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Mo§tenirea

... este o relatie intre clase prin care o
clasa (superclasa / clasa de baza) pune
la dispozitia altor clase (subclase / clase
derivate) structura si comportamentul
definite de ea




in cod Java si in UML

class SuperClasa {
=
aess swaese €Xtends SuperClasa ¢

¥

[ SuperClasa |
[

Atentie la
- o .. [ SubClasa |
capatul sagetii! I |




Defin

e

Programarea orientata pe obiecte

este o metoda de implementare a programelor
in care acestea sunt organizate ca si

colectii de obiecte ce coopereaza intre ele [...],
fiecare obiect fiind o instangé a unei clase, si

fiecare clasa fiind membra a unei ierarhii de clase
[clase unite prin relatii de mostenire]




Semantica - doua “arome”

a. Mostenire de clasa / de implementare
b. Mostenire de tip / de interfata
de multe ori acelasi mecanism/constructie de

limbaj (ex. extends intre clase) le furnizeaza pe
amandoua




Mostenirea de
clasa / implementare




class Clock {
private int hour, minute, second;
public Clock() {

hour = minute = second = 0;
}

public void setTime(int h, int m, int s) {
hour = (h &8 (h<24)7h:0;
minute € (m 0;,:&(m<60).7m:0:
second = (§5=10) && (s < 60) 7s:0;

public String toString() {
return "Current time " + hour + ":" +
minute + " + second;

Dupa un timp, vrem sa avem
si ceasuri care indica milisecunda

Problema

[class EnhancedClock {

private int hour, minute, second{ millisecond;

public EnhancedClock() {

hour = minute = second @ 0;
}

public void setTime(int h, int m, int s) {
hour = (h >=0) && (h<24) 2 h:0;
minute € (m > 0) & (m < 60) ? m :0;
second=;s;;—5)&&(s<60)ls. ]

€ void setTime(int h, int m, int s, int I:\S) {~ \

setTime(h,m,s);
millisecond = (ms >= 0) && (ms < 1000) 2 -

} e

ot

public String toString() { s f.op., o@'e_,
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Alternativa

extends Clock}

class EnhancedCloc!

private int millisecond;

public EnhancedClock() {
millisecond = 0;

}

public void setTime(int h, int m, int s, int ms) {
setTimeCh, m, s);
millisecond = (ms >= @) & ( ms < 1000) ? ms : O;
}

public String toString() {
return super.toString() +
}

+ millisecond;




class Clock {
private int hour, minute, second;
public Clock() {
hour = minute = second = 0;

public void setTime(int h, int m, int s) {
hour = (h>=0) && (h<24) 2 h:0;
minute = (m > 0) && (m < 60) ! m: 0;
second = (s >= 0) && (s < 60) ?5:0;

}
public String toString() {
return "Current time " + hour +":" +
minute + " + second;

min.

H  hour
e

) .
} firstClock '.'
T— —— _N ;
class Main { '
public static void main(String argv[]) { Var. ’
Clock firstClock;
EnhancedClock secondClock; locale
firstClock = new Clock(); pe
firstClock.setTime(S, 10,0); stivi
tem.out.printin(firstClock);
PR ) secondClock
J
OUTPUT
Current time 5:10:0
—

T —




class EnhancedClock extends Clock {
private int millisecond;
public EnhancedClock() {
millisecond = 0;
}
public void setTime(int h, int m, int s, int ms) {

setTime(h, m,s);
millisecond = (ms >= 0) && (ms < 1000) ? ms : 0;

}
public String toString() {
return g(

P 0+ " + mill

TT—

class Main {

public static void main(String argv[]) {
Clock firstClock;
EnhancedClock secondClock;
firstClock = new Clock();
firstClock.setTime(5, 10,0);
System.out.printin(firstClock);
secondClock = new EnhancedClock();
secondClock setTime(19, 30, 45);
secondClock setTime(0, 0, 0, 900);
System.out.printin(secondClock);

T firstClock

min.

H  hour
e

N

.
'
.

Var.
locale

pe
stiva

secondClock

OUTPUT
- Current time 5:10:0
Current time 0:0:0:900
T — —




Mostenirea (de clasa)

Un mecanism simplu de reutilizare de cod :)

Clock

-hour :int
-minute : int
-second : int
+Clock()
+setTime(h:int,m:int,s:int):void
+toString():String

ai adecvat Pt

arat ¢© lemd
N m:arezo\"“ oproP

Tock

-millisecond : int
+EnhancedClock()
+setTime(h:int, m:int, s:int, ms:int):void

+toString():String




Specificatori de acces,
constructori, etc. in contextul
mostenirii




Modificatori/Specificatori de acces

private
respectivul membru al clasei (cimp/metodai) poate fi t doar in
interiorul clasei

public

respectivul membru al clasei (cimp/metodai) poate fi accesat de
oriunde

protected
respectivul membru al clasei (cimp/metodai) poate fi t din

interiorul clasei, din subclasele sale (pe this) sau din acelasi pachet (pe
orice obiect)

Vizibilitatea in UML
- private

+ public

# protected




Exemple

class SubClasa extends SuperClasa {
public void metoda(SuperClasa x) {
super_a = 1;  //Corect
super_b = 2; //Eroare de compilare
super_c = 3; //Corect
x.super_a = 1; //Corect }
x.super_b = 2; //Eroare de compilare A—
x.super_c = 3; //Corect (daca superclasa/subclasa in celasi pachet)

class SuperClasa {
public int super_a;
private int super_b;
protected int super_c;

}
}
class Client {
public void metoda() {
SuperClasa sp = new SuperClasa();
SubClasa sb = new SubClasa(Q);
sp.super_a = 1; //Corect
sp.super_b = 2; //Eroare de compilare
sp.super_c = 3; //Corect (daca superclasa/subclasa in celasi pachet)

sb.super_a = 1; //Corect
sb.super_b = 2; //Eroare de compilare
sp.super_c = 3; //Corect (daca superclasa/subclasa in celasi pachet)




ce e
w3t Constructori

o ‘5‘:&3\;‘9 e’ / Constructorul acelei
Xy superclase!

prima instructiune dintr-un constructor e fie
apel la alt constructor al aceleiasi clase,
fie apel la un constructor din superclasa directa




Constructori (1)

class Clock {
public Clock() { 7

hour = minute = second = 0; °
¥

Daca in superclasa exista un
1 1 1
c q?iEnhancedC ock exte‘n‘d-s_ C _o_c_k_ { constructor no-arg
public EnhancedClock() { (default sau nu) compilatorul
millisecond = 0; .
introduce automat un
apel la acel constructor

ca prima instructiune




Constructori (111)

class Clock {
Daca avem numai

public Clock(int h, int m, int s) { . o
constructori cu argumenete in

hour = h; e
minute = m; clasa de baza, in constructorul
second = s; subclaselor trebuie apelat

explicit un constructor din superclasa

™ si daca singurul rol al

class EnhancedClock extends Clock { L. -
constructorului din subclasa e
public EnhancedClock(int h, acest ape| )
int m, int s, int ms) { .
super(h,m,s); ™ nu e o raritate ca
millisecond = ms; argumentele constructorului
subclasei sa fie necesare ca
¥ argumente pt. apelul la

constructorul clasei de baza




[class A

protected int z = 1;

}

Ordinea initializ

’

{

class/ B ext
ivate int x = z;
lic BC {

//\\
™~

e

lic void print(Q) {
System.out.printlnC
+x+ " Y¥="+y+ " Z=" +2);

e int y = x;

|. apel constructor
2. apel constructor superclasd
* se repetd procedura Si pt. superclasd
3 repeta o pt. subclasa 3. se realizeaza initializdrile de la 3
variabilele de stare in ordinea textuald
4. se executd corpul constructorului

w

al'i |0I' (aprox)

N X< X
I}
w - N




Alte elemente importante

O clasa poate extinde direct cel mult o clasa

NU exista mostenire multipla in Java
(intre clase, dupa extends apare o singura clasd)

Clasa Object
Automat superclasa pt. orice clasa care nu
extinde ceva
Implicit, e mostenita (direct ori indirect) de
orice clasa Java




,,,,,,,,,,,,,,,,,,,,,,,

Redefinirea metodelor

(method overriding)




Redefinirea (overriding)

uneori, implementarea mostenita a unei operatii
nu e adecvata/suficienta pentru o subclasa

class Clock {
;uhl'w. String toString() {

return "Current time * + hour + " +

minute + " + second;

class EnhancedClock extends Clock {

public String toString() {

return super.toString() + ":" + millisecond;

helack defini

intr-o st p r
(override) o metoda instanta
accesibila

implementarea mostenita se
poate accesa apelind metoda cu
super in fata

modificatorii de acces pot fi
schimbati dar trebuie sa ofere
cel putin la fel de multa
vizibilitate iar tipul returnat
poate fi schimbat cu un subtip
cand
10are
- icolele anter equalss
in cap? enta!l b-‘ecf_
reimp' c\asa‘og
Sstring - erridin
€0 gaceam oY




Putem controla )

cos Clssame { Este o eroare de
final public void doSomething() Compilare dacé Cineva
L incearca sa redefineasca
} metoda

{

Este o eroare de
compilare daca cineva
} extinde clasa ClassName

final ciass Classhame {




overriding vs. overloading

class Clock {
private int hour, minute, second;
publie Cloek() { heur = minute = secend = 0;}
public vold setTime(Int h, Int m, Int s) { |
| hour= (h>=0)&& (h<24) 2h:0;
minute = (m >= 0) && (m < 60) ? m : 0|
second = (s >= 0) && (s < 60) ?5:0;

public String toString() {

return "Current time " + hour + ":" + minute + ":" + second;
Il

class EnhancedClock extends Clock {
private int millisecond;
public Enhan I millisecond = 0;
public void setTime(int h, int m, int s, int ms) {
| setTime(h, m, s);
| millisecond = (ms >= 0) && ( ms < 1000) ? ms :0;
}

public String toString() {
| return super.toString() + ":" + millisecond;

I}

}

suprascriere /
redefinire / overriding
~ acelasi nume, aceeasi
semnatura

AN

?

'supraincarcare
(overloading)
acelasi nume,

T

semnaruri diferite




Ascunderea nuny Variabilelor
instant,:a‘i




Ascunderea var. instant,:i

intr-o subclasa putem avea variabile instanta cu
acelasi nume ca si alte variabile instanta vizibile

dar declarate in superclase

class Point {
protected int x = 2;

class MyPoint extends Point
protected double x = 4.7;

public void printBoth() {

System.out.printin(x + " " + super.x); L

public static void main(String[] args) {
MyPoint ex = new MyPoint();
ex.printBoth();
System.out.printin(exx + " * + ((Point)ex).x);
}

}

se spune cé declaratia lui x din

—
—
l/\ MyPoint ascunde declaratia lui x din Point

Important deoarece trebuie
sa fim atenti la ce accesam :)

\Din subclas, folosind
super la accesul

variabilei instanta

Se poate si asa dar
atentie (sa nu umbam la date
din afara claselor implicate)




Exista si alte “ascunderi”

ascunderea metodelor statice cu alte metode
statice

ascunderea campurilor statice cu alte campuri
statice

. yedeti
alil veaey
pentrt d:: specmcaﬂ°“

java Langu?




Hiding vs. Overriding in Java

M;;gggs?u Metoda instanta| Metoda statica
S superclasa superclasa
semnatura
Metoda instanta| Overriding / Eroare
subclﬁé/“* Redefinire compilare
Metoda statica Eroare Hiding /
subclasa compilare /Ascundere

Cele statice doar

Metodele instanta pot fi ascunse (NU pot fi redefinite si implicit
d defi t’ m mecanismele bazate pe overriding NU
oar reaeifinite :: merg la metodele statice)




Cand folosim ?

Mostenirea de clasa vs. compunerea obiectelor
(compunerea - object composition)




Euristica Importanta a
Programarii Orientate pe Obiecte

Nu folositi mostenirea doar pentru
a reutiliza codul unei superclase

(Nu f $ ea iv ca mostenire de clasi; folositi-o numai
cand e folosita si ca ire de tip)

£

Favorizeaza compunerea
obiectelor in locul
mostenirii de clasa




Vector

+add(o : Object) : boolean
+get(index : int) : Object
+isEmpty() : boolean
+removeElementAt(index:int) : void

/

Stack

Studiu de caz

“Simuleaza” un tablou a carui capacitate se
poate modifica dupa necesitétile executiei.
Presupunem ca e deja implementat.

class Stack extends Vector {
public Object push(Object o) {
this.add(e);
return o;

public Object pop() {
Object r = this.get(this.size() - 1);
this.removeElementAt(this.size() - 1);
return r;

+Push(o:0Bjec) : Object
+pop() : Object

+peek() : Object
+empty() : boolean

Structura de date LIFO (Last-In-First-Out)
cu operatiile uzuale
push - adaugare in varful stivei
pop - scoaterea elementului din varful stivei.
Presupunem ca trebuie implementata.




Vector

+add(o : Object) : boolean
+get(index : int) : Object
+isEmpty() : boolean
+removeElementAt(index:int) : void

Studiu de caz

class Main {
public static void main(String args[]) {
Stack stk = new Stack();
stk.push(new Integer(5));
stk.push(new Integer(10));
Object p = stk.pop();
System.out.printin(p);

stk.add(new Integer(11));

/I cu add (?) ce operatie e asta pt.notiunea de stiva ?
stk.removeElementAt(0);

/l adicd cum (222?) cd intr-o stivd trebuie sd pot

/1 accesa doar ultimul element introdus

-~

Stack

+Push(o:0Bjec) : Object
+pop() : Object

+peek() : Object
+empty() : boolean

in obiectul stiva (varful e cea mai din dreapta intrare)
(U
‘» 10

——




Vector

+add(o : Object) : boolean
+get(index : int) : Object
+isEmpty() : boolean
+removeElementAt(index:int) : void

Studiu de caz

class Main {
public static void main(String args[]) {
Stack stk = new Stack();
stk.push(new Integer(5));

stkipush(new Integer(10)); "N
Object p = stk.pop): yizeaZd
Systern - aract® A
P eatil care Y S G folosite
operdy destivaP /

. ea wall
notiun pe o stV sy

Irs —wrn(7777) €@ intr-o stivd trebuie sd pot
/1 accesa doar ultimul element introdus

-~

Stack

+Push(o:0Bjec) : Object
+pop() : Object

+peek() : Object
+empty() : boolean

in obiectul stiva (varful e cea mai din dreapta intrare)
(U
‘» 10

P——




Vector

+add(o : Object) : boolean
+get(index : int) : Object
+isEmpty() : boolean
+removeElementAt(index:int) : void

Stack

+push(o:Object) : Object
+pop() : Object

+peek() : Object
+empty() : boolean

Asta NU e solui,:ia

class Stack extends Vector {
public Object push(Object o) {
this.add(o);
return o;

)publi: Object pop() {
Object r = this.get(this.size() - 1);
this.removeElementAt(this.size() - 1);
return r;

public void removeElementAt(int index) {
//Overriding
System.out.println("O stiva nu stie asta!");

}
) =
T— —

[class Main {
public static void main(String args[]) {
Stack stk = new Stack();

stk.removeElementAt(0); /pot apela dar nu va face nimic ?!




Vector

+add(o : Object) : boolean
+get(index : int) : Object
+isEmpty() : boolean
+removeElementAt(index:int) : void

Stack

+Push(o:0Bjec) : Object
+pop() : Object

+peek() : Object
+empty() : boolean

Asta NU e solui,:ia

class Stack extends Vector {
public Object push(Object o) {
this.add(o);
return o;

)public Object pop() {
Object r = this.get(this.size() - 1);
this.removeElementAt(this.size() - 1);
return r;

public void removeElementAt(int index) {
//Overriding
System.out.println("O stiva nu stie asta!");

}
class Main { n reuni N
public statie v~ re315
§ ject/ h ope!
Un oBIECC L ot toda
dat.e\t’; cele date - jcdecice !
e 2 cf ctuli
) } noastr rfat
ta in




Compunerea obiectelor

in esenti, amplasarea de referinte la obiecte ca

variabile instanta intr-o clasa
(inclusiv cand referintele sunt intr-un tablou variabild instanta)

class Car
_ ivate Engine engine;
public Car(Engine e) {
engine = ¢;
}
public void accelerate() {
engine.increaseFuelFlow();

¥

class Engine {
public void increaseFuelFlow() {




[class A {
private B b;

Reprezentarea in diagrame UML de clase

Multiplicitate
araté cate obiecte B are un A

alte variante uzuale
0..1 - zero sau cel mult unul
0..* - zero sau oricat de multe

>
agregare: un intreg (A) este compus din pari (B)

>~
compozitie (ca notiune UML) : un A are B-uri (pe vecie) numai si numai a lui
(a nu se confunda cu termenul object composition / compunerea)




Reprezentarea in diagrame UML de clase (Il)

Multiplicitate
arata cate "parti" de acel fel are un "intreg"
(aici o masina are exact un motor)

Relatia de agregare

intregul "Partile" unui "intreg"




De ce compunerea?

... folosita de exemplu cand dorim ca feature-
ul unei clase sa fie folosit intr-o clasa pe care
o implementam dar NU si in interfata
obiectelor definite de noua clasa

prin urmare de
un alt M9
I de c0




Stiva corectata ...

[class Stack { class Main {
private Vector v = new Vector(); public static void main(String args[]) {
public Object push(Object o) { Stack stk = new Stack();
vadd(e): stk.push(new Integer(5)):
return o; stk.push(new Integer(10));
} Object p = stk.pop();
public Object pop() { System.out.printin(p);
Object r = v.get(vsize() - 1);
v.removeElementAt(v.size() - 1); stk.add(new Integer(l 1));// eroare compilare
return r; stk.removeElementAt(0); // eroare e~~~
}
} ! in plus PVl ceva fard 52
e u Y eivel
—— Veccor h C i §|\ stive!
afec \a rulare
(inc
Stack —
+push(o:0bject) : Object 1_|add(o : Object) : boolean
+pop() : Object +get(index :int) : Object
+peek() : Object +iSEmpty() : boolean
+empty() : boolean +removeElementAt(index:nt) : void

(o] StiVé. are un vector (numaisi numai al ei)




Compunere vs. Mostenire

Compunerea este o relatie has-a
o magini are un motor
o stivd are un vector in care fsi tine elementele
da nastere unei ierarhii de obiecte

Mostenirea este o relatie is-a
un EnhancedClock este un fel de Clock

un Triunghi este un fel de FiguriGeometrica
o Pisicd este un fel de Felina
dd nastere unei ierarhii de clase




B is-a A : B se si comportica un A

class Clock {
private int hour, minute, second;
public Clock() {
hour = minute = second = 0;

public void setTime(int h, int m, int s) {
hour = (h>=0) && (h<24) ?h:0;
minute = (m > 0) && (m < 60) 7 m : 0;
second = (s >= 0) && (s < 60) ?5:0;

}
public String toString() {
return "Current time " + hour + ":" +
minute + ":" + second;
}
}

TT—

comportamental Stie sa:
1) isi seteze ora, minutul, secunda
2) se reprezinte ca Sir de caractere

—

public void setTime(int h, int m, int s, int ms) {
setTime(h, m, s);
millisecond = (ms >= 0) && (ms < 1000) ? ms : 0;

Lm String toString() {

return String() + " + milli d;
}

}

T T—
comportamental Stie sa:
1) T§i seteze ora, minutul, secunda
2) se reprezinte ca Sir de caractere
3) ?§i seteze ora, minutul, secunda, milisecunda




B is-a A : B se si comportica un A

class Clock { class EnhancedClock extends Clock {
private int hour, minute, second; private int millisecond;
public Clock() { public EnhancedClock() {
heur = minute = second = 0; millies~- ~ Q;

public void setTime(int h, int m, int s) / ce
hour = (h >= 0) && " ne c& nhan deci
minute = (m>0) ¢’ Se SPUNC Ll CIOCK ! 22 1 5=0) 8& (ms < 1000) 2ms 0

second = (s >= 0) ¢ Sub\\p de-al V¥ aici nu numa
folosite Hai s2 vedem ¢

; n
JClock es\el\»‘ | ¥t hyint m, int s, int ms) {

} iea e
public String toString( {,  mostenire? de clasé- M2 g0 + " + millsecond;
return "Current tim¢ mostentf tenired de tip -
minute + "" T mos —
} } A —

comportamental Stie sa:

1) T§i seteze ora, minutul, secunda

2) se reprezinte ca Sir de caractere

3) ?§i seteze ora, minutul, secunda, milisecunda

comportamental Stie sa:
1) isi seteze ora, minutul, secunda
2) se reprezinte ca Sir de caractere

re un
. oy v-as Ce n
. daca eu e = cu
N derania 025 L7 da un U pt. capot ‘a;\?_am propus ¢! adevarat!
i ; ce ue
ock tot ) ers N
E\'\\"a“cedc\un oS “orma\- o \T\Y




Mostenirea de
de tip / interfata si
polimorfismul

(de subtip)




Notiunea de tip

Un tip de date @b defineste o
multime de valori / ”obiecte” @bstracte
complet caracterizate de operatiile
disponibile peste ele

Similare sunt si tipurile de date primitive
ne intereseaza cum creem “obiecte” ex. int intr-un
program si care sunt operatiile prin care le putem prelucra




Mostenirea de tip

Se refera la o relatie intre tipuri
in sensul ca ...

- Un tip (subtip) mosteneste
operatiile unui alt tip (supertip)




Tipuri vs. Clase

e Clock interfata obiectului

- minute :int reprezinta setul

- seconds : int =

Clock(h :int, m :int, s :int

: se?"lfime(o"? inr;,1 mm inst, sm int) : void de Operat” Ce_ se pOt ef?Ctua

| toString() : Stin pe un obiect si deci
denota tipul
acelui obiect

Conceptual clasa diferad de notiunea de tip
* o clasa reprezinta de fapt implementarea unui tip
* tipul e dat doar de declaratiile operatiilor publice din clasa

... dar des folosite ca sinonime, deoarece o clasa specifica si
operatiile publice, deci si interfata si deci si tipul




Clock

-hour :int
-minute : int
-second : int

+Clock()
+setTime(h:int,m:int,s:int):void
+toString():String

Tock

-millisecond : int

+EnhancedClock()
+setTime(h:int, m:int, s:int, ms:int):void
+toString():String

extends

intre clase exprima §|
mostenirea tipului

class Main {

public static void main(String argv[]) {
Clock firstClock;
EnhancedClock secondClock;
firstClock = new Clock();
/IOperatiile supertipului
firstClock.setTime(5, 10,0);
System.out.printin(firstClock.toString());
secondClock = new EnhancedClock();
/IOperatiile supertipului sunt disponibile si in
/IEnhancedClock (mostenesc supertipul)
secondClock.setTime(19, 30,45);
System.out.printin(secondClock.toString());
/IOperatie specifica subtipului
secondClock.setTime(0, 0, 0, 900);




Nu folositi mogtenirea doar pentru
a reutiliza codul unei superclase.

Favor ea

n locul m0§trenirii de clasa.

—

Vector

;.add(o : Object) : boolean

Sa ne amintim ...

class Main {

Tipul Stiva nu e caracterizat de
operatiile tipului Vector, deci nu e
subtip de-al lui Vector !

+get(index : int) : Object
+isEmpty() : boolean
+removeElementAt(index:int) : void

Stack

+push(o:Object) : Object
+pop() : Object

+peek() : Object
+empty() : boolean

stk.add(new Integer(l1));
/I eu add (?) ce operatie e asta pt. netiunea de stivd
stk.removeElementAt(0);

| // adicd cum (2227) ¢d intr-o stivd trebuie sd pot
Il accesa doar ultimul element introdus

punand extends am folosi doar o
“aroma” a lui (adica mostenirea de
clasd) iar mostenirea de tip nu,
incalcand prima euristica 3(




Clase s;.i metode abstracte

(ce, de ce si pentru ce?)




Cum “declaram” un tip ?
«. fara niciun fel de detaliu de implementare

Metoda instant& abstracta

- NU are corp de instructiuni

public abstract void setTime(int h, int m, int s); -ramane ca o subclasa sa-i dea o
implementare prin overriding

abstract cass ClockType {

public ADSTIraCt string tostring); - clasa in care apare trebuie
) declarata abstracta
class Main {
{abstract} public static void main(String argv[]) {
ClockType /IPutem declara referinte
FseTTme(RAnt LS vord ClockType aClock;
+oString():String

llEste o eroare de compilare dacd incercam
/Isd instantiem o clasd abstractd (ex.mai jos)
aClock = new ClockType(); // oare de ce ?
numele clasei/metoda se }

scrie italic (se adauga {abstract} }

cand sunt scrise de mana)




Cum implementam tipul ?

abstract class ClockType { ClockType
+setTime(h:int,m:int,s:int):void
public abstract void setTime(int h, int n, int s); +toString():String
public abstract String toString();
}
Clock
-hour : int
[ -minute : int
aiss clock €Xtends ClockType ¢ sccond . n
o ) +
private int hour, minute, second; +setTime(h:int,m:int,s:int):void
public Clock() { +oString():String

hour = minute = second = 0;

public void setTime(int h, int m, int s) {
hour = (h >= 0) && (h < 24) 2h : 0;
minute = (m > 0) && (m < 60) 2 m : 0;
second = (s >= 0) && (s < 60) ?5:0;

}
public String toString() {
return "Current time " + hour + "" +
minute + "" + second;

Nota - daca intr-o clasi nu dam
implementare pt. 0 metoda abstracta
dintr-o superclasa, clasa trebuie
declarata abstracta (altfel eroare de
compilare)




Exemplul cu ceasurile ...

ClockType

FsetTime(hant, mint,s:nj-void
+0String():String

Clock

-hour : int
-minute : int

-second : int

+Clock()
+setTime(h:int,m:int,s:int):void
+toString():Strin

EnhancedClock

“millisecond - it
+EnhancedCIock()
+setTime(h:int, mint, stint, ms:int):void
+0String():Strin

Varianta | (insd ...)

Toate clasele de baza
ar trebui sa fie
abstracte

Schimbdm putin : toString pune in fata
stringu-ului returnat si felul ceasului
(in general ceva specific felului de ceas)




Exemplul cu ceasurile ... (I1)

ClockType abstract class ClockType {
~hour :int i i i 3
-minute : int private int hour, minute, second,
lsecond:im ] public ClockType() {
+ClockTyJ hour = mi v d=0:
+setTime(l s:int):void ur = minute = second = 0;
+toString(] }

public void setTime(int h, int m, int s) {
hour = (h >= 0) && (h < 24) 2 h :0;
minute = (m >= 0) && (m < 60) ? m : 0;

Closk T second = (s >= 0) && (s < 60) ? 5 :0;
+0String() : String ‘Enhancedc\ock(} ) )
Ll g o public String toString() {
return “Current time “ + hour + " +
Varianta 2 (mai bund) ) minute + " + second;
}
class Clock extends ClockType {

public String toString() {
return "Normal clock - " + super.toString(); % . =
} Obs. - o clasd poate fi declaratd
abstracta si daca nu are metode

}

abstracte (si poate avea campuri,
constructori pt. a-i initializa, etc.).

Prin urmare poate si factoriza codul
comun.




Exemplul cu ceasurile ... (I1)

ClockType

our Tt
-minute :int
-second - int
+ClockTy;
+setTime(
+oString(

abstract class ClockType {
private int hour, minute, second;
public ClockType() {
hour = minute = second = 0;
}

public void setTime(int h, int m, int s) {
hour = (h >= 0) && (h < 24) 2 h :0;
minute = (m >= 0) && (m < 60) ? m : 0;

Clock

“milisecond - int

EnhancedClock

second = (s >= 0) && (s < 60) 7 s : 0;

+ToString() - Sting

+EnhancedClock()
+setTime(hiint, mint, siint, ms:int):void

+10String():Strin

Varianta 2 (mai bund)

class EnhancedClock extends ClockType {

private int millisecond;
public EnhancedClock() {
millisecond = 0;

}
public void setTime(int h, int m, int s, int ms) {

setTime(h, m,s);

millisecond = (ms >= 0) && ('ms < 1000) ? ms : 0;

}
public String toString() {

return "Enhanced clock - " + super.toString() + ":"

+ millisecond;

}
public String toString() {
return “Current time “ + hour + " +
minute + " + second;

Obs. - o clasa poate fi declarata
abstracta si daca nu are metode
abstracte (si poate avea campuri,
constructori pt. a-i initializa, etc.).
Prin urmare poate si factoriza codul
comun.




Exemplul cu ceasurile ... (111)
Am mixat in superclasa

. ClockType
e abstracta declararea tipului cu
+setTime(h:int,m:int,s:int):void . . I ant
e factorizarea implementarii
comune
Clock EnhancedClock
oSN * Siring ;"E"::E:ncggé‘c-‘%"c‘w‘ R

+10String():Strin

Varianta 2 (mai bund)

Daca apar noi implementari ale tipului
ClockType unde le punem in ierarhie ?
ex. SmallClock care codifica ora, minutul si
secunda in octeti separati ai aceluiasi int ?

aso\; . R
':\t.e mai bin® >

dar se P©




Exemplul cu ceasurile ... (IV)

ClockType

clasa pur abstracta (contine numai
[

metode abstracte - ca varianta 1) pt.
specificarea exclusiva a tipului

+setTime(h:

vint,mint,s.inf):void
+10String():Strin

clasa abstracta
ce scoate factor comun
. = Ab: [Clock
implementarea comuna unor  [esr suaccios
subclase ey setTime(hntmAnt sT)vord
+AbstractClock() +toString():String
+setTime(h:int,m:int,s:int):void
+0String():String

Clock EnhancedClock DateClock
| [-milisecond tint ~data: Date
+EnhancedCIock() +DaleClock(]
+setTime(hint, mint, s:int, ms:int):void +setDate(d : Date) : void
ﬂusmna - String

+toString() : Strin

+10Sting(:String
. mai bine R
se Poate st




. abstract
Metoda abstracta

» doar declaratia metodei, specificand o operatie a unui tip
- sunt implementate prin overriding Tn subclase

Clasa abstracta
* NU poate fi instantiata
- pt. a) specificarea tipului + b) reutilizarea de cod comun
. abstracta pura (doar metode abstracte) - a
- campuri comune/implementari comune de metode - a,b
- putem avea si metode abstracte (pe langé concrete) - a,b
- NU fortati “implement&ri comune” inexistente; lasati metoda
abstrata daca nu exista ceva comun de pus in ea

Daca o superclasa are rolul de a specifica tipul / codul
comun faceti-o abstracta si daca are numai metode concrete
(obiectele ei oricum nu au sens in problema de rezolvat)




Polimorfism. Legare dinamica

(+ de ce avem nevoie sa declaram tipuri)




Efectul mostenirii de tip

Polimorfism

O variabila referinta declarata de un anumit tip
(clasd) poate sa refere obiecte a acelui tip (clase)
si a oricarui alt subtip (subclase) de-al sau




class Main { .
public static void main(String[] args) { Ad Ici YY)

ClockType ct;

AbstractClock ac;

Clock ¢;

EnhancedClack ec; O variabila referinta declarata de un

¢ = new Clock(); anumit tip (clasd) poate si refere obiecte a
T new IRRARY acelui tip (clase) si a oricirui alt subtip
ct=¢; /HCorect (subclase) de-al sau

ot = ec; //Conect
ac =¢; /ICorect
ac =ec; /iCorect
ot = ac; //Gorect

setTme(hint, mnt s n)vord
+oString():String

c=ct; /Eroare compilare
ac = ct; //Eroare compilare
c =ec; //Eroare compilare
ec=¢; //Groare compilare

SmallClock
lime - nt

-second : int

[fmemt 1
setTime(nant,mint,sin)vold
+oString():String

+ADSIraciCIOCk()
+setTime(hintmints:int)void
+t0String():Strin

Ciock EnhancedClock DateClock

|
+ToString() - String

“millisecond < it

+EnhancedCiock()

+setTime(h:int, miint, sint, msint):void
:String

~dala: Date
+DateClooK()
+setDate(d : Date) : void
+0String(




clocks

fi N
) ct:poate l T sau
N gtim SO Toaceclod Intrebare

CKy

gnhancedCllciock
Spre ce fel/clasa/tip concret

class Ceasornicar {

public void regleaza(ClockType x) { de obiect refera variabila x
- cand se executa metoda
! regleaza ?

Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();

EnhancedClock ec = new EnhancedClock();
SmallClock sc = new SmallClock();
om.regleaza(c);

om.regleaza(ec);

om.regleaza(new DateClock());
om.regleaza(sc);

setTime(h
+oString():

setTime(nant,mint,sin)vold
+toString():String

+ADSIraciCIOCk()
+setTime(hintmints:int)void
):String

Ciock EnhancedClock DateClock

|
+ToString() - String

“millisecond < it
+EnhancedCiock()

+setTime(h:int, miint, sint, msint):void
+oString() Strin

+setDate(d : Date) : void
+oString) : String




clock,
lock

/

e fi
Datec
'class CeasornicarMaiSlabut {

public void regleaza(AbstractClock x) {

}
}

intrebare

Spre ce fel/clasa/tip concret
de obiect refera variabila x
cand se executa metoda

;CeasornicaeriSIabut om = new CeasornicarMaiSlabut();

|Clock ¢ = new Clock();
|EnhancedClock ec = new EnhancedClock();
SmallClock sc = new SmallClock();
|om.regleaza(c);

|om.regleaza(ec);

|om.regleaza(new DateClock());
|om.regleaza(sc); / Eroare compilare

regleaza ?

setTime(h
+oString():

setTime(nant,mint,sin)vold
+toString():String

+setTime(hint mint s:int):void
):String

Clock
+ToString() - String

EnhancedClock DateClock

“millisecond < it
+EnhancedCiock()

+setTime(h:int, miint, sint, msint):void
+oString() Strin

+setDate(d : Date) : void
+oString) : String




Quizz

Spre ce fel concret de obiecte poate referi o
referinta declarata ca fiind de tip Object ?




class Ceasornicar {

public void regleaza(ClockType x) {
if(x instanceif AbstractClock) {

|f(x instanceof Clock) {
]

}

if(x instanceof SmallClock) {

}
}
}

instanceof

Operatorul intoarce true daca variabila refera
un obiect al clasei date ori a unei subclase
de-a ei

FsetTme(hintmint STt vord
+oString():String

“hour -t

SmallClock
-minute : int “fime - int

od - . “setTime(hintmint sin)vod
S AbStaciCIooR) +oString():Strin
+setTime(hiint mint sint):void
+oString(:String
[ Clock EnhancedClock DateClock
“milisecond - int ~ata  Date
HoString() : Strin “+EnhancedClock() +DateClock()
+setTime(hiint, m:int, siint, msint) void +setDate(d : Date) : void
+t0String():String +oString() : String




class Main {
public static void main(String[] args) {
ClockType ct;
AbstractClock ac;
Clock ¢;
EnhancedClock ec;

ct.setTime(0,0,0); HCoreat
ac.setTime(0,0,0); /ICorect
c.setTime(0,0,0); /ICorect
cc.setTime(0,0,0); /ICorect
cc.setTime(0,0,0,0); //Corect

ac = new EnhancedClock();

ac.setTime(0,0,0,0); //Eroare compilare
ac.setTime(0,0,0); /ICorect

ct = new DateClock();

ct.setTime(0,0,0); NiCorect

ct.setDate(null); /lErcare compilare
DateClock dt = new DateClock();

Invocare corecta

(Ia compilare)

Pe o variabilad referintd putem invoca orice
metoda instata declarata in tipul/clasa
referintei sau in unul din
supertipurile/superclasele sale

FsetTme(hintmint STt vord
+oString():String

dt.setDate(null); /ICorect
dt.equals(dt); /iCorect — SmaiGiock
. e it
) ey “setTime(hintmint sT)void
+ABSTaciCIook]) +oStngl):S1
intm: id
+10Siring():String
[ Clock EnhancedClock DateClock
“lisecond - int ~ata  Date
+oString() - Strin, “+EnhancedCIock() +DateClock()

+setTime(hiint, mint, siint, ms:int):void
+t0String():String

+setDate(d : Date) : void
+oString() : String




class Main {
public static void main(String[] args) {
ClockType ct;
EnhancedClock ec = new EnhancedClock();
ct = ec; //Up Cast
ct.setTime(12,0,0,0); //Eroare compilare
((EnhancedClock)ct).setTime(12,0,0,0);

(Down) Cast

Necesar daca trebuie sa apelam metode
specifice unui subtip dar avem referinte de
un supertip de-al sau

ClockType |
—_———  — ]

I
FsetTme(h: o
+oString():String
X v

hour Tt
-minute :int

nd : int
+ABSIraciCIooK()
+setTime(hiint mint sint):void
+oString():String

“setTime(hintmint sin)vod
+toString():String

[ Clock EnhancedClock DateClock
“milisecond - int ~ata  Date

HoString() : Strin “+EnhancedClock() +DateCIock()
+setTime(hiint, m:int, siint, msint) void +setDate(d : Date) : void
+t0String():String +oString() : String




class Ceasornicar {
public void regleaza(ClockType x) {
((EnhancedClock)x).setTime(12,0,0,0);
}

}

=
Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();

(Down) Cast

Necesar daca trebuie sa apelam metode
specifice unui subtip dar avem referinte de
un supertip de-al sau

om.regleaza(c); \
ion: ClockType |
TT— —_———  — ] I
3 point 398G codlock gy FsetTmehint,mant, s void
cion in S Ccast €0 VUFZG(M +toSting():String
Exceptiofn T ganot 08 €27 egieazalt & =
vord G2y ““W"}nmw
o 3 Main3 /
at vor
R >
hour Tt
ey “setTime(hintmint sT)void
S AbStaciCIooR) +oString():String
+setTime(hint,mint sint):void
+oString(:String
[ Clock EnhancedClock DateClock
“milisecond - int ~ata  Date
HoString() : String “+EnhancedClock() +DateClock()

+t0String():String

+sefTime(hiint, m:int, siint, ms:int):void +setDate(d : Date) : void

+oString() : String




class Ceasornicar {
public void regleaza(ClockType x) {
if(x instanceof EnhancedClock) {
((EnhancedClock)x).setTime(12,0,0,0);
}

}
}

[Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();
om.regleaza(c);
— \(
asorn
e indiferent

pesi e ci“d?c @ ol
stie regld mu
nu sHe i 1P emd
. i:“ceo ra o
ins design objec

(Down) Cast

Necesar daca trebuie sa apelam metode
specifice unui subtip dar avem referinte de
un supertip de-al sau

+ABSIraciCIooK()
+setTime(hiint mint sint):void
+oString():String

ClockType

—_———  — ]
FsetTme(hintmint STt vord
+oString():String

X v

“setTime(hintmint sin)vod
+toString():String

[ Clock

EnhancedClock

“millisecond - int

DateClock
~data : Date

+T0String() - St

+t0String():String

+EnhancedCIock()
+sefTime(hiint, m:int, siint, ms:int):void

+oString() : String

+DateClock()
+setDate(d : Date) : void




class Ceasornicar {
public void regleaza(ClockType x) {
x.setTime(12, 0, 0);

Legarea dinamica
Care

implementare ?

utem
jlare (st-af-“) nuP
~cabilit

/

AbstractClock

our it SmalClock
P +selTime(Rntmin ST ~oa
+AbSTaciCIoeK)
+setTime(n:
+toStrin

Clock
—

EnhancedClock

DateClock

“millisecond : int
+EnhancedClock)

+setTime(hint, m:int, sint, ms:int):void
+oString():String

~Gata - Date

+DateClock(]
+setDate(d : Date) : void
+oString() : String




class Ceasornicar {
public void regleaza(ClockType x) {
x.setTime(12, 0, 0);

}
}

—

Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();

SmallClock sc = new SmallClock();
om.regleaza(c);

0
EnhancedClock ec = new EnhancedClock();

Legarea dinamica

in cazul metodelor instanti, putand fi
overridden/redef., se stabileste numai la
rularea programului (deci dinamic) care
impl are se apeleaza functie de felul
concret al obiectului referit la acel
moment de referinta din apel

AbstractClock

~hour - nt ‘SmallClock
-minute : int
~second : int
+ADSIaciCIocK()
| +setTime(hintmint sint) void
+oString():String

EnhancedClock

DateClock

“millisecond : int
+EnhancedClock()

+setTime(hint, m:int, sint, ms:int):void
+oString():String

~Gata - Date

+DateClock(]
+setDate(d : Date) : void
+oString() : String




class Ceasornicar {
public void regleaza(ClockType x) {
x.setTime(12, 0, 0);

}

Legarea dinamica

in cazul metodelor instanti, p dfi

—

Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();

SmallClock sc = new SmallClock();
om.regleaza(c);
om.regleaza(ec);

0
EnhancedClock ec = new EnhancedClock();

overridden/redef., se stabileste numai la
rularea programului (deci dinamic) care
impl are se apeleaza functie de felul
concret al obiectului referit la acel
moment de referinta din apel

AbstractClock

“Four : int
-minute : int
~second : int
+ADSITaciCIocK()
setTime(hint,mint,s:int):void

+oString(:String

EnhancedClock

‘SmallClock

DateClock
“milisecond : int

+EnhancedClock)
+setTime(hint, m:int, sint, ms:int):void
+oString():String

~Gata - Date

+DateClock(]
+setDate(d : Date) : void
+oString() : String




class Ceasornicar {
public void regleaza(ClockType x) {
x.setTime(12, 0, 0);

}
}

Legarea dinamica

del

in cazul met instanti, p dfi

—

Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();

EnhancedClock ec = new EnhancedClock();
SmallClock sc = new SmallClock();
om.regleaza(c);

om.regleaza(ec);

om.regleaza(new DateClock();

overridden/redef., se stabileste numai la
rularea programului (deci dinamic) care
impl are se ap a functie de felul
concret al obiectului referit la acel
moment de referinta din apel

AbstractClock

~hour - nt ‘SmallClock

-minute : int

~second : int

+ADSIaciCIocK()

+setTime(hiintm:int,sint):void

HoString():String
v

Clock
—

EnhancedClock

DateClock

“millisecond : int
+EnhancedClock()

+setTime(hint, m:int, sint, ms:int):void
+oString():String

~Gata - Date

+DateClock(]
+setDate(d : Date) : void
+oString() : String




class Ceasornicar {
public void regleaza(ClockType x) {
x.setTime(12, 0, 0);

}

—

Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();

EnhancedClock ec = new EnhancedClock();
SmallClock sc = new SmallClock();
om.regleaza(c);

om.regleaza(ec);

om.regleaza(new DateClock();
om.regleaza(sc);

Legarea dinamica

in cazul metodelor instanti, p dfi
overridden/redef., se stabileste numai la
rularea programului (deci dinamic) care
impl are se apeleaza functie de felul
concret al obiectului referit la acel
moment de referinta din apel

AbstractClock

“Four : int
-minute : int
~second : int
+ADSIaciCIocK()
+setTime(hiintm:int,sint):void
+oString():String

‘SmallClock

Clock
—

EnhancedClock

DateClock
“milisecond : int

+EnhancedClock()
+setTime(hint, m:int, sint, ms:int):void
+oString():String

~Gata - Date

+DateClock(]
+setDate(d : Date) : void
+oString() : String




class Ceasornicar {

public void print(ClockType x) { Legarea d i n am i ca

System.out.printin(x.toString());

} in cazul metodelor instanti, putand fi
— overridden/redef., se stabileste numai la
= - = rularea programului (deci dinamic) care
g‘i‘::';'"::e:mcroc":g Comrnian; impl. are se apeleazi functie de felul
EnhancedOlodk oc = new EnhancedClock(); concret al obiectului referit la acel

SmallClock sc = new SmallClock(); moment de referinta din apel

om.print(c);
ClockType
——— —— —
STntvord
SmalClock
0 e Tt
. et FeeTme(Rintmint SO
. S AbStraciCIook) +oString():String
N +setTime(hint mint,sint):void
. +oString():String

i Ciock .

+setTime(hint, mint, sint, ms:int):void
in

+setDate(d : Date) : void
+oString():Str ing

HoString() : Stri




class Ceasornicar {
public void print(ClockType x) {
System.out.printin(x.toString());

}

—

Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();

EnhancedClock ec = new EnhancedClock();
SmallClock sc = new SmallClock();
om.print(c);

om.print(ec);

Legarea dinamica

in cazul metodelor instanti, p dfi
overridden/redef., se stabileste numai la
rularea programului (deci dinamic) care
impl are se apeleaza functie de felul
concret al obiectului referit la acel
moment de referinta din apel

ClockType
—
+setTime(h:

sinvoid

‘SmallCiock
ime it
setTime(hant,mint sanj void
+t0String():String

+ADSIraGICIoCK()
+setTime(hint,m:int,sint):void
+oString():String

Ciock

EnhancedClock

“milisecond - int ~data : Date

“+EnhiancedClock()
[ #sefTime(hint, mint, sint, msint)void

+oString():String

+DateClock()
+setDate(d : Date) : void
tring) : String




class Ceasornicar {
public void print(ClockType x) {
System.out.printin(x.toString());

}

Legarea dinamica

todel

in cazul m instanti, p dfi

—

Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();

EnhancedClock ec = new EnhancedClock();
SmallClock sc = new SmallClock();
om.print(c);

om.print(ec);

om.print(new DateClock());

overridden/redef., se stabileste numai la
rularea programului (deci dinamic) care
impl are se ap a functie de felul
concret al obiectului referit la acel
moment de referinta din apel

ClockType
——— —— —

sinvoid

‘SmallCiock
ime it
setTime(hant,mint sanj void
+t0String():String

+ADSIraGICIoCK()
+setTime(hint,m:int,sint):void
+oString():String

Ciock .

+setTime(hint, mint, sint, ms:int):void
in

+setDate(d : Date) : void
+oString():Stri

HoString() : String




class Ceasornicar {
public void print(ClockType x) {
System.out.printin(x.toString());

}
T —

Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();

EnhancedClock ec = new EnhancedClock();
SmallClock sc = new SmallClock();
om.print(c);

om.print(ec);

om.print(new DateClock());

om.print(sc);

TT—

Legarea dinamica

todel

in cazul m instanti, p dfi
overridden/redef., se stabileste numai la
rularea programului (deci dinamic) care
impl are se ap a functie de felul
concret al obiectului referit la acel
moment de referinta din apel

ClockType
——— —— —

sinvoid

+setTime(h:

‘SmallClock

“setTime(hant m
+10String():Strin

+ADSIraGICIoCK()
+setTime(hint,m:int,sint):void
+oString():String

Ciock .

+setTime(hint, mint, sint, ms:int):void
Strin

+setDate(d : Date) : void
+oString():Str ing

i




class Ceasornicar {
public void print(ClockType x) {
System.out.printin(x.toString());

}
T —

Ceasornicar om = new Ceasornicar();
Clock ¢ = new Clock();
EnhancedClock ec = new EnhancedClock();

SmallClock sc = new SmallClock();
om.print(c);

om.print(ec);

om.print(new DateClock());
om.print(sc);

Legarea dinamica

todel

in cazul m instanti, p dfi
overridden/redef., se stabileste numai la
rularea programului (deci dinamic) care
impl are se ap a functie de felul
concret al obiectului referit la acel
moment de referinta din apel

ClockType
——— —— —

OUTPUT
Normal clock-Current time 0:0:0
Enhanced clock-Current time 0:0:0:0

Small clock-Current time 0:0:0

Date clock-Current time 0:0:0 Date ...

‘SmallClock

fime < int

“+ADSIraGICIoCK()
mint

+oString():String

EnhancedClock

“milisecond - int

Ciock .

“+EnhancedCIock()
+setTime(hiint, mint, sint, msint):void
+oString():Strin

+setDate(d : Date) : void
+oString() : Strin




Atent,:ie

Se aplica daca e vorba de
overriding

NU se aplica atunci cand e vorba de
hiding
deci niciodata la apeluri de metode statice
deci niciodata la accesarea de campuri




Cat apare pe ecran ?

vthssA(
protected int x = 0;
public A() {
x = doSomething();

LN: int doSomething() {

return 10;

Lm String toString() {

return ™ + x;

}
public static void main(String argv[]) {
System.out.printin(new B());
) System.out.printin(new A());
}

class B extends A {
public int doSomething() {
return 20;
}
}

TT— —

Quizz

... dar aici ?

class C {
protected inty = 0;
public C() {
y = doSomethingElse();
}
public static int doSomethingElse() {
return 10;

public Scrin§ toString() {
return " +y;

public static void main(String argv[]) {
System.out.printin(new D());
System.out.printin(new C());

}

class D extends C {
public static int doSomethingElse() {
return 20;




De ce toate astea?

sau cum sa fim Harry Potter cand organizim programe 0O :)




Programele evolueaza

Programele trebuie adaptate in mod
continuu la noi cerinte, altfel devin
progresiv tot mai nesatisfacatoare




Principiul Open-Closed

Entitatile software (ex. clase, methode)
sa fie deschise la extensii dar inchise la

modificari

deschise la extensii
sa putem extinde (refolosi) functionalitatea lor

inchise la modificari
sa le putem extinde dar fara sa le modificam codul

da, sigur ...




Exemplul |

chss Painter { Un program ce lucreaza cu
public void drawAll(Object[] figs) { prog figuri geometrice
for(Object aFig : figs) { guri g
if(aFig instanceof Circle) {
((Circle)aFig).drawCircle();
}else {
((Square)aFig).drawSquare();

[ Circle | Square |

[
‘drawGircle() : void Ilarawsquare() : void

Dupa un timp vrem s& extindem programul
cu triunghiuri




Exemplul |

class Painter { Un program ce lucreaza cu
public void drawAll(Object[] figs) { prog figuri geometrice
for(Object aFig : figs) { qurt g
if(aFig instanceof Circle) {

((Circle)aFig).drawCircle();
}else {
((Square)aFig).drawSquare();
}
}
} tie -
L ecut
oare d€ tion ¥
ol ssCastEXP ace ajuta-
Cla ul nu € P
COmp“ator ,,,,,,,,,,, [ Circle ][ Square ][ Triangle
: I;;irawcwcle() : void I;ﬂraquuare() : void I I;arawTriangle() : void
e o o Dupa un timp vrem s& extindem programul
I.Adaugam clasa corespunzatoare cu triunghiuri

iul P

2. Peste tot unde am facut distinctie intre ..
ectd P"“:dp dul

diverse feluri de figuri, mai addugdm u respect® PI 1 co
. or: inter < 3 v
probabil un if-instanceof-else "a;“:rebuie sa-i Mo
2 g




class Painter {
public void drawAll(Object]] figs) {
for(Object aFig : figs) {

if(aFig instanceof Circle) {
((Circle)aFig).drawCircle();

} else if(aFig instanceof Square) {
((Square)aFig).drawSquare();

}else{
((Triangle)aFig).drawTriangle();

Exemplul |

Un program ce lucreaza cu
figuri geometrice

[ Circle |

Triangle

] [

Square

I ;arawcwcle() : void

[
I

;Idraquuare():void I I;arawTriangle():void

Dupa un timp vrem s& extindem programul

I.Addugdm clasa corespunzdtoare

2. Peste tot unde am fdcut distinctie intre

diverse feluri de figuri, mai addugdm
probabil un if-instanceof-else

cu triunghiuri




Exemplul |

Un program ce lucreaza cu
figuri geometrice
class Painter {
public void drawAll(Figure[] figs) {

for(Figure aFig :figs) {
aFig.draw(); Figure

:—.draw() : void

[ Circle ] [ Square ]

+draw() : void wdraw() : void

Dupa un timp vrem s& extindem programul
cu triunghiuri




Exemplul |

Un program ce lucreaza cu
figuri geometrice

class Painter {
public void drawAll(Figure[] figs) {

for(Figure aFig :figs) { =
aFig.draw(); -— Figure
+draw() : void
}
} .
—— A
4 criunghiu™®
cazd corec"- ‘a % ape!
pesen X din zatoare
ener’ a - -
?mp\eme g rat.'\e‘ draw Circle ] [ Square ] Triangle
o +draw() : void +draw() : void I ~draw() : void

Dupa un timp vrem s& extindem programul

v v > cu triunghiuri
I.Adaugam subclasa corespunzatoare 9

Si ... gata!




Exemplul 2

|class Ceasornicar {
public void regleaza(Object x) {
if(x instanceof Clock) { N . .
((Clock) x).setTime(12, 0, 0); Ceasurile si ceasornicarul ...
} else if (x instanceof EnhancedClock) {
((EnhancedClock) x).setTime(12,0, 0);
}
¥
Cloek EnhancedCiock
our Tt Tour T
“minute :int “minute : int
~second :int ~second  int
+OTock() millsecond : int
+sefTime(hint mint sint)void || FERancedCiock()
+oStiing(Stiing +seiTime(hint mintsin)vod
S setTime (hiint, mint, sint, ms:int) void
+10String():String




Exemplul 2

class Ceasornicar {
publie veid regleaza(Object x) {
if(x instanceof Clock) {
((Clock) x).setTime(12,0,0); . . )
} else if (x instanceof EnhancedClock) { Ceasurile si ceasornicarul ...
((EnhancedClock) x).setTime(12, 0, 0);
} else if (x instanceof DateClock) {
((DateClock) x).setTime(12,0,0);

Tock EnhancedClock [ DatwClock ]

Four it hour - nt “hour -t

minute : int minute : int -minute : int

second : int second : int ~second : int

<Clock() ilisecond : int -data : Date

+setTime(hintmintsin):void_|[+EnhancedCIock() <+DateClock()

+1oString():String
+setTime(nint, miint, sint, ms:int):void (| +setDate(d : Date) : void
+oString():String +10String() : String

D Pesru Forin Miancea




class Ceasornicar {
public void regleaza(Object x) {

if(x instanceof Clock) {
((Clock) x).setTime(12, 0, 0);

} else if (x instanceof EnhancedClock) {
((EnhancedClock) x).setTime(12, 0,0);

} else if (x instanceof DateClock) {
((DateClock) x).setTime(12, 0, 0);

else if (x instanceof SmallClock) {

((SmaliClock) x).setTime(12, 0, 0);

}

Exemplul 2

Ceasurile si ceasornicarul ...

—
iock EranceaCioek — L — STk
Four T “Fear T Four T T T
minute it “minute :nt minute it eTe STV
second:int “second -int second it ioSiing(Stinn
~CiocK “ilisecond : nt cata - Date
“setTime(nintmintsin)void || vERancedCIock) ~DateCiocky 3
+10String():String. +setTime(h:int,mint,s:int)-void T~ pec
+setTime(hint, mint, s:int, ms:inh=- i nu resy’ sa-
+oString():String n ie
_— -
CceasoY! trebu ey
- cipiul
principi! dul + ™
il
modif dec




Exemplul 2

class Ceasornicar {
public void regleaza(ClockType x) { } . X
x.setTime(12/0,0); Ceasurile si ceasornicarul ...

ClockType

_— ———  —  — 1
“FsetTime(hint mint st void
#0String():String

N

AbstraciClock

+0String():Strin

Clock

+10Siring()  Strin

+setTime(h:int, mint, siint, ms:int):void
+t0String():String




class Ceasornicar {

public void regleaza(ClockType x) {

x.setTime(12,0,0);

Exemplul 2

Ceasurile si ceasornicarul ...

ClockType

_— ———  —  — 1
“FsetTime(hint mint st void
#0String():String

N

AbstraciClock

+0String():Strin

Clock

EnhancedClock DateClock

+10Siring()  Strin

~Gala Date
+DateClock()
+setDate(d : Date) : void
+0String() : String

+setTime(h:int, mint, siint, ms:int):void
+t0String():String




class Ceasornicar {

public void regleaza(ClockType x) {

x.setTime(12,0,0);

Exemplul 2

Ceasurile si ceasornicarul ...

}
ala
% ceas “:‘_ | legare?

Az . in gen!
Regl® Types N E \a apetare®
pul €10 nduce 2 oare 2

N m'\ va sP‘-‘“ A FsetTime(hint,mints il void

dinaM arii core ant int,in® o

m ime(ir
imple is £ T

tie s
op' s
- AbstractClock STallCioek
: o
" pr'\“dp‘u‘ /| i e
\ respec *AbsiraciCIooR) +t0Siring():Siring

‘,n'“-_aru s +setTime(hintmint,siint)void

Ceaso sy +oString():String
Crok ErRaRcsTCIESk DatEiek
TS v
oSS SEaneadOIT {BateCiooky

+setTime(h:int, mint, siint, ms:int):void
+t0String():String

+setDate(d : Date) : void
+0String() : String




Quizz

Spre c
e fel d .
tab e ob
Clo'::ku_ll_yurmét,;,r ?'ecte poate referii o i
in .
pe[] t = new ClockTy trare din
pe[10];

... dar tab
lo
Clock ul urmat
Typell t= new°é|<?, K
ck[10];

\. Orice obiect de tiP C\ock‘\'ype
. umai jecte Clock

la con'\p'\\a\'e apare © ok, da¥ a

de executi® daca e

yulare eroal
attfel)




Alta varianta pt. declarare si
implementare de tipuri




Cum “declaram” un tip ?
«. fara niciun fel de detaliu de implementare

abstract elass ClockType {
public ADSEIACE void setTime(int h, int m, int s);

publie abstract String toString();

ul de
\osim C°“ceP:
. 524 f:erfaté din Ja¥
i ;




pela ‘aV:\tje:te w . w
putin €0, ... alta varianta
(v folost$

Inte l'face ClockType { <<interface>>
public void setTime(int h, int m, int s); T ﬁ:ofnk?-xges Vo
public String toString(); +oString :.Striyng S
Automat - fie ci le declaram explicit asa, fie ca nu

toate metodele sunt abstracte
toate metodele sunt publice
orice camp este public static final
nu pot fi instantiate

Seamana foarte mult cu o
clasa pur astracta 3m altfed

eroare de

- ycal N
paca InCer | pilare




interface ciocktype {

public void setTime(int h, int m, int s);
public String toString();

T T—

class SmallClock lmplements ClockType {
private int time;
public void setTime(int h, int m,int s) {
if(h >= 0 && h < 24) {
time = time & Ox0000FFFF; time = time | (h << 16);

}
if(m >= 0 && m < 60) {

time = time & Ox00FFOOFF; time = time | (m << 8);
}

if(s >= 0 8& s < 60) {
time = time & OxOOFFFFO0; time = time | 5;

}
public String toString() {
return "SmallClock - " + ((time & Ox00FF0000) >> 16) + ™"
+ ((time &0x0000FF00) >> 8) + ™"

+ (time & 0x000000FF);

implements

<<interface>>
ClockType

+setTime(h :int, m :int, s : int) : void

+loSlrina : Strin%

SmallClock

-time : int

+toString():Strin

11
penotas ‘:Z sa
eci nu ©
referint i obi
putea v \e -
clase €@ ' orfatd

+setTime(h:int,m:int,s:int):void




class Main {
public static void main(String[] args) {
ClockType ct;
AbstractClock ac;
Clock ¢;
EnhancedClock ec;
¢ = new Clock();
ec = new EnhancedClock();

ct=c; /ICorect
ct = ec; //Corect
ac=c; //Corect
ac = ec; //Corect
ct = ac; //Corect

c=ct; //Eroare compilare
ac = ct; //Eroare compilare
¢ =ec; //Eroare compilare
ec =c¢; //Eroare compilare

ver¥
ul

AbstractClock
} Four Tt
} ~minute : int
~second : int
+ADSIraciCIooK()
TT— —

+set int,mint,s:int):void
+0String():String

e
1y \ega\'
J timorfis ilo
Po-ﬁcar ea elu

sunttafel €

+sefTime(hant mint.sanfvoid

.

Ceasurile
micis

] di::‘ cast-

‘;h versiune?

a\'l“-e"“’ara 2

<<interface>>
ClockType

SmallClock

time - int
+sefTime(hant mint.sanfvold

EnhancedClock

-millisecond : int
+EnhancedClock
+setTime(hint, m

+oString():String

DateClock
~ata : Date
+DateClock()
+setDate(d : Date) : void
+oString() : Strin




class Main {
public static void main(String[] args) {

Ceasurile

ClockType ct;
AbstractClock ac; -
Clock ¢; =
EnhancedClock ec; e icas
oefism, 10827 ncastt
ct.setTime(0,0,0); JICorect / PO“mo ape urilo’s siuned
ac.setTime(0,0,0): liCorect ver'lﬁ"-"‘r fel ain ‘{’ »
c.setTime(0,0,0); liCorect ul a erioard
ec.setTime(0,0,0) liCorect an
ecsetTime(0,0,00); //Corect
ac = new EnhancedClock(); N
ac.setTime(0,0,0,0); //Eroare compilare .
ac.setTime(0,0,0); liCorect "Z'K:iﬂ'fiﬁ:’
ct = new DateClock(); “setTime(hantmint sl void
ct.setTime(0,0,0); JICorect +oString():Stri
ct.setDate(null); /Eroare compilare
DateClock dt = new DateClock();
de.setDate(null); lICovect .
)duquals(dl); liCorect — AbstractClock  SeailCToK
} g:g::‘ed ii':‘ :lsgg’m‘\’:(h s void
+oString():
—— eorTmelbmintsin) void
+toString():String
[ Clock EnhancedClock DateClock

-millisecond : int

+EnhancedClock()

+setTime(hint, mint, siint, msint):void
+toString():String

-data : Date
+DaleClock()
+setDate(d : Date) : void
+toString() : String




class Ceasornicar {

public void regleaza(ClockType x) {
x.setTime(12, 0, 0);

}

T—

Ceasurile

| Ceasornicar om = new Ceasornicar();
|Clock ¢ = new Clock();

|EnhancedClock ec = new EnhancedClock();
SmallClock sc = new SmallClock();
|om.regleaza(c);

icd,
ar st-
" m, 162 nca
) \m\ori sap’e‘ rilors unea
yerificar afetcain ¥ »
ul sy nt yioara
<<interface>>
ClockType
FsetTime(hant,mant,sint) void
~hour :int ‘Smnllclol:k
-minute : int -time it
-second : int

+sefTime(hant mint.sanfvold
+ADSIraciCIooK()

PeetTime(h:int,m:int,s:int):void

+oString():String

[ Clock EnhancedClock DateClock
“milisecond - int ~Gata Date

3foString0 : String B [SEnhancedClock( +DaleClock()
+setTime(hint, mi +setDate(d : Date) : void
+oString():Strin +oString() : String




class Ceasornicar {

public void regleaza(ClockType x) {
x.setTime(12, 0, 0);

}

T—

| Ceasornicar om = new Ceasornicar();
|Clock ¢ = new Clock();

|EnhancedClock ec = new EnhancedClock();
SmallClock sc = new SmallClock();
|om.regleaza(c);

|om.regleaza(ec);

~our - int
-minute : int

-second : int

icd,
ar st~
. s, 1e8° nca'
) rimorf Sap’e‘ rilors iunea
g e 1
yerificar afetcain ¥ »
ul sun nt rioarad
<<interface>>
ClockType
FsetTime(hant,maint,sint):void
‘Smnllclo:k

Ceasurile

time < int

FsetTime(hant,mant,sint) void
+AbstractCIock()
SsetTime(hint,miint siint):void
LoString(:String
[ Clock EnhancedClock DateClock
-millisecond : int -data : Date
[3oString0 :String B [ EnhancedClock( +DaleClock()
+setTime(hint, m +setDate(d : Date) : void
+oString():String +oString() : String




class Ceasornicar {

public void regleaza(ClockType x) {
x.setTime(12, 0, 0);

}

icd,
ar st~
- orfisms 1687 nea
—— ¢ \I“‘""i s ap’e‘ riloYs sjunea
| Ceasornicar om = new Ceasornicar(); vel"lﬁcar a fel € ny /
| Clock ¢ = new Clock(); ul sun nt rioara
|EnhancedClock ec = new EnhancedClock();
SmallClock sc = new SmallClock();
|om.regleaza(c); h
|om.regleaza(ec); <<interface>>
‘om.regleaza(new DateClock()); ClockType
FsetTime(hant mant,sant)void
o T Smallcioek
-minute : int

~second : int
+AbSIraciCIock()
+setTime(hint,mint,sint):voi

+0String():String

Ceasurile

time - int
+sefTime(hant mint.sanfvold
id

Clock EnhancedClock DateClock
“milisecond - int ~Gata Date

3foString0 : String B [SEnhancedClock( +DaleClock()
+setTime(hint, mi +setDate(d : Date) : void
+oString():Strin +oString() : String




[class € jcar { e

c:zsbli:::g::::l:m(CIockType x) { c eas u rl I e
x.setTime(12, 0, 0);

}

amicasc

4 gal ncast”
—— ) smorfism 1oV

E (’_“.“‘area e\uﬂ!‘o :,ersiu“ea

| Ceasornicar om = new Ceasornicar(); vel’lﬂc \a fel ca ny 7
| Clock ¢ = new Clock(); ul sunt teﬂoaﬂ

|EnhancedClock ec = new EnhancedCloak(); an

|SmallClock sc = new SmallClock();

|om.regleaza(c);
|om.regleaza(ec);
|om.regleaza(new DaceClock();

<<interface>>
|om.regleaza(sc);

ClockType

+sefTime(hant mint.sanfvoid

~our - int
-minute : int
-second : int

+ADSIraciCIooK()

+setTime(hint,m:int siint):void
+toString():String

(it mint s voide
:Strin

[ Clock EnhancedClock DateClock
-millisecond : int -data : Date

[3oString0 :String B [ EnhancedClock( +DaleClock()
+setTime(hint, m +setDate(d : Date) : void
+toString():String

+oString() : Strin




Ceva problema?

interface ClockType {

public void setTime(int h, int m, int s);

public String toString();

SomeClock trebuie
la lock i lockT, s fie abstracta

class SomeClock implements ClockType { (bt & nu

private int hm,s; implementeaza setTime)
public SomeClock(int h, int m, int s) {

thish =h;

this.m = m;

this.s = s;

public String toString() {
return "Some Clock - Current time " +h+ ™"+ m+"" +g;

Quizz




extends intre interfete

T <<interface>>
interface ClockType { ClockType
public void setTime(int h, int m, int s); :f:g":;‘e(hfs"":;n’“ +int, s :int) : void
public String toString();
}
T —
interface EnhancedClockType eXtendS ClockType { —Snieracess
public void setTime(int h, int m, int s, int ms); | EnhancedClockType |
+setTime(h:int, m:int ,s:int, ms:int):void




chiar §i mai mulite ...

<<interface>>
ClockType

setTime(n < int, m : int, s - ) - void

+oString() : String

RadioType
+startPlay() : void
+stopPlay() : void
+searchNext() : void

[interface ClockType {
public void setTime(int h, int m, int s);
public String toString();

[interface RadieType {
public void startPlay();
public void stopPlay();
public void searchNext();

<<interface>>
ClockRadioType
I

TT— —

interface ClockRadioType extends ClockType, RadioType {
public void startAt(int h, int m);




)

Atentie la ce putem apela

class Main

public static void main(String[] args) {
ClockRadioType ret;

RadioType rt;

ClockType et;

Persoana om = new Persoana();
om.pornesteRadio(rct);
om.pornesteRadio(rt);

om.pe Radi E
om.regleazaCeas(rct);
om.regleazaCeas(ct);
om.regleazaCeas(rt);//Eroare compilare
om.pornesteRadioSiRegleazaCeas(rct);
om.pe dioSiRegh o
om.pornesteRadioSiRegleazaCeas(rt);//Eroare compilare

<<interface>>

ClockType
+setTime(n - int, m : int, s < InD) : void
+oString() : String

RadioType
startPlay() : void
+stopPlay() : void
+searchNext() : void

ClockRadioType
——————— — 1
[class Persoana {

public void pornesteRadio(RadioType x) {
x.startPlay()

x.startAe(13, 0)://Ereare compilare

}
public void regleazaCeas(ClockType x) {

xsetTime(12, 0, 0);
x.startAe(13, 0);//Ercare compilare

[T— —
public void pornesteRadioSiRegleazaCeas(
ClockRadioType x) {

X.start 3
x.setTime(12,0,0);
xstartAe(13, 0);

¥

¥
TT— —




class MySimpleRadioClock implements
ClockType, RadioType {
private int hour, minute, second;
public MySimpleRadioClock() {

hour = minute = second = 0;

public void setTime(int h, int m, int s) {
hour = (h >= 0) 8& (h < 24) 2h :0;
minute = (m >= 0) && (m < 60) ?
second = (s >=0) && (s < 60) ?s:

implements again

<<interface>>

<interface>>
RadioType

“StartPlay() : void
+stopPlay() : void
+searchNext() : void

‘ ClockType I
+setTime(n - int, m : nt, s : ) - voig
+0String() : Strin

dar

) g
public String toString() { =
return "MySimpleRadioClock - Current time " +
hows + ™" + minute + " + second;
} “HySimpleRadioCTock()
public void startPlay() { ool
) System.out.printin("Start”); 1323%;'38 Vo ,
+searchNext() : voi
public void stopPlay() {
System.out.printin("Stop”);
}
public void searchNext() {
System.out.printin("Search”);
} - “care ey
) 12 dup o
! / Cam “::d st so\ut,‘e )




implements again

class MySimpleRadioClock extends AbstractClock
implements RadioType {

public String toString() {

String();

return "My

}
public void startPlay() {
System.out.printin("Start");

}
public void stopPlay() {
System.out.printin("Stop");

}

public void searchNext() {
System.out.printin(“Search");

}

pleRadioClock - * +

<<interface>>
ClockType

SetTime(rintmint STnvoid
+0String():String

+AbStraciCIock()
+setTime(hiint,m:int,siint):void

" in genera" oc
o clasd $ PO
multe

53 poate
\eme
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ext.'mde.
nta mal

+toString():String

RadioType
[FarPay) Vol |
+stopPlay() : void

+searchNext() : void

+startPlay() : void
+stopPlay() : void
+searchNext() : void




class Ceasornicar {

public void regleaza(ClockType x) {
x.setTime(12,0,0);

}
}

Putem face asta!

<<interface>>
ClockType

FsetTme(hant mint STy vord
+0String():String

Ceasornicar om = new Ceasornicar();
i ioClock rc = new MySi

Fysimp
om.regleaza(rc);

/ amn
AbstractClock
“Four i
“minute : int
“second :int
+AbSIraciCIook)
SsotTime(vint mintintvoid
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De ce o fi ok asta?

[interface ClockType {
public void setTime(int h, int m, int s);
public String toString();

<<interface>>
ci

v
class TestingClock implements ClockType {

private int h,m, s;
public void setTime(int h, int m, int s) {

this.h = h;
this.m = m; /
this.s =s; !
) TestingOiock
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+setTime(h:int,m:int,s:int):void
care ¥
. men i
3 imple ing $
xista oStr! d
u € ock €. £ »




interface ClockType {
public void setTime(int h, int m, int s);
public String toString();

De ce o fi ok asta?

class TestingClock implements ClockType {
private int h,m, s;
public void setTime(int h, int m, int s) {
thi

[ Object ‘
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[interface A {
public void get();

interface B {
public int get();

interface AB extends A, B {
JErcare compilare decarece metodele
IIdiferd doar prin tipul returnat

}

Potentiale probleme

interface A {
public void get():
abstract class AbstractA {
public int get() {return 0;}
class i extends AbstractA implements A {
/[Eroare compilare decarece metodele
Ildiferd doar prin tipul returnat
)
) returnat a
§ aca tip m oda e
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clase abstracte vs. interfei’:e

Clasa abstracta
- Putem mixa definirea tipului cu factorizarea codului comun
- O clasa poate extinde o singura alta clasa (in Java)

Interfata e

+ Nu putem factoriza codul comun diverselor implementari
s ... dar am putea sa-| factorizam intr-o clasa intermediara ori “laterald”

- O clasa poate implementa mai multe interfete

- O interfata poate extinde mai multe interfete




Poate extinde o interfata o clasa ?

Poate implementa o interfata o clasa ?

Quizz
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[interface A {
String CONST = "A";

interface B {
String CONST = "B";

class ClassAB implements A, B {
public String toString() {
return CONST;

Quizz




