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" A
OpIouOC

A@aipeon HE XpRON UTTOTTPOYPOAMNHATWYV
(subprogram abstraction) €ival n avTioToixion £vog
OUVOAOU €1000WV O€ £va OUVOAO £€OOWYV TTOU UTTOPEI

va TTEPIYPAPET POPMUAAIOTIKA.

H TTepiypagrn TG Xpnong TrPETTEl va OEiX Vel TTwE axeTiCovTal Ol
£€000I JE TIGC E10000UG, AAAG Oev xpelaleTal va OEiXVEl TOV
TPOTTO PE TOV OTT0I0 UTTOAOYiI{ovTal 01 ££00O0L.

O TTpoypPAUUATIOTAG £0TIACEI TV TTPOCOXI TOU OTO TI YiVETQI
OTO ONUEIO TNGC KANONG, KAl OXI OTOV TPOTIO UE TOV OTTOI0
YIVETA.



" J
XapaKTNPIOTIKA YITOTTPOYPOMMATWYV

m Kabe urmrommpoypauua (YI) €xel Eva povo onueio
£10000U.

m H KaAouoa povadda TTPOYPANMATOC OVACTEAAETAI
KATA TNV €KTEAEON TOU YT1, OTTOTE UTTAPXEI HOVO EVa
YTT utro ekTEAEON O€ KABE XPOVIKN OTIYUN.

m O EAeyXOC ETTIOTPEPEI TTAVTA OTNV KOAOUCO povada
OTaV OAOKANPWVETAI N eKTEAEON TOU YT1.

m [IC TTEPIOCOTEPEC POpPEC, Ta Y1 exouv Ovoua.



= A
Eion YromrpoypauuaATWY

m Aladikaoia (procedure)
EKTTANPWVEI TO €PYO TNG, EITE EKXWPWVTAC T
QATTOTEAEOMATA TNC OE PiaA N TTEPICOOTEPEC ATTO TIC
TTAPANETPOUC TNG, €iTE AAAAlOVTAC TO TTEPIBAAAOV
NG (TIMEC PN-TOTTIKWV PETABANTWY, A), €iTe
KAQvVOoVTAG Kal Ta OUO.

m 2uvapTtnon (function)
Eival Aiadikaoia TTou, ETTITTAEOV, ETTIOTPEPEI Pia
TIUN.



"
2UCTOTIKA YTTOTTPOYPOAHMMATWY

‘Eva Y1romrpoypaupa, TepIAauPAvel
4 (01adIkaaiec), N 5 (oUvapPTHOEIC) OTOIXEIQ :

Ovoua
Kwdikag

Yn
Tutmikég MapapeTpol

7N\

Totriko MepiBaAAov Avagpopdg

ATtroTéAeopa (UOVO yia ZuvapTnoEic)



" J
Kai aAAol Opiouoi

Tutrikég Mapaperpol: Agv gival akpiBwg
METABANTEC, AAAG OVONATA, TTOU UTTOPEI VA Yivouv
TOTTIKEC METARBANTEC Kal OEiXvVouv TO POAO TTOU Ba
TTAiCOUV Ol TTPAYMATIKEC TTAPANETPOI, OTAV KANOEI N
UTTOPOUTIVA.

MpayupaTtikeg NMapaperpol: O1 yetaBAnNTEC Kai/n ol
EKPPACEIC TTOU TTAPEXOVTAI O€ UIA UTTOPOUTIVA, VIa
VA AVTIKOTAOTAOOUYV TIC TUTTIKEC TTAPAMETPOUC.




"
Napadeiypara (1)

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

end;



" J
MNapadeiypaTta (2)

m C functions:

float power(float base, float exp)
{ .. KAnoN:
! x = power(10.0, x)

m C procedures:
void sort(int x[ ], int a) KAfon:

{ ... sort(scores, 100)



" J
2Xe0100TIKA Ocparta (1)

m AioTa lNapapEtpwy N INpoadiopicuoc MNapaupeTpwy

EKTOC a110 TO OVOUd TWV TTAPAUETPWYV, TTEPIAAUBAVEL
TOV TUTTO Kal TOV TPOTIO ¥pnong. IN.x.
PROCEDURE F( X: real; var Y: integer)

m AvtioToixia Tutmmkwyv — [Npaypartikwy MNapauerpwy

Me Baon Tn oeipa avaypapnc oTov opIouO TNG
UTTOPOUTIVAC.

E¢aipeon: H Ada emiTpEtTel TV avaTpoTri TNG
oclpac. I.x.

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



" J
2XE0100TIKA OEpaTa (2)

m EidOC TIuWV TTOU ETIOTPEPEI I ZuvapTNoN
FORTRAN, ALGOLG60: AtrAoi BaBuwTtoi TA (real, int, bool)
PL/1: BaBuwrToi Kai aApapiBunTika Kai pointers
Pascal: BaBuwToi kal pointers
C, Ada: OAoucg Toug TA.
2.TIC TTEPIOCOTEPEC [T1, TTPETTEI VA EKXWPENOEI TIUN OTO Ovoud
NG function, rpiv T0 TEAOC TNG TTEPIYPAPNG TNG. [1.X. Pascal:

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



" A
YtroAoyiopog kKal MetaBiBaon lNapapéTpwy
m YT1ToAoyIouOo¢ MNapapeTpwy (parameter evaluation)

Alepyagia KaTa TNV oTToia KABE TTPAYUATIKI TTAPANETPOG
aAvayvwpeiZeTal OTI CUVOEETAI UE TV AVTIOTOIXN TUTTIKN
TTAPAMETPO, KAl META UTTOAOYIETAl.

m MeTaBiBaon MNapaucTpwy (parameter passing)
O TPOTTOC UE TOV OTTOIO N UTTOAOYIOMEVN TTPAYUATIKNA
TTAPANETPOG peTaPEPETAI (OUVOEETAI) OTO YT,
KARon pe Tiyn (call by value)
KAnon pe Avag@opa (call by reference)
KARon pe TiyR - AtrotéAeopa (call by value — result)
KARnon pe Ovopa (call by name)



"
KARon pe Tiyn (1)

m H TpayuaTikn TTOPAUETPOC ATTOAVAPOPOTTOIEITAl KOl
ETTIOTPEPEI Pid TIMN, N OTTOIA AVTIYPAPETAI OE HIA
véa BEon MvNUNG, ME TNV OTTOIO OUVOELETAI TO OVOUQ
TNG TUTTIKNG TTAPAUETPOU. AnAadH], TTPAKTIKA
ONMIOUPYEITAI hIa vEQ (TOTTIKA) METABANTA.

m C, C++, Pascal (default)

m [IAcovékTnua: To YIT yovo diapadel Tnv TTPAYUATIK
TTAPAPETPO, OEV EXEI TTPOCRACN YIA VO TNV AAAACEL.

m Meiovektnua: AITTAACI0CUOC XPNOIUOTIOIOUMEVNG
MvAuNG.



"
KARon pe Tiyn (2)

2. XNMOTIKA:

Opliouoc: Procedure P(x, y) KAnon: P(a, b)
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" A
KAnon pe Avagopa (1)

B Av n TTPAYUATIKI TTOPAUETPOC XPNOIYOTIOIET uvhun (TT.X. €ival
METABANTA), AUTA N UVAMN OUVOEETAI JE TNV TUTTIKI TTAPAUETPO,
ortav yiveral KAnon tou YI1. AnAadn, TTPOKTIKA N TUTTIKN
TTAPAMETPOC YIVETAI pointer oTNV TTPAYMATIKA TTOPAUETPO.

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

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

m KAjon pe TTpayuaTIKEG TTAPAUETPOUG OTABEPEC:

P(var x) KAnon: P(10)
Av aAAalel n TipN Tou X oT1o YT, n B€on puvuNg Tou AEyeTal
avwvuun ueraBAntn.

m [IAcovektnuara: ATTodoan, ypriyopn aAAayr TIUNG TNG
TTPAYMATIKNG TTAPAUETPOU.



"
KAnon pe Avagopad (2)

2. XNMOTIKA:
Procedure P( VAR X, y)

C2 >—<_">—
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KAnon: P(a, b)

el




" A
KAnon pe Tiyn - ATToTéEAEO A

m Otav n mTpaypaTtikn TTOaPAPETPOC gival HETABANTA,
QTTOAVA@OPOTIOIEITAl KAl N TIMA AVTIYPAPETAI OE HIA
véa BEon pvnung, oTTwg otnv KAnon ue Tiyn. H
0£on aut YvPNG, XPNOIUOTTIOIEITAI OTO CWUA TOU
YT1. Kara tnv £€¢od0, N TINN TNG TUTTIKAC
TTAPAPETPOU AVTIVPAPETAlI OTN BE0N vAUNG TNG
TTPAYMATIKAC METABANTNC.

m ALGOL-W



" A
KAnon pe Ovoua

B AQNVEI TIC TTPAYMATIKEG TTAPAPETPOUC XWPIC VA UTTOAOYIOTEI
N TINA TOUG, NEXPI TO XPOVIKO onMEio XpRong Touc aTo YT1.

m AnAadn, ol TPAyuUATIKEC TTAPAUETOO! AVTIMETWTTICOVTAI Ol
iDIEC oav UTTOTTPOYPAMMATA XWPEIC TTapapETpouc (thunk),
TTOU €KTEAOUVTAI KAl UTToAoyileTal n TIMA TOug (Yia va doBEi
OTNV TUTTIKI TTOPAUETPO), JE TO TPEXOV A Tou
Tpoypapuarog ) YI1 1o otroio KaAei 1o TpExov YTI.

m [OTE, N TUTTIKN TTAPAMETPOC CUVOELETAI E TNV TTPAYMATIKN
TTAPAMETPO, OTTWC a1V KAon pe Avagopa.

m O uttoAoyIOUOG TNG TTPAYMATIKNG TTAPAUETPOU, YIVETAI €C
apXNC, KABE popa TTOU XPNOIUOTIOIEITAI N AVTIOTOIXN TUTTIKI)
TTAPAMETPOC.

m ALGOL-60, SIMULA (etmiAoyn Tou XpnoTn)



Mapdadeiypa 1

MAIN
VAR M: integer;
C: array [1..10] of integer;
Procedure R (VARI, j: integer)

Epwtnua 1:

Me TnVv evioAn write(i,j) Ti
Oa TUTTWOEI, av £xouue
KARon pe Avag@opq;

Atravrtnon 1.
3, C[2] +1

Epwtnua 2:

Me Tnv evtoAn write(i,j) i
Ba TUTTWOEI, av £xouue
KARon pe Ovouq;

begin
=i+ 1;
j=1+ 1
write (i, j);
end; Epwrnua 3:
BEGIN TI TipA €xel 1o C[3]
OTO TEAOG [E
M:= 2; KARon pe Ovouaq;
R (M, C[M]); Atrdvrnon 3:
END. C [3]apx||(6 + 1

Atravrnon 2:
3, C[3]+1




" S
[Mapadeiypa 2

/| C program to illustrate call by value /| C program to illustrate Call by Reference

#include <stdio.h>
void swapx(int*, int*);

#include <stdio.h>
void swapx(int x, int y);

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);
return O0;

printf("a=%d b=%d\n", a, b);
return 0;

} }
void swapx(int x, int y) void swapx(int* x, int* y)
{ {
int t; int t;
t=x; t =*x;
X=y; X =Ty
y=t y=t;
printf("x=%d y=%d\n", x, y); printf("x=%d y=%d\n", *x, *y);
} }
x=20 y=1 0 x=20 y=1 0
a=10 b=20 a=20 b=10



S
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)
{

int x = 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.



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

class Test public static void change(Test t)

{

{ int x: /I We changed reference to refer some other location
Test&int ) {x=1i} /I now any changes made to reference are not reflected
Test() {x= O ) // back in main

} ’ t = new Test();

t.x =10;

class Main }

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

{

Il tis a reference

Test t = new Test(5);

/I 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



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

object:

Il This change() doesn't change the reference, it only

E:Iass Test Il changes member of object referred by reference
int x; . . .
Test(int i) { x = i: } public static void change(Test t)
e {
\ Test() {x=0;} t.x = 10;
}
class Main )
{
public static void main(String[] args)
{

Il tis a reference

Test t = new Test(5);

I/l Reference is passed and a copy of
reference

/'is created in change()

change(t);

// New value of t.x is printed

System.out.printin(t.x);

} Output: 10



" S
[Tapdadeiypa 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:=Xx+1; equivalent to:
=i+ 1; x :=1 [* The value of a[i] */
y:=y+1; y :=1 /[* The value of a[i] */
end;
begin x:=2 Fx+1*
a[1] :=1; =2 [*i+17%
al2] .= 2; y:=2 [*y+1*
i:=1; and at the end the values 1, 2 are
p( alil,a[i] ); printed since they are the values of
output( a[1],a[2] ); a[1], a[2] which weren't changed.

end.



"
[Tapdaodeiypa 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[1]1:=2 /*a[1]+1*
end; =2 [*i+1%
begin a[1]1:=3 /*a[1]+ 1%/
a[1] :=1; and at the end the values 3, 2 are
_3[2]11= 2; printed.
i:=1;
p( alil,al[i] );
output( a[1],a[2] );

end.




" S
[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;
=i+ 1;
y=y+1;

end;

begin

a[1] :=1;

al2] := 2;

i:=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 it 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( a[il.a[l] ):

a[1] := 2 /* sincei= 1, the resultis equal to a[1] + 1 */
=2 /fi+17%

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.



"
[Tapdadelyua 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

beg'_n_ _ procedure, are copied back to the
X.=X +1 1; original variables addresses:
=i+ 1;
y:=y+1; X =1 /* The value of a[i] */
end; y =1 /* The value of a[i] */
begin
8[1]:=1; .XZ=22 // .X'|:I1//
— n. i = i+
et yi=2 Iy
p( a[il,a[i] ); a[1]1:=2 /* the value of x is copied
output( a[1],a[2] ); back to a[1] */
end. a[1]1:=2 /*the value of y is copied

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