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Functional programming

e Elvail N TEXVLKN TIPOYPOLATIOMOU KOTA TNV OTola EVaL K LEYOAO» KoLl
SUOKOAO TTPOPBANUA TO KOTIAUEY OE UKPOTEPA KOl ATTAOVOTEPOA

e Tol LLKPOTEPQ TtPOPANLATA ELVOL TILO EUKOAO va dnuioupynBouv
arnevBelac og Kwdka

e [evika ol functions (cuvaptnoelg) kavouv eva TIPORANUA TTILO EUKOAO
e 2TNV KATOVONON
e Ytnv dnuoupyla / petafoln
e Ytov €Aeyyo / debug
e TNV avamntuén oo opadec
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'ETOLLLEC CUVAPTNOELC

e tnv C++ umapyouv BLBAL0BNKeC pe €tolpec functions TLC omolec
LUITOPOUE VO XpNOLoTIoLNooUVUE ekTEAwvVTAC Eva function call

the _root = sqrt(9.0)

Argument — OpLopa CUVAPTNONG
ApxLkn TR ou Ba anodoBel otnv
TIOPAUETPO TNC CUVAPTNONG

MetaBAntA mou Ba amobnkevoel
TNV T TTOU ETULOTPEPEL N CUVAPTNON

Ovoua ouvaptnong mou
KAAOULE
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Alaypappo Aettoupyilac evoc function call

Main function

Statement
Statement
Statement

function

Passing arguments

Statement
Functioncall Statement
Statement Return value

statement

Return value
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Tuipa MnxaveAéywv Mnxavikev
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Meplkec mapatnpnoelc yua to function call

YT pYouV OL TIOPAKATW . _ _
TEPUTTWOELC: final = pow(3.4, 8);

e Eva function call va €xetl
TOPOTIOVW ATTIO EVaL oplopata N va

tmp = rand();

Unv exeL kaboAou final = sqrt(8*tmp/4);
e 3TNV B€0Nn TWV OPLOHATWYV VA

EXOUE Eva expression final = (4* sqrt(8))/3;
e To function call va ypnotpomnownBetl tmp = sqrt(rand());

O€ €va expression

* Mrniopet eva function call va punv
ETILOTPEDEL TLUN
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TuRpa MpxavoAoywv Mnyxavikwyv
MoAurexvikn £



S

Function libraries

e Ol ETOLUEC CUVOPTNOELC TTOU TIAPEXEL N C++ BplokovTal OpyaVWUEVEC
ueoa o€ Libraries

e [LO VOL LTTOPECOUE VAL XPNOLLOTIOLNCOULE TNV ouvaptnon Ba mpemeL
va kavoupue include tnv library

e [La TTAPASELYHA YLOL VO XPNOLLLOTIOLICOUME TIC LOONUATIKEC
ouvaptnoelg kavoupue include tnv BLBALOBNAKN cmath

#include <cmath>
e [La TNV Xpnon twv otaBepwv (rt.x. M_PI) xpeltaletal otnv apxn
#define USE_MATH_DEFINES
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MEPLKEC ETOLMEC OUVAPTNOELC

e abs(x) maipvel OpLopo OKEPOLO ETILOTPEDEL ATTOAUTN TLUN AKEPALO
e fabs(x) naiipvel oplopa double eniotpedel amoAutn tun double

e rand() emloTpEPEL Evav TUXALO OKEPALO TTOU €lvol Ao UNOEV LEXPL
RANDMAX (xpelaletal srand yla seeding)
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> UVOPTNOELC TIOU
ONULOUPYOUVTOL OTIO TOV XPNOTN



[TapadeLypa

e Eotw OtL BEAoupe va SNULOUPYNCOUUE Lol CUVAPTNON TTOU val
A€yetau calc_circle

 H ouvaptnon avtn Ba maipvel SVo oplopata EL0OSOU
e Evav aKEPALO TIOU oV EXEL TIUN 1 Ba eTLOTPEDEL TNV MEPLUETPO TOU KUKAOU Qv
EXEL TNV TN 2 B eTILOTPEDEL TOV OYKO TOU KUKAOU Kal yLol oTtoladAmoTe TN
Oa emotpedeL to -1

e ‘Evav npaypatiko STANC akpifeloc mou Ba €xel TNV aktiva Tou KUKAOU yLo TOV
omoio BEAou e VoL UTTOAOYLOOULLE TNV TIEPLLETPO 1 TOV OYKO
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ANAwon - opLopOC

[l TNV dSnuoupyla Lo cuvaptnong armo Tov xpnotn xpetalovtal Suo

EVEPVELEC:

 H dnuovpyia pac dnAwoncg (declaration) tnc ocuvaptnonc. MNpemet
va uTtapyxeL tpLv amo to function call. Ztnv ovola evnuepwvEL ToV
compiler OTL UTIAPYXEL QLUTH N CUVAPTNON

e H dnuovupyia tou opitopov (definition) tTng cuvaptnoncg mou TEPLEXEL
KoL TOV KwOLKa TTou Ba eKTEAECEL OTOV KAAEOTEL.
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AnAwon - declaration

 H 6nAwon pog ovvaptnong epdavilel

double calc circle(int c, double r);

e TUMo entgePpoPn¢ tnC cuvaeinong (return type)
e To Gvopa TNG ouvaetnong

e [Tooa argument ypeLaletal

 [olog eival o TUMOC Tou KABE argument

e Mola eival ta formal parameter names (siva ot HeTaBANTEC TNC OLUVAPTNONG
Tou Ba «KPATAOCOUV» TLC TLUEC TWV arguments otav yivel to function call)
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[TapatnpnoeLc yio tTnv ONAwon

e [IpEMEL VA UTIAPXOUV TTAVTO OL TIAPEVOECELC AKOMOL KOLL AV 1
ouvaptnon 6ev xpeLaletal arguments

e AKOHO KOIL OV T arguments €ivol Tou 18Lou TUTOU TIPETIEL TIPLV ATTO TO
KaBe €va va ypadpou e Tov TUTIO TOU.

e TNV 6NAWON HLOC oUVAPTNONC UITOPOULLE va TtapaBAEPOUUE TO
ovopa twv formal parameters kot vt ypaPoupLE LOVO TOV TUTTO
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Oplopoc definition

o ﬂEpLéXELTOL SLa OTOLXE[OL LLE TO double calc circle(int c, double r)

declaration (mpocoyry MPEMEl var 1

urntapyouv ta formal parameter if (c =1)
return 2 * M PI * r;
names) _ =
else if (c == 2)
e EmunpooBeta nePLEXEL KL TOV return M PT * pow(r, 2);
KwOLKOL TToU OELYVEL TO TL KAVEL else
QUTA N ocuvaptnon return -1;

* NepLéYeL TNV EVIOAR return // never reach here
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Return statement

e OLouvaptnoelc otnv C++ eMLOTPEPOULV (LE TOV KAVOVLKO TPOTIO) LOVO
MIA TR HE TV XpRon tng return
e H Tun autn mpEMeL va lval idLou TUMou e Tov TUTIO ETILOTPOPNC TNG
ouvaptnong
e Av 0 TUTIOG eTLOTPOPNC €ival o void tote Hev emioTpEdOLV TIUN

e Otav 0 KwLKAC TNEC CUVAPTNONG EKTEAECEL TNV EVIOAN return TOTE
OTOLLOTA N EKTEAEON TOU

e Mmopel va emoTpePEL Kol KATTOLo expression (LbLou tuTou)

e OMoL oL Bavol tpomol tepuatiopol tng function mpemeL va
TEPLEYOUV return
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[TapadeLypa cuvaptnonc 2

 Not SNULOUPYNOETE pia ouvaptnon nmou voa dexetal oav oplopata SUo
aplBuouc tumou double. O mpwTtog Ba eival n aktiva tng Baonc evog
KwVoU Kol 0 devtepoc to uPoc tou.

 H ouvaptnon Ba umtoAoyilel kat Ba eTLOTPEPEL TOV OYKO TOU KWVOU
OTw¢ urtoAoylletal amo TNV Hadnuatikn oxeon

V = ~nrh
37'[7"
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[Tapadeypa function

double calcConeVolume(double r, double h)

{

—lint main() { double tmp{ 0.0 };
double radius{ 0.9 }, height{ 0.0 };

double volume{ 0.0 }; tmp =1 / 3 * pow(M PI, 2) * h;

cout << "Dose aktina, ypsos conou: ";
cin »>> radius >> height; return tmp;

volume = calcConeVolume(radius, height); }

cout << "Cone aktinay”
cout << " => Ogkos:"

<< radius << " ipsos:” << height;
volume << endl;

Function call

Tuqpa MnxavoAoywv Mnyxavikwv

MoAurexvikng ZxoAn
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«Kpudpec» avabeoelc oe function call

e KaBe popa mou yivetat KANON HLog cuvaptnong Exoupe dVo
«KpUDECH avaBETeLg
1. HavabBeon twv TIpwv Twv arguments ota formal parameters
2. HavaBeon tng Tiunc emtotpodnc otnv petaPAntni mov Ba tnv amoBnkevoel

Zav va ekteAeital
double calcConeVolume(double r, double h)

© = radius; {
h :4J1$;L§g;ié}_ double tmp{ ©.0 };
volume = calcConeVolume(rad, height); tmp = 1 / 3 * pow(M_PI, 2) * h;
Zav va ekteAeital retarm tmp;
¥

volume = tmp;
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YUMdwvLa petacy function call - header

* [pEmelL 0 aptduoc kat o tuno¢ twv formal parameters mouv vTAPXOULV
otnv 6nAwon pLog cuvaptnong va taplalouv PE Tov aplBuo Kot Tov
TUTo TWV arguments oto function call

e MMTPO2OXH pmopel OMWC va YIVEL N AUTOMOTN LETATPOTIA TUTIWV

e H oelpa pe tnv omnoia epypadel n SnAwaon HLoc cuvaptnong ylo to
formal parameters npemnet va taplalel e TNV OELPA LE TNV OTtOLAL
Sdivovtal ta arguments oto function call

e [1.X. N TPONYOUUEVN CUVAPTNON TIEPLUEVEL TTPWTA TNV TLUN TNG AKTLVOC KoL
HETA TNV T Tou UPouc. AEN pmopel to function call va ta divel avamoda!!!
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Procedural abstraction

e Elval n TeEXVLKN LE TNV omola oxeOLAl{oV UE o ouvaApTNOoN UE TETOLO
TPOTIO KamoLlog va yvwpilet MONO ntw¢ va TV XpNOLLLOTIOLNOEL
e AnAadn tLva dwoel cav €Loodo Kol TL eEMLOTPEDEL oav £€060
e Quolaotika 6nAadn tnv AHAQZH (declaration) tng cuvaptnong

e AEN gvbladEpeL To WC UTTOAOYL(EL AUTO TIOU ETILOTPEDEL

e Elvoil TO MTPOYPOAUUOATLOTLKO OLVAAOYO EVOC « LOLUPOU KOUTLOU »
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2>UVapPTNOELC void

* OLouvaptroeLg tou Sev eTLOTPEDOLY

tinota dladpepouv o SUO onueia ano : : . _
TLC UTLOAOUTEC CUVAPTAHOELG vold myfunc(int a, int b);

1. Zav Tumog eMLoTPOodnC TOUG | . '
GH}\(bVETaL 0 void -void myfunc(int a, int b) {

' , int tmp;
2. H evtoAn return dev meplexel ’
KATIOLO expression otav TEAELWOEL

KW LKOG TEAELWVEL KOL N cUVAPTNO tmp = pow(z, b);

cout << "a se dynami b einali " << tmp << endl;
return;
* H ouvaptnon main emotpedet INT |}

aAAa prtopoupe va tapaBAEpoupue to

return
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Function call oe void functions

e Erteldn ot void functions 6ev
emilotpEdouv TN AEN pmopouv

va xpnotpomnotnBouv tmp = myfunc(3, 4);
* € expressions cout << myfunc(3, 4);
e Y& avaBEoELg sqrt(myfunc(3, 4));
e 2€ cout
e QUOLOOTLKA £lval Ao LOVEC myfunc(3, 4);

TOUC piot evtoAn
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TOTIKEC - LUTOMOTEC METAPANTEC

TuRpa MpxavoAoywv Mnyxavikwyv

MoAurgxvikn ExoAn
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TOTIUKEC — QUTOMATEC PETAPANTEC

e OL petaAntec mou dnAwvovtal o€ pia function ovopadlovtal cav
TOTILKEC N QLUTOMOTEC KalL:

* Exouv euBEAELO — scope TNV cuvAPTNON OTNV omnola oplotnkov

e Exouv dtapkela Lwng — lifetime tnv cuvaptnon otnv omnola oplotnkayv (EKTOG
av oplotouv oayv static). Otav TeAelWOEL N oUVAPTNON O XWPOC OTNV VAN
otnv omnola armoBnkevovtal eAeuBepwveTal

e Kat ot formal parameters givatl TOTUKEG — AUTOUATEG LETOBANTEG

e MPOZOXH ot petaBAnTeC mou dSnAwvovTtol OTnNV main €Lvol TOTUKEC
otTnv main.
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AmAornolnpevn napaotoon tou frame stack

Tomikecg petaAntec myfunc , .
KaBe dopa €xel

npocfoaon Hovo oTo
KOMMATL WVAUNG yLat
ToTkeg petaBAnNTEC main TNV cuvaptnon kabwg
Kot oto global

KaBoAkeg petaBANTEC

NavemoTtnuio Autikng Maxedoviag

Tppa MnpxavoAéywv Mnxavikwy
MoAurexvinn ExoAn
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Tapadeyua 3

e Eva amAo npoypoppo EPLEXEL
* Main
e Juvaptnon He dvo int opiopata mou emoTpEDEL pia int Tun

e 3TNV Main opilovtal 3 petaPAntec a, b, data

e TNV ouvaptnon €kto¢ amo ti¢ formal parameters opilletal kat pia
netaBAntn tmp

e H kaBe pia cuvaptnon €xeL tnv 6K TS LVNUN
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Tapadeyua 3

int myfunc(int x, int y)
-lint main() { {

int a{ 1@ }, b{ 5 }; int ret{ @ };

int data{ @ };

data = 42 - myfunc(a, b); ret = 2 * x - y;
1 return ret;
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Mia potia otnv Wvnun

MNHMH MAIN

a=10

b=5

data=0

data = 42 - myfunc(a, b);
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MNHMH MYFUNC

x=10

y=5

tmp=0
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MetaAnTec static

e OL petaBANTEC £xouv TNV WOLA
euPEAeLa kal SrapkeLta {wng

e O static dtadpepouv

void add one(void) {
static int x{ © };

e EpBEAELa — oTO Sscope Tou X
opuﬂnKav(np§n€Lva cout << "func x="<<x << endl;
apxLlkormotnBouv)

e Aldpketa {wng — OAo To }

TPOYPOUQ

* 210 SUTAQVO MPOYPOLUO LETPAEL
TOoV apLOuo KANoewv
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const double hour_sal = 6.2, extra_sal = 7.7;
double calc wage(int h);
void display sal(int emp code, double w=100.0);

int main() {
int emp _code = @, hours = 9;
double wage = 0.0;
cout << "Dose kodiko ipalilou: “;
cin >> emp_code;

cout << "Poses ores doulepse: ";
cin >> hours;

wage = calc_wage(hours);
display_sal(emp_code);
return 0;

}
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[%dﬂuhle calc_wage(int h) {
= if (h > 40) {

return 40 * hour_sal + (h - 40)*extra_sal,;
}

else
return h * hour_sal;

}

—void display sal(int emp code, double w) {
cout << "The employer with code " << emp code << endl;
cout << "will get " << w << " euros this week\n";

NMavemorTnuio AuTikng Markedoviag . . . .
% Tuipa MopyavoAsywy Mnyxavikey AVTIKELLEVOOTPAPC TIPOYPAUUATIONOG 0 C++ - Ap Xpriotog MpoumavomouAog

MoAurexvikng ZxoAn



default arguments

e Mmopoupe va dnAwoovpue pia formal parameter va €xeL eva default
argument

e AUTO yivetal avaBgtovtac pia Tiun og avtn tnv parameter otnv SnAwon tng
ouvapTNoNG

void display sal(int emp code, double w=100.0);

e AnAadn va pmnopet oto function call va punv opilet Tiun yla auvtn aAAa
va Ttaipvel pa mpokaBoplopevn. Mo nopadeypa

display sal(emp_code);
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Overloading

TuRpa MpxavoAoywv Mnyxavikwyv

MoAurexvikng ZxoAn
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Function Overloading

e MMoAAEC dopec xpelalopaote functions mou kavouv tTnv 6t SouAela
anmAw¢ AettoupyouVv Le SLapopeTIKOU TUTIOU N SLaPpOPETLKO aplOuo
arguments

e M.x. Na urtoAoyilel kATl e elcodo aKEPALO KoL va KAVEL TNV LbLa Aettoupyla
LLE elcob0 OeKAOLKO

e H C++ poc emutpeneLl va SnAWOOULLE TIC CUVAPTNOELC QUTEC LE To 1blo
ovopQL.

e AnAadn function overloading sivat n TexVikn nou erntpemneL og SUoO
OUVOPTAOCELC va £XouV To OLo ovopa ptavel va dStadEpouv oTov
aplOpo N kat otov tUmo twv formal parameters
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Function overloading

Ot functions mpémnet va int my func(int a);
dladepouv int my_func(int a, int b);
e Eite oTOV QpLOUO TWV APAUETPWVY int my_func(double a, double b);

e E{te OTOV TUTIO TWV MOPAUETPWV

e AEN prntopouv va dtadepouv

MONO otov tUTo emLoTPodNnC _ ,
double my func(int a, int b);
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Function call oe overloading

e 310 function call o compiler

avaAoya pe Tov aplBuo Kat tov cout << my_func(3) << endl;
TUTTIO TWV arguments KaAel Ko cout << my func(3,5) << endl;
tnv KataAnAn cuvaptnon cout << my_func(3.4,6.5) << endl;
e MMTPO20OXH umopet va yivel kai
QUTOHOTN LETATPOTIN TUTWY cout << my_func(3.4) << endl;

* YItapxouv mepLTTwoelg ortou AEN cout << my func(3, 4.5) << endl;
LLTTOPEL val ETUAEEEL AVAUECA OTLC WAL >

OUVOPTNOELCG
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[Tepaopa pe avadopa

TuRpa MpxavoAoywv Mnyxavikwyv

MoAurexvikng ZxoAn
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MetapAntec pe avadpopa

e ANAWVOUUE pLa netoBAntn oav —int main()
avadopa o€ pio aAAn {
ueraB?\ntn tonoeew)vraq int a = 9;
UITPOOTA ATtO TO OVOUA TNG TOV int &b =
Xxopaktnpo &

e AMAPAITHTA apylKoToLEiTaL LE TO cout << b;
Ovoua Lo dAAANG HETABANTAC b = 11;

* H avadopa AEN katahappavet cout << a;
XWPO TNV VAN aAAA oTNnV
ouoia givol « Peuvdbwvupo» yla return 0;

niot dAAn }
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Function call by value
int a =2, b = 3;

e Otav yivetal éva function call ot int apot;
avaBETovTol oL TIMEC TWV
oplopatwy otic formal
parameters

apot = my_func(a,b);

., ) -1int my_func(int x, int vy) {
e AUTO ELXE OOV QTTOTEAEOLA VAl

, , int tmp;
MHN pmopel n cuvaptnon va X = 5;
LETOBAAEL TIC TLLEC TWV y = 6;
OPLOMATWYV tmp = x * y;

return tmp,
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Function call by reference

int a =2, b = 3;
e MmopoUpe va opiooupe pia n 1Nt apot;
neploootepec formal parameters
oayv references

apot = my_func(a,b);

e Y€ QUTN TNV MEPLTTWON T

, , -lint my_func(int &, int &y) {
oplopata tou avatibevtal o€

, , , int tmp;
QLUTEG KItopouv va petaBAnBouv X = 5;
ko peow Twv formal parameters y = 6;
MEZA otnv cuvaptnon tmp = x * y;

return tmp;
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Mo potia otnv Wvnun

MNHMH MAIN m
MNHMH MYFUNC

a=10

X=a
b=5

y=b

apot=0
tmp=0
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Function call by reference

e Quolaotika omolo formal parameter petatpenovpue oe reference pe
OLUTOV TOV TPOTIO METATPETOUE TNV avtiotolyn eloodo o€
eloodo/€€0b0 TNC ouvaptnonc

e AuTO Ogv eival anapalitnta KaAo

e Elvail it AUon otav BeAoue pla ocuvaptnon va ETILOTPEDEL
TOLPOTIAVW OTTO Lo TLUEC
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Function call by reference and const

* [MoAAEC dopEC BENOUE VO EXOUE TTEPOCHA TIHWV UE reference YwpLg
OUWC va BeAov e va LETABAAOUE TNV TLUN TOUC
e [lo OPASELYO OTAV KTIEPVAE» OOV TIAPAUETPOUC LEYAAQ O€ PEYEDOC
OlVTLKELHEVA

® Y€ QUTN TNV MEPLTTWON UITOPOUE vo. cuvOudooulE To reference pe
TO POBepa const

e Mg QUTO TOV TPOTIO Kol OEV YIVETOL «OVTlypadO» TOU QVTLKELLEVOU aAAA KOl
dev umdpyel n mepimtwon va et BAnBel n Tiun Tou amo Aaboc.
e H texvikn auth XpnotlpomoLeitol toAu otov OOP
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Functions mou ermoTpEPOUV
reference
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2UVAPTNOELC TIOV ETILOTPEDOUV reference

e OLouvaptnoclc mou enotpedouyv reference otnv ovoia eMLOTPEPOULV
uta 8€on pvnung (avtikeipevo)

e EMopevwe pmopouv va xpnotpomnotnBouv toco oto deét ooo KAl oto
OPLOTEPO UEPOC MLAC EVTOANC avaBeong

int& func(int& x, int& vy, int& z);

cout << "kalo func(a,b,c):" << func(a, b, c) << endl;
func(a, b, c) = 7;
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[Tapadelypa

lint main() {

inta{ 2}, b{ 41}, {3} 1int& func(int& x, int& vy, int& z)
{
cout << "kalo func(a,b,c):" << func(a, b, c) << endl; if (}: <=y 28 ¥ <= E)
func(a, b, c) = 7; + .
func(a, b, c) = 9; Iﬂ? urn.-x;
else if (y <= x && vy <= 7)

cout << "a=" << a << endl; return vy;
cout << "b=" << b << endl; alge
cout << "c=" << c << endl;

return z;

Tuqpa MnxavoAoywv Mnyxavikwv
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2UVAPTNOELC TIOV ETILOTPEDOUV reference

* IPOZOXH
* O ouvqprncaq nov int& func(int& x, int& vy, int& z)
emotpedouv reference Ba (

TUPETIEL VOL emorpecbguv return x %y % 7;
OLVTLKELLLEVOL TIOU UTTALPXOUV KoLl ~

LLETA TNV ouvaptnon J

e Emopevwe AEN pmopouv va int& func2()
ETILOTPEDOUV OLUTOUATEC {
HetaPANTEC Tou int data = 40;
dnuLoupyouvToLl HECA OTNV return data;
ouvaptnon )
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