[MapapeTpol

Claude Monet, Poppies, 1873

KwoTAc 2aywvag <kostis@cs.ntua.gr>
Nikog lNammaomupou <nickie@softlab.ntua.gr>



Mépaoua TTAPANETPWYV

/ TUTILKEC TTOLPALETPOL
nt plus@a, |@

return a+b; )< wua pebddou

1
- MPOYLLOTLKEC
TIOPAUETPOL

INt X

KAnon pebodou

* [Nlwg nepviouvTal oL NAPAUETPOL,
« Qaivetal apkeTA «TTPOPAVIS» dladlkaaoia

e AAAG Ba doupe enTA JAPOPETIKEG HETAEU TOUG TEXVIKEC!
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Mepiexdpeva

e AvTIOTOLXIO MOPAUETPWV

o [lEpaopa NAPARETPWYV
- KARon kata tn (call by value)
- KARon kat anotéleopa (call by result)
- KAfon kata tun-anoteAeopa (call by value-result)
- KAfon kat avagopa (call by reference)
- KAon pe enektaon pakpoevtoAwy (call by macro expansion)
- KARon kat ovopa (call by name)
- KAfon kat avaykn (call by need)

* Ocpata oxedIaoUOU YAWOOoWV
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AVTIOTOIXIO TTOPAMETPWYV

* Mo NPOKATAPKTIKI EPWTNON: KUE NOLO TpOono talplaleL n
VYAWOOQ TIC TUNIKEG HE TIC NMPAYLATIKEC NAPAUETPOUG;

* H no ouvnBlopEvn anavtnon oTo napanavw pWTNUa

sivat;

- Havtiotowia kaBopidetal anod TIG BE0EIC TWV NAPAUETPWYV
(positional parameters)

- [ napdadelypa, n v-o0TH TUMLKA NAPAMETPOG TALPLALEL LE TN
V-00TI] NPAYUATIKA NAPAUETPO
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Taiploaoua TTOPAMETPWYV NECW OVOUATWYV

 H avTtioTowia pnopel eniong va kaBoploTel pe Xpron
TAPLAOUATOC OVOUATWY NAPAUETPWY

* [ napadetypa otnv Ada:
DIVIDE(DIVIDEND => X, DIVISOR => Y);

« Taplalel TNV NPAYUATIKA NOPAUETPO X HE TNV TUMIKN
napapetpo DIVIDEND, kattnv Y pe tnv DIVISOR

e 2TNV NEPINTWON AUTH N OEPA ELPAVIONG TWV
napapeTpwy Ocv naidel Kanolo poAo
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O£0€IC KAl OVOUOTA OTO TAIPIOCHOA TTOPAMETPWYV

* OLnNePLOOOTEPEC YAWOOEG NMOU EMNTPENOUV TAIPLACUO
NAPAUETPWY HECW ovopdaTwy (n.X. Ada, Fortran, Dylan,
Python, Objective C, Smalltalk) enttpenouv €niong kat
NAPAUETPOUG BECEWY

* Ol npwteg napapeTpol ouvnwg kabopidovtal HEOW
OEoewyv, Evw oL undAolneg ivatl NAPAUETEOL Mou
KaBopilovTal HECTW OVOUATWY
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MPOAIPETIKEG TTAPAMETPOI

e [lpoalpeTIKEC NAPANETPOL PE Xpnon default Tipwv: n
QKOAOUBIO TWV TUNIKWYV NAPAUETPWY NEPAAUBAVEL
default TIHEC NOU XpNOlHoONoloUVTAL EQV OL AVTIOTOLXEG

NPAYHATIKEG NAPAUETPOL AElNOuUV
- MEow NPOAIPETIKWY NMNAPAUETPWY HNOPOUUE VO YPAWYOUUE EUKOAQ
KAMolouG uneP@OPTWHEVOUG OPLOHOUG CUVAPTHOEWY, ONWG n.X.
int f(int a=1, Int b=2, Int c=3) { body }
- H napandavw €kppacon otn C++ gival icoduvapun He:
int T() {1(1.2,3);}
int f(int a) {f(a,2,3);}
int f(int a, iIint b)) {f(a,b,3);}
int f(int a, Int b, Int ¢c) { body }
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Mn TTEPIOPIOUEVESC OKOAOUBIEC TTAPAMETP WYV

« Kdanoleg YAWOOEG ENTPENOUV OKOAOUBIEC NMPAYUATIKWY
HETABANTWY pNn KaBoplopevou pnkoug: n.x. N C, n C++,
Kal YAwooeg oevapiwv onwg n JavaScript, n Python kat n
Perl enttpenouv tov oplopo

int printf(char *format, ...) { body }

* QOLennAeov napapetpol npoaneAalovtal HEOW EOIKWV
HeEBOdWV TNG BIBALOOAKNG

* Ol U NEPLOPIOUEVEC OKOAOUBIEC NAPAUETPWY ANOTEAOUV

«TPUNO» TWV OTATIKWY CUCTNUATWY TUNWV

- AlOTLOL TUNOL TWV EMNNAEOV NAPAUETPWY DEV Eival EUKOAO va
eAeyXOoUV KOTA TO XPOVO HETAYAWTTIONG TOU NPOYPAUUATOC
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Népaocpua MNMapapeETpwy
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KARon kata Tiyun (call by value)

2TO TEPOACLLOL TIOPOAMETP WV KOATA TLULHA, N TUTILKN
TIOPALETPOC CUUTTEPLPEPETAL OA LA TOTILKN HETABANTN
otnv eyypadn dpaotnplonoinong tng kKAnBeiloag
ouvaPTNONC UE Lol onUOVTIKA Sltadopa: apxLlKoToLeital
LLE TNV TLUN TNE QVTLOTOL(NG TIPAYLLATIKAC TTOPALLETPOU,
npv n kKAnBeloa cuvaptnon EEKLVNOEL TNV EKTEAECH TNC.

 H anAouotepn HEBOOOG NEPACUATOGC MNAPAUETPWV
« XPNOIIOMNOLIEITAL EUPEWG

 H povn pebodog otn Java
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int plus(int a, Int b) { H cuvéapmon F

a += b; ,
retu rn a; 87[161:[)8([)81 42
+
int T {
iInt X = 3;
!nt y = 4; current
iInt z = plus(x, Yy); activation record
return 6*z;
+
a: 3 X: 3
b: 4 y: 4
Otav M p | us return address z: ?
GPX1C81 mv i prtg VLOUS q return address
cKTENE Gﬁ ™me activation recor j
result: ? _previous
activation record
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OpatoTnTa aAAaywv

e 'OTav ol NaPAUETPOL NEPVIOUVTAL KATA TN, Ol AANAYEG
O€ YA TUNIKA napApeTpo dev ennpealouv TNV avtioTtolxn
NPAYHATIKN

* [NlapoAa auta eival duvaTto va yivouv aAAayEG nou va
glvalL opateg otnv KaAouoa peBodo

e [ napadelypa, n TN TNG NAPAUETPOU UNOPEL va gival
evag 0elkTNG (otn Java, pa avagopa)

e 2TNV NEPINTWON AUTH N NPAYHATIKN NAPAUETPOG OEV
aAAQZEL TIUN, AAAQ TO AVTIKEIUEVO TO OMOI0 avapEPETal
ano TNV NOPAUETPO UNOPEL va Tpornonolnbei
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void O {

ConsCell x = new ConsCell(0, null);
alter(3, x);

}

void alter(int newHead, ConsCell c) {
c.setHead(newHead);

c = null;
current
activation record
newHead: 3 /
/|

Otovn alter c: — !
OLleCSl ’L'T|V return address return address
SKT‘CJ}\‘SG]] ms previous previous

activation record activation record
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void O {

ConsCell x = new ConsCell(0, null);
alter(3, x);

}

void alter(int newHead, ConsCell c) {
c.setHead(newHead);

c = null;
} head: 3
tail: null
current
activation record
newHead: 3
Otavn alter c: null X:
TS?LS],(DVS], TT]V return address return address
SKTE:}"&:GT] e previous previous
activation record activation record

Mapd&ueTpol 14



KARon katr’ atrotéAeopua (call by result)

2TO TIEPOLOULOL TIAPAUETPWVY KAT OQTTOTEAECHLA, 1N TUTILKA
TIOPALETPOC CUUTTEPLPEPETAL OA LA TOTILKN HETABANTN
otnv eyypadn dpaoctnplonoinong tng kKAnBeiloag
ouvaptTnNong xwpic kamota apytkn twpn. Otav n kAnBeioca
ouvaPTNON TEAELWOEL TNV EKTEAECH TNG, N TEALKN TLUN
TNC TUTILKNC TIOPALLETPOU AVATIOETAL OTNV avILloToLXN
TPAYMOTIKA TIOPAUETPO.

« Ovouadletal eniong copy-out
* H npaypatikr) napAaueTPog npenet va ivat pua lvalue

 H kAnon kat' anoteAeopa elonxdn otnv Algol 68 kat
Xpnotononke kat otnv Ada

Mapdauetpol
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void plus(int a,
c = atb;

¥

int QO {
Int x = 3;
int y = 4;
int z;

plus(x, vy, 2);
return 2*x*z;
+

Otavn plus

apyilel v
EKTELEGT TNG

current
activation record

int b, by-result int c) {

a: 3
b: 4
c: ?

X: 3
y: 4
z: ?

return address

return address

previous
activation record

previous
activation record

Mapd&ueTpol
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void plus(int a,
c = atb;

¥

int QO {
Int x = 3;
int y = 4;
int z;

plus(x, vy, 2);
return 2*x*z;
+

Otavn plus
etva EToun va
EMLOTPEYEL

current
activation record

int b, by-result int c) {

a: 3
b: 4
C 7

X: 3
y: 4
z: ?

return address

return address

previous
activation record

previous
activation record

Mapd&ueTpol
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void plus(int a, Iint b, by-result Int c) {

c = at+b;

¥

int T {
int x = 3; H cvvéptnon T
Int y = 4; EMIGTPEQPEL 42
int z;
plus(x, vy, 2);
return 2*x*z;

} current

activation record

Agpotov n plus
EMLOTPEYEL

return address

previous
activation record
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KARnon katda Tipn-atrotéAscpa (call by value-result)

2TO MEPOCLO TIAPOUETP WV KATA TLLN-OTTOTEAECHUQ, N TUTILKA
TOPALETPOC CUUTTEPLPEPETAL OA LA TOTILKN HETABANTN
otnv eyypadn dpaotnpLonoinong tnc kKAnbeioog
ouvApPTNONG. APXLKOTIOLELTOL LE TNV TLUN TNG AVTILOTOLXNG
TPAYUOTLKNG TIAPAUETPOU, TtPpLV N KAnBeloa cuvaptnon
EeKLVNOEL TNV eKTEAEON TNC. META TO TMEPAC TNC EKTEAECNC
NS KANBeiloac ouvaptnong, N TEALKN TLULA TNC TUTILKAC
TIOPOLLETPOU AVATIOETAL OTNV TIPOYLLATIKA TTOPALLETPO.

« Ovouadletal eniong copy-in/copy-out

* H npaypatikn noapAapeTpog NpEneL va givat pua lvalue
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void plus(int a, by-value-result Int b) {

b += a;

¥

int QO {
iInt x = 3;
plus(4, Xx);
return x*x - X;

}

Otavn plus

apyilel v
EKTELEGT TNG

current
activation record

a: 4

b: 3

xX: 3

return address

return address

previous
activation record

previous
activation record

Mapd&ueTpol
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void plus(int a, by-value-result Int b) {

b += a;

¥

int QO {
iInt x = 3;
plus(4, Xx);
return x*x - X;

}

Otavn plus

elval £TOUN
Y10 ETIGTPOPN

current
activation record

a: 4

b: 7

x: 3

return address

return address

previous
activation record

previous
activation record

Mapd&ueTpol
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void plus(int a, by-value-result Int b) {
b += a;

}

int TQO {
int x = 3;
plus(4, X);
return x*x - X;

}

H cvvéptnon F
eMoTPEQPEL 42

current
activation record

Xz 7

return address

Otavn plus
EMOTPEYEL

previous
activation record
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KARon kar’ avagopd (call by reference)

2TO MEPAOHA TIAPAMETPWY KAT avadopa, n lvalue tng
TTOPOLUETPOU UTIOAOYLETAL TIPLV VO aPXLOEL N EKTEAEDN
¢ kKAnBeloac ouvaptnong. Meoa otn cuvaptnon, N
lvalue xpnotpomoteital we Ivalue tng avtiotowxng TUTLKAG
TMOPOLETPOU. KoTd CUVETIELQ, N TUTILKA TTOPALLETPOC ELvall
gva ETUTAEOV ovopa (dnAadn Eva cuvwvupo - alias) yla
™ 6€0Nn MVAMNCG TNG TIPAYUOTLKAC TIOPALLETPOU.

« 'Evac anod Toug NaAaloTEPOUG TPONOUG KANONG
« Xpnowononnke otn Fortran

* ANOOOTIKOG VIO PEYAAA AVTIKEIMEVA

« XpNOWOnoLEiTal EUPEWC KAl ONUEPT
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void plus(int a, by-reference Int b) {

}

b += a;

void QO {

}

iInt x = 3;
plus(4, x);

Otavn plus

apyilel v
EKTELEGT TNG

current
activation record

a: 4

» x: 3

\_.\\

b:

—_— 1

return address

return address

previous
activation record

previous
activation record

Mapd&ueTpol
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void plus(int a, by-reference Int b) {
b += a;
+

void T {
Int x = 3;
plus(4, Xx);
¥

current
activation record

a: 4 f > x: 7
b: return address
Otav np lus revious
A& return address 'p .
EKTEAECEL TNV activation record
OLVéLOSGH previous
activation record
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YAo1roinon KARong Kar’ avagpopda

void plus(int a, by-reference iInt b) {
b += a;
by

void O { fo
int x = 3; Tponyovuevo
plus(4, x); TOPCOETYUOL
+

void plus(int a, int *b) {
*b += a;

3oid fO { H vAomoinon tov oe C

Int X = 3;
plus(4, &x);
¥

Kot avopopd = o1evfvvon Kata Tiun
MapdpeTtpol 26



2uvwvujia (aliasing)

« 'OTtav duo ekppaoclg €xouv Tnv idwa lvalue, TOTE AEpE OTL
eivat ouvwvuua (aliases) n pia TG GAANG
« Kanoleg npo@aveic nepintwaoelg aliasing

ConsCell Xx

new ConsCell(O,null);
ConsCell vy ;

X,

Alr] = A1 + ALK]:

* 'Onwg Ba doupe oTnVv enopevn dlagpavela, n KANon Kat'
ava@opa odnyel o€ no NEPINAOKES NePNTwOoEeLG aliasing...
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Mapadsiyua

void sigsum(by-reference i1Int n,
by-reference int ans) {

ans = 0;
int 1 = 1;
while (1 <= n) ans += i1++;
by
int FO { int gO {
int x, y; Int X;
X = 10; X = 10;
sigsum(X,Vy); sigsum(x,X);
return y; return X;
} ks

Mapdauetpol



voild sigsum(by-reference iInt n,
by-reference iInt ans) {

ans ;
int 1
whi

¥

int gO {
int x = 10;
sigsum(x,Xx);
return Xx;

+

=0
1 = 1;
le (I <= n) ans += 1++;

current
activation record

ans:

1!
-~

return address

previous
activation record

Mapd&ueTpol

/\\A
»x- 10

f
N

return address

previous
activation record

result: ?
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ETrékTaONn HOKPOEVTOAWY (Macro expansion)

2TNV EMEKTAON LOKPOEVTOAWY, TO CWHA TNG MLOKPOEVTOANG
QTOTLULATOL OTO TLEPLBAANOV EKTEAEONC TNC KAAOVOOC
neBodou. Kabe pio armo Tic mpayUATIKES TOPAUETPOUC
QTTOTLULATOL VLot KAOE Xprion TNG avtiotolyng TUTILKNG OTO
nepLParlov epdavionc TnS TUTLKNG TIAPOUETPOU (TO omoLo
LLE TN OELlpA Tov BplokeTal oto epLBaAlov TnNS KaAoU oo
nebodov).

* Me aAAa AGyLa, onwg douAeuouv oL HOKPOEVTOAEG TNG C

« QuOolKr UAOMOINoN: AVTIKATACTOON KEWUEVOU MPLV TN
LETAYAWTTLION
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ETrékTaon poakpoevroAwyv otn C

SOUICE | e nrocessor expanded
file source

conqﬁb{:>

assemb ly-
language
file

* H npoenecepyaoia eival pia ennAEov Ao TNG

HETAYAWTTIONG

« EneKkTeivel TIC HOKPOEVTOAEC NPLV TN HETAPPOAON

* [lapadelypa

#define MINCX,Y) (QOD<(N)?2CXD:(Y))

a = MIN(b,c);

a = ((b)<(c)?(b):(c))

Mapdauetpol
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MNpoetredepyacia (preprocessing)

* AvTIKOBOIOTOUUE KABE XpNOoNn TNG HAKPOEVTOANG HE Eva
QVTiypPa@O TOU OWHATOC TNG HOKPOEVTOANG, ONOU Ol
TUNIKEC NAPAUETPOL EXOUV AVTIKATAOTABEL ano TIG
NPAYHATIKEG

« AnoteAel pa naAld pEBodO: Xpnaoonoldnke oToug
assemblers nptv atro TNV UNAPEN TWvV NPWTWV
«AVWTEPWV» YAWOOWV NPOYPOALUATIOHOU

« 'EXEL KANOLIEG NEPIEPYEG NAPEVEPYEIEG

- ETavekTipnon
- [lidoiyo ovoudtwy (name capture)
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Etravektipnon (repeated evaluation)

« KdaBe npayuaTikn NOPAPRETPOG ENAVEKTIHATAL KOBE popa
NOouU XPNOLUOMOoLELTAL

TNYOOC #define MINCX,Y) (CO<()?2X):(Y))
KOOTKOG: a = MIN(b++,ct++);

KMOOTKOG

LETA TNV a = ((bt+)<(ct+)?(b++):(ct+))
EMEKTUOT:
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MNapadeiypa TIACIMATOS OVOUATWY

#define Intswap(X,Y) {int temp=X; X=Y; Y=temp;}
) int main() {
TNYA10g int temp =1, b = 2;
KMOOTKOC: intswap(temp, b);
printf("'%d, %d\n', temp, b);

}
, int main() {
KaﬁﬁKag int temp = 1, b = 2;
HETA TNV {int temp = temp; temp = b; b = temp;} ;
EMEKTAON: printf("'%d, %d\n", temp, b);

}
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Maoipo ovopatwyv (name capture)

e 2’ €VA KOUUATL KWOLIKA, KABE EUPAVION ULAC LETABANTAG N
onoia 0gv £ival OECUEUUEVN OTATIKA ovopaleTal
eAeUBpN (free)

e 'OTav KANOLO KOUYUATL KWALKA LETAKIVNOEL O€ €va
OLAPOPETIKO NEPIBAANOV, Ol EAEUBEPEC HETAPBANTEG TOU
urnopei va deapeuBouv (become bound)

« To @awvouevo auto ovopadletal capture:

- OLeAelBepeC HETABANTEG TWV NPAYHATIKWY MOAPAUETPWY UNOPEL
va «naotouvy» (be captured) and oplopoug petaBAntTwy oTO
OWHA TNG MAKPOEVTOANG

- Eniong, peTaBANTEG Nou €ival EAeUBEPEG OTO CWHA TNG
HOKPOEVTOANG HNOPEL va «MacToUuV» arnd oplopous HETABANTWY

TNG KaAouoag peboddou
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KARon kat’ évoua (call by name)

2TO MEPOOLLA TIAPAMETPWV KAT Ovopa, KAOE MapAUETPOC
aroTipatal oto neptBaAiov tnc kahovoac ocuvaptnong,
yLat KaBe xpnon tTng avtioTtonNG TUTILKN G TIAPOLETPOU.

« AOUAeUEL ONWG N ENEKTAON HOKPOEVTOAWY OAAQ
ANOYEUYEL TO NPOLBANUA TOU NACIHATOC OVOUATWY

« Xpnowonotonke otnv Algol 60 Kal 0TIG ENEKTACELG TNG

¢ 2NMEPQ €ival pn ONUOPIANG HEBODOG
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YAo1roinon Tng KARoNG KAar’ ovoua

o XelpllOpaoTe TNV NPAYHATIKI NAPAUETPO WG MO ULKPN
QVWVURN ouvaptnon

e 'OTav n Kahouoa PHEBODOC XPEIOOTEL TNV TIUN TNG TUMLKAG
NapapeETPOU (eite TNV rvalue tng f TNV lvalue t™NG) KaAel
TN ouvapTnNOoNn Yla va TNG TNV ENOTPEYEL

 H ouvaptnon npenet va nepaoctel padli pe To oUVOECHO
PWALAOHATOG TNG (its nesting link), €TOlL WOTE va pNopEl
va anoTIpunBetl oto nepBaiiov TG KaAAouoag pebodou
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void T(
b = 6;
b = a;
}
int gO {
int 1 = 3;
f(i+l, 1);
return 1;
}
Otav n T apyilet

TNV EKTEAECN TNC

current
activation record

H cuvaptnon g
EMOTPEPEL [

return address

return address

previous
activation record

previous
activation record

result: ?

Mapd&ueTpol
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2UYKpIOH

* 'Onwg Kat oTnNV ENEKTACN HAKPOEVTOAWY, Ol MAPAUETPOL
NouU NEPVIOUVTAL KOT OVOUO EMAVEKTIHWVTOAL KABE popa
Nnou xpnotuonolouvTal

 H napandavw 1dO10TNTA UNOPEL VO PAVEL APKETA XPNOLUN
O€ KAMNOLEG NEPINTWOELG, OMWG OTIC NEPLOTOTEPEG
NEPINTWOELG ANOTEAEL XAOLIHO XPOVOU

 'Opwg, avTiBeTa PE TNV ENEKTAON HOKPOEVTOAWY, N
KANON KOT' OVOopa ano@euyel To npoAnua tou
NOCIHATOC OVOUATWY
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KARon kat’ avaykn (call by need)

2TO MEPOOLLO TIAPAUETPWVY KAT avaykn, KABE mapAUETPOC
armoTipatal oto eptBaiiov tnc kahovoac peBodou, tn

OTLYUN TNE TPWTINGS XPNONC TNE aVTLoTOLXNG TUTILKNG
MOPOUETPOU. META TNV amoTipnon, N TN TNS TTPAYUATIKAG
nopapeTpou anodbnkevetal (cached), ovtwc wote
MEPOULTEPW XPNOELC TNC AVILOTOLXNC TUTILKAC TIOLPOALLETPOU VAL
N xpeLalovtal EMOVEKTLUNON.

« Xpnowonoleitat oTIC okvNpPEG (lazy) ouvapTnNOLOKEG
YAwooeg npoypappatiopou (Miranda, Haskell, Clean)

* ANo@euyeL TO XAOLHO XPOVOU AOYW TNG ENAVEKTIUNONG
TNV onoia NOAAEC POPEC KAVEL N KANON KAT' OVOoud
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t f(by-need iInt a,

b = a,;

b = a;

return b;
+
int gQ {

iInt 1 = 3;

return f(i+l, 1)
+

Otav n T apyilet

TNV EKTEAECN TNC

by-need 1nt b) {

current
activation record

return address

previous
activation record

Mapd&ueTpol

H cuvaptnon g
eEMOTPEQPEL 4

return address

previous
activation record

result: ?
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Okvnpia (laziness)

boolean andand(by-need boolean a,
by-need boolean b) {
i1IT (1a) return false;
else return b;

¥ H ovvaptnon andand
BpayvkukAmvel OTme N
boolean g() { andalso g ML xat o
while (true) { teheotnc && g Java.
+ , o
return true: Me kAnon kot avdéykn n
} uébodoc T Oa tepuatioet.
i To amotéleoua Oa NTav
void Q) { 70 1010 TGO e KANOoN
andand(false, g()); Kot Ovopo OGO Kot [E
¥ EMEKTOOT LOUKPOEVTOADV.
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Ofuarta Zxedlaouou NAwoocwyv

Mapdauetpol
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OfpaTta oxXeOIOONOU YAWOO WV

Epwtnon: Auta nou eEeTACAUE OXETIKA PE TO NEPACHA
NAPAUETPWY ElvalL anAwG BEpata uAonoinong Hag
VYAWOOQG f) €ival Kat HEPOC TwV Npodlaypapwy TNnG;

Anavtnon: E¢aptdTal and tn yAwooa
- 2€ YAWOOEG XWPIC NAPEVEPYEIEG, N TEXVIKI NOU XPNOIONOLEITAL
VIO TO NEPACHA MAPAUETPWY HUNOPEL VA €lval OlAQAVAG KAl KN
QAVIXVEUOLIUN anO TOV NPOYPAUUATIOTN
- Opwg akopa Kal YAWOoOEG HE NAPEVEPYELEC NOANEC POPEG
KaBopidouv HOVO HEPIKWG TNV TEXVIKA NEPACUATOC MAPAUETPWY
NouU XpPNnollonoleitatl and tTn yaAwooa
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TAWOCEC XWPIC TTOPEVEPYEIES

EpwTtnon: npEnet ol NAPAUETPOL NAVTA VO ANOTIHWVTAL
(eager evaluation), | auTO oUpPaivel LOVO OTAV UNAPXEL
avAyKn XpNong Twv TIUWV Toug (/azy evaluation);

 To napanavw €ival HEPOC TOU POVTEAOU KOOTOUG TNG
YAWOOQGC KAl HNopel eniong va xpnotonotnetl anod tov
NPOYPOUUATIOTA:

- [1600 otolxiel N eNAVEKTIUNON KAMNOLOG TUNIKAG NOPAUETPOU;
- 'Exel To nEpaopa NnapapeETPWyY KOOTOG avaAoyo HE TO HEYEDOG
TWV AVTIKEIHEVWY (Mou nepAapBavovTal OTIC NAPAUETPOUG);
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FAWOOCEG UE TTAPEVEPYEIES

¢ 2TIC YAWOOEC QUTHG TNG KAaTNyoplag, Eva Nnpoypappa
LMNOPEL VA aviXVEUOEL NoLa TEXVIKA NEPACUATOC
NAPAUETPWY XPNOIONOLEITAL ano TNV uAonoinon tng
vAwooag

* 'Opwg auTO PNopEL va eival pa AENTOUEPELQ UAONOINONG
oTNV onoia ta npoypappata dgv NPENEL va Hnopouv va
BaoloTouv — OL0TL O€V €ival HEPOG TNG NpodlaypaPng TNG
vAwooag

* [Nlapadeypa teTOlOGC YAWOOAG eival n Ada
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Ada modes

* Tpelg Tponot (modes) NEPACUATOC NAPAUETPWV:
- 1IN pnopouv va dlaBaoctouv and tTnv KAnBeioa ouvaptnon aAAd
d€ pnopei va Toug yivel kanola avabeon — pe GAAa AoyLa
OUMNEPIPEPOVTAL OAV OTAOEPEG

- out: pnopel va Toug Yivel kanola avadean aAAd O pnopouv va
dlaBaocTtouv

- 1N out: punopouv TG00 va dlaBacTouVv 000 KAl va TOUG YIVEL
Karnolwa avadeaon

* H npodlaypagn tng Ada enitndeg aPrvel KAMolo
nePLOWPLO yla eUeEAIEia OTIC UAOMNOLNOELC TNG YAWOOAG
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YAotroinoeig Tng Ada

* [0 BaBUWTEC NAPAUETPOUG N UAONOINON YIVETAL HEOW
AVTIYPOPNG:

- 1n =value, out =result, In out = value/result

* Ol OoUAOVYEC QVTIKEIMEVWY (N.X. arrays Kal records)
UMOPEl VO NEPAOCTOUV KAT ava@opd avTi HE avTiypa®n

« KaBe npoypappa nou HNopel va avixveuaoel Tn dlagopa
NG vuAonoinong (0nwg NPoypPAUUATA AvVTIoTOoLXa LE auTa
NG onUePLVNG OIAAEENG) ival pun VOULHO npoypappa Ada
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2UMUTTEPOAOCHATIKA

¢ 2NHEPQ €ldALE:
- [wg Tapltadloupe TUMNIKEG KAl NPAYHATIKEG MAPAUETPOUG
- EnTd Jla@opETIKEC TEXVIKEG VIO NEPATUA MAPAUETPWY

- |0€€eg yia To nou BpiokeTal N dLAXWPELOTIK YPAMUN HETAEU
OPLOMOU YAWOOOG KAl AEMTOUEPELAC UAOMoinong

e AUTEG OgV €ival Ol HOVEC TEXVIKEC NOU £XOUV OOKIUOOTEL,
OAAQ anAd KAMOLlEG ano TIG Mo ouvnBIoUEVEG
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