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Harmonogram

s 23.3. Java Collections
= 26.3. cvi¢enie collections + DU 6

= 30.3. Stream API

e 94 cvicenie Stream API + DU 7
= pondelok 13.4. 14:00-16:30, H3+H6
= pokryva témy:
= Java collections — List, Set, Map
= Stream API — lambdas & functionals




BST

z dielne majstrov :)

bstract class Tree {
abstract boolean isBST();

class Node extends Tree {
@Override
boolean isBST() {
if (left == null && right == null) return true;
if (left !=null) {
if (data <= left.root()) return false;
if (!left.isBST()) return false;
}
if (right 1= null) {
if (data >=right.root()) return false;
if (right.isBST()) return false;
}

return true;

I

class Leaf extends Tree {
@Override
boolean isBST() {
return true;

I

Tree c3 = new Node(new Leaf(1), 3, new Leaf(10));
Tree c4 = new Node(new Leaf(9), 15, new Leaf(21));
Tree c5 = new Node(c3, 6, c4);

@Override
boolean isBST() {
return
(left == null || left.root() < data
&&

(right == null || right.root() > data && right.isBST());

&& left.isBST())

}

ZIé rieSenie, a vieme napisat fungujuce linearne

© o

BST.java



BST v style J17

Sealed class/interface

Zapecatena (sealed) trieda/interface urcuje, ktoré jediné podtriedy trieda mdéze mat, resp.
ktoré triedy jediné implementuju zapecateny interface (a ziadne iné) — idea zapecatenosti

sealed interface Tree permits Node, Leaf {
boolean isBST();

}

record Node(Tree left, int value, Tree right) implements Tree {
@Override
public boolean isBST() { // bez zmeny
return  (left == null | | left.root() < value && left.isBST())
&& (right == null | | right.root() > value && right.isBST());

}

record Leaf(int value) implements Tree {
@Override
public boolean isBST() {
return true;

bl BST1.java



BST v style J17

patterns

static int velkost1(Tree t) {
return
switch (t) { // switch je prikaz !!!

case Node n ->
1+
((n.left() == null) ? O:velkost1(n.left())) +
((n.right() == null) ? O:velkost1(n.right()));

case Leaf | -> 1;

// no default... lebo Tree je zapecateny

// pred Java 17
static int velkost2(Tree t) {
if (t instanceof Node) {
Node n = (Node) t;
return
1+
((n.left() == null)?0:velkost1(n.left())) +
((n.right() == null)?0:velkost1(n.right()));
} else if (t instanceof Leaf) {
Leaf | = (Leaf)t;
return 1;
} else {
return 999;

}
}

BST1.java




VSeobecny strom

class Node<T extends Comparable<T>> implements Comparable<Node<T>> {

private T value;

private List<Node<T>> sons;
T extends Comparable<T> - znamena, ze predpokladame porovnavanie na type T
implements Comparable<Node<T>> - znamena, Ze chceme porovnavat celé stromy

= a preto musime definovat Node<String> tree = new Node("h",

m  @Override List Of(

public int compareTo(Node<T>0) { ... } '
new Node("d",
m priklad rekurzie cez strom, inicializacie: List.of(

— new Node("a", null),
public int size() { new Node("b", null),
Int count = 1, new NOdE("C", nU”))

for (Node<T> son : sons)
if (son = null)
count += son.size(); List.of(
return count; new Node("f", null),
} new Node("g", null))

N

),

new Node("e",




‘L Java Collections

= Neberte si kl'tiCiky od velkej miesacky, kym neviete robit’
s malou lopatou

= vSetky priklady Quadtermu boli riesitel'né bez Listu, Set Ci




Su collections lepsie ?

(a mbzeme ich uz pouzivat'?)

public static void
bubleSortuj (ArrayList<Integer> a) {
for (int 1 = 0; 1 < a.size() ; i++) {
for (int j = a.size()-1; j>i ; j--) {
if (a.get(j-1) > a.get(j)) {

public static void bubleSortuj(int[] a) { Integer temp = 4. get (j) ;

for (int i = 0; i < a.length ; i++) {

for (int j = a.length-1; j3>i ; j--) { a.set (j ’a'get (j_l) ) i
if (a[3-11 > alj1) { a.set(j—l,temp);
int temp = a[j]; }
aljl = alj-1]; }
alj-1] = temp;
}
}
) }
) 1075 - elapsed time:33 s. — 2.35x pomalsie
}

1074 - elapsed time:141 milis.
1075 - elapsed time:14s.
1076- elapsed time: ??7?

Subor: SortObamal.java, SortObama?2.java




Je Python lepsi ?

import random
import datetime
def bubbleSort(alist):

for passnum in range(len(alist)-1,0,-1):

for i in range(passnum):
if alist[i]>alist[i+1]:
temp = alist][i]
alist[i] = alist[i+1]
alist[i+1] = temp

alist = random.sample(range(100000000), 10000)
start = datetime.datetime.now()

bubbleSort(alist)

now = datetime.datetime.now()

Verzia ADS (http://struct.input.sk/07.html#triedenia):
def bubble_sort(pole):
foriin range(1, len(pole)):

for j in range(len(pole)-i):
if pole[j] > pole[j+1]:
polelj], pole[j+1] = pole[j+1], pole[j]

print(alist) 104 - elapsed time:15s. - 106x pomalsie...
print(now-start) 1015 - elapsed time: 28m05s - 120x pomalsie...

http://interactivepython.org/courselib/static/pythonds/SortSearch/ TheBubbleSort.html




‘L QuickSort

python quicksort .sort() builtin

106  7.81s 0.88s ")
1076 102.3s 16.2s
v Jave:

1075 - elapsed time: 23ms. (608x)
107 6- elapsed time: 120ms

10"7- elapsed time: 1.2s ¢
10/ 8- elapsed time: 12.31s =
10/°9- elapsed time: 123.8s jav

builtin, Arrays.sort:
1015 - elapsed time:39ms.
107 6- elapsed time: 129ms
107 7- elapsed time: 1.02s
10" 8- elapsed time: 10.5s
10"9- elapsed time: 101.5s

http://www.vogella.com/tutorials/JavaAlgorithmsQuicksort/article.html

Subor: QuickSort.java, QuickSortTest.java




* Java Collections

dnes bude:
= podtriedy Collection Slajd < Java 8
= mnoziny (sets) (vSade)
= zoznamy (lists)

« fronty (queues) Slajd = Java 8
= zobrazenia (maps) — asociativne polia

Slajd = Java 9

Cvicenie:
= HashSet, ArrayList, HashMap, ...

literatura:
e  Thinking in Java, 3rd Ed. (http://www.ibiblio.org/pub/docs/books/eckel/T1]-3rd-edition4.0.zip) — 11:

Collections of Objects




Java Collections

+—speliami-by-sme-si-este-dlhovystacili, JAVA Collections patria k

pouzivanym triedam zrucného programatora - podobne ako C++
kontajnery v STL,

e Hoc ide len o kniznicné triedy, budeme sa im venovat’' z troch pohladov:
1. interface - aky ADT definuju
2. implementation - zvolena reprezentacia pre ADT
3. algorithm - ako efektivne su realizované metody

e pre eleganciu kodovania: treba mat’ prehl'ad v kolekciach
po kontajneroch STL nas neprekvapi, ze najpouzivanejsie z nich su:
1. set=mnozina
2. list=zoznam

3. queue=front
4. map=zobrazenie

o pre efektivnost’ kodu: treba mat’ predstavu o ich implementacii



* [terable interface hierarchy

Pozor: v skutocCnosti je hierarchia ovel'a kosatejSia
toto je len najdolezitejsia jej Cast’

Pozor: Hierarchia existuje aj v negenerickej verzii,
neradno ich miesat’ (heterogénne kolekcie z Object)




public interface Iterable<T> {
T public Iterator<T> iterator();

Iterable/Iterator interface umoznuje sekvencny prechod 'ubovol'nou collection:
public interface Iterator<g> {

[terable/Iterator interface

boolean hasNext(); // true, ak som na poslednom prvku

E next(); // chod na dalsi prvok

void remove(); // vyhod ten, na ktorom stojis-
volitelné

// ako prejst’ collection, nechat’ x také, ze plati cond(x)
static <E> void filter(Collection<E> c) {

for (Iterator<E> it = c.iterator(); it.hasNext(); )

if (lcond(it.next())) // cond je logicka podmienka
it.remove();

¥

static <E> void printCollection(Collection<E> c) {

for (Iterator<E> it = c.iterator(); it.hasNext(); )
System.out.println(it.next());



Genericke vs. negenerickeé

(homogénne vs. heterogénne)

// genericka homogénna kolekcia typu E
static void printCollection(Collection<E> c) {
for (Iterator<E> it = c.iterator(); it.hasNext(); )
System.out.println(it.next()); // typu E

}
// negenericka hetero (Any/Object) kolekcia

static void printCollection(Collection c) {
for (Iterator it = c.iterator(); it.hasNext(); )
System.out.print(it.next()); // typu Object

¥

// cyklus for-each na homogénnych kolekciach
static <E> void printCollection(Collection<E> c) {
for (E elem : c) System.out.print(elem);

¥

// cyklus for-each na heterogénnych kolekciach
static void printCollection(Collection c) {
for (Object o : c¢) System.out.print(o);
}



»

Interface Collection je podinterface Iterable

Interface Collection<E>

Spolocné minimum pre vSetky triedy implementujuce Collection:

public interface Collection<E> Iterable<E> {
int size(); // velkost
boolean isEmpty(); // €1 je prazdna
boolean add(E element); // pridaj do nej
boolean contains(Object element); // nachadza sa v nej
boolean remove(Object element); // vyhod prvok
Iterator<E> iterator(); // iterator cez collection
Object[] toArray(); // konverzia do pola Objectov
<T> T[] toArray(T[] a); // konverzia do pola T[]

}

DalSie pod-interfaces prikazuju implementovat’ iné partikuldrne metédy:
...... , Deque<E>, List<E>, Queue<E>, Set<E>, SortedSet<E>, ......




.. je ich vel'a, vSimnime si dolezitejSie ..

Implementacie Collection<E>

AbstractCollection,
AbstractList,
AbstractQueue,
AbstractSequentialList,
AbstractSet,
ArrayBlockingQueue,
ArrayDeque,
ArraylList,
AttributeList,
BeanContextServices
Support,

BeanContextSupport,
ConcurrentLinked
Queue,
ConcurrentSkipListSet,
CopyOnWriteArrayList,
CopyOnWriteArraySet,
DelayQueue,
EnumSet,
HashSet,
JobStateReasons,
LinkedBlockingDeque,
LinkedBlockingQueue,
LinkedHashSet,
LinkedList,

PriorityBlocking
Queue,
PriorityQueue,
RoleList,
RoleUnresolvedList,
Stack,
SynchronousQueue,
TreeSet,
Vector




Set

iImpIementation =

Map

Queue

e interface
¢ implementation
e algorithm
Inter .
Implementations
faces
Hash Resizable Tree Linked Hash table +
table array List Linked list
Set HashSet TreeSet LinkedHashSet
List ArrayList LinkedList
Queue ArrayList LinkedList
Map HashMap TreeMap LinkedHashMap

Dolezité vediet'”:
1. Set a Map nemozu obsahovat’ duplikaty (pre kl'ic), porovnanie na rovnost’
2. TreeMap a TreeSet su usporiadané (podl'a kl'ic¢a), potrebuju usporiadanie na
prvkoch (na kl'icoch)
3. zobrazenie Map obsahuje pary (key,;object) pristupné cez klI'GC key = dictionary

Najcastejsia implementacia



implementacie:
eHashSet

oL inkedHashSet
eTreeSet - usporiad

Mnozina - Set e

prvky sa neopakuju

public interface Set<E> extends Collection<E> {
int size();

boolean
boolean
boolean
boolean
boolean
boolean
boolean

isEmpty();

add(E element); // pridaj
contains(Object element); // nachadza sa
remove(Object element); // vyhod
containsAll(Collection<?> c); // podmnozina
addAll(Collection<? extends E> c);// zjednotenie
removeAll(Collection<?> c); // rozdiel

Iterator<E> iterator();
Object[] toArray(); // konverzia do
<T> T[] toArray(T[] a); // pola



eHashSet negarantuje
poradie pri iteracii

4 kI h eLinkedHashSet iteruje v
Priklad HashSet (Set) o acens prov
import java.util.HashSet;
import java.util.Set;

// >= Java 1.5, zaviedla generics

Set<String> s = new HashSet<String>();
// >= Java 1.7, zaviedla diamond operator <>

Set<String> s = new HashSet<>();
Set<String> s = new—HashSet<->(); // Specialitka Intellild
Set<String> s = new LinkedHashSet<>();
for (String a : args)
if (!s.add(a))// nepodarilo sa pridat

System.out.println("opakuje sa: " + a);
System.out.println(s.size() + " rozne: " + s);
Object[] poleObj = s.toArray(); <« Konverzia do pola
for(Object o:poleObj) System.out.print(o); Podhodim mu typ

pola, aby vedel...

. . HashSetDemoabb a
String[] poleStr = s.toArray(new String[0]); opakuje sa: b

: . ; . | opakuje sa: a
for(String str:poleStr) System.out.print(str); 2 rozne: [a, b]

Subor:HashSetDemo.java abab




< Java 8

Java 8

Java 9

Mnozinova konstanta e |

et<Integer> s = new HashSet<>();
s.add(1); s.add(2); s.add(3);

Set<String> strs = new HashSet<>( // <> Java 7
Arrays.asList("Java", "Kawa"));
alebo...
Arrays.asList(new String[]{"Java", "Kawa"}));

Set<Integer> r = Set.of(1,2,3);
Set<String> r = Set.of("Java", "Kawa");




* Java 10

Implicitna typova deklaracia-typ premennej si domysli s inicializacnej hodnoty

NiC to ale nemeni na fakte, ze Java zostava staticky typovana
nikdy z toho nebude JavaScript, var-podobnost’ je Cisto nahodna...



Mnozina definovanych objektov

ruska hl = new Hruska(1); " "
Hruska h2 = new Hruska(l); g g
Set<Hruska> hrusky = new HashSet<>(Arrays.asList(hl, h2));
"size = " + hrusky.size() size -> 2
"== " + (hl == h2) == -> false
".equals " + (hl.equals(h2)) .equals-> false

Asi Hruske chyba nas vlastny .equals — lebo Object.equals je porovna referencie
class Hruska {
int velkost;

e . size -> 2
@Ovevrlde . . == -> false
public boolean equals(Object obj) { .equals-> true
return
(obj instanceof Hruska)?(velkost==((Hruska) obj).velkost)

:false;



\ = - 4 ’ WaR 1s PEACE.
M n OZ I n a d efl n Ova n yc h FREEDOM IS SLAVERY,,
IGNORANCE IS STRENGTH.

objektov

lits,

kl"‘m\ ¥
3 iz,

si Hruske chyba nas vlastny .hashCode, ale ako napisat’ hashovaciu funkciu ?
class Hruska {

int velkost;

@Override -

public int hashCode() { size -> 1
return 1984; //Orwellova kondtanta ©| ~~ -> false

} .equals-> true

@Override -

public int hashCode() { size -> 1
return velkost; == -> false
return 17*velkost; .equals-> true

¥

@Override cize s 9

public int hashCode() { __ s e
return super.hashCode(); .equals-> true

}



i Ako teda pracuje HashSet

= ziadne duplikaty
Set.add(key), contains(key), ...
= interne vola hashCode (key)

= VvSetky prvky s rovhakym hashCode su v jednom (!) spajanom zozname,
= to vysvetluje, Ze return super.hashCode(); lebo su vSetky rozne

prebehne tento spajany zoznam a porovnava objekty pomocou .equals()
= preto konstanta 1984 degraduje HashSet na LinkedList...

Analogicky bude fungovat’ HashMap alias dictionary



= mm == |JSpOriadana mnozina -
SortedSet

prvky sa neopakuju a navyse su usporiadané

okrem toho, ¢o ponuka Set<E> dostaneme:

public interface SortedSet<E>

}

headSet(to)

Set<E> {

oTreeSet iteruje
podl'a usporiadania

SortedSet<E> subSet(E from, E to);// vykusne podmnozinu
// prvkov od >= from a < to
SortedSet<E> headSet(E toElement);// podmnozina prvkov
// od zaciatku az po toElement

SortedSet<E> tailSet(E fromElement);

E first();
E last();

subSet(from, to)

{

// podmnozina prvkov

// od fromElement az po koniec

// prvy

// posledny prvok usp.mnoziny

first < ...

<

from < ...

to < ...

< last

tailSet(from)



Priklad TreeSet (SortedSet)

import java.util.TreeSet;

List<String> list = Arrays.asList( // rozdeli retazec na slova
"jedna dva tri styri pat sest sedem osem devat"
.split(" ")); // do pola, z ktorého vyrobi List

TreeSet<String> sortedSet = new TreeSet<>(list);//vyrobi SortedSet
System.out.println(sortedSet);
// [devat, dva, jedna, osem, pat, sedem, sest, styri, tri]

String low = sortedSet.first(), // devat
String high = sortedSet.last(); // tri

sortedSet.subSet("osem", "sest") // [osem, pat, sedem]
sortedSet.headSet("sest") // [devat, dva, jedna, osem, pat, sedem]
sortedSet.tailSet("osem" // [osem, pat, sedem, sest, styri, tri]

Subor:TreeSetDemo.java




< Java 8

Usporiadana mnozina

n ’ - Java 9
definovanych objektov =
8
ruska hl = new Hruska(l), h2 = new Hruska(l); \3 \) ) )
Hruska h3 = new Hruska(4), h4 = new Hruska(3); - - - o

Set<Hruska> hrusky = new TreeSet<>(Arrays.asList(h4,hl,h2,h3));

Set<Hruska> hrusky = new TreeSet<>(Set.of(h4,h1l,h2,h3));

Hruska cannot be cast to java.base/java.lang.Comparable
Asi Hruske chyba nas implements Comparable<Hruska> a .compareTo()
class Hruska implements Comparable<Hruska> {

int velkost;

@Override

public int compareTo(Hruska o) {
return (velkost<o.velkost)?-1:(velkost==0.velkost)?0:1; &
return new Integer(velkost).compareTo(new integer(0.velkost)); O

return Integer.compare(velkost, o.velkost); ©

}
[Hruska{velkost=1}, Hruska{velkost=3}, Hruska{velkost=4}]



Z0znam - List Stk

implementacie:
eArrayList
eLinkedList

prvky sa mozu opakovat’ @ maju svoje poradie, resp. usporiadanie
ListIterator okrem next()/hasNext(), pozna aj previous()/hasPrevious()

pub

lic interface List<E> extends Collection<E> {

E get(int index); // pristup cez index-getter
E set(int index, E element); // pristup cez index- setter
boolean add(E element); // pridaj

void add(int index, E element); // pridaj na poziciu

E remove(int index); // vyhod

boolean addAll(int index, Collection<? extends E> c);

// vsun celu collection
int indexOf(Object 0); // hlada o, vrati index, ak najde
int lastIndexOf(Object o0);
ListIterator<E> listIterator(); // iterator, vie ist od zadu
ListIterator<E> listIterator(int index); // iteruj od indexu
List<E> sublList(int from, int to); // podzoznam



< Java 8

Java 8

Priklad ArrayList (List)

import java.util.*;

Str‘ing[] p — {"a"’"b","C","d"};
ArraylList <String> s = new ArraylList<>(); // prazdny zoznam
for (String a : p) s.add(a); // nasyp don prvy pola p

List <Str\ing> S - List.O'F("a","b"’"C","d");
List<String> s = new ArraylList<>(List.of("a","b","c","d"));

for (Iterator<String> it = s.iterator(); it.hasNext(); )
System.out.println(it.next()); // vypiS zoznam, abcd
s.set(1,"99");s.remove(2); // prepis 1. “99”, vyhod 2., a99d

for (ListIterator<String> it = s.listIterator(s.size());
it.hasPrevious(); )

System.out.println(it.previous()); //vypis zoznam opacne d99a

Set<String> hs = new HashSet<String>();
hs.add("A"); hs.add("B"); // mnozina [A, B]
s.addAl1(2,hs); // vsunutd mnozina[a, 99, A, B, d]

Subor:ArrayListDemo.java ‘




Immutable Collections

https://docs.oracle.com/javase/9/core/creating-immutable-lists-sets-and-maps.htm#JSCOR-GUID-202D195E-6E18-41F6-90C0-7423B2C9B381

Collection Framework Hierarchy

Collection
Map
<interface> :
<interface>

// '{ Fiewg

Iterable |
<interface>

=

Queue

SortedMap
<interface>

Dequeue
<interface> <interface>

TreeMap
<class>

Arraylist LinkedList ArrayDeque HashSet
<class> <class> <class> <class> |
Vector PriorityQueue LinkedHashSet
<class> <class> <class>

https://facingissuesonit.com/category/collection/




Map interface

(Map je zobrazenie, nie mapa)
(map je dictionary)

Kl'ice
definicny obor
keySet ()

Ho
Obor hodnot
values()



implementacie:
eHashMap

oL inkedHashMap
eEnumMap

Interface Map<K,V> |-t

public interface Map<K,V> { zobrazenie : K->V

Python: m[key]=value

V put(K key, V value); // pridaj dvojicu [key;value] do

zobrazenia, ak uz key->value’, tak prepis

Python: m[key]

V get(Object key);// najdi obraz pre key, ak neexistuje->null
V remove(Object key);
boolean containsKey(Object key); // patri do definicného oboru
boolean containsValue(Object value); // patri do oboru hodnot
int size();
boolean isEmpty();

// Collection Views

public Set<K> keySet(); // definicny obor, mnozina klucov
public Collection<V> values();// obor hodnét,nemusi byt mnozina
hodnot




Priklad HashMap (Map)

import java.util.HashMap; Zobrazenie:String->Integer

Map<String, Integer> m = new HashMap<>();
for (String a : args) { // frekvencna tabulka slov v riadku
Integer freq = m.get(a); // pocet doterajsich vyskytov
m.put(a, (freq == null) ?» 1 : // ak sa eSte nenachadzal, 1
freq + 1); // ak sa nachadzal, +1

}
System.out.println(m);

java HashMapDemo x d o k o1l a ok ol okola

{a=2, d=1, x=1, k=3, 1=3, 0=6}

HashMap<String, Integer> m = new HashMap<>();

Map<String, Integer> m = Map.of( // ImmutableCollections
"one", 1, // key, value
lltwoll, 2,
"three", 3
)

| Subor: HashMapDemo.java




Ako prejst’ cez Map

HashMap<String, Integer> m = new HashMap<>();

// z predos$lého prikladu {8=2,d=1,x=1, k=3, 1=3, 0=6;
[a]=2
[d]=1

» Lah3i spbésob - cez definiény obor, cez kluce L=

for(String key : m.keySet()) E;i

System.out.println("[" + Rey + "]=" + m.get(key));
m tazsi spbsob - iteratorom
for(
var —rterator<Map- Entry<String;, Integer>> it =
m.entrySet().iterator();
it.hasNext(); ) {

[a]=2

var Map-Entry<String,Integer> item = it.next(); Eﬂ;ﬂ
System.out.println("[" + item.getKey() + "]=" + |5
item.getValue()); [0]=6

} Map.Entry<K,V> je interface

‘ Subor: HashMapDemo.java




Ak to bude TreeMap

(bude to utriedené podla kl'ica)

reeMap<String, Integer> m = new TreeMap<String, Integer>();

// z predosSlého prikladu {a=2,d=1,k=3,1=3, 0=6, x=1}
[a]=2
[d]=1

m LahsSi sposob ﬁif

for(String key : m.keySet()) o

System.out.println("[" + kRey + "]=" + m.get(Rey));
m tazsi spdsob

for(
var -fterator<AbstractMap.SimpleEntry<String;Integer>> it = [=2
m.entrySet().iterator(); ﬁﬁ;
it.hasNext(); ) { )
var -AbstractMap.SimpleEntry<String;Integer> item = t.nexfi{y;
System.out.println("[" + item.getKey() + "]=" +
item.getValue());

} AbstractMap.SimpleEntry<K,V> je trieda implementujuca

Interface Map.Entry<K,V> Subor: HashMapDemo.java




public class CountryCapitals {
public static final String[][] AFRICA ={

{"ALGERIA","Algiers"},
TreeMap (Map) ANGOLA" "Luanda",
) ] . {"BENIN","Porto-Novo"},
import java.util. TreeMap; {"BOTSWANA","Gaberone"?,

{"BURKINA FASO","Ouagadougou"},

public static TreeMap<String,String> getTreeMap(String[][] p) {
TreeMap<String,String> tmp = new TreeMap();
for(int i=0; i<p.length; i++)
tmp.put(p[i][0], p[il[1]);

return tmp;

¥

public static void main(String[] args) {
TreeMap<String,String> europe = getTreeMap(CountryCapitals. EUROPE);
TreeMap<String,String> america = getTreeMap(CountryCapitals. AMERICA);

System. out.printin(europe); // {ALBANIA=Tirana, ANDORRA=Andorra la Vella, ARMENIA=...
System. out.printin(europe.keySet()); // (aLeania, ANDORRA, ARMENIA, AUSTRIA, ...

System. out.printin(europe.values()); // rrirana, Andorra la Ve, ...

europe.putAll(america);

System. out.printin(europe); // {ALBANIA=Tirana, ..., ARGENTINA=Buenos Aires,

Subor: TreeMapDemo.java




TreeMap (Map)

(inverzia zobrazenia)

Pre ilustraciu prace so strukturou TreeMap vytvorime inverziu zobrazenia
(hl.mesto->stat)

TreeMap<String,String> inverseEurope = new TreeMap();

for(String state : europe.keySet())
inverseEurope.put(europe.get(state),state);

System. out.printin(inverseEurope);

{... Belgrade=SERBIA, Berlin=GERMANY, Berne=SWITZERLAND,
Bratislava=SLOVAKIA, ...

Subor: TreeMapDemo3.java




TreeMap (Map)

(skladanie zobrazeni)

// skladanie zobrazeni (hl.mesto->stat) x (Stat->prezident) = (hl.mesto->prezident)
inverseEurope  europePresidents
TreeMap<String,String> sefHlavnehoMesta = new TreeMap();

for(String capital : inverseEurope.keySet()) {
String state = inverseEurope.get(capital);
if (state = null) {
String president = europePresidents.get(state);
if (president != null)
sefHIavnehoMesta.put(capital,president);
}
}

System. out.printin(sefHlavnehoMesta);
{Bratislava=Pelegrini, Moscow=Putin, Prague=Pavel}

Subor: TreeMapDemo3.java




TreeMap (Map)

(inverzia zobrazenia — ovel'a tazkopadnejsie)

Pre ilustraciu prace so strukturou TreeMap vytvorime inverziu zobrazenia
(hl.mesto->stat)

TreeMap<String,String> inverseEurope = new TreeMap();

for(Iterator<Map.Entry<String,String>> it = europe.entrySet().iterator();
it.hasNext(); ) {

Map.Entry<String,String> item = it.next(); // prechadzam prvky
// povodného zobrazenia

inverseEurope.put(item.getValue(),item.getKey()); // Co bolo kluc je
// hodnota a naopak
}

System. out.printin(inverseEurope);

{... Belgrade=SERBIA, Berlin=GERMANY, Berne=SWITZERLAND,
Bratislava=SLOVAKIA, ...

Subor: TreeMapDemo.java




TreeMap (Map)

(skladanie zobrazeni — ovel'a tazkopadnejsie)

// skladanie zobrazeni (hl.mesto->stat) x (Stat->prezident) = (hl.mesto->prezident)
TreeMap<String,String> sefHlavhehoMesta = new TreeMap();

for(Iterator<Map.Entry<String,String>> it= inverseEurope.entrySet().iterator();
it.nasNext(); {
Map.Entry<String,String> item = it.next(); // prechadzame jedno zobrazenie

String president = europePresidents.get(item.getVaIue() ; // hodnotu zobrazime v
// druhom zobrazeni

if (president !'= null) // ak v druhom ma hodnotu, tak
sefHlavnehoMesta.put(item.getKey(),president);
// pévodny k'€ a zobrazenu hodnotu

by // priddme do zloZeného zobrazenia
System. out.printin(sefHlavnehoMesta);

{Bratislava= Pelegrini, Moscow=Putin, Prague=Pavel}

Subor: TreeMapDemo.java




i DFS/BFS/Bactracking

Ide o prehl'adavanie stavového priestoru, abstrakcia pre stav moze byt

interface State {

public State(); // pociatocény stav hladania
abstract boolean isFinalState(); // test na koncovy stav hladania
abstractStatenrext _—
\N/J 77 oE
abstract Set<State> next(); // nasledujice/susedné stavy
abstract boolean isCorrect(); // test na korektnost stavu
}
Naivné prehl'adavanie pre acyklicky graf, ktoré sa na cyklickom zacykli State(5).next()

public class Search<S extends State> // hladame cestu do finélne@y’?tevu///

public void searchWhichLoops(S s) {
if (s.isFinalState())
add(s); // pridaj do zoznamu rieseni

else
for (State ns : s.next())
search(ns); // rekurzia do vsetkych susedov

Subor: State, Search.java



Aby sa to nezacyklilo

(objavila to uz Ariadna pri hl'adani Thezea v labyrinte s
Minotaurom)

— public void search(S s, ArrayList<S> visited) {

if (s.isFinalState()) {
add(s); // pridaj do zoznamu riesSeni
add(visited); // pridaj do zoznamu rieSeni

} else
for (State ns : s.next()) {

if (!visited.contains(ns)) {// nebol si ?
visited.add(ns); // oznac

search(ns, visited);
visited.remove(ns); // odznac

}

je to depth-first (do hibky)
alebo breadth-first (do Sirky) ?

Subor: Search.java




Backtracking

(orezava podstromy urcite neobsahujuce riesenie)

public void search(S s, ArraylList<S> visited) {
if (s.isFinalState())
add(visited); // pridaj do zoznamu riesSeni
else
for (State ns : s.next()) // moze to viest k riesSeniu ?
if (!visited.contains(ns) && ns.isCorrect()) {
visited.add(ns); // oznac
search((S) ns, visited);

visited.remove(ns); // odzna¢ .
} _/\
} /\

Sikovny isCorrect vyrazne zredukuje zvacsa exponencialny B

prehladavany priestor stavov, ale ten aj tak ¢asto zostane / \
exponencialny, ale mens;i ... /" S 2
Preto: backtrack nepouzivame na neexponencialne problémyﬁ_ \ | /

A\

Subor: Search.java X x




Ako by vyzeral BFS

private void search(ArrayList<S> queue, ArrayList<S> visited, boolean DFS) {
while (queue.size() > 0) {
S s = queue.remove(@); // vyber prvy z fronty
if (s.isFinalState()) // ak si uz v cieli
add(s); // pridaj do zoznamu riesSeni
else
for (State ns : s.next()) {
if (!visited.contains(ns) && ns.isCorrect()) {
visited.add(ns);

if (DFS) // ak depth-first search
queue.add(@, ns); // pridaj na zaciatok fronty
else // ak breadth-first search

queue.add(queue.size(), ns);// pridaj na koniec

Subor: Search.java




