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ALG 04

VYHLEDAVANI (jednorozmérné vyhledavani)

Vyhledavani v poli
naivni, binarni, interpolacni

Binarni vyhledavaci strom (BVS)
operace Find, Insert, Delete
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Hledani v sefazeném poli — linearni, POMALE J

Dané pole J

Sefazené pole: Velikost =N J

o

363(369|388|603|638|693|803|833|836|839(860(863|938[939(966|968(983(993

najdi 993 ! J

Testu: N J@

W@@@@@@@@@@@@@@@@@

993

najdi 363 ! J

%XZ Test: 1 J@

363|369({388|603|638(693|803|833(836]|839|860({863|938|939({966|968|983(993
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Hledani v sefazeném poli — binarni, RYCHLEJSI @

najdi 863!
2 testy
363|369|388|6O3|638|693|803|83?3;1‘€ 8391860(863|938|939|966(968(983(993
63|369|sHH!CCCICCS-695I803|83 839|860(863(938(939(966(968(983(993
2 testy K,
2 testy 839(860(863|938|929|966|968|983]993

————
839(860(863|938 1966 |988883|993|

2testy | |839]880|863|938

839]  |863[938

1 test 863(938




A4B33ALG 2010/04
ALV

A
Hledani v serazeném poli — binarni, RYCHLEJSI @

najdi 863!

Hledani kopiruje strukturu
binarniho stromu

363(369|388|603(638|693|803(833|836|839(860|863|938(939]|966|968(983|993
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Hledani v sefazeném poli — binarni, RYCHLEJSI

D
~ @:zk
~ :23
g{) ~ @:22
Doba hledani
2
Q=21 N =2k =>

:‘@':

(D=2° kK =10g,(N) | ©




Interpolacni hledani
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Pole a[ ] Najdi g = 939
3631369|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 rozlozeny viceméneé pravidelne,
je mozno pouzit linearni interpolaci.
Poloha prvku v poli by méla priblizné odpovidat jeho velikosti.
(g — a[first])
position = first + - - - - - - ——-———————- *(last — first)
a[last]-a[first]
3 &4st!
939 - 363 Cela cast!
position =0 + - ————————- *(17 - 0) = 15.54
993 - 363
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Interpolacéni hledani

Pole a[ ] Najdi g = 939
363(369|388|603(638|693(803|833(836|839|860(863|938[939|966 96§;§§2+§§:1
_O 1 2 13 14 15 17
first position ‘ last

Kdyz se na vypoctené pozici prvek nenaléza, je bud’ vievo
nebo vpravo od ni a pak lze (rekurzivné) vzit za vychozi interval
prislusnou levou nebo pravou ¢ast pole a vypoc€et opakovat.

(g — a[first])

position = first + ----- - - - - - —————- *(last — first)
a[last]-a[first]
A dast!
939 - 363 Cela cast!
position =0 + - ————————- *(15 - 0) = 14.12
968 - 363
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Interpolacéni hledani

Pole a[ ] Najdi g = 939
363|369(388|603[638(69318031833(836|839|860(863|938|939(966 i§§2+§§:1
0 1 2 13 147 15° 17

first

position last

Kdyz se na vypoctené pozici prvek nenaléza, je bud’ vievo
nebo vpravo od ni a pak lze (rekurzivné) vzit za vychozi interval
prislusnou levou nebo pravou ¢ast pole a vypoc€et opakovat.

(g — a[first])

position = first + -----—-----—-—--- *(last — first)
a[last]-a[first]
A cast!
939 - 363 Cela cast!
position =0 + - ————————- *(14 - 0) = 13.37
966 - 363 Hotovo
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Interpolacéni hledani J

int interpol(int [] arr, int q) {
int first = 0;
int last = length(arr);
do {
pos = first + round((g-arr[first])/(arr[last]-arr[first])
* (last-first) );

if (arr[pos] < q) first = pos+l; // check left side
else if (arr[pos] > q) 1last = pos-1l; //check right side
} while ((arr[pos] '= q) && (first < last));

return pos;



q = aa(i);    first = 1;    last = size(aa,2);    pos = 1;    count = 0;    while (aa(pos) ~= q)        % first        % last        pos = first + round (((last-first) / (aa(last) - aa(first))) * (q - aa(first)));        if (aa(pos) < q)            first = pos+1;        else            last = pos-1;        end        count = count+1;    end
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Hledani v serazeném poli — srovnani rychlosti J

Velikost |Linearni hledani |Interpolaéni hledani Binarni hledani
pole N |prumérny pripad| pramérny pripad |cca primérny /nejhorsi pripad
10 5.5 1.60 7 9
30 15.5 2.12 9 11
100 50.5 2.56 13 15
300 150.5 2.89 17 19
1 000 500.5 3.18 19 21
3000 1500.5 3.41 23 25
10 000 5 000.5 3.63 27 29
30 000 15 000.5 3.80 29 31
100 000 50 000.5 3.96 33 35
300 000 150 000.5 4.11 37 39
1 000 000 500 000.5 4.24 39 41

Ziejmé O(n)

Na nahodném

rovhomérném rozdéleni,
teoreticky ®(log(log(N)))

Podle struktury binarniho
stromu ®(log(n))
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Binarni vyhledavaci strom

V levém podstromu kazdého uzlu
jsou vsechny klice mensi.

V pravém podstromu kazdého uzlu
jsou vsechny klice vetsi.

10
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Binarni vyhledavaci strom

BVS nemusi byt
a nebyva vyvazeny.

BVS nemusi byt
a nebyva pravidelny.

Vypisem prvku BVS
v poradi INORDER
ziskame usporadané
hodnoty kli€u.

BVS je flexibilni diky operacim:

Find — najdi prvek s danym klicem

Insert — vloz prvek s danym klicem

Delete — (najdi a) odstran prvek s danym klicem

11



Implementace binarniho stromu -- C
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Reprezentace
uzlu

key
left | right

typedef struct Node {

int key;
struct Node *left;
struct Node *right;

} NODE;

-
—————
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../../ALTE/dsa/lastOnService/typedef struct node %7b%0d%0a%0d%0a  int val;%0d%0a  struct node *l;%0d%0a  struct node *r;%0d%0a%0d%0a%7d NODE;%0d%0a

Implementace binarniho stromu -- java J

Ll R T N

335 22107

A4B33ALG 2010/04

public class Node ({
public Node left;

public Node right;

public int key;

public Node (int k)
key = k;
left = null;
right = null;

}

public class Tree {
public Node root;
public Tree() {

root = null;

}



../../ALTE/dsa/lastOnService/typedef struct node %7b%0d%0a%0d%0a  int val;%0d%0a  struct node *l;%0d%0a  struct node *r;%0d%0a%0d%0a%7d NODE;%0d%0a
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Operace Find v BVS J

Najdi 18J-—->

Kazda operace

se stromem

zacina v koreni.
4

Iterativneé

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

b}



../../ALTE/dsa/lastOnService/typedef struct node %7b%0d%0a%0d%0a  int val;%0d%0a  struct node *l;%0d%0a  struct node *r;%0d%0a%0d%0a%7d NODE;%0d%0a

Operace Find v BVS J

Kazda operace

se stromem

zacCina v koreni.
4

Rekurzivné J
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Node findRec(int k, Node node) {
if (node == null) return null;
if (node.key == k) return node;
if (k < node->key) return findRec(k, node->left);
else return findRec(k, node->right)

b}

.
4



../../ALTE/dsa/lastOnService/typedef struct node %7b%0d%0a%0d%0a  int val;%0d%0a  struct node *l;%0d%0a  struct node *r;%0d%0a%0d%0a%7d NODE;%0d%0a
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Operace Insert v BVS

Sem patri 42

Insert
1. Najdi misto (jako ve Find) pro list, kam patfi uzel s danym klicéem.
2. Vytvor tento uzel a vloz jej do stromu.

16



Operace Insert v BVS iterativné l
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Node insert (int k, Node node) {
if (node null) {
Node newNode = ...;
return newNode;

}
while (true)
if (node->key k) return null;
if (node->key > k)
if (node->left null) {

Node newNode = ...;

node->left = newNode;
return newNode; }

else node = node->left;

else
if (node->right == null) {
Node newNode = ...;
node->right = newNode;
return newNode; }
else node = node->right; }

b}

// empty tree
// create node with key k

//can't insert a duplicate

// create node with key k

// similarly to the right



../../ALTE/dsa/lastOnService/typedef struct node %7b%0d%0a%0d%0a  int val;%0d%0a  struct node *l;%0d%0a  struct node *r;%0d%0a%0d%0a%7d NODE;%0d%0a
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Operace Insert v BVS rekurzivné J

Node insertRec (int k, Node node, Node parentNode) {

if (node == null) { // empty tree
Node newNode = ...; // create node with key k
if (parentNode '= null) {

if (parentNode->key > k)
parentNode->left = newNode;

else
parentNode->right = newNode;

return newNode;

if (node->key == k) return null; //can't insert a duplicate

if (node->key > k) // chose direction

return insertRec(k, node->left, node);

else
return insertRec(k, node->right, node) ;



../../ALTE/dsa/lastOnService/typedef struct node %7b%0d%0a%0d%0a  int val;%0d%0a  struct node *l;%0d%0a  struct node *r;%0d%0a%0d%0a%7d NODE;%0d%0a
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Stavba BVS operaci Insert

insert 40
Insert 70 (40)
. D
Insert 60 @ & (50) C70)
insert 50 (40) @ insert 30 @ (40) @
D G GO @
insert 20 insert 10 (40)
(20] (60
(10 G G ()

19
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Tvar budovaného BVS zavisi na poradi vkladani dat.

Insert 30

@ insert 10
insert 60 @

(30 (60)
insert 20 Insert 40

20
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Operace Delete v BVS (l.)

Smazani uzlu s 0 potomky (= listu)

Odsud 25 zmizi.

Delete I.
Najdi dany uzel (jako ve Find) a odstran ukazatel na néj z jeho rodice.

21
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Operace Delete v BVS (ll.)

Smazani uzlu s 1 potomkem

Odsud 25 zmizi.

Z ukazatele 76 --> 68 se stane ukazatel 76 --> 73.
Delete II.

Najdi dany uzel (jako ve Find) a ukazatelem z jeho rodi€e na néj
ukaz na jeho (jediného!) potomka.

22
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Operace Delete v BVS (ll.)

Smazani uzlu s 1 potomkem Pred

Smaz 68

23
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Operace Delete v BVS (llla.)

Smazani uzlu s 2 potomky

(51)
Smaz 34 ‘\
(2 @
O @i ® @
() @ &
Odsud 34 zmizi. A
Na jeho misto nastoupi 36. | . . g
Delete llla.

1. Najdi dany uzel x (jako ve Find) a dale
najdi nejlevéjsi (=nejmensi kli¢) uzel y v pravém podstromu x.
2. Z uzlu y ukaz na potomky uzlu x, z rodi€e y ukaz na potomka y misto vy,

z rodi€e x ukaz nay.

24
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Operace Delete v BVS (llla.)

Smaz 34

zanikajici
hrany/ukazatele/reference

vznikajici
hrany/ukazatele/reference

25
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Operace Delete v BVS (llIb.) je ekvivalentni Delete llla.

Smazani uzlu s 2 potomky

(51
Smaz 34 N
(G @
S @) & D
@D @ &
Odsud 34 zmizi. :
Na jeho misto nastoupi 22. | .. .. ... d
Delete Illb.

1. Najdi dany uzel x (jako ve Find) a dale
najdi nepravéjsi (=nejvétsi kli¢) uzel y v levém podstromu x.
2. Z uzlu y ukaz na potomky uzlu x, z rodi€e y ukaz na potomka y misto vy,

z rodi€e x ukaz nay.

26
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Operace Delete v BVS (llIb.) je ekvivalentni Delete llla.

Smaz 34

zanikajici
hrany/ukazatele/reference

vznikajici

hrany/ukazatele/reference
o

Je nutno osetrit pripad,
kdy presouvany uzel y
ma sam naslednika,
tedy je na néj nutno
aplikovat variantu Delete II.

27
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Operace Delete v BVS J

Node delete (int k, Node node) {
// homework. ..

}

y
Asymptotické slozitosti operaci Find, Insert, Delete v BVS J
BVS s n uzly
Operace | Vyvazeny Mozna nevyvazeny
Find O(log(n)) O(n)
Insert ®(log(n)) O(n)
Delete | ©(log(n)) O(n)
J
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