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Lap trinh tong quat

Generic programming




Lap trinh tong quat

e Lap trinh téng quat(Generic programming):
Tong quat hda chuong trinh dé cé thé hoat
déng véi cac kiéu dir liéu khac nhau, ké ca
kiéu dit liéu trong tuong lai

e Thuat toan da xac dinh

* Vidu " » SO nguyén int
« Xau ky tu String Thuat toan gidong nhau,
Phuong thic sort() - ¢ DEi twong s6 phirc chi khac vé kiéu dir liéu

Complex object

~ » Lé&p IntegerStack - doi

Cac 1ép ¢6 cau triac
twong Integer twong tw, khac
Lop lwu trir ki€u « Lép StringStack > doi » nhau vé kiéu doi
ngan xép (Stack) i twong String twong xir 1y
* L&p AnimalStack =

doi twong animal,...



Lap trinh tong quat

» Tong quat héa chuang trinh dé c6 thé hoat déng
vOi cac kiéu di liéu khac nhau, ké ca kiéu dir lieu
trong tucng lai
— thuat toan da xac dinh

e Vidu:
— C: dung con tro void
— C++: dung template
— Java: Igi dung upcasting
— Java 1.5: template




Vi du: C dung con tro void

« Ham memcpy:
void* memcpy(void* regionl,
const void* region2, size t n){
const char* first = (const char*)region2;
const char* last = ((const char*)region2) + n;
char* result = (char*)regionil;
while (first != last)
*result++ = *first++;
return result;




Vi du: C++ dung template

template<class ItemType>
void sort(ItemType A[], int count ) {
// Sort count items in the array, A, into increasing
order
// The algorithm that is used here is selection sort
for (int i = count-1; i > @; i--) {
int index_of max = 0O;
for (int j = 1; j <=1 ; j++)
if (A[j] > A[index_of max]) index of max = j;
if (index_of max != 1i) {
ItemType temp = A[i];
A[i] = A[index_of max];
BN Khi sir dung,co thé thay thé ltemType

} bang int, string,... hodc bat ky mot doi
} tuong cta mot [6p nao do




Upcasting vé object

e Tat ca cac I6p déu dan xuat tu I8p Object — ¢
thé up-casting cac déi tuong lén Object

class MyStack {

public void push(Object obj) {...}
public Object pop() {...}
}

public class TestStack{
MyStack s = new MyStack();
Point p = new Point();
Circle c = new Circle();
s.push(p); s.push(c);
Circle cl1 = (Circle) s.pop();
Point pl = (Point) s.pop();




Vi du: equals ciia |&p tu viét

class MyValue {
int 1i;
}
public class EqualsMethod2 {
public static void main(String[] args) {
MyValue vl = new MyValue();
MyValue v2 = new MyValue();
vi.i = v2.1 = 100;
System.out.println(vl.equals(v2));
System.out.println(vl==v2);

¥

[ Bl C\Windows\system32\cmd.exe . (oo S |




Vi du: equals cliia |&p tu viét

class MyValue {
int i;
public boolean equals(Object obj) {
return (this.i == ((MyValue) obj).1i);

}
public class EqualsMethod2 {

public static void main(String[] args) {
MyValue vl = new MyValue();
MyValue v2 = new MyValue();
vli.i = v2.1i = 100;
System.out.println(vl.equals(v2));
System.out.println(vl==v2);




Java Template

St dung template trong Java




Java 1.5 Template

<< interface >>

« Khong dung Template Collecton e

+ add(o : Object) : boolean
+ contains(o : Object) : boolean
+ size() :int

List myLlSt = new LlnkedLlst(); + iterator() : Iterator
myList.add(new Integer(9));
Integer x = (Integer)

myList.iterator().next(); <<(interface >>
List

+ hasNext() : boolean
+ next() : Object

*

oo
{ |

[ !
ArrayList LinkedList

+ ArrayList() + LinkedList()




Java 1.5 Template

- DUng Template: E E |
Abstractlist l =zinterface==
yin List
List<Integer> myList = new erifie N
LinkedList<Integer>(); <E-+E= TE”';ET
myList.add(new Integer(9)); ' '
_ AbstractList<E=> ==interface==
Integer x = List<E>
myList.iterator().next(); 3]
myList.add(new Long(®)); // Error ,‘T#'E';




L&p tOng quat

- Lap ton? quat (generic class) |a 16p cé thé nhan
kieu di Tieu la mot 18p bat ky

» C6 thé Igi dung up-casting vé Object dé xay dung
I6p tong quat

public class Information {
private Object object;
public void set(Object object) {
this.object = object;
}
public Object get() {
return object;

}




L&p tOng quat

* LSp tong quat (generic class) la I6p ¢ thé nhan
kieu dir liéu la mot I18p bat ky
« Cu phap

Tén L&p <kiéu 1, kiéu 2, kiéu 3.> {

¥

» Cac phuadng thuc hay thudc tinh cua I16p tong
quat co thé s dung cac kiéu dugc khai bao nhu
moi IGp binh thudng khac




L&p tOng quat

« Vidu
public class Information<T> {
private T value;
public Information(T value) {
this.value = value;

}
public T getValue() {

return value;

}
¥

Information<String> string = new Information<String>("hello");
Information<Circle> circle =

new Information<Circle>(new Circle());
Information<2DShape> shape =

new Information<>(new 2DShape());




Quy udc dat tén kiéu

Tén kiéu Muc dich

E Cac thanh phan trong mot collection
K Kiéu khda trong Map
V Kiéu gia tri trong Map
T Cac kiéu théng thudng

S, U Cac kiéu thong thuong khac




L&p tOng quat

» Chua y: Khong su dung cac kiéu di liéu nguyén thly
cho cac IGp tong quat dugc

* Vidu
Information<int> integer = new Information<int>(2012);

Information<Integer> integer = new
Information<Integer>(2012); // OK




Phuwong thirc tdng quat

Phuong thifc tong quét |a cac phuong thic tu
dinh nghia kiéu tham s6 cta no

Co thé dugc viét trong |Gp bat ky (tong quat hoac
khong)

Cu phap

(chi dinh truy cdp) <kiéul, kiéu 2..> (kiéu tra vé)
tén phuong thirc (danh sach tham s6) {

}

Vi du
public <E> static void print(E[] a) { .}




Vi du

public class ArrayTool {

// Phuong thic in cdc phan t& trong mang String
public static void print(String[] a) {
for (String e : a) System.out.print(e + " ");
System.out.println();

}
// Phuong thic in cac phan tlr trong mang véi kiéu

// dir 1iéu bat ky
public static <E> void print(E[] a) {
for (E e : a) System.out.print(e + " ");
System.out.println();




Vi du

Point[] p = new Point[3];

String[] str = new String[5];

int[] intnum = new int[2];

ArrayTool.print(p);

ArrayTool.print(str);

// Khong dung dugc vdi kiéu dir 1iéu nguyén thady

fopsuToe sacesloipopig e




Gidi han kiéu dir liéu tong quat

» Co6 thé gidi han cac kiéu di liéu tong quat su
dung phai la dan xuat cia mot hoac nhiéu 16p

* GiGi han 1 I8p

<type_ param extends bound>
 Gidi han nhiéu I6p

<type param extends bound 1 & bound 2 & ..>




Vi du

public class Information<T extends 2DShape> {
private T value;

public Information(T value) {

this.value = value;

}
public T getValue() {

return value;

Information<Point> pointInfo
new Information<Point>(new Point()); //OK
Information<String> stringInfo =

new Information<String>(); // error




Java Collection Framework

Téng quan vé Collection trong Java




Collection

« Collection - tap hgp: doi tugng c6 kha nang chua
cac dbi tugng khac.

 Cac thao tac thong thudng tren collection
— Thém/Xoa doi tugng vao/khdi collection
— Kiém tra mét déi tugng co 3 trong collection khéng
— Lay mét doi tugng tu collection
— Duyét cac doi tugng trong collection
— X0a toan bo collection




Java Collection Framework

 Cac collection dau tién cua Java:
— Mang
— Vector: Mang déng
— Hastable: Bang bam

* Collections Framework (tu Java 1.2)

— La mét kién tric hgp nhat dé€ biéu dién va thao tac trén
cac collection.

— Giup gho viéc xtr ly cac collection déc lap vai biéu dién
chi tiét bén trong cuda chung.




Java Collection Framework

 Collections Framework bao gom

— Interfaces: La cac giao ti€p thé hién tinh chat cla cac kiéu
collection khac nhau nhu List, Set, Map.

— Implementations: La cac I8p collection c6 san dugc cai
dat cac collection interfaces.

— Algorithms: La cac phuang thiic tinh dé x( ly trén
collection, vi du: sap xép danh sach, tim phan tu I6n
nhat...




Cay cau truc giao dién Collection

« Cac giao dién trong Collection framework thé
hién cac chic nang khac nhau cua tap hgp

<< interface>>
Fmome s ]

<< interface>> ' Map
Collection HashMap él ﬁl
ﬂx HashTable |---------- . | << interface>>

| SortedMap

<< interface>> << interface>> Z}
Set List

4& JaN TreeMap

HashSet << interface>> ArraylList Vector LinkedList
SortedSet

o

TreeSet




Cay cau truc giao dién Collection

* Collection: Tap cac déi tugng

— List: Tap cac doi tugng tuan tu, ké tiép nhau, cé
thé lap lai

—Set: Tap cac doi tugng khong lap lai
* Map: Tap cac cap khda-gia tri (key-value) va
khong cho phép khéa lap lai

— Lién két cac dbi tugng trong tap nay v&i doi cac doi
tugng trong tap khac nhu tra tu dién/danh ba dién
thoai.




Cay cau truc giao dién Collection

« Tom lugc vé cac giao dién trong Collection
framework

Cho phep trung | Cdp khoa- gta tri

CoIIectlon

Set X X X
List v v X
Map X X v
SortedSet v X X
SortedMap v X v




So sanh Collection va Array

Collection

Array

Collection (c6 thé) truy xuat
theo dang ngau nhién

Mang truy xuat 1 cach tuan tw

Collection c6 thé chira nhiéu
loai d6i twong/dit liéu khac
nhau

Mang chira 1 loai d6i twgng/dir
liéu nhat dinh

Duing Java Collection, chi can
khai bao va goi nhirng phwong
thirc da dwoc dinh nghia san

Duing t6 chirc dit liéu theo
mang phai lap trinh hoan toan

Duyét cac phan tr tap hop
thong qua Iterator

Duyét cac phan tir mang tuan
tw thong qua chi s6 mang




Java Collections Framework

« Cac giao dién va IGp thuc thi trong
Collection framework cua Java déu duagc
xay dung theo template
 Cho phép xac dinh tap cac phan t cung kiéu nao

dé bat ky
 Cho phép chi dinh kiéu dir liéu cta cac Collection
=>» han ché viéc thao tac sai kiéu dir liéu

F-
T ¥— Tomplafe parameler

Templale class

insert(T)

FParamatar hindin
includes(T) £

/

< <hind= =
= Parson:

Maote: In Java thers are
Bound class — - Tigu tyﬁ paramatars or
mplates.

=TT T= T Ty p— l




Giao dién Collection

» Xac dinh giao dién ca ban cho
cac thao fac v8i mét tap cac
doi tugng

« Thém vao tap hgp
« Xdba khoi tap hgp
e Kiém tra cé la thanh vién

Chua cac phuong thdc thao
tac trén cac phan tu riéng lé
hoac theo khoi

Cung cép cac phuong thirc

cho phep thuc hien duyét qua
cac Ehan tu trén tap hop (lap)
va chuyén tap hgp sang mang

«Java Interface»
€9 Collection

@ size () int

@ isEmpty ( ) : boolean

@ contains ( o ; Object ) : boolean

@ iterator ( ) : Iterator

@ todrray () : Object [*]

@ todrray ( a: Object [*] ) : Object [*]
@ add ( o : Object ) : boolean

@ remove ( o : Object ) : boolean

@ containsall ( c : Collection ) : boolean
@ addall { c : Collection ) : boolean

@ removedll ( c : Collection ) : boolean
@ retainall ( c : Collection ) : boolean
@ clear () : void

® equals ( 0 : Object ) : boolean

® hashCode ( ) : int




Giao dién Collection

public interface Collection {
// Basic Operations
int size();
boolean isEmpty();
boolean contains(Object element);
boolean add(Object element);
boolean remove(Object element);
Iterator iterator();

// Bulk Operations

boolean addAll(Collection c);
boolean removeAll(Collection c);
boolean retainAll(Collection c);

// Array Operations
Object[] toArray();
Object[] toArray(Object a[]);




Giao dién Set

e La mot Collection nhung khong dugc trung lap
e Vidu:

— Set of cars:
+ {BMW, Ford, Jeep, Chevrolet, Nissan, Toyota, VW}

— Nationalities in the class
+ {Chinese, American, Canadian, Indian}

« Methods:

— Tuang tu Collection nhung dugc quy dinh khong dugc
trung lap




Giao dién SortedSet

 SortedSet
— ké thua giao dién Set
— cac phan tir dugc sap xép theo mot thi tu
— khong c6 cac phan tir trung nhau
— cho phép mot phan tu la null.
 Phuong thic: tuong tu Set, bé sung thém 2
phucng thuc

— first(): returns the first (lowest) element currently in the
collection

— last(): returns the last (highest) element currently in the
collection




Giao dién List

Ké thua tu Collection

Cac phan tir dugc sap xép theo th tu

Mot List ¢ thé co cac phan t&r trung nhau

Vi du:
— List of first name in the class sorted by alphabetical order:
+ Eric, Fred, Fred, Greg, John, John, John

— List of cars sorted by origin:
+ Ford, Chevrolet, Jeep, Nissan, Toyota, BMW, VW




Giao dién List

« Cac phuong thuc: Tuong tu Collection

 B6 sung:
void add(int index, Object element);
boolean addAll(int index, Collection c);
Object get(int index);
Object remove(int index);
Object set(int index, Object element);
int lastIndexOf(Object 0);
int indexOf(Object 0);




Giao dién Map

 Xac dinh giao dién cd ban

dé thao tac véi mot tap hop

bao gom cap khda-qgia tri

« Thém mot cap khoa-gia tri

« X0a mot cap khoda-gia tri

« Lay vé gia tri v&i khda da co

« Kiém tra c6 phai la thanh vién
(khdéa hoac gia tri)

« Cung cap 3 cach nhin cho
ndi dung cua tap hagp:

« Tap cac khoa

« Tap cac gia tri

» Tap cac anh xa khoda-gia tri

«Java Interface»
O Map

@size():int

@ isEmpty ( ) : boolean

@ containskey ( key ;: Object ) : boolean

@ contansValue ( value : Object ) : boolean
@ get ( key : Object ) : Object

@ put ( key : Object, value ; Object ) ; Object
@ remove ( key : Object ) : Object

@ putall ( t: Map ) : void

@ clear ( ) void

@ keySet ( ) : Set

@ values ( ) : Collection

@ entrySet ( ) Set

@ equals ( o : Object ) : boolean

@ hashCode { ) : int




Giao dién SortedMap

 Giao dien SortedMap
— thura ké giao dién Map
— cac phan tir dugc sap xép theo tha ty
— tuang tu SortedSet, tuy nhién viéc sap xép dugc thuc
hién vai cac khoa
« Phuong thic: Tuong tu Map, bé sung thém:

— firstkey( ): returns the first (lowest) value currently in the
map

— lastKey( ): returns the last (highest) value currently in the
map




Cac giao dién va cac cai dat

» Java da xay dung san mot sé 18p thuc thi cac giao
dien Set, List va Map va cai dat cac phuaong thuc
tuong Ung

Interfaces Implementations

Hash Table Resizable Array Balanced Tree  Linked List Hash table +

Linked list
Set HashSet TreeSet LinkedHashSet
List ArrayList LinkedList
Map HashMap TreeMap LinkedHashMap




Set Implementations

 HashSet: * LinkedHashSet:;

 Luu cac phan ti trong mot bang bam « Cai dat cua ca HashTable
va LinkedList

e Thua ké HashSet va thuc
thi giao dién Set

* TreeSet: « Khac HashSet & cho né
luu trr trong mot danh
sach mdc ndi doi

* Thi tu cac phan tir dugc
sap xép theo thiu tu dugc
insert vao tap hgp

» Khéng cho phép luu trung lap
« Cho phép phan tu null

» Cho phép lay cac phan tur trong tap hgp
theo thir tu da sap xép

» Cac phan tu dugc thém vao TreeSet tu
dong dudc sap xép

* Théng thudng, ta co thé thém cac phan t
vao HashSet, sau dé convert vé TreeSet dé
duyét theo thd tu nhanh hon




List Implementations

e ArraylList, Vector: cai dat mang cua List
— Doi tugng cua Vector mac dinh dugc dong bo

— Vector dugc phat trién tu Java 1.0 trudce khi Collection
framework dugc gidi thiéu

— ArrayList tot han va dugc st dung nhiéu hon Vector

 LinkedList: cai dat danh sach moc noi cla List
— Pugc st dung dé tao ngan xép, hang dai, cay...




Map implementations

« HashMap:  LinkedHashMap:

« Pugc st dung dé thuc hién mot so * Thua ké HashMap cai dat
thao tac ca ban nhu thém, x6a va tim danh sach moc néi doi ho
kiém phan tir trong Map trg sap xép cac phan tu

. :  Cac phan tu trong

TreeMap: LinkedHashMap c6 thé

 Thich hgp khi ching ta muén duyét dudgc lay ra theo

cac khoa cua tap hgp theo mot tha tu
dugc sap xép

» Cac phan tur dugc thém vao TreeMap
phai c6 thé sap xép dugc

e Th{ tuy thém vao, hoac
* Thu tu truy cap

» Théng thudng, thém cac phan ti vao
HashMap r6i convert vé TreeMap dé
duyét cac khoa sé nhanh hon




lterator

 Cung cap co ché thuan tién dé
duyet (lap) qua toan bo ndi dung
cla tap hgp, moi lan la moét doi
tugng trong tap hgp

« Giong nhu SQL cursor
e Listlterator them cac phuang thuc

dua ra ban chat tuan tu cua danh
sach co so

e Iterator clia cac tap hgp da sap xép
duyét theo thu tu tap hop

«Java Interface»
) fterator

@ hasNext { ) : boolean
@ next ( ) : Object
@ remove ( ) : void

«Jlava Interface»
) Listiterator

@ hasNext ( ) : boolean

@ next ( ) : Object

@ hasPrevious ( ) : boolean
@ previous ( ) : Object

@ nextindex ( ) :int

@ previousindex ( ) int

@ remove ( ) : void

@ set (0 : Object ) : void

@ add ( o : Ohject ) : void




Cac phuong thuc

» Cac phuadng thuc cua Iterator:
— iterator( ): yéu cau container tra vé mot iterator
— next(): trd vé phan tu tiép theo

— hasNext(): kiém tra c6 ton tai phan t ti€p theo hay
khong

— remove( ): xda phan tir gan nhat cla iterator




Vi du

* Pinh nghia iterator
public interface Iterator {
boolean hasNext();
Object next();
void remove();

}
« SU dung iterator

Collection c;
// Some code to build the collection

Iterator i = c.iterator();
while (i.hasNext()) {
Object o = i.next();
// Process this object
}




Comparator

* Giao dién Comparator dudgc st dung dé cho phép
so sanh hai doéi tugng trong tap hgp

« MOt Comparator phai dinh nghia mot phuang
thdc compare() lay 2 tham s6 Object va tra vé -1,
0 hoac 1

« Khong can thiét néu tap hgp da cé kha nang so
sanh tu nhién (vd. String, Integer...)




Vi du: Lop Person

class Person {
private int age;
private String name;

public void setAge(int age){
this.age=age;

}

public int getAge(){
return this.age;

}

public void setName(String name){
this.name=name;

}

public String getName(){
return this.name;

¥




Vi du: Cai dat AgeComparator

class AgeComparator implements Comparator {
public int compare(Object obl, Object ob2) {
int oblAge = ((Person)obl).getAge();
int ob2Age = ((Person)ob2).getAge();

if(oblAge > ob2Age)
return 1;

else if(oblAge < ob2Age)
return -1;

else
return 0;




Vi du

public class ComparatorExample {
public static void main(String args[]) {
ArraylList<Person> 1lst = new
ArrayList<Person>();
Person p = new Person();
p.setAge(35); p.setName("A");
1st.add(p);

p = new Person();
p.setAge(30); p.setName("B");
1st.add(p);

p = new Person();
p.setAge(32); p.setName("C");
1st.add(p);




Vi du

System.out.println("Order before sorting");
for (Person person : lst) {
System.out.println(person.getName() +
"\t" + person.getAge());

¥

Collections.sort(lst, new AgeComparator());
System.out.println("\n\nOrder of person" +
"after sorting by age");

for (Iterator<Person> i = lst.iterator();
i.hasNext();) {
Person person = i.next();
System.out.println(person.getName() + "\t" +
person.getAge());
} //End of for
} //End of main
} //End of class




Quiz 1

 Sau khi thuc hién doan chuadng trinh sau,
danh sach names c6 chlra cac phan tir nao?

ArraylList<String> names = new
ArraylList<String>;
names.add("Bob");
names.add(0, "Ann");
names.remove(l);
names.add("Cal");




Wildcard

Ky tu dai dién




Ky tu dai dién (Wildcard)

» Quan hé thua ké gilra hai I6p khéng c6 anh
hudng gi dén quan hé gilta cac cau tric tong
quat dung cho hai I6p do.

e Vidu:
— Dog va Cat la cac I6p con cua Animal

— C6 thé dua cac déi tugng Dog va Cat vao mét
ArrayList<Animal> (st dung phucng thidc add)

— Tuy nhién, ArrayList<Dog>, ArrayList<Cat> lai khdng co
qguan hé gi vai ArrayList<Animal>




Ky tu dai dién (Wildcard)

« Khong thé ép kiéu ArrayList<Child> vé kiéu
ArrayList<Parent>

class Parent { }
class Child extends Parent { }

! Ll | L : List<Child>()s




Vi du

public class Test {
public static void main(String args[]) {
List<String> 1st@ = new LinkedList<String>();
List<Object> 1stl = 1st@; // Error
printList(1lst@); // Error

void static printList(List<Object> 1st) {
Iterator it = lst.iterator();
while (it.hasNext())

System.out.println(it.next());




Ky tu dai dién (Wildcard)

 Giai phap: su dung ki tu dai dien (wildcard)

e Ky tu dai dién: ? dung dé hién thi cho mét kiéu
dit liéu bat ky

e Khi bién dich, ddu ? c6 thé dugc thay thé bdi bat
ki kiéu d{ liéu nao.




Vi du: S dung Wildcards

public class Test {
void printList(List<?> 1st) {
Iterator it = lst.iterator();
while (it.hasNext())

System.out.println(it.next());

public static void main(String args[]) {
List<String> 1st® = new LinkedList<String>();

List<Employee> lstl = new LinkedList<Employee>();

printList(1st@); // String

printList(1lstl); // Employee




Ky tu dai dién (Wildcard)

e Luuy: cach lam sau la khong hgp lé
Arraylist<?> list = new ArraylList<String>();
list.add("al"); //compile error
list.add(new Object()); //compile error

» Nguyén nhan: Vi khong biét list la danh sach lién
két cho kiéu dir liéu nao, nén khong thé thém
phan tu vao list, ké ca doi tugng cua I8p Object




Ky tu dai dién (Wildcard)

« "? extends Type": Xac dinh mét tap cac kiéu con
cua Type. Day la wildcard hiu ich

e "? super Type": Xac dinh mét tap cac kiéu cha cla
Type

e "?": Xac dinh tap tat ca cac kiéu hoac bat ky kiéu
nao




Ky tu dai dién (Wildcard)

e Vidu:
— ? extends Animal c6 nghia la kiéu gi d6 thuéc loai Animal
(la Animal hoac con cua Animal)
* Luu y: Hai cu phap sau la tuang ducnag:
public void foo( ArraylList<? extends Animal> a)

public <T extends Animal> void foo(
ArraylList<T> a)




Khac biét gitra printl va print2?

public void printl(List<Employee> list) {
for (Employee e : list) {

System.out.println(e);

public void print2(List<? extends Employee> list) {
for (Employee e : list) {

System.out.println(e);



Quiz 2

e Trifu tuong hod mo ta sau: mét quyén sach
la tap hgp cac chuong, chuang la tap hgp
cac trang.

* Phac hoa cac I6p Book, Chapter, va Page

« Tao cac thudc tinh can thiét cho cac I8p, st dung
Collection

» Tao cac phuong thuc cho IGp Chapter cho viéc
them trang va xac dinh mot chuang co bao nhiéu
trang

» Tao cac phuaong thic cho I6p Book cho viéc them
chuong va xac dinh quyén sach ¢6 bao nhiéu
chuang, va s6 trang cho quyén sach




Quiz 3

» Xay dung |&p Stack tong quat véi cac

kieu dr lieu

StackOfChars

StackOfintegers

- elements: char(]

- size: int

- elements: int[]

- Size: int

+ StackOfChars()

+ StackOfChars (capacity: int)
+ iIsEmpty(): boolean

+ isFull(): boolean

+ peak(): char

+ push(value:char): void

+ pop(): char

+ getSize(): int

+ StackOfIintegers()

+ StackOflntegers (capacity: int)
+ isEmpty(): boolean

+ isFull(): boolean

+ peak(): int

+ push(value:int): void

+ pop(): int

+ getSize(): int




Thank youl!

Any questions?




