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Jackson Pollock, The Key, 1946 (action painting)

KwoThg Zaywvag <kostis@cs.ntua.gr>

EpwTtnon via... 8éocipo

* Katd tnv eKTEAECN TOU NPOYPAUUATOG, Ol HETABANTEG
dEvovTal (BUVOUIKA) HE TIHEG

* OL TIHEG QUTEG NPENEL VO anoBnKeUTOUV KANou

+ Katd ouvénela, ol HETABANTEG NPENEL KANWG va deBouv
HE BE0EIG HVARNG

* [Nwg yivetal autd;

Eyypagég dpaatnplonoinong

2UVAPTNOIOKEG YAWOOEG OUVAVTOUV TTPOCTAKTIKEG

Ol NPOOTAKTIKEG YAWOOEG KAVOUV EUPAVA TNV €vvola
Twv B€0ewV pvApNG: a -= 42
- AnoBnkeuoe und<v otn B€on PVAUNG TNG LETABANTAG a
* OL0ouvapTnoloKEG YAWOOEG TIG KpuPBouv: val a = 42
- A¢oe To 6vopa a pe TNV T PNOEV
» Kat ta duo €idn yA\woowv nNpEneL va “evwoouv”
HETABANTEG HE TYEG NOU AvanapioTavTaL TN KVARN

* Apa Kat oL dUOo NpEneL va avTIHeTwnNioouy Tnv idla
gpwtnon dsoipatog
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Meprexopeva

* EyypageEg dpaotnplonoinong (activation records)
* 2TaTIKA OEOUEUON EYYPAPWY dpacTnplonoinong
* 2T0iBec and eyypaeg dpaotnplonoinong

* XEIPIOPOC QWALACUEVWY OPLOUWYV CUVAPTHOEWV

* 2UVAPTAOEIG WG NAPAUETPOL

* MakpoBleg eyypa@EG dpaotnplonoinong

Eyypagég dpaatnplonoinong




ApacTnPIOTTOINOEIG CUVOPTHOEWYV

MeTaBAnTég €101KEG yia KABe dpacTnploTroinon

* O xpbévog CwNAG TNG EKTEAEONG UIOG OUVAPTNONG, ano Tn
OTIYMA TNG KAAONG MEXPL TNV avTioToLXn ENOTPOYN,
ovopaletal dpaoTtnprlonoinon (activation) tTng
ouvapTnong

* 'Otav KGBe dpactnplonoinon €xetL To OO TNG OECILO
HETABANTWY 0 BE0EIG UVAUNG, AEUE OTL EXOUUE
HETABANTEG EOIKEG YA KABE dpaoTnplonoinon

* Ol peTaBANTEG QUTEG ovopaZovTal ENionG SUVARIKEG
(dynamic) n autopateg (automatic) ETABANTEG
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2TIG NEPLOCOTEPEG HOVTEPVEG YAWOOEG NPOYPAUUATIOHOU,
Ol N0 OUVABEIC QUTOMATEG HETAPBANTEG €ival AUTEG Nou
gival BondnTkEG yia KABE dpaoTnplonoinon cuvapTnong:

fun days2ms days =
let
val hours = days * 24.0

val minutes = hours * 60.0
val seconds = minutes * 60.0
in
seconds * 1000.0
end;
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ApaoTtnpiotroinon Twv PTTAOK

Xpovol (WG yia TIG HETABANTEG

* [0 HNAOK NMou NEPLEXOUV KWOLKA, UAAGUE YO
- Tn dpaoTtnplonoinon Tou KNAoK
- To xpovo CwNG OG EKTEAEONG TOU MNAOK
* M petaBAnTh pnopel va gival €10LKN yla Kanowa povo
dpacTtnplonoinon evoG CUYKEKPIUEVOU HNAOK HIOG
ouvapTnongG:
fun fact n =
iITn=0 then 1

else let val fac = fact (n-1) In n*fac
end;
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* OLNePLOOOTEPEC NPOOTAKTIKEG YAWOOEG £XOUV KAMNOLO
TPOMNO va dnAwoouv OTL KANOLEG PETABANTEG dEVOVTAL UE
HLO OUYKEKPIUEVN BEON KVARNG Yia OAn TN dLApKELD
EKTEAEONG TOU NPOYPAUUATOG

* [lpogavng AUcon dECPEUONG: OTATIKI OECUEUO
(0 PopTWTNAG dECUEUEL XWPO YIO QUTEG TIG HETABANTEG)

int count = 0;
int nextcount() {

count = count + 1;
return count;

}
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H gpuBéAcia kal o xpovog Cwng diapépouv

AAAoI xpévol CwNG yia TIG HETABANTEG

* 2TIG NEPLOCOTEPEG HOVTEPVEG YAWOOEG, Ol LETABANTEG
HE TONKA ePPREAELO £XOUV XPOVO {WNG NOU OUVABWG
TauTiCeTal he Th OpaO0TNPELONOINCT TOU HNAOK

* 'Opwg, oL 6U0 €vvoleg gival DIAPOPETIKEG PETAEU TOUG,
Onwg n.X. pnopei va yivel otn C pEow Tou NPoodlopLoTH

static:
int nextcount() {
static Int count;
count = count + 1;
return count;
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* OLYAWOOEG QVTIKELEVOOTPEPOUG MPOYPAUHUATIOHOU
XPNOLWONOLoUV HETABANTEG TwV onoiwv o0 Xpovog CwAG
€lval OUOXETIONEVOG HE TO XPOVOo (WG TWV AVTIOTOLXWV
QVTIKEIUEVWV

« Kdanoleg YAWoOEG €X0UV LETABANTEG TWV OMNOIWV OL TIHEG
gival enipoveg (persistent): pe aGAAa Adyla dlatnpouv Thv
TIUA TOUG YIa NOANANAEG EKTEAECELG TOU (BloU

npoypAappaTtog
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Eyypagég dpaoTnplotmroinong

Eyypagég dpaocTnpioTroinong yia NTrAOK

* Ot ulonolioelg Twv YAwoowv ouvhBwg cuoKeUAZouv OAEG
TIG HETABANTEG NOU AVAPEPOVTAL OE MO CUYKEKPIUEVN
dpacTnplonoinan TnG cuvapTNONG O UIA EYYPAPN
dpaotnponoinong (activation record)

* OLeyypageg dpaoTnPLONOINONG NEPLEXOUV EMIONG Kat OAa
Ta GAAa dedopEva nou oxeTidovTal pe dpACTNPLONOLNOELG,
onwg:

- Tn devBuvon emotpoenc (return address) Tng dpactnplonoinong:

deixvel o€ NoLo onueio Tou NPOoYPAUKATOG NPENEL va NAEL O
E€AEYX0G OTAV EMNOTPEYEL N CUYKEKPIUEVN dpacTnplonoinon

- 'Eva olvdeopo npdéoBacng (access link) nou deixvel Tnv eyypaen
dpactnponoinong tng kahouoag cuvaptnong (calling function)
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» 'Otav ekTeAeiTal Eva PNAOK KWOIKA, XPEWAOUOOTE XWPO
YO TIG TOMNIKEG HETABANTEG TOU CUYKEKPIUEVOU UMAOK

* Ynapxouv d1a@opol Tponot dECPEUONG XWPOU:
- Aeopevoupe and Npv Xwpo oTnv eyypaer dpactnplonoinong
NG nepKAgiovoag ouvapTnong
- Enekteivoupe tnv eyypagr dpactnplonoinong tng cuvaptnong
otav n eKTEAEON €I0EABEL OTO UNAOK (KOl TN HEWVOULE Eava
otav €EENBOULIE TOU UNAOK)

- Aeopevoupe Kanola EEXxwpPLOTH eyypagr] dpacTtnplonoinong yia
TO UNAOK

* Oa doupe ToV NPWTO and auToug TOUG TPOMNOUG

Eyypagég dpaatnplonoinong 12




2t1atik 6éopueguon (static allocation)

MNapddeiypa

* H anAouoTepn Npoogyylon: OECUEUCE Hia eyypagn
dpactnplonoinong yla KaBe pa ouvaptnon, OTATIKA

* O naAi€Eg dlaAekTtol TnG Fortran kat tng Cobol
Xpnowonoloucayv (LOvo) auTto To oUOoTNHA OECHEUONG

* AnoteAei anAd kat NoAU ypAyopo Tpono uAonoinong
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FUNCTION AVG (ARR, N)

DIMENSION ARR(N) N address
SUM = 0.0
DO 100 I = 1, N ARR address

SUM = SUM + ARR(I)

100 CONTINUE return address

AVG = SUM / FLOAT(N)
RETURN I
END

SUM

AVG

Eyypagég dpaatnplonoinong
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MeloVEKTNHO OTATIKAG OECHEUONG

210ifeg atrod eyypagég dpaotnpiomroinong (1)

* KdaBe ouvdaptnon €xel pia eyypagr] dpaoTtnplonoinong

* Mnopei va unapgel pia pévo dpaotnplonoinon
ouvapTnong (wvtavin KABE XPOVIKH OTLYUN

* OLpovTEpveg YAWOOEG (CUMNEPINOUBAVOUEVWV TWV
HovTEPVWY BLOAEKTWY TNG Cobol kat tng Fortran) dev

UNOKOUV O€ AUTOV TOV NEPLOPLOUO AOYW:
- Avadpopung
- MoAuvnuatikdéTtnTag (multithreading)
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* [l TV UNOOTAPIEN TNG AVAdPOUNAG, NPENEL Va
OE0OUEVUOOULE IO VEQ EYYPaPH dpaoTnpLlonoinong yua
KABe dpactnplonoinon tng ocuvapTnong

* Auvapikr d€opeuon: n eyypagr dpaatnpelonoinong
deopeUETAL OTAV N CUVAPTNON KAAEITal

* 2€ NOA\EG YAwooeg, onwg n C, n eyypagrn autn
anodeopeveTal OTAV N CUVAPTNON ENOTPEYEL

Eyypagég dpaatnplonoinong
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210ifeg aT1rd eyypagég dpaotnpioroinong (2)

* Me GAAa AOYLa, N EKTEAEON dNULOUPYEL a oToifa and
EYYPAPEG dpaoTnplonoinong, énou niaiowa (frames)
- onpwyvovTtal otn otoifa katd TNV KAAoN Twv
OUVOPTACEWV, Kal

- anopakpuvovTal and Tn oToifa Katd TNV ENOTPOYN
TOUG

Eyypagég dpaatnplonoinong
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Tpéxouoa eyypa@n dpaoTnpIoTToinong

2.Tn OTATIKN dEopeuon n B€on KABE eyypagng
dpactnplonoinong kabopiletal Npv TV Evapen
EKTENEONG TOU NPOYPAUHUATOG

21N duvapk dEopeuon n B€on TNG TPEXOUCAG
EYYPAYPRG dpactnplonoinong (current activation record)
Ogv €ival yvwaoTr napd HOvo KAaTtd To XPpOVO EKTEAEONG
Kd&Be ouvdaptnon npénet va E€pel Nnwg Ba BpeL Tn
OlevBuvon TNG TPEXOUOOG EYypaPng dpaotnplonoinong
2UXVvd, €vag KataxwpnTAG TNG HNXavAG deopeUETaAL VIO
Va MEPLEXEVKPATAEL TN OUYKEKPLUEVN TIUA
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int fact(int n) {
int result;
it (n < 2) result = 1;

Mapdadeiypa oe C

else result = n * fact(n-1);

ANOTIHOULE TNV KARON return result;

fact(3). H ekéva 3

Ociyvel Ta neplexopeva

NG oToifag akpBwg

npLwv TV aVOdPOIKN current activation
kAfon tng fact(2) record

nou Ba dnuoupynaoet

T deUTEPN EYYPOAPN
dpaoTtnplonoinong.

n: 3

return address

previous
activation record

result: ?

Eyypagég dpaatnplonoinong
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Ta neplexopeva tng

int fact(int n) {
int result;

HVAUNG aKPLBWG NPtV if (n <2) result = 1;
v 1Iptn else result = n * fact(n-1);
dpaoTtnplonoinon. return result;
3
current
activation record
n: 2 n: 3
return address return address
previous previous
activation record activation record
result: ? result: ?
Eyypagég dpaoctnpiotroinong 20




Ta neplexopeva tng

HVAKNG OKPBWG nptv
ENOTPEYEL N TPITN

dpaoTtnplonoinon.

current
activation record

n: 1

return address

int fact(int n) {

int result;

it (n < 2) result = 1;

else result
return result;

n * fact(n-1);

» n: 2

n: 3

return address

return address

H deutepn
dpactnplonoinon
aKPBWGS Nptv
ENOTPEYEL.

int fact(int n) {

int result;

if (n < 2) result = 1;
else result = n * fact(n-1);

return result;

current
activation record

n: 2

return address

n: 3

return address

previous previous previous previous previous
activation record activation record activation record activation record activation record
result: 1 result: ? result: ? result: 2 result: ?
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_ _ OL ELKOVEG TEPIAQUBAVOUV LLOL KPR

H i 1 IT!: fact(int n) { . “am\omnoinon” 6oov adopd oTo T
npwTtn i int result; ndpaﬁalvpd (0 1 ¢ ML TIPAYHLOTL amoBnKeVETAL 0T oToiBa

dpaoTtnplonoinan if (n < 2) result = 1;

aKPIBWS Npv
EMNOTPEYEL PE TO
anoTEAECUA
fact(3) = 6.

else result = n * fact(n-1);

return result;

current
activation record

n: 3

return address

previous
activation record

result: 6

Eyypagég dpaotnpiotroinong 23

ANOTIHOULE TNV KARON
halve [1,2,3,4]

H ekova deixvel Ta
NEPLEXOUEVA TNG UVAUNG

QKPBWG NPV TNV avadpouLKnA

KAfjon nou dnpoupyei tn
deuTepn dpactnplonoinan.

fun halve

| halve [a] = ([a], nil)
| halve (a::b::cs) =
let
val (X, y) = halve cs
in
(a::x, b::y)
end;

nil = (nil, nil)

Eyypagég dpaatnplonoinong

current activation
record

parameter:
[1,2,3,4]

return address

previous
activation record

a: 1

b: 2

cs: [3,4]

X: ?

y: ?

value to return: ?

24




Ta neplexopeva tng

— — uvﬁung GKplB(bQ’ npw
2 activation record activation record EMETREL e ’TplTI’]
Ta NEPLEXOHEVA TNG 6p00TI’]plOI‘IOlI’]0I’].
HVAUNG aKPLBWG
npwv Tnv Toltn parameter: parameter: ) parameter: parameter:
; parameter: [1
dpaoTnplonoinon. [3.4] [1.2.3,4] [3.4] [1.2,3,4]
return address return address return address return address return address
previous previous previous previous previous
activation record activation record activation record activation record activation record
-3 -1 value to return: -3 -1
2 2 . 2 2
- - - b: 4 b: 2 _ b: 4 b: 2
fun halve nil = (nil, nil) fun halve nil (nil, nil)
| halve [a] = ([a], nil) cs: 1 cs: [3.4] | halve [a] = ([a], nil) cs: [ cs: [3.4]
| halve (a::b::cs) = | halve (a: ics) =
Iet X: ? Xz ? Iet Xz ? Xz ?
val (X, y) = halve cs val (X, y) = halve cs
in y: ? y: ? in y: ? y: ?
eng?: P& (D2 value to return: ? value to return: ? eng?: X Biiy) value to return: ? value to return: ?
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H deltepn H npwtn dpactnplonoinon akppwg npv
dpaatnplonoinan ENOTPEYEL UE TO AMOTEAECHA po——
GKplBU)Q npw activ:;:g::(tacord halve [1 ,2,3 ,4] = ([1 c 3] c [2 ,4]) activation record
ENOTPEYEL.
arameter: parameter: parameter:
p[3,4] [1,2,3,4] [1,2,3,4]
return address return address return address
previous previous _previous
activation record activation record activation record
a: 3 a: 1 a: 1
fun halve nil = (nil, nil) b 4 b= 2 fun halve nil = (nil, nil) b: 2
| halve [a] = ([a], nil) i - 3.4 | halve [a] = ([a], nil) cs: [3.4
| halve (a::b::cs) = cs: O cs: [3.4 | halve (a::b::cs) = - [3.4]
let x: [1 x= ? let x: [31
val (X, y) = halve cs val (X, y) = halve cs
in y: [ y: ? in y: [4]
(a: "X, b: ZY) value to return: value to return: ? (a: "X, b: :y) value 1o returm.
end; 31, 4D end; ([1,3]1.12.4D
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PwAIaOpEVEG CUVAPTHOEIG

* ‘OTL €idape PEXPL OTIYUNG ENAPKEL YIa NOANEG YAWOOEG,
oupnepappavoupevng g C

*  AAAG OXL YO YAWOOEG NOU ENTPENOUV TO AKOAOUBO TPIK:

XeIpIOHOG PWAIONTHEVWYV CUVAPTHTEWV - Ol OpIOPOl TWV CUVOPTACEWY UNOPE( Va eival QWALNCHEVES PECT
o€ GAA\OUG OPLOHOUG CUVOPTHOEWV

- Ol ECWTEPIKEG OUVAPTHOEIG UNOPEL va ava@EPOVTAL OE TOMIKEG

HETABANTEG TWV EEWTEPIKWY OUVOPTATEWY (AKOAOUBWVTAG TOUG
ouvnBelg Kavoveg ePPEAELAG OTAV UNAPYXOUV UMAOK)

» AnAadn dev enapkei yia yhAwooeg 6nwg n ML, n Ada, n

Pascal, k.q.
Eyypagég dpaotnpiotroinong 29
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MNapadeiypa To mpdéBAnua
fun quicksort nil = nil « TG pnopei n dpacTnPLonoincn TS ECWTEPIKAC

ouvaptnong (split) va BpelL tnv eyypaen

let
fun split (nil) = (nil, nil) , . .
| split (x:% dpacTnpPloNoinoNG TNG EEWTEPLKAG ouvAPTNONG
let (quicksort);
val (below,\ above) = split (xs)
in * [Mapatnpnote 0TL OgV ival anapaitnTa N Nponyouuevn
if x <then (x::below, above) ] ] ] ]
else (belTow, x::above) EYYPO®PN dpacTnplonoinong, NN n ouvapTnNon nou
end; 2 . . .
val (below, above) = split (rest) Kaheoe Tnv S,OQ)TSp,lKn GUVGan,On' ] )
in - pnopei va gival pa GAAn EoWTEPLKN ouvapTnon, N
quicksort below @ [pivot] @ quicksort above - unopei va gival pa avadpoptkr KAqon ouvaptnong, 6nwg
end; oupBaivel pe tn split
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current
activation record

asplit another split
activation activation
parameter parameter

return address

return address

previous
activation record

previous
activation record

first caller: a
quicksort

activation

20vOeon0G wAIdopaTog (nesting link)

parameter

return address

previous
activation record

* M eowTEPIK cuvAPTNON NPENEL Va gival og B€on va

Bpel Tn dlevBuvon NG No NPOoPATNG dpacTnplonoinong
NG OUECWG EEWTEPIKAG TNG OUVAPTNONG

* MnopoupE va KPATHOOUKE auTO TO CUVOECHO OTNV

EYypaen dpaotnplonoinong

split’s split’s quw.ksort s
. . . . variables:
variables: variables: .
pivot, rest,
X, XS, etc. X, XS, etc.
etc.
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t Mwg TTaipvouv TIPEG OI CUVOETHOI QWAIACHATOG;
curren
activation r_ecord ] first caller: a
asplit another split quicksort » EUKoAa av undpxel povo va eninedo wAdoUaToC:
activation activation activation . i i 3 A i
- 'Otav kaAeital pa eEwTtepPIK cuvapTtnon: B€toupe TNV T null
parameter parameter parameter oTo OUVBSGUO
return address return add re/s( return address - O’TGV KaAeital L0 E0WTEPLKF OUVAPTNON aNO pia eF,wT,aler]: o
OUVOEOHOG QWALGOUATOG NAIPVEL WG TN TNV EYYPAPR
nesting link nesting link nesting link: null dpaatnplonoinong Tng kKaAoUoag ouvapTnNong
Sreviows Dreviows Sreviows - 'Otav KaAeital pia eEowTeEPIKI cuvApTNOoN anod Hia ECWTEPIKA: O

activation record

activation record

activation record

split’s
variables:
X, XS, etc.

split’s
variables:
X, XS, etc.

quicksort’s
variables:
pivot, rest,
etc.

Eyypagég dpaotnpiotroinong
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OUVOEOHOG PWALACUATOG NAiPVEL WG TIUA TO OUVOECHO
PWALAOOTOG TNG KaAOUOAG ouvapTnong

* [To noAUNAoKa and Tov napandvw TPono €4av undapxouv
NOAAANAG enineda QWAIAOUATOG...

Eyypagég Spaotnplonoinong 36




MoAAATTAG eTTiTrEd A PWAIACHATOG

function f1
variable vl

function 2
variable v2

function f3
variable v3

* OLavagopég oto idlo eninedo (n.x. Tng F1 otn vl, TnG
T2 otn v2, ..) XpNoonolouv TV TPEXOUOQ EYYPAPN
dpaoTnplonoinong

* OLava@opEg oe ovopaTa nou Ppiokovtal o€ K enineda

QWALAOUATOG BLATPEXOUV K OUVOECHOUG TNG aAuaidag
Eyypagég dpaatnplonoinong 37

AAAeg Auoeig

* To npOPAnNua €ival oL ava@opeG and ECWTEPIKEG
OUVOPTAOELG 0€ HETABANTEG KAMOLAG EEWTEPIKAG

* AUOE€IG TOU NPOPBAAUATOC AnNOoTEAOUV OL:
- ZU0vOeapol QWAIAOUATOG TWV EYYPOPWY dPaCTNPLONOiNoNG
(6nwg diape OTIG NponyoUPEVEG BLAPAVELEG)
- Displays: ot oUvdeopol QwAIGopaTOG € BpiokovTal oTIG
EYYPAPEG dpaaTnplonoinang, aAAd GUAAEYOVTAL OE £Va OTATIKO
nivaka

- Aapda apon (Lambda lifting): ot ava@op€g Tou npoypappaTog
avTikabiotavtal and ava@opEg OE VEEG, KPUPEG NAPAUETPOUG

Eyypagég Spaotnplonoinong 38

Mapddeiypa Aduda dpong

fun quicksort nil = nil
| quicksort (pivot::rest) =
let
fun split (nil, ) =
| split (x::xs, Ipv
let
val (below, above) = split (xs, Ipv)
in
if x < Ipv then (x::below, above)
else (below, x::above)

il, nil)
) =

end;
val (below, above) = split (rest, pivot)
in
quicksort below @ [pivot] @ quicksort above
end;

Eyypagég Spaotnplonoinong 39

2UVOPTHOEIS WG TTAPAMETPOI
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2UVOPTHOEIS WG TTAPAMETPOI

* 'OTav NEPVAUE KO cUVAPTNON WG NAPAUETPO, TL OKPPWG
eival autd nou npEnel va PeTaflBacTei;

* O KwOIKAG TNG ouVAPTNONG NPENEL Va €ival HEPOG aUTOU
Nou NEPVIETAL: EITE O€ POPPH NNyaiou KWAIKA, €iTE O€
HOP®I HETAYAWTTIOHEVOU KWOIKA, OEIKTN 0€ KWAIKA, I
HEOW UAonoinong Kanolag GAANG HOPYPNAG

+ Kdanoleg yAwooeg, xpetddovtatl KATL NEPLOTOTEPO...

Eyypagég dpaotnplonoinong 41

MNapddeiypa

fun addXToAll (X,theList) =
let
fun addX y =
y + X3

in
map addX thelList
end;

* H napandvw ouvaptnon NPpooBETEL TNV TN TOU X O€
KAOe otolxeio TnG Aiotag thelList

+ H addXToAll kaAei Tn map, n map kKaAei tn addX, kat n
addX ava@EpeTtal oTn HETABANTH X OTNV €YYypPa®A
dpaoTtnplonoinong thg cuvaptnong addXToAl |l

Eyypagég dpaotnplonoinong 42

20vOeoHOol WAIGOMATOG Sava

* 'Otav n map kKaA€oel Tnv addX, TL oOUVOECUOG

QWALGopOTOG Ba d0B¢ei oTnv addX;
- 'Ox1n eyypaen dpactnplonoinong tThg map o160t n addX dev
gival wAlaopEvn péoa otn map
- 'Oxl 0 oUVOEONOG GWALACHATOG TNG map d6TL N map dev ival
KAMOU QWALOOUEVN

* [a va douAéyel n ouvaptnon addXToAll, n
NOPAPETPOG Nou Nepva n addX otn map npeneL va

NEPNAUBAVEL TO CUVOECHO GWALACHOTOG Nou Ba
fun addXToAll (x,theList) =

XxpnotponotnBei 6tav kKAnBei n addxX ™y 2
fun addX y =
y + X3
in
map addX thelList
end;
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‘Ox1 yévo yia TIG TTOPAMETPOUG

* [ToANEG YAWOOEG ENTPENOUV OE CUVAPTAHOELG Va
nEPACTOUV WG NAPAUETPOL
* Ol ouvapTNOLIOKEG YAWOOEG ENTPENOUV NEPLOTOTEPA

€i0n AetToupylwy o€ OUVAPTAHOEIG-TIUEG:
- [Mépaopa ouvapTAoEWY WG NAPAUETPOUG
- EnwoTtpoen ouvapTthoewv and GuvapTACEIG
- Kataokeur) ouvaptrioewv and ekQpAacelg

* OL0ouvapTAOEIG-TIHEG NEPINALPBAVOUV TOOO TOV KWOLKO
nou Ba ekTeAeOTEL 600 KAl TO CUVOECUO PWALACUATOG
nou Ba xpnowonolnBei 6tav KANBei n cuvaptnon
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Mapddeiypa

current activation
record

parameter

return address

nesting link

previous
activation record

X

theList

addX
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fun addXToAll (x,theList) =
let
fun addX y =
y + X3
in
map addX theList
end;

Ta neplexépeva tTnG LVAUNG
OKPLBWG NPV TNV KANoN TnG
map. H petaBAntr addX givat
OEMEVN HE L OUVAPTNON-TIUA N
onoia nepAapBAveEL KWOLIKA Kat
€va oUVOEOHO PWALACUATOG.
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MakpbBieg eyypagég dpaoTnplioTroinong

Eyypagég dpaotnpiotroinong
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Mia aképa TTEPITTAOKNA

* TioupPaivel eav pa ouvapTnon-TILR XpNoonolLeital
and Tn ouvapTtnon Nou Tn dnuoupynoe PETA TNV
ENOTPOYI TNG OUVAPTNONG-ONKLIOUPYOU;

fun funToAddX x =

val test =
let let
val f = funToAddX 3; fun addX y =
in y + X;
f5 in
end; addX
end;
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val test =
let

val f = funToAddX 3;

in
f5
end;

fun funToAddX x

let

fun addX y =
y + X3

in
addX
end;

current activation
record

4 parameter x: 3

return address

return address

nesting link: null

previous

nesting link: null R

9 activation record
previous £ 2
activation record T

addX

Ta neplexopeva tng
HVAKNG aKpBWG npwv n
funToAddX enoTpEYel.
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val
|

e

fun
|

end;

test =

et

val £ = funToAddX 3;
n

current activation
record

ng-s « Parameter x: 3 d return address
return address nesting link: null
funToAddX x = :
et nesting link: null i prtgwous g
fun addX y = : activation recor
y + X; previous f

activation record

n
addX addX

MeTd TNV ENOTPOYN
™G FfunToAddX, n f

OEOUEVETAL PE TN VEQ
ouvapTNON-TIWN.
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To poBAnua

« 'Otav n test kaAéoel TNV F, n ouvaptnon Ba
XPNOWONOIAOEL TO CUVOECHO GWALACHOTOG VIO VO
nPooneAACEL TO X

* Mg GAAa AOyLa, Ba xpnolonolioel €va dEiKTn o€ Jia
EYYpaQn dpaoTnpLlonoinong ya pa dpaoctnplonoinon
Nnou €XEL TEPHUATIOEL

* AuTO Ba anoTuxeL €av n uAonoinon Tng YAwooag
anodECUEUOEL TNV EYYPAP dpacTnplonoinong tn oTyun
ENOTPOPNG TNG CUVAPTNONG
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H Auon Tou TTpoBARMATOG

2UMTTEPACHATIKA

2Tnv ML, kat og GAAEG YAWOOEG ONOU UNApXEL ) idLa
NEPLIAOKA, Ol EYYPAPES OPAOTNPLONOINONG dE UNopouv
nAavta va deopeuBboUv Kal va anodeopeubouv
akoAoubwvTag doun oToifag

AUTO BIOTL aKOpa KAl OTAV (I OUVAPTNON ENOTPEYEL,
Hnopei va undpxouv oUVOECHIOL OTNV EYYPAPN
dpacTtnplonoinong Tng

Ol eyypa@eg de pnopei va anodeopeuBouv napd povo
OTAV KATAOTOUV AnNPOCnEAAOTEG

AuTO ouvnBwg cupBaivel Pe auToOpaTn dlayeiplon UVARNG 1 aAAWG
pe ouAAoyr okounidlwy (garbage collection)
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* 'O0o no “coPIoTIKE” gival pa YAwooa, TOoo nio dUCKOAO gival va
d€bouv ol peTABANTEG PE BEOEIG LVAUNG
- ZTOTIKA 8€opeuon: OOUAEUEL O YAWOOEG NOU ENLTPENOUV TO
noAU pla dpaotnplonoinon KABe cuvapTnong KABe oTypA (6nwg
o€ NpwieG dlaAEkToug TG Fortran kat tng Cobol)
- Auvapikn 6éopeuon oe otoifa: doulelel 0 YAWOOEG nou dev
ENTPENOUV PWALOOUEVEG ouvapTAoElg (6nwg n C)
- ZUvBeopol QWALAoHATOG (A KATL avTioTolo): ENPANAETOL O
YAWOOEG NOU ENTPENOUV QWALACUEVEG OUVAPTAOELG (6nwg n ML,
n Ada kat n Pascal). Ot ouvaptioelg TIHEG NpEneL va
nep\apBAavouv TOGO KWAIKA OGO Kal CUVOECHO QWAIACHATOG
- Kanoieg yAwooeg (6nwg n ML) enttpénouv avag@opég os
EYYPAPEC OPACTNPLONOCEWY CUVAPTHOEWV NMOU £XOUV
nePATWOEL TNV eKTEAEOT TOUG. Katd ouvenela, ol eyypageg
dpaotnponoinong o€ pnopouv va anodeopeUBoUV AUEOWGS HETA
TNV ENOTPOPA TOUG Kal i Xpron otoifag dev enapkei.
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