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Vyhledavani v usporadaném poli
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" ENIyRledavani v sefazeném poli

velikost = N

Serazené pole:

363
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603

638

693

803
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836

839

860

863

938

939

966
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993

Linearni (sekvencni) vyhledavani je pomalé.

Testd (porovnani hodnot) je 1 (najdi 363) az N (najdi 993),

N
\4 7 \"4 4 \"4 1
v primérném pripadé NZL' =
=1

N+1

2

(predpoklad: hledana
hodnota je v poli)
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" S s L AT
Binarni vyhledavani

Téz znamé jako vyhledavani pdlenim intervalu.

Najdi 863

% 2 testy (=,>)

363(369|388|603(638
363|369]|38%

693

803(833
031833

Rozdél a panuj

T(1) =0(1)

T(N) = T(%) +60(1),N > 1

= T(N) € O(logN)

podle mistrovské véty
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839|860(863|938(939(966(968(983(993
839|860(863|938|939(966(968(983[993
2 testy (=,>)
839(860(863|938 9669689831993
8391860863938 96 93
2 testy (=,>)

839 863|938

863|938

1 test (=)
863|938




" S s L AT
Binarni vyhledavani

Najdi 863

Hledani kopiruje strukturu
vyvazeného binarniho stromu

O(logN)

363]369

388

603

638

693

803

860

863

939

966

968

983

993
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S Binarni vyhledavani - vylepseni

Najdi 863 1 test (je hledana hodnota vét&i ne? 836?)

363(36913 331836|839(860]863|938(9391966{968(983|993

% 1 test (>)

Typicky (v primé&rném pfipadg) 839]860]863]938[939[966aB{283]953]
je hledana hodnota blizko listu

ve stromu vyhledavani. % 1 test (>)

Je zbyteCné béhem sestupu 839(860(863|9 9

stromem testovat, zda byla jiz

hledana hodnota nalezena. 1 test (>)

Nejprve se najde misto, kde 38 0|863

presne ma byt a teprve pak se ,

kontroluje, zda tam opravdu je. 1 test (posledni prvek
263 testujeme na rovnost

s hledanou hodnotou)

Algoritmizace



" I i L ey
Binarni vyhledavani

int binarySearch(int[] arr, int wval) {
int low = 0, high = arr.length - 1, mid;
while (low < high) {
mid = low + (high - low) / 2; // better than
if (val > arr[mid]) // mid = (low+high)/2;
low = mid + 1;
else
high = mid;
}
if (arr[low] == wval)
return low;
else
return -1;
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[— Audience Q&A Session

(D Start presenting to display the audience questions on this slide.
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" EE""Interpolaéni vyhledavani

Pole a[ ] Najdi g = 939
363|369(388|603|638(693|803|833|836(839(860|863|938(939(966|968|983|993

o 1 2 13 15 17
first position last
% Jsou-li hodnoty v poli vicemene
N I %_&g’g&@@ = rovnomerne rozlozeng, je mozno
e = pouzit linearni interpolaci pro
gé’@% Z | odhad hledané pozice.
@%’% ‘T ?
3 I =
,23,23?3 ) S q - a[first] a[last] - a[first]
position — first mTmmTmmTmmmmmmmsmossos D mmemsemsoooseooooooee-
position — first last — first
first position last
g — a[first]
position = first + ------------------- * (last — first)

a[last] — a[first]
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" Interpolaéni vyhledavani

Najdi 939

363(369|388|603[638|693(803|833(836|839(860(863|938(939|966(968|983(993
0O 1 2 13 15 17

first position last

Kdyz se na vypoctené pozici prvek nenaléza, je bud’ vlevo nebo vpravo
od ni a pak Ize (rekurzivné) vzit za vychozi interval prislusnou levou
nebo pravou Cast pole a vypocet opakovat.

363(369|388|603(638|693|803(833|836|839(860|863|938(939]|966|96 3‘8@

0O 1 2 13 14 17
first position last

Casova sloZitost pro rovnomérné rozlozena data: 0 (loglog N)
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Jakou casovou slozitost
ma Interpolacni
vyhledavani v nejhorsim
pripade?

( Start presenting to display the poll results on this slide.



" EE""Interpolaéni vyhledavani

Nejhorsi pripad — linearni slozitost

Najdi 17
1123456 7]8]9]10(11(112|13(14|15|16(17]999
o 1 2 16 17
first last
position
g — a[first] B
position = first + -----------mmomno- * (last — first) 0+ -(17-0)[=0
a[last] — a[first] 999 — 1

D 2[3]4]s5][6][7][8]o1o]1a]12]13]14]15]16]17]090
0O 1

2 16 17
first last

position

Jak zaridit, aby nejhorsi pripad mél slozitost 0 (log N)
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" EE""Interpolaéni vyhledavani

int interpolationSearch(int[] arr, int key) {
int low = 0, high = arr.length - 1;
while (low <= high && key >= arr[low] && key <= arr[high]) {
if (low == high) ({
if (arr[low] == key) return low;
return -1;

}
int pos = low + (key - arr[low])* (high-low) /

(arr[high] - arr[low]);
if (arr[pos] == key)
return pos;
if (arr[pos] < key)
low = pos + 1;
else
high = pos - 1;
}

return -1;
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[— Audience Q&A Session

(D Start presenting to display the audience questions on this slide.



" E=EXponencialni vyhledavani

Jak trefit lod™?
dostrel mtzeme nastavit libovolné
nevime ale, jak je lod’ daleko (pro vzdalenost neexistuje ani odhad)
po vystrelu vidime pouze Splouchnuti pred/za lodi, nebo zasah
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== Exponencialni vyhledavani

Je dana rostouci funkce f:N - N
(napr. algoritmem) a Cislo Y € N,

Hledame nejmensi Cislo k € N, pro
které plati f(k) > Y.

2B| :zB+1
3 £ £3—
12 4 8 L 16

1. Inkrementalné nalezneme B, pro které
plati f(25) <Y < f(2B*Y),

Casova sloZitost:
OB +1) =0(ogk)

2. Aplikujeme binarni vyhledavani pro
posloupnost £ (25), ..., f(25*1).

Algoritmizace

O(log(28t1 — 28 + 1))
= O(logk)
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0 1 2 3 4 5 6 7 8 9

10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19
20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29
30 | 31 | 32 | 33 | 34|35 |36 | 37| 38 | 39
40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49
50 | 51 | 52 | 53 | 54 | 56 | 57 | 58 | 59 | 60
61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70
/v (72 73 |74 |75 |76 |77 |78 |79 | 80
81 | 82 | 83 |84 |8 | 8 | 8 | 8 | 8 | 90
91 | 92 | 93 | 94 | 95| 9 | 97 | 98 | 99 | 100




V jakém case lze nalezt
chybejici Cislo?

. The must be installed on every computer

you’re presenting from


https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
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Binarni vyhledavaci strom (BVS)

Binary search tree (BST).
Datova struktura reprezentujici mnozinu klicu.
Operace Find, Insert a Delete.

V levém podstromu kazdého
uzlu jsou vSechny klice mensi.

V pravém podstromu kazdého
uzlu jsou vsechny klice vetsi.
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Binarni vyhledavaci strom (BVS)

.

V levém podstromu kazdého

/ ) uzlu jsou vsechny klice mensi.
/
AR “\ AR “\ , v ,
AN R V pravém podstromu kazdého
Al RSN uzlu jsou véechny kli¢e vétsi.
/ \
/ \

| poradi inorder =
8 13|18 |22|25|34|40|45|51|68|70|73|74|76|92| vzestupné
usporadané klice
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" 0perace Find v BVS

Najdi 18

Kazda operace
se stromem
zacina v koreni.

Node find(int key, Node node) ({
if (node == null || node.key == key)
return node;
if (key < node->key)
return find(key, node->left);
else
return find(key, node->right);

}
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" 0perace Find v BVS

Najdi 18

Kazda operace
se stromem
zacina v koreni.

Node findIterative (int key, Node node) {
while (true) {
if (node == null || node->key == key)
return node;
if (key < node->key) node = node->left;
else node = node->right;

}
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S 0perace Insert v BVS

Vloz 42
V7 /. "
Sem patri 42
Insert

1. Najdi misto (jako ve Find) pro list, kam patri uzel
s danym klicem.
2. Vytvor tento uzel a vloz jej do stromu.
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" 0perace Insert v BVS

Node insert(Node node, int key) {
/* If the tree is empty, return a new node */
if (node == null)
return new Node (key) ;

/* Otherwise, recur down the tree */
if (key < node->key)

node->left = insert(node->left, key);
else if (key > node->key)

node->right = insert (node->right, key);

/* return the (unchanged) node pointer */
return node;

Algoritmizace



Insert: 40, 60, 50, 20, 70, 30, 10

(10)
20 060)
80 Go) ()

(40 (10)
O (60)
0 G Go) (70

(10) (10)
G0 50 (o) (60)
Gy @G G
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Ruzné tvary BVS

Insert: 50, 30, 60, 20, 70, 10, 40

(50)
& L
(50)
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" S Operace Delete v BVS

Smazani listu

Najdi dany uzel x (Find) a odstran ukazatel na néj z jeho rodice.
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" S Operace Delete v BVS

Smazani uzlu s 1 potomkem

Najdi dany uzel x (operace Find) s potomkem .

V jeho rodiCi zmeén ukazatel, ktery ukazoval na x, aby novée
ukazoval na y.
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" S Operace Delete v BVS

Smazani uzlu se 2 potomky

Najdi dany uzel x (Find) a dale najdi uzel y's nejmensim klicem v
pravém podstromu uzlu x.

Zkopiruj kli¢ uzlu y do uzlu x.
Smaz uzel y, ktery ma maximalné 1 potomka (viz predchozi pripady).
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" S Operace Delete v BVS

Vysledek:
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" SS=NJizualizace operaci v BVS

Binary Search Tree

| Delete | | Find || Print

https://www.cs.usfca.edu/~galles/visualization/BST.html
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https://www.cs.usfca.edu/~galles/visualization/BST.html

=" 0perace Delete v BVS

Nalezeni nejmensiho klice v podstrome:

int minValue (Node node) {
while (node.left !'= null)
node = node.left;
return node.key;

L 4
L 4
L 4
L 4
*
L 4
L 4
L 4
.0
L 4
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" 0perace Delete v BVS

Node delete(int key, Node root) {

}

if (root == null) return root; // if the tree is empty
if (key < root.key) // otherwise, recur down the tree
root.left = delete (key, root.left);
else if (key > root.key)
root.right = delete(key, root.right);
else {
// node with only one child or no child
if (root.left == null)
return root.right;
else if (root.right == null)
return root.left;
else {
// node with two children
root.key = minValue (root.right);
// delete the inorder successor
root.right = delete(root.key, root.right);
}

return root;

Algoritmizace
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Jakou casovou
slozitost ma operace
Delete v BVS s 'n' uzly?

( Start presenting to display the poll results on this slide.



S ASymptoticka slozitost operaci

Asymptoticka slozitost operaci v BVS je Umeérna maximalni
hloubce uzll, které navstivime.

BVS s n uzly
Operace Obecny Vyvazeny
Find O(n) O (logn)
Insert O(n) O (logn)
Delete O(n) O(logn)

Algoritmizace
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