KepaAaio 7:
YTTOTTpOYPAUUOTO

Awooawv [lpoypouuotiouod kor Metappootwv

I T'opogpoioxng, 2. 21ovtag, 11. Xat{noovxag



"
OpiouO¢g

A@aipeon HE XpAON UTTOTTPOYPOMMATWYV
(subprogram abstraction) €ival n avTioToixion €vog
OUVOAOU €1000WV O€ €va aUVOAO £¢OOWV TTOU UTTOPEI

vVa TTEPIYPOAPEI POPUAAMIOTIKA.

H TTepiypa®n TG XpNnong TTPETTEl va OEiX Vel TTwWS oXeTiCovTal Ol
£C000I JE TIC 10000UC, AAAG Oev XpelaleTal va OEiXVEl TOV
TPOTIO PE TOV OTTOI0 UTToAoyiovTal ol £CO0OL.

O TTpoypappaTIOTAC €0TIALEI TRV TTPOCOXH TOU OTO TI ViVETAI
OTO ONMEiIo TNG KANONG, Kal OX1 OTOV TPOTIO UE TOV OTTOIO
YiVeTQl.



" S
XapaKTNPIOTIKA YITOTTPOYPOAMMATWYV

m KaBe vrmrommpoypauua (YI) €xel Eva ydévo onueio
€1I0000U.

m H KaAouoa povadda TTPoYPAMMOATOC AVACTEAAETAN
KOTQ TNV EKTEAEON TOU YT, oTTOTE UTTAPXEI HOVO €va
YTT utro ekTEAEON 0€ KABE XPOVIKN OTIYUN.

m O EAeyXOG EMOTPEPEI TTAVTA OTNV KAAOUCQ povada
OTav oAokAnpwveTal n ektEAeon Tou YT1.

m [IC TTEPIOCOTEPEC POopPEC, Ta Y1 exouv Ovoua.



" S
Eidon YTomrpoypauHaATWY

m Aladikaoia (procedure)
EKTTANPWVEI TO £pYO TNG, EITE EKXWPWVTAC T
QATTOTEAEOUATA TNG O€ Pia N TTEPICCOTEPEC ATTO TIG
TTAPAPETPOUC TNG, €iTE AAAAlOVTAC TO TTEPIBAAAOV
NG (TIMEC PN-TOTTIKWV PeTaBANTWY, IA), €ite
KAvovTag Kal Ta OUO.

m 2Zuvaptnon (function)
Eival Aladikaoia TTou, ETTITTAEOV, ETTIOTPEPEI Hid
TIUN.



" S
2UCTOTIKA YTTOTTPOYPOAMMATWY

‘Eva YTTotrpoypauua, TTepIAauBavel
4 (01adIkaaiec), N 5 (ouvapTnoEIC) OTOIXEIA :

Ovoua
Kwodikag

Y

Tumkég MNMapapeTpol

7\

Tomkoé MepiBaAlov Avagpopdg

AtrotéAecpa (UOvo yia ZuvapTioEic)



" J
Kai aAAol Opicpuoi

TutmrikeEg MapapeTpol: Acv gival akpIBwg
METABANTEC, AAAG OvVONATA, TTOU UTTOPEI VA Yivouv
TOTTIKEC METARBANTEC Kal OEiXVOuUV TO pOAO TTOU Ba
TTACOUV Ol TTPAYMATIKEC TTAPAMETPOI, OTAV KANOEI N
UTTOPOUTIVA.

NMpaypaTtikeg Mapaperpol: O petaBANTEC Kal/N ol
EKPPACEIC TTOU TTAPEXOVTAI OE HIa UTTOPOUTIva, YIa
VA AVTIKOTAOTAOOUV TIC TUTTIKEC TTAPAMETPOUG.




" A
MNapadeiypaTta (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)
{ ... KARon:
) x = power(10.0, x)

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



"
2Xe0I100TIKA OcpaTa (1)

m AioTa [Napapetpwy ) INpooodlopiopdc MNapauETpwy

EKTOC aT1T0 TO OVOUa TWV TTAPAMETPWY, TTEPIAAUPBAVEI
TOV TUTTO KalI TOV TPOTTO ¥Xpnong. l'.x.
PROCEDURE F( X: real; var Y: integer)

m AvTioToixia Tutmkwy — INpayuaTikwy MNapaueTpwyv

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

E¢aipeon: H Ada emTpETTel TNV aQvaTpoTii TNG
oc1pac. .x.

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



" J
2XE0I00TIKA OcpaTa (2)

m EidOC TIHWYV TTOU ETTIOTPEPEI MIO 2UVAPTNON
FORTRAN, ALGOLG60: AtrAoi BaBuwTtoi TA (real, int, bool)
PL/1: BaBuwTtoi kal aApapiOunTtika kai pointers

Pascal: BaBuwrToi kai pointers
C, Ada: OAoug Toug TA.
2.TIC TTEPIOOOTEPEC [T1, TTPETTEI VO EKXWPENDOEI TIur 0TO Ovoua
NG function, TTpIv T0 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 MetaBifaon NMNapapgeTpwy
m YTToAoyIOuOC lNMapaueTpwy (parameter evaluation)

Algepyacia KaTtd Tnv oTToia KABE TTPAyUATIKI TTAPAUETPOC
avayvwpidetal 0TI CUVOEETAI JUE TNV AVTIOTOIXN TUTTIKN
TTAPAPETPO, KAl META UTTOAOYICETAL.

m Metafifaon MNapauctpwy (parameter passing)
O TPOTTOC PE TOV OTTOIO N UTTOAOYICHEVN TTPAYUATIKI)
TTAPAUETPOC ueTaPEPETAI (OuvdEeTal) oTo YT,
KAnon pe Tiyn (call by value)
KAnon pe Avagopa (call by reference)
KAnon pe Tiyn - AtrotéAeoua (call by value — result)

KAnon pe Ovopua (call by name)



" J
KARon pe Tipn (1)

m H Tpayuartikn TTOpAUETPOC ATTOAVA@POPOTIOIEITAI KAl
ETTIOTPEPEI Uid TIMA, N OTTOIA AVTIYPAPETAI OE MIO
véa BEon hvAUNG, ME TNV OTTOIO CUVOEETAI TO OVOUD
TNC TUTTIKAC TTapauETpoU. AnAadn, TTPAKTIKA
ONMIOUPYEITAI hIa VEQ (TOTTIKA) METABANTA.

m C, C++, Pascal (default)

m [IAcovékTnua: To YTT yovo diafadel Tnv TTPAYUATIK
TTAPAPETPO, OEV EXEI TTIPOCRACN YIA VA TNV AAAACEL.

m MeiovékTnua: AITTAACIOOUOG XPNOIMOTIOIOUUEVNG
MVARNG.



" JEEE
KARon pe Tipn (2)

2XNMUATIKA:

Oplouoc: Procedure P(X, y) KAnon: P(a, b)
Ca > Ca < >
Qo< O
o> GO
o> T




" JE
KARon ye Avagopa (1)

m Av n TTPAYUATIKI TTOPAMETPOC XPNOIUOTIOIEI uvAun (TT.X. €ival
METABANTN), QUTA N UVAMN OUVOEETAI PE TNV TUTTIKN TTAPAPETPO,
otav yivetal KAnon tou YI1. AnAadr, TTPAKTIKA N TUTTIKI)
TTAPAPETPOC YiveTal pointer aTnNV TTPAYMATIKA TTOPAUETPO.

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

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

m KA\ON JE TTPAYUATIKEG TTAPAUETPOUC OTABEPEC:

P(var x) KAnon: P(10)
Av aAAalel n Tipr Tou X o1o YT1, n B€éon pvAuNng Tou AfyeTal
avwvuun JerapAntn.

m [IAcovekTnuara: ATTodoaon, ypryopn aAAayn TIUNG TNG
TTPAYMATIKAC TTAPAMETPOU.



" JE
KARon yue Avagopad (2)

2XNMUATIKA:

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

G D> Ca <>
/

Co <> b D < >

x> @2//
oy >—<"> Cy >



" JE
KAnon pe TiPA - ATTOTEAEC MO

m Otav n TpaypaTikn TTOPAPETPOC ival HETABANTA,
QTTOAVA@OPOTIOIEITAI KAI N TIMA AVTIYPAQPETAI OE UIC
véa BEon pvnung, oTTwg otnv KAnon ue Tiun. H
0<on auTr) uvAUNG, XPNOIMOTTOIEITAI OTO WA TOU
YT1. Kara tnv £¢od0, N TINA TNG TUTTIKNAG
TTAPAPETPOU AVTIVPAPETAl OTN BE0N PvAUNG TNG
TTPAYMATIKAC METABANTAC.

m ALGOL-W



" JE
KARon pe Ovopua

m AQNVEI TIC TTPAYMATIKEC TTAPANETPOUC XWPIC va UTTOAOYIOTEI
N TINA TOUG, JEXPI TO XPOVIKO OnMEiIo Xprnong Touc aTo Y.

m AnAadr), ol TPayuaTIKES TTAPAUETOO! AVTIMETWTTICOVTAI Ol
iOIEC oAV UTTOTTPOYPANMATA XWPIC TTapapETpous (thunk),
TTOU EKTEAOUVTAI KAl UTTOAOYIZeTal N TIMA TOUG (Yia va d0BEi
OTNV TUTTIKA TTAPAUETPO), ME TO TPpEXOV T1A TOU
Tpoypauparog n Yl 1o otroio kaAei To TpExov YT1.

m [OTg, N TUTTIKA TTAPAMETPOC OUVOEETAI E TNV TTPAYMATIKNA
TTAPAPETPO, OTTWC 0TV KARNoNn ue Avagopa.

m O utToAOYIONOG TNG TTPAYMATIKAG TTAPAMETPOU, YiveTal €€
apxNG, KABe popda TTOU XPNOIPOTTOIEITAI N AVTIOTOIXN TUTTIKA
TTAPAMETPOC.

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



"
Mapadeiypa 1

MAIN

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

Epwrtnua 1:

Me Tnv evtoAn write(i,j) Ti
Ba TUTTWOEI, av EXouuE
KARon pe Avagopq;

Atravrtnon 1:
3, C[2] +1

EpwTnua 2:

Me Tnv evtoAn write(i,j) Ti
Ba TUTTWOEI, av ExouuE
KARon pe Ovopuaq;

begin
=i+ 1;
j=j+1;
write (i, j);
end; Epwrnua 3:
BEGIN TiI iy €xel 1o C[3]
OTO TEAOG [E
M:= 2; KARon pe Ovoua;
R (M, C[M]); | Awévinon 3:
END. C [3]apxie + 1

Atravtnon 2:
3, C[3]+1




"
Mapadsiypa 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 0; 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 =*y;
y=t; Y=L
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
Alagpopec 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/

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.



=
[Tapdaodeiyua 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
Testiint i){x=1i;} /I now any changes made to reference are not reflected
Test) {x= 0’. ) /I 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

/I is created in change()

change(t);

// Old value of t.x is printed

System.out.printin(t.x);

Output: 5



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

object:

class Test

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

}

X =
X =

i; }
0; }

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
/l is created in change()
change(t);
// New value of t.x is printed
System.out.printin(t.x);

}

I/l This change() doesn't change the reference, it only
I/l changes member of object referred by reference

public static void change(Test t)

{

}
}

t.x=10;

Output: 10



[Tapdadeiypa 6.1 (call-by-value)

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,a[i] );

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

Call by Value

x and y in p are local variables
initialized with the actual
parameters, while i is a global
variable, so the call p( a[i],a[i] ) is
equivalent to:

x :=1 [* The value of a[i] */

y :=1 [* The value of a[i] */

x:=2 [*x+17%

=2 Fi+1*

y:=2 [*y+1*

and at the end the values 1, 2 are
printed since they are the values of
a[1], a[2] which weren't changed.



[Mapadeiyua 6.2 (call-by-reference)

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,a[i] );

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

end.

Call by Reference

Both x and y in p are alias for a[1]
and (again) a[1] (since i =1 when
the procedure is called), so the call
is equivalent to:

a[1]:=2 /*a[1]+ 1%

=2 [Fi+17

a[11:=3 /*a[1]+ 1%/

and at the end the values 3, 2 are
printed.




" S
[Tapadeiypa 6.3 (call-by-name)

program params; Call by Name is equivalent to Call by Reference when
var i. integer; simple variables are passed as parameters, but it is
a: array[1..2] of integer; different when you pass an expression that denotes a
procedure p(x,y: integer); Memory location, like a subscript.
begin
g =y + 1 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[ilali] )
y:=y+1;
end; a[1] := 2 /* since i = 1, the result is equal to a[1] + 1 */
begin =2 /Fi+1*
a[1] == 1; a[2] := 3 /* since iis now 2, the result is equal to a[2] + 1 */
a[2] := 2; and at the end the values 2, 3 are printed.
:ok_a:ii,a[i] ) In practice the implementation calls an anonymous function

a “thunk”), each time it must evaluate a parameter.
output( a[1],a[2] ); ( ) P

end.



" S
[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
r . ) 1)
E eo?:nedure P(xy: integer); at the end of the execution of the
9 =+ ] procedure, are copied back to the
.X '_.X 1 ’ original variables addresses:
| =1+ 1,
y:=y+1; X =1 /* The value of a[i] */
end; y =1 /* The value of a[i] */
begin
a[1] = 1; x=2 ["x+1%
al2] -= 2 =2 i+ 1%
T y=2  fy+1%
p( a[i].a[i] ); a[1]:=2 /* the value of x is copied
output( a[1],a[2] ); back to a[1] */
end. a[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.



