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"
OpiouOGg

A@aipeon ME XpON UTTOTTPOYPOANMATWYV
(subprogram abstraction) €ival n avTioToiXIon €VOG
OUVOAOU €1000WV O€ £va OUVOAO £COOWV TTOU UTTOPEI

vVa TTEPIYPOAPEI POPUAAIOTIKA.

H TTepiypa@n TG Xpnong TTPETTElI va OEiX Vel TTwS oXETiCovTal Ol
£CO00I PE TIC £10000UC, aAAG dev XpelaleTal va OEIXVEl TOV
TPOTIO PE TOV OTTOI0 UTTOAOYiovTal o1 ££000l.

O TTpoypapMaTIOTAC €0TIACEI TNV TTPOCOXN TOU OTO TI YIVETQI
OTO ONMEio TNG KANONG, Kal OX1 OTOV TPOTTO E TOV OTTOIO

yiverai.



"
XapaKTNPICTIKA YITOTTPOYPOUNHATWYV

m KaBe urmommpoypauua (YIT) €xel Eva yovo onueio
€10000U.

m H KaAouoa PJovadd TTPOYPAUMATOC AVOOTEAAETAN
KOTQ TNV €KTEAEON TOU YT1, OTTOTE UTTAPXEI JOVO Eva
YT1 utro ekTEAEON 0€ KABE XPOVIKN OTIYUN.

m O EAeyXOC ETTIOTPEPEI TTAVTA OTNV KAAOUOO povadd
OTav oAoKANPWVETAI N eKTEAECN TOU YT1.

m [IC TTEPIOCOTEPEC POPEC, TA Y1 exouv Ovoua.



" A
Eidon YromrpoypapuATWY

m Aladikaoia (procedure)
EKTTANpWVEI TO £pYO TNG, EITE EKXWPWVTAC T
ATTOTEAECHATA TNG OE Mia N TTEPIOCCOTEPEC ATTO TIC
TTAPAPETPOUC TNG, €iTE AAAAlovVTAC TO TTEPIBAAAOV
NG (TIMEC PN-TOTTIKWV PeTaBANTWY, IA), €ite
KAvoVvTa¢ Kal Ta OUO.

m 2ZuvapTtnon (function)
Eival Aiadikaoia 1Tou, ETTITTAEOV, ETTIOTPEPEI Hia
TIMA.



" A
2UCTATIKA YITOTTPOYPOAUMATWYV

‘Eva YTrotrpoypauua, mTepIAauavel
4 (01adIkaagiec), N 5 (ouvapTRoEIC) OTOIXEIA :

Ovoua
Kwdikag

Y

Tumikég MapapeTpol

7\

Totiko MepiBaAAov Ava@opdg

ATtrotéAscpa (UOvo yia ZuvapTnoeEic)



" J
Kai aAAol Opicpuoi

Tutikég MNMapapeTpol: Acv gival akpIBwg
LMETABANTEC, AAAG ovOpaTA, TTOU JTTOPEI VA Yivouv
TOTTIKEC METAPANTEC KAl OEIXVOUV TO POAO TTOU Ba
TTAICOUV Ol TTPAYMUATIKEC TTAPAMETPOI, OTAV KANOEI N
UTTOPOUTIVA.

MpaypaTtikeg MNapaperpol: O1 yetaAnNTEC Kai/f ol
EKQPACEIC TTOU TTAPEXOVTAI OE [Ia UTTOPOUTIVA, YIa
VA AVTIKOTAOTNOOUV TIC TUTTIKEC TTAPAMETPOUG.




"
MNapadeiypaTta (1)

m Pascal:

PROCEDURE F(X: real; var Y: integer) [: real]
[FUNCTION]
VAR M: array[1..10] of real,
N: integer
begin

end:



" JE
MNapadeiyparta (2)

m C functions:

float power(float base, float exp)

{ ... KAnonN:
) X = power(10.0, x)

m C procedures:
void sort(int X[ |, int a) KARon:
{ ... sort(scores, 100)



" J
2Xe0I100TIKA OtcpaTa (1)

m AioTa [Napapetpwy N INpooodlopiopdc NapaueTpwy

EKTOC aT110 TO OVOua TWV TTAPAMETPWY, TTEPIAAUBAVEI
TOV TUTTO KQI TOV TPOTTO Xpnong. I.x.
PROCEDURE F( X: real; var Y: integer)

m AvTigToixia Tutmikwy — NpayuaTikwy MNapaueTpwyv

Me Baon Tn o€ipd avaypa@pnc oTov opIoUO TNG
UTTOPOUTIVAC.

E¢aipeon: H Ada emTpETTEl TNV QVATPOTIN TNG
oc1pac. I.x.

Opiouog: F(A, B). KAjon: F(B->100, A->10).



" J
2XE0I100TIKA OcpaTa (2)

m EidOC TINWV TTOU ETTIOTPEPEI I 2UVAPTNON
FORTRAN, ALGOLG60: AtrAoi BaBuwTtoi TA (real, int, bool)
PL/1: BaBuwrToi kal aA@apiOunTika Kai pointers
Pascal: BaBuwToi kal pointers
C, Ada: OAoug Toug TA.
2TIC TTEPIOOOTEPEC [T, TTPETTEl VA EKXWPENOEI TIMA OTO Ovoud
NG function, TTpIv TO TEAOC TNC TTEPIYPAPNC TNG. I'.x. Pascal:

function f(x: integer): integer
begin
If x<=1 then
f:=1
else
f.=x*f(x-1)
end;



" A
YTtroAoyiopog kal MetaBiBaon NapapeErpwyv
m Y1ToAoyiopog MNapapeTpwy (parameter evaluation)

Algepyaoia KaTtd TNV OTToia KABE TTPAYUATIKI TTAPAUETPOC
avayvwpiletal 0TI CUVOEETAI E TNV AVTIOTOIXN TUTTIKN
TTAPAPETPO, KAl JETA UTTOAOYIETAI.

m MetafBifaon lNapauétpwy (parameter passing)
O TPOTTOC PE TOV OTTOIO N UTTOAOYIOUEVN TTPAYMATIKNA
TTAPAUETPOC PeTapEPETAl (OuvdEeTal) oTo YT,
KARon pe Tiyn (call by value)
KARon pe Avagopa (call by reference)
KAnon pe Tiyn - AtrotéAseopa (call by value — result)
KAnon pe Ovopa (call by name)



"
KARon ye Ty (1)

m H TTpaydaTIK TTAOPAUETPOC ATTOAVAPOPOTTIOIEITAI KAl
ETTIOTPEPEI UiA TIMA, N OTTOIA AVTIVPAPETAI OE MIC
veéa BEon yvnuNg, ME TNV OTToia CUVOELETAI TO OvVouQ
TNC TUTTIKNG TTAPAUETPOU. AnNAadr), TTPAKTIKA
ONMIoUPYEITal PIa VEQ (TOTTIKN) METABANTA.

m C, C++, Pascal (default)

m [IAcovékTnua: To YT yovo diaBadel Tnv TTpayuaTikn
TTAPAMETPO, OEV £XEI TTPOCBACN YIa VO TNV OAAACEL.

m MeiovékTnua: AITTAACIOOUOG XPNOIMOTIOIOUUEVNG
HVAUNG.



"
KARon pe Tipn (2)

2. XNMATIKA:

Oplopoc: Procedure P(X, V) KAnon: P(a, b)
Ca >—<>— Ca < >
Qo< G
GO GO
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"
KARon ye Avagopa (1)

m Av n TTPAYUATIKA TTOPAMETPOG XPNOIUOTIOIEI uvAun (TT.X. €ival
UWETABANTN), QUTA N PUVIAUN CUVOEETAI PE TNV TUTTIKN TTAPAMNETPO,
otav yivetal kKAnon tou YI1. AnAadr, TTPAKTIKA N TUTTIKI)
TTAPAUETPOC YiveTal pointer oTnV TTPAYMATIKA TTAPANETPO.

m FORTRAN, PL/1, Pascal (ue VAR OTIC TUTTIKEC TTOPAMETPOUG)

m C, C++ pe xpnon pointers: void A(int *f)  kAnon: A(&x)

m KANON JE TTPAYUATIKEG TTAPAUETPOUC OTABEPEC:

P(var x) KAnon: P(10)
Av aAAadel n TipA Tou X o1o YT, n B€on pvAuNG Tou AEyeTal
avwvuun JerapAntn.

m [IAcovekTnuara: ATTddoan, ypriyopn aAAayn TINAG TNC
TTPAYMATIKNG TTAPAMETPOU.



"
KARon pe Avagopa (2)

2. XNUATIKA:

Procedure P( VAR X, y) KAnon: P(a, b)

Ca >—<>— Ca < >
|

Co >—<"">— b < >

GO @i//
O > Cy D>



"
KARon pye Tiun - ATTOTEAEC A

m Otav n TpaypaTikn TTOPAUETPOC Eival HETABANTA,
QTTOAVA@OPOTTOIEITAI KAI N TIMN AVTIYPAPETAI OE HIA
veéa BEon pyvnung, oTTwe otnv KAnon upe Tiyn. H
0Eon autn yvAuNG, XPNOIUOTTOIEITAlI OTO CWHA TOU
YT1. Kata tnv £€€000, N TINN TNG TUTTIKNG
TTAPAMETPOU AVTIYPAPETAlI OTN B€onN YvAUNG TNG
TTPAYMATIKAG METARBANTAC.

m ALGOL-W



" A
KARon pe Ovoua

B AQNVEI TIC TTPAYMATIKEG TTAPANETPOUC XWPIC VA UTTOAOYICTEI
N TINA TOUG, MEXPI TO XPOVIKO onMEio Xpnong Touc aTo YTI.

m AnAadr), ol TPayuaTIKEC TTAPAUETPO! AVTIMETWTTICOVTAI Ol
iOIEC oAV UTTOTTPOYPANMATA XWPIC TTApANETPOUG (thunk),
TTOU eKTEAOUVTAI KAl UTTOAOYideTal N TIMA TOUC (Yia va doBEi
OTNV TUTTIKA TTAPAUETPO), ME TO TpEXOV A Tou
mTpoypauparog n Yl 1o otroio kaAei To TpExov YI1.

m TOTE, N TUTTIKNA TTAPANETPOC CUVOEETAI E TNV TTPAYMATIKN
TTAPAPETPO, OTTWGS 0TV KARNoN ue Avagopa.

m O utToAOYIONOG TNG TTPAYMATIKNG TTOPAMETPOU, ViIVETAI €C
apxNG, KABE popda TTOU XPNOIMOTTOIEITAI N AVTIOTOIXN TUTTIKA
TTAPANETPOC.

m ALGOL-60, SIMULA (gtTiAoyr) Tou XpnoTn)



"
Mapadsiypa 1

MAIN

VAR M: integer;
C: array [1..10] of integer;
Procedure R (VAR I, |: Integer)

EpwTtnua 1.

Me TnVv evtoAn write(i,)) Ti
Ba TUTTWOEI, av EXoUuE
KAnon pe Avagopdq,

Atravrnon 1.
3, C[2] +1

EpwTnua 2:

Me Tnv evtoAn write(i,)) Ti
Ba TuTTWOEI, av EXxoupe
KARon pe Ovopa;

begin
1=1+1;
J=1+1
write (1, |);
end; Epwrnua 3:
BEGIN Ti Tlpf] Exel 1o C[3]
OTO TEAOG ME
M:= 2; KARon pe Ovopa;
R (M, C[M]); Atravrnon 3:
END. C [3]apxu(6 + 1

ATtravrnon 2.
3, C[3]+1




" BN
Mapadsiyua 2

/| C program to illustrate call by value /| C program to illustrate Call by Reference
#include <stdio.h> #include <stdio.h>
void swapx(int x, int y); void swapx(int*, int*);
int main() int main()
{ {
inta=10, b = 20; inta=10, b = 20;
swapx(a, b); swapx(&a, &b);
printf("a=%d b=%d\n", a, b); printf("a=%d b=%d\n", a, b);
return O; return O;
} }
void swapx(int X, int y) void swapx(int* x, int* y)
{ {
int t; Int t;
t =X; t = *X;
X =Y, X =y,
y =t Yy =t
printf("x=%d y=%d\n", X, y); printf("x=%d y=%d\n", *x, *y);
} }
x=20 y=10 x=20y=10

a=10 b=20 a=20 b=10



" I
Alapopec C, C++ kal Java

m Note : In C, we use pointers to achieve
call by reference. In C++, we can either
use pointers or references to for pass by
reference. In Java, primitive types are
passed as values and non-primitive types
are always references.

m Java is Strictly Pass by Value!



https://www.geeksforgeeks.org/references-in-c/
https://www.geeksforgeeks.org/g-fact-31-java-is-strictly-pass-by-value/
https://www.geeksforgeeks.org/g-fact-31-java-is-strictly-pass-by-value/
https://www.geeksforgeeks.org/g-fact-31-java-is-strictly-pass-by-value/
https://www.geeksforgeeks.org/g-fact-31-java-is-strictly-pass-by-value/
https://www.geeksforgeeks.org/g-fact-31-java-is-strictly-pass-by-value/

NMAPAAEIIMA 3: Java is Strictly

Pass by Value!

Primitive types:

public class Main

{

public static void main(String[] args)
{

intx =5;

change(x);

System.out.printin(x);

}

public static void change(int x)
{
x =10;
}
}

Output: 5

How about objects or references?

The changes are not reflected back if
we change the object itself to refer
some other location or object.



"
[Mapdaodeiyua 4. A Java program to show that
references are also passed by value.

public static void change(Test t)

class Test {

{ int x- Il We changed reference to refer some other location
Test,(int ) {x =i} /l now any changes made to reference are not reflected
Test) {x= 0 ) /l back in main

) ’ t = new Test();

t.x =10;

class Main }

{ }
public static void main(String[] args)

{

Il tis areference

Testt = new Test(b);

I/l Reference is passed and a copy of
reference

Il is created in change()

change(t);

// Old value of t.x is printed

System.out.printin(t.x);

Output: 5



" A
Napdadeiypa 5: Changes are reflected back if
we do not assign reference to a new location or

object:

I/l This change() doesn't change the reference, it only

| Test i
class 1es /l changes member of object referred by reference

{ .
int x;
Test(int i) {
Test() {
}

i ) public static void change(Test t)
0;} ¢
}

}

X =
X= t.x =10;

class Main

{

public static void main(String[] args)
{
/[tis areference
Test t = new Test(5);
/I Reference is passed and a copy of
reference
/l'is created in change()
change(t);
// New value of t.x is printed
System.out.printin(t.x);

} Output: 10



" J
[Tapadeiypa 6.1 (call-by-value)

program params; Call by Value
var i: integer; x and y in p are local variables
a: array[1..2] of integer; initialized with the actual
procedure p(x,y: integer); parameters, while i is a global
begin variable, so the call p( a[i],a[i] ) is
X =X+1, equivalent to:
=1+ 1; X :=1 /*The value of aJi] */
y:=y+1; y :=1 /* The value of a]i] */
end;
begin X:=2 [Fx+1%*
a[l] .= 1, =2 *i+1%*
a[2] .= 2; y: =2 [*y+1%*
| =1, and at the end the values 1, 2 are
p( alil,afi] ); printed since they are the values of
output( a[1],a[2] ); a[1], a[2] which weren't changed.

end.



" S
[Tapadeiyua 6.2 (call-by-reference)

program params, Call by Reference
var I. integer;
a: array[1..2] of integer; Both x and y in p are alias for a[1]
procedure p(x,y: integer); and (again) a[1] (since i = 1 when
begin the procedure is called), so the call
X:=x+1 is equivalent to:
=i+ 1;
y:=y+1 a[l] ;=2 Ma[l]+1*
end; =2 [Fi+ 1%
begin a[l]:=3 /*a[1] + 1%
a[l] :=1; and at the end the values 3, 2 are
a[2] := 2; printed.
=1,
p(alil,ali] );
output( a[1],a[2] );

end.




" I
[Tapadeiyua 6.3 (call-by-name)

program params;
var I. integer;
a: array[1..2] of integer;
procedure p(x,y: integer);

begin
X =x+1;
=1+ 1;
y=y+1,

end;

begin

a[l] .= 1;

a[2] .= 2;

| :=1;

p(alil.ali] );

output( a[1],a[2] );
end.

Call by Name is equivalent to Call by Reference when
simple variables are passed as parameters, but is different
when you pass an expression that denotes a memory
location, like a subscript.

In this case the actual parameter is re-evaluated each time
It Is encountered. So in this case, this is the effect of the call

of p( alil,ali] ):

a[l] :=2 /*sincei=1, the result is equal to a[1] + 1 */
=2 i+ 1%

a[2] :=3 /*sinceiis now 2, the result is equal to a[2] + 1 */
and at the end the values 2, 3 are printed.

In practice the implementation calls an anonymous function
(a “thunk™), each time it must evaluate a parameter.



"
[Tapadeiypa 6.4 (call-by-value result)

program params; Call by Value Result:
var i integer; x and y are initialized at the beginning
a: array[1..2] of integer; of the procedure execution with the

values of the actual parameters, and,

procedure p(x,y: integer); at the end of the execution of the

begul _ procedure, are copied back to the
X=x+1 original variables addresses:
=1+ 1;
y:=y+1, Xx:=1 [* The value of a[i] */
end; y:=1  /[*The value of a[i] */
begin
a[1] := 1; Tro oty
— 9. | = *1+1*
ale] == y=2 [y+1%
| :=1,;
p(alil.ali] ); a[l] :=2 [/*the value of x is copied
output( a[1],a[2] ); back to a[1] */
end. a[l] :=2 /*the value of y is copied

back to a[1] (not a[2]!) */
and at the end the values 2, 2 are
printed.



