap Sort

Jiti Vokrinek, 2018
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Heap Sort

= Razeni pomoci pfevodu na binarni haldu
" Binarni strom, kde kazdy prvek je veétsi nez jeho nasledovnici
" Je vyvazeny
= Kazdy prvek je co nejvice vlevo

" Implementujeme pomoci pole, kde potomci prvku n jsou
na pozici 2n+1 a 2n+2

= Vyjimanim max. elementu budujeme setridéeny seznam
" Pokud neni halda prazdna, zaménime prvni a posledni prvek
= ,spravime” haldu

= Neni stabilni



Heap Sort

= Tvorba haldy
= Halda — pole prvka h,, ..., h, kde h ., ..., h jsou listy

= Je treba zajistit vlastnosti haldy — pro h, , , az h, kontrolujeme
pripustnost — vymeéna prvk

=" Po vymeneé prvku je treba opét kontrola haldy
= Kontrolujeme pripustnost pro h,

= Zajisteni pripustnosti
= pokud je dany prvek mensi nez néktery z jeho naslednikd,
vymeénime je a kontrolujeme pripustnost vymeénéného
naslednika



Heap Sort

= \/stup
[ 26,81, 54, 1, 93, 65, 58, 74, 36, 18, 9, 95, 75, 58, 61, 42]
26
\
81 54
o3 65 58
RN N pd AN e AN
74 36 18 9 95 75 58 61
42
" Heap
[95, 93, 75, 74, 81, 65, 61, 42, 36, 18, 9, 26, 54, 58, 58, 1]
%
03 75
AN 81 65 61
42 36 18 9 26 54 58 58
1
= \Vystup

[1, 9, 18, 26, 36, 42, 54, 58, 58, 61, 65, 74, 75, 81, 93, 95]
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Heap Sort

= Tvorba haldy (h,,,, az h,)

[ 26, 81, 54, 1, 93, 65, 58, 74, 36, 18, 9, 95, 75, 58, 61, 42]
26

//////81<:::f/////( \\\\\\j:;>54\\\\
A 93 69 PN
74 36 18 9 95 75 58 61
42
[26, 81,54, 1,93, 65,58, 74, 36, 18, 9, 95, 75, 58, 61, 42]
////81<<::j//////26\\\\\\f:::>54\\\\
1 93 65 587
74 36 18 9 95 75 58 61 g
42
[26, 81,54, 1,93, 65, 61, 74, 36, 18, 9, 95, 75, 58, 58, 42]
////Sliijij//////26\\\\\\f:::>54\\\\
1 93 65 61
74 36 18 9 95 75 58_J 58

Jiti Vokfir 42
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Heap Sort

= Tvorba haldy (h,,,, az h,)

[ 26, 81, 54, 1, 93, 95, 61, 74, 36, 18, 9, 65, 75, 58, 58, 42]
26

81/ By

- \ - AN e AN
/ﬁq~ 36 18 9 65 75 58 58
A2
[ 26, 81, 54, 74, 93, 95, 61, 42, 36, 18, 9, 65, 75, 58, 58, 1]

/81\/ 26
42 36 18 9 ?\_
e

1
| 26, 81, 95, 74, 93, 75, 61, 42, 36, 18, 9, 65, 54, 58, 58, 1]

/81’< ” \/95\
74 N\ 93 75 61

42 36 18 9 65 54 58 58

Jiri Vokfir l
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Heap Sort

= Tvorba haldy (h,,,, az h,)
[ 26, 93, 95, 74, 81, 75, 61, 42, 36, 18, 9, 65, 54, 58, 58, 1]

26
93\/ 05

/75/ AL - N

42 36 18 9 5 ) 54 58 58

1

[95, 93, 75, 74, 81, 65, 61, 42, 36, 18, 9, 26, 54, 58, 58, 1]
/93\/ > \/75\

42 36 18 9 26 54 58 58

1
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Heap Sort

= VVybér prvku a kontrola haldy
[ 95, 93, 75, 74, 81, 65, 61, 42, 36, 18, 9, 26, 54, 58, 58, 1]

95
93 75
74 81 65 61
42 36 18 9 26 54 58 58
1
[ 1, 93, 75, 74, 81, 65, 61, 42, 36, 18, 9, 26, 54, 58, 58, 95]
1
93 75
74 81 65 61
42 36 18 9 26 54 58 58
95
[ 93, 81, 75, 74, 18, 65, 61, 42, 36, 1, 9, 26, 54, 58, 58, 95]
93
81 75
74 18 65 61
42 36 1 9 26 54 58 58

95

Jifi Vokrin

24



Heap Sort

= VVybér prvku a kontrola haldy
[ 93, 81, 75, 74, 18, 65, 61, 42, 36, 1, 9, 26, 54, 58, 58, 95]

93
81 75
74 18 65 61
42 36 1 9 26 54 58 58
95
[ 58, 81, 75, 74, 18, 65, 61, 42, 36, 1, 9, 26, 54, 58,93, 95]
58
81 75
74 18 65 61
42 36 1 9 26 54 58 93
95
[ 81, 74,75, 58, 18, 65, 61, 42, 36, 1, 9, 26, 54, 58,93, 95]
81
74 75
58 18 65 61
42 36 1 9 26 54 58 93

95
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Heap Sort

= VVybér prvku a kontrola haldy
[81, 74, 75, 58, 18, 65, 61, 42, 36, 1, 9, 26, 54, 58,93, 95]

81
74 75
58 18 65 61
42 36 1 9 26 54 58 93
95
[ 58, 74, 75, 58, 18, 65, 61, 42, 36, 1, 9, 26, 54,81,93, 95]
58
74 75
58 18 65 61
42 36 1 9 26 54 81 93
95
[ 75, 74, 65, 58, 18, 58, 61, 42, 36, 1, 9, 26, 54,81,93, 95]
75
74 65
58 18 58 61
42 36 1 9 26 54 81 93

95
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Heap Sort

= VVybér prvku a kontrola haldy
[ 75, 74, 65, 58, 18, 58, 61, 42, 36, 1, 9, 26, 54,81,93, 95]

75
74 65
58 18 58 61
42 36 1 9 26 54 81 93
95
[ 54, 74, 65, 58, 18, 58, 61, 42, 36, 1, 9, 26,75,81,93, 95]
54
74 65
58 18 58 61
42 36 1 9 26 75 81 93
95
[ 74, 58, 65, 54, 18, 58, 61, 42, 36, 1, 9, 26,75,81,93, 95]
74
58 65
54 18 58 61
42 36 1 9 26 75 81 93

95
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Heap Sort

= VVybér prvku a kontrola haldy
[ 74, 58, 65, 54, 18, 58, 61, 42, 36, 1, 9, 26,75,81,93,  95]

74
58 65
54 18 58 61
42 36 1 9 26 75 81 93
95
[ 26, 58, 65, 54, 18, 58, 61, 42, 36, 1, 9,74,75,81,93,  95]
26
58 65
54 18 58 61
42 36 1 9 74 75 81 93
95
[ 65, 58, 61, 54, 18, 58, 26, 42, 36, 1, 9,74,75,81,93,  95]
65
58 61
54 18 58 26
42 36 1 9 74 75 81 93

95
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Heap Sort

= VVybér prvku a kontrola haldy
[ 65, 58, 61, 54, 18, 58, 26, 42, 36, 1, 9,74,75,81,93,  95]

65
58 61
54 18 58 26
42 36 1 9 74 75 81 93
95
[ 65, 58, 61, 54, 18, 58, 26, 42, 36, 1, 9,74,75,81,93, 05]
9
58 61
54 18 58 26
42 36 1 65 74 75 81 93
95
[ 61, 58, 58, 54, 18, 9, 26, 42, 36, 1,65,74,75,81,93, 05]
61
58 58
54 18 9 26
42 36 1 65 74 75 81 93

95

Jifi Vokrin
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Heap Sort

= VVybér prvku a kontrola haldy
[ 61, 58, 58, 54, 18, 9, 26, 42, 36, 1,65,74,75,81,93, 95]

61
58 58
54 18 9 26
42 36 1 65 74 75 81 93
95
[ 1, 58, 58, 54, 18, 9, 26, 42, 36,61,65,74,75,81,93, 05]
1
58 58
54 18 9 26
42 36 61 65 74 75 81 93
95
[ 58, 54, 58, 42, 18, 9, 26, 1, 36,61,65,74,75,81,93, 05]
58
54 58
42 18 9 26

1 36 61 65 74 75 81 93
95

Jifi Vokrin
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Heap Sort

= VVybér prvku a kontrola haldy

Jifi Vokrin

[ 58, 54, 58, 42, 18, 9, 26, 1, 36,61,65,74,75,81,93, 95]
58
54 58
42 18 9 26
1 36 61 65 74 75 81 93
95
[ 36, 54, 58, 42, 18, 9, 26, 1,58,61,65,74,75,81,93, 05]
36
54 58
42 18 9 26
1 58 61 65 74 75 81 93
95
[ 58, 54, 36, 42, 18, 9, 26, 1,58,61,65,74,75,81,93, 05]
58
54 36
42 18 9 26

1 58 61
95

65 74 75 81 93
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Heap Sort
= VVybér prvku a kontrola haldy

[ 58, 54, 36, 42, 18, 9, 26, 1,58,61,65,74,75,81,93, 95]
58
54 36
42 18 9 26
1 58 61 65 74 75 81 93
95
[ 1, 54, 36, 42, 18, 9, 26,58,58,61,65,74,75,81,93, 05]
1
54 36
42 18 9 26
58 58 61 65 74 75 81 93
95
[ 54, 42, 36, 1, 18, 9, 26,58,58,61,65,74,75,81,93, 05]
54
42 36
1 18 9 26

58 58 61 65 74 75 81 93
95

Jifi Vokrin
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Heap Sort

= VVybér prvku a kontrola haldy

[54, 42, 36, 1, 18,

42
1
58 58
95

[ 26, 42, 36, 1, 18,

42
1
58 58
95

[42, 26, 36, 1, 18,

26
1
58 58
95

Jifi Vokrin

9, 26,58,58,61,65,74,75,81,93, 95]
54
36
18 9 26
61 65 74 75 81 93

9,54,58,58,61,65,74,75,81,93, 05]
26
36
18 9 54
61 65 74 75 81 93
9,54,58,58,61,65,74,75,81,93, 05]
42
36
18 9 54

61 65 74 75 81 93
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Heap Sort
= VVybér prvku a kontrola haldy

[ 42, 26, 36, 1, 18, 9,54,58,58,61,65,74,75,81,93, 95]
42
26 36
1 18 9 54
58 58 61 65 74 75 81 93
95
[ 9, 26, 36, 1, 18,42,54,58,58,61,65,74,75,81,93, 05]
9
26 36
1 18 42 54
58 58 61 65 74 75 81 93
95
[ 36, 26, 9, 1, 18,42,54,58,58,61,65,74,75,81,93, 05]
36
26 9
1 18 42 54

58 58 61 65 74 75 81 93
95

Jifi Vokrin
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Heap Sort

= VVybér prvku a kontrola haldy
[ 36, 26, 9, 1, 18,42,54,58,58,61,65,74,75,81,93,

Jifi Vokrin

95

[ 18, 26, 9, 1,36,42,54,58,58,61,65,74,75,81,93,

95

[ 26, 18, 9, 1,36,42,54,58,58,61,65,74,75,81,93,

95

58

58

58

1

1

1

58

58

58

26

26

18

61

61

61

18

36

36

65

65

65

36

18

26

74

74

74

42

42

42

75

75

75

9

95]

o4

81 93

95]

54
81 93

05]

54

81 93
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Heap Sort

= Vybér prvku a kontrola haldy
[ 26, 18, 9, 1,36,42,54,58,58,61,65,74,75,81,93, 95]
26
18 9
1 36 42 54
58 58 61 65 74 75 81 93
95
[ 1, 18, 9,26,36,42,54,58,58,61,65,74,75,81,93, 95]
1
18 9
26 36 42 54
58 58 61 65 74 75 81 93
95
[ 18, 1, 9,26,36,42,54,58,58,61,65,74,75,81,93, 95]
18
1 9
26 36 42 54
58 58 61 65 74 75 81 93
95



Heap Sort

= VVybér prvku a kontrola haldy

[ 18, 1, 9,26,36,42,54,58,58,61,65,74,75,81,93, 95]
18
1 9
26 36 42 54
58 58 61 65 74 75 81 93
95
[ 9, 1,18,26,36,42,54,58,58,61,65,74,75,81,93, 05]
9
1 18
26 36 42 54
58 58 61 65 74 75 81 93
95
[ 9, 1,18,26,36,42,54,58,58,61,65,74,75,81,93, 05]
9
1 18
26 36 42 54
58 58 61 65 74 75 81 93
95



Heap Sort
= VVybér prvku a kontrola haldy

[ 9, 1,18,26,36,42,54,58,58,61,65,74,75,81,93, 95]
9
1 18
26 36 42 54
58 58 61 65 74 75 81 93
95
[ 1,9,18,26,36,42,54,58,58,61,65,74,75,81,93, 05]
1
9 18
26 36 42 54

58 58 61 65 74 75 81 93
95
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Heap Sort

= \/stup
[ 26, 81, 54, 1, 93, 65, 58, 74, 36, 18, 9, 95, 75, 58, 61, 42]
26
&1 5
/ \ _— \
1 93 65 58
N N 99N
74 36 18 9 95 75 58 61
42
= Vystup
[1,9,18,26,36,42,54,58,58,61,65,74,75,81,93, 95]
1
9 18
26 36 42 54

58 58 61 65 74 75 81 93
95
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Heap Sort Vtvorba haldy

def heapSort (array):
for start in range (( len (array) -2)// 2, -1, -1):
movedown(array, start, len (array) -1)

for end in range (len (array) -1, 1, -1):

array[end], array| 0] = array| 0], array[end] «\
movedown(array, O,end - 1) .
vybér prvku

def movedown(array, start, end): kontrola haldy
root = start
while True :
child = root * 2 + 1
if child > end: break
if child + 1 <=end and array[child] < array|[child + 1]
child += 1

If array[root] < array[child]:
array[root], array[child] = array[child], array[root]
root = child

else :

break
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Heap Sort

=" Vhodny pro kombinaci s binarnim vyhledavanim

= Pouziti jako ,,zalozni“ algoritmus pro quick sort
= Garantovana ,worst-case” narocnost

" V/yuziva zamen v ramci vstupni datove struktury
(nepotrebuje pomocné ulozeni dat)

" Vhodny i pro inkrementalni rezeni

" Quick sort + heap sort = introsort
= Zmeéna alg. po prekroceni logaritmického poctu zanoreni
C++ Standartibrary



Razeni

" Porovnani algoritmu

= Casova naroénost (best, average, worst)

t 2NR Gyt @1 ON | £ 32 NR (2¥ga €80 S
= Pamétova naro¢nost (memory)
= Stabilita razeni

= Vse v,,big O“ notaci
+ NOS &S G2Ydzi2 GSYIlGdz 0dzRSY:

Merge sort nlogn nlogn nlogn

Quick sort nlogn nlogn n? Iog n No

Heap sort nlogn nlogn nlogn 1 No
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Zaklady algoritmizace

" Dnes:
= Razeni
= Merge sort

= Quick sort ' .
= Heap sort BT

PTr |rektrze
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