Eyypaweg ApaoctnpLottoinong
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Epwtnon yla... 0£cipo

« Katd tnv €KTEAECN TOU TIPOYPAPHATOG, OL HETAPBANTEG
Sévovtal (SUVAHLKA) HE TLHEG

* OL TLHEG QUTEG TIPETIEL VA ATIOBNKEUTOUV KATIOU

« Katd CuVETELQ, OL HETAPBANTEG TIPETIEL KATIWG Va
6€BoUv pe Beoelg pvnung

* Nuwg ylvetal auto;
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ZUVAPTNOLAKEG YAWOOEG CUVAVTOUV TIPOCTAKTLKEG

*  OL TIPOOTAKTLKEG YAWOOEG KAVOUV EPPAVI TNV Evvola TwWV
Beocwy pvnung: a = 42
- Amobrkeuoe Tov aplBpo 42 otn B€on Pvnung tng MeTaBANTAG a
+  OL ouVapPTNOLaKEG YAWOOEG TIG KpuPBouv: val a = 42
- A€og TO OGVopa a PE TNV TN 42
+ Kat ta Vo €16n YAwoowv TipemeL va “evwoouv” petaBANTEG Pe
TLUEG TIOU avarapiotavtal otn pvnun
« Apa Kal oL U0 TIPETIEL VA AVTLUETWTILOOUV TNV (8La epwtnon
Seolpatog
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NepLexopeva

« Eyypayég Spaotnplomoinong (activation records)
« ZTATLKI 8E0PEUON EYYPAPWY SpacTnpLoTIoinong
« ZtolBeg amo syypaweg SpaotnpLlomnoinong

* XELPLOPOG PWALACHEVWY OPLOPWY CUVAPTHOEWV

* JUVOPTIOELG WG TIAPAHETPOL

* MakpOBLeg eyypaweg SpaotnpLotmoinong

Eyypagég Spaotnplomoinong 4




APAGTNPLOTIOL|CELG GUVAPTHCEWV

MetaBAnTEG ELLKEG yLa KABE SpactnpLottoinon

« O xpovog {wnG NG EKTEAECNG PLAG ouvAPTNoNG, aro
TN OTLYHN TNG KANONG PEXPL TNV avTioTtolxn
ETILOTPOYT), ovopaleTaL SpactnpLotoinon
(activation) tng cuvaptnong

« 'Otav kdBe Spactnplotioinon £xeL TO 8LKO TNG SECLUO
METAPBANTWY O€ BECELG PVNPNG, AEPE OTL EXOUUE
METABANTEG ELSLKEG yLa KABE SpactnpLotoinon

* Ol petaBAnteg auteg ovopddovtal ETONG SUVAMLKEG
(dynamic) ] autopateg (automatic) petaBAnteg
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2TLG TIEPLOCOTEPEG HOVIEPVECG YAWOOEC TTPOYPANUATLOHOU,
OL TILO oLVNABELG autopateg PeETaBANTEG Elval AUTEG TTOU
glvat BonBntikeg yla kabe Spaotnplomoinon
ouvaptnong:
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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ApactnpLOTIOinoN TWV PMTIAOK

Xpovol {wng yLa TLG HETABANTEG

* Ta PTIAOK TTOU TIEPLEXOUV KWELKA, UAAQE yLa
- Tn §paotnplotoinon Tou YAoK
- To xpoOvo {WrG PLag EKTEAECNG TOU PTIAOK

« Mua petaBAntn pmopel va elval eléLkn yla kamota
HOVO §pactnpLOTIoincn EVOG CUYKEKPLUEVOU UTIAOK
hLag ouvaptnong:

fun fact n =

if n = 0 then 1
else let val fac = fact (n-1) in n*fac end

Eyypawég Spaotnplomoinong

* OLTIEPLOCOTEPEC TIPOOTAKTLKEG YAWOOEG EXOUV KATIOLO
TPOTIO VA SNAWGCOUV OTL KATIOLEG PJETAPANTEG SEvovTal PE
ML OUYKEKPLUEVN BEON PVAHNG yLa OAN TN SLAPKELA TNG
EKTEAEONG TOU TIPOYPAUHATOG

« Mpowavnc AUon §€0UELONG: OTATLKN 8EGHEUCN
(0 POPTWTNG SECUEVEL XWPO YLA AUTEG TLG PETABANTEG)

int count = 0;

int nextcount() {
count = count + 1;
return count;

}
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H epBEAeLa kat o xpovog {wng SLapEpouv

* ZTIG TIEPLOCOTEPEC PHOVTEPVEG YAWOOEG, OL HETABANTEG pE
TOTILKN EPPEAELA £XOUV XPOVO {wKG TTIOU CLUVABWC
Tautiletal pe T §paoctnpLoToincon Tou PTIAOK

* ‘Opwg, oL 8U0 evvoleg elval SLaPOPETIKEG UETAEL TOUG,
OTIWG TL.X. UTTopEl va yivel otn C Eow TOU TIPOCSLOPLOTH)

static:
int nextcount() {
static int count = 0;
count = count + 1;
return count;
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AAAOL XpOvoL {WNG yLa TLG HETABANTEG

* Ol YAWOOEG QVTIKELPEVOOTPEPOUG TIPOYPAUUATLOHOU
XPNOLPOTIOLOUV PETAPBANTEG TWV OTIOLWV 0 XPOVOG
{WNG €lvaL CUGYETLOPEVOG E TO XPOVO CWNG TV
aVTLOTOLXWV QVTLKELHEVWVY

* KArmoleg YAWOOEG £X0UV PETAPBANTEG TWV OTIOLWV OL
TLPEG elval eTtipoveg (persistent): e AAAa AOyLa oL
METAPBANTEG SLATNPOUV TLG TLUEG TOUG YLA TIOAAATIAEG
EKTEAECELG TOU (6LOU TIPOYPAMHATOG
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Eyypawég SpactnpLomoinong

*  OL UAOTIOLNOELG TWV YAWOOWV oLVHBWG CUOKEULALOUV OAEG TLG
METAPBANTEG TTIOU AVAPEPOVTAL OE PLA CUYKEKPLUEVN
§paotnpLoToinon TnNg cUVAPTNONG OE PLa EYYpa®n)
Spaotnplomoinong (activation record)

« Ol eyypagég Spaotnplomoinong epLExouV miong Kat OAa ta
aM\a edopeva Tou oxetidovtal he SpaCTNPLOTIOLAOELG,
OTIWC:

- Tn StevBuvon emwotpown|g (return address) tng SpactnpLomoinong:
Selyvel o€ TToLo onpelo ToU TIPOYPAPPATOC TIPETIEL VA TIAEL O EAEYXOG
OTAV ETLOTPEPEL N CUYKEKPLUEVN SpactnploToinon

- 'Eva cOv&eopo mtpocPacng (access link) ou Seiyvel tnv eyypagn
Spaotnplomoinong tng kahovaoag cuvaptnong (calling function)

Eyypawég Spaotnplomoinong 1

Eyypaweég SpactnpLomoincng yta HTtAoK

+ ‘Otav eKkteAeital Eva PTAOK KWELKA, XPELalOPaoTE XWPOo yLa
TLG TOTILKEG PETAPBANTEG TOU CUYKEKPLUEVOU UTIAOK

* Yrtapxouv SLapopol TPOTIoL SEGPEVCNG auToU TOU XWPOU:

- Agopgvoupe amod TPV XWPO OTNV £yypayn
Spaotnplotoinong tng mepLkAelovoag cuvaptTnong

- Emektelvoupe tnv eyypayn pactnpLomoinong tng
ouVApPTNONG OTaV N EKTEAECN ELOEABEL OTO PTIAOK (KaL TN
HeELwVoUpE Eavd otav eEEABOUPE TOU PUTIAOK)

- Aeopevoupe kamola Eexwploth eyypayn Spaoctnplomoinong
yLQ TO PTIAOK

* ©a 60oUpE ToV TIPWTO aTtd AUTOUG TOUG TPOTIOUG
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ZTatLkn d€opevon (static allocation)

Napdadelypa

« H amAouotepn pooEyyLon: SEceUon pLag eyypang
Spaotnplomoinong yla KAabe pyLa cuvaptnon, oTaTkA

« OLTaALeg SLtaiektol tng Fortran kat tng Cobol
Xpnotyotolovcayv (UOvo) auto to cuotnua
S¢opeuong

* ATtoteAel amAo Kat TIOAU ypr)yopo TPOTIO UAOTIOlNoNG
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FUNCTION AVG (ARR, N)
DIMENSION ARR(N)
SUM = 0.0
DO 160 I = 1, N
SUM = SUM + ARR(I)
100 CONTINUE
AVG = SUM / FLOAT(N)

N address

ARR address

return address

RETURN I
END
SUM
AVG
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MELOVEKTNHA OTATLKIG §ECHELONG

Ztoifeg amo eyypaweg dpactnprotnoinong (1)

« KdaBe ouvaptnon €xeL pla eyypagn Spactnplomoinong

« Mrmopel va uttdp&el pia pévo Spactnplomoinon
ouvaptnong {wvtavr KABe xpovLKr otypn!

* Ol JOVTEPVEG YAWOOEG (CUPTIEPIAAH BAVOUEVWY TWV
MOVTEPVWV SLAAEKTWV tNG Cobol kat tng Fortran) dev

UTTAKOUV OE QUTOV TOV TIEPLOPLOPO AOYW:
- Avadpopng
- MoAuvnuatikoétntag (multithreading)

Eyypawég Spaotnplomoinong 15

 Ta tnv uttootnpLgn avadpoprng, TIPETEL va
S€0PEVOOUE PLa Vea eyypawr dpactnpLlotmoinong yla
KABe Spactnplotoinon tng ouvaptnong

« AuvapLkn SE€cpEUCN: N eyypagr) Spaoctnploroinong
Seopevetal OTav n cuvaptnon KaAeitat

* Y& TIOA\EG YAWOOEG, OTwG N C, N eyypagr) autn
anodeopevEeTal OTAV N oLVAPTNON ETLOTPEPEL
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ZtoiBeg amo eyypayeg dpactnpLonoinong (2)

«  Me A\\a AOyLa, N eKTEAEDN SnLoupyel pla otolBa amo
eyypayeg Spaoctnplomoinong, omou mAaiola (frames)
- OTIPWYVOVTAL 0TN oTo(Ba Katd tnv KAon Twv
oLUVAPTACEWVY, Kal

- amopakpuvovtal amnod tn otoiBa Katd TNV EMLoTpoPn)
TWV OLUVAPTACEWV

Eyypayég Spaotnplomoinong
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TpExovoa eyypayr dpactnpLomoinong

2Tn otatiky 8eopeuacn n B€on KABE eyypayng
SpaotnpLomoinong kabopiletal tpLv TNV €vapén
EKTEAEONC TOU TIPOYPAUHATOG

Ztn SuvapLkr €opeucn n BEon TNG TPEXOVGAG EYYPAPNG
Spaotnplomoinong (current activation record) &ev eival
YyVWwoTn Ttapd PJOVo Katd To XPOVo EKTEAECNG

KdBe cuvaptnon mpemeL va EEpeL Twg Ba BpeL TN
SLevBuvaon NG TPEXOUDAG EyypaYng SpactnpLotmoinong
ZuxVQ, £vag Kataxwpntng tng Mnxavng deopevetal yua va
TIEPLEXEL/KPATAEL TN CUYKEKPLPEVN TLUN
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int fact(int n) {
int result;

Napadeypa og C

if (n < 2) result = 1;

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

ATIOTLHOUPE TNV return result;
kAfon fact(3). H }
€LkOvVa Selyvel ta
TIEPLEXOUEVA TNG

otoiBag akpLpwg TpLv current activation
TNV avadpopLKn record
kAnon tng fact(2)
TIou Ba &nuLloupynoeL
tn SeUtepn eyypagr)
SpaotnpLotoinong.

n: 3

return address

previous
activation record

result: ?

Eyypawég Spaotnplomoinong

19

int fact(int n) {

Ta TIEPLEXOHEVA TNG int result;
HVAHNG akpLBwg if (n < 2) result = 1;
TIpLV TNV Tpttn else result = n * fact(n-1);
dpaotnpLotiolnon. return result;
}
current
activation record
n: 2 » n: 3
return address return address
previous previous
activation record activation record
result: ? result: ?
Eyypagéc dpaotnplonoinong 20




Ta TepLlEXOPEVA TNG

HVIUNG aKPLBWG

TIPLV ETILOTPEPEL N

Tpltn

Spaotnplomoinan.

current
activation record

n: 1

int fact(int n) {

int result;

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

return result;

}

return address

n: 2

n: 3

return address

return address

n * fact(n-1);

; int fact(int n
Hbeutepn int regult; )
dpaatnplomoincn if (n < 2) result = 1;
AKPLBWG TTPLY else result =
ETILOTPEPEL. return result;

}
current

activation record

n: 2

n: 3

return address

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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B i Ol EIKOVEG TTEPINAUBAVOLY UL UKPT

H , int fact(int n) { y “arthomoinon” 6oV apopd oTo Tt
mpwtn , int result; napas& lypa oE M L TPAyUaTL artoBnkeVETaL 0T oToiBa

dpactnplomotnon if (n < 2) result = 1;

akpLBwG TpLv
ETILOTPEYPEL UE TO
amotéAEcHa
fact(3) = 6.

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

return result;

}

Eyypagéc dpaotnplonoinong

current
activation record

n: 3

return address

previous
activation record

result: 6
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ATIOTLUOUE TNV KA oN
halve [1,2,3,4]

H elkdva Seiyvel Ta
TEEPLEXOHEVA TNG PV HING
akpLBWG TIpLV TNV
avadpouLKn KANon Ttou
SnpLoupyel T evtepn

SpaotnpLotoinon.
fun halve nil = (nil, nil)
| halve [a] = ([a], nil)
| halve (a::b::cs) =
let
val (x, y) = halve cs
in
(a::x, b::y)
end

Eyypagég Spaotnplomoinong

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: ?
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Ta TepLlexopeva tng

— t HVAHNG aKpLBWE TTpLV
curren o {
, activation record activation record ET[LOTPELIJEL n ',EpL'EI']
Ta TIEPLEXOHEVA 8pc10tr]pLor[ou]or].
™G VNG
K V \Y) : : : :
a ’pLBwC TIpLV TN pa[r%r?gt]er » [pf,rngte‘{] parameter: [] v paEe:l,’mit]er. E)larz;mgte;.]
pLTn ' 12,3,
SpCIO'EI’] p|_01'[0'Lr] or] . 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 D1 value to return: . .
2 2 (1, ) a3 at
N N N b: 4 b: 2 B ) B b: 4 b: 2
fun halve nil = (nil, nil) fun halve nil = (nil, nil)
| halve [a] = ([a], nil) cs: [] cs: [3,4] | halve [a] = ([a], nil) cs: [1] cs: [3,4]
| halve (a::b::cs) = | halve (a::b::cs) =
let x: ? X: ? let X: ? X: ?
val (x, y) = halve cs val (x, y) = halve cs
in y: ? y: ? in y: ? y: ?
(a::x, b::y) value to return: ? value to return: ? (ai:x, bi:y) value to return: ? value to return: ?
end end
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H &eutepn H mpwtn dpactnplomoinon akpLpwg
Spactnplomoinon TIPLV ETILOTPEPEL PE TO ATIOTEAECHA e
! current — L
QKpLBw’C Tpw activation record halve [1,2,3,4] = ([1,3],[2,4]) activation record
eTLoTpePEL.
arameter: arameter: parameter:
"5,4] f1,2,3,21 [1,2,3,4]

previous previous
activation record activation record
a: 3 a: 1
fun halve nil = (nil, nil) b: 4 b: 2
| halve [a] = ([a], nil) es: [1 os: [3,4]
| halve (a::b::cs) =
S x: [] x: ?
val (x, y) = halve cs
in y: [1 y: ?
(a: X, b :y) value to return: value to return: ?
end (131, [4])

return address

return address

Eyypagéc dpaotnplonoinong
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fun halve nil = (nil, nil)
| halve [a] = ([a], nil)
| halve (a::b::cs) =
let
val (x, y) = halve cs
in
(a::x, b::y)
end

Eyypagéc dpaotnplonoinong

return address

previous
activation record

a: 1

b: 2

cs: [3,4]

x: [3]

y: [4]

value 10 return:

([1,3],[2,4])

28




XELPLOPOG PWALAGHEVWY CUVAPTHCEWV

Eyypooéc Spaogtnplonoinong 29

DPWALAGHEVEG CUVAPTIOELG

« 'O,tLeldape pEXPL OTLYHNG ETTAPKEL yLa TIOANEG YAWOOEG,
oupmtieplAapBavopevng tng C
* AMN\G 6)L yLa YAWOOEC TIOU ETILTPETIOUV TO AKOAOUBO TPLK:
- OLoplopol Twv cuvaptioswy PTtopel va elval QWALACHUEVEG
pEoa o€ AANOUG OPLOPOUG CUVAPTHOEWY
- OL E0WTEPLKEG OUVAPTHOELG PTIOPEL va avaépovtal o
TOTILKEG PETABANTEG TWV EEWTEPLKWY OUVAPTHOEWY
(akoAouBwvTag Toug ouvnBELG KaVOVEG EPREAELAG OTaV
UTTAPXOUV UTIAOK)
« AnAadn &ev emapkel yla yAwooeg oTiweg N ML, n Ada, n
Pascal, k.a.
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Napdadelypa

To tpoBANHa

fun quicksort nil = nil

| quicksort ({ ‘rest) =
let
fun split nil = (nil, nil)
| split (x:: =
let
val (below,\ above) = split xs
in
if x < then (x::below, above)
else (below, x::above)
end
val (below, above) = split rest
in
quicksort below @ [pivot] @ quicksort above
end
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* Twg pmtopel N §pactnpLoTIoincn TNG ECWTEPLKNG
ouvaptnong (split) va BpeL tnv eyypagn
§paotnpLomoinong TG EEWTEPLKNG CUVAPTNONG
(quicksort);

+ NMapatnpriote 6tL dev lval amapaitnta n mponyouuevn
eyypayn dpaotnplomoinong, emeLdr n cuvdptnon mou
KAAECE TNV E0WTEPLKA cuvdApTNOoN:

- pmopel va elvat pa AAAn ECWTEPLKI) ouvaptTnon, N

- pmopel va elvat gra avadpopLkr) KAon ouvaptnong
(6Tw¢ cupPBaivel oto TTapASELYPd pag pe tn split)

Eyypagég Spaotnplomoinong 32




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

ZUVSEGHOG PWALAopatog (nesting link)

parameter

return address

previous
activation record

quicksort’s

* Mo ECWTEPLKN cUVAPTNON TIPETIEL va Elval o€ BEon va

BpeL tn SlevBuvon NG TILo TIPOCYATNG
Spaotnplomoinong tnG aHECWE EEWTEPLKAG TNG
ouvaptnong

« MmopoUpE va KpATtAOOUHE AUTO TO CUVSECHO OTNV

gyypagn dpaoctnpLomoinong

split’s split’s . )
. ) . . variables:
variables: variables: .
pivot, rest,
X, Xs, etc. X, Xs, etc.
etc.
Eyypooéc Spaogtnplonoinong 33
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t NMwg Ttaipvouv TLPEG OL CUVEECHOL PWALAGHATOG;
curren
activation r_ecord - first caller: a
asplit another split quicksort « EUkoAa av uttdpyel povo €va eTimeSo PWALACHATOC
activation activation activation \ , , ,
- 'Otav kaAeital pla eEwtepLkr) cuvaptnon:
parameter parameter parameter « B¢toupe TNV TR null 0To GUVSEGHO
return address return addry/ return address - ‘Otav KaAeital uLa ECWTEPLKN CLUVAPTNON Ao pia EEWTEPLKN:
* 0 OUVEECHOG PWALACHATOG TIALPVEL WG TLUM TNV Eyypayn
nesting link nesting link nesting link: null 6pao‘tr’|pl_o'|-[o'u]0r]q ™ng KCI}\OL’)O'CIC O'U\)dptno'nq
previous previous previous - 'Otav KoAeltal pla EcWTEPLKr CUVAPTNON ATIO Pia ECWTEPLKN:

activation record

activation record

activation record

split’s
variables:
X, XS, etc.

split’s
variables:
X, XS, etc.

quicksort’s
variables:
pivot, rest,
etc.

Eyypagéc dpaotnplonoinong
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* 0 OUVEECHOC PWALACHATOC TIAPVEL WG TLUN TO CUVSECHO
PWALACPATOG TNG KaAoUoag ouvAapTNoNG

* Lo TTOAUTIAOKQ QTIO TOV TIAPATIAVW TPOTIO AV
UTIAPXOUV TIOAAATIAQ eTIiTTES A PYWALACPATOG...

Eyypagég Spaotnplomoinong 36




MoAAamAd eTiTted A PWALACHATOG

function f1
variable vi1i

function f2
variable v2

function f3
variable v3

+ OLavayopeg ato (8Lo emnimedo (m.x. tng f1 otn vi, tng f2
oTn V2, ..) XPNOLUOTIOLOUV TNV TPEXOUCA EYYPAYPN
Spaotnplotmoinong

« OLavagopeg og ovopata Tou Bpilokovtal o€ K enineda
PWALACPATOG SLATPEXOUV K OUVEETHOUG TNG aAuacidag

37

Eyypapég Spaotnplomoinong

AvuTH Kol GAAEG AUOELG

* To pOBANpa €lval oL avaPopES ato ECWTEPLKES
OUVAPTHOELG O HETAPANTEG KATIOLAG EEWTEPLKNAG

* AUOELG TOU TIPOPBANUATOC ATIOTEAOUV OL:

- ZUVSEoHOL PWALACHATOG TWV EYYPAPWVY SpactnpLotoinong
(oTwg Sel&ape oTLg TIPONYOUHEVEG SLAPAVELEG)

- Displays: oL cUvSeopol pwALAopatog &€ Bplokovtal oTLg
EYYPAYEG Spactnplomoinong, aAAd cUAEyovVTaL O€ €va
OTATLKO TIivaka

- Adapéa apon (Lambda lifting): oL avagpopeg tou
TIpoypdppatog avtikabiotavtal and avagopEg o€ VEEG,
KPUWEG TTAPAPETPOUG
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Napdadelypa Aduda dpong

fun quicksort nil = nil
| quicksort (pivot::rest) =
let
fun split (nil, _) = (nil, nil)
| split (x::xs, lpv) =

let
val (below, above) = split (xs, 1lpv)

in
if x < 1lpv then (x::below, above)
else (below, x::above)

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

Eyypagéc dpaotnplonoinong 40




ZUVAPTIOELG WG TTAPAMETPOL

+ ‘Otav TEPVAE PLa cuvapTnon WG TIAPAPETPO, TL AKPLBWG
glvat auto mou TpETEL va petaBLBaoTtel;

* O KWSLKAC TN cUVAPTNONG TIPETEL VA Elval HEPOC auToU
TIOU TIEPVLETAL: E(TE O€ HopPN TINyalou KWSELKA, 1) O€ HopYN
HETAYAWTTLOPEVOU KWELKA, ) WG SEIKTNG 0€ KWELKA, N
HEOW UAoTIolNoNG KAttoLag AAANG HOPYNG

+ Kamoteg yAwooeg, xperalovtal KATL TIEPLOCOTEPO...
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Napdadelypa

fun addXToAll (x,theList) =

let

fun addX y = y + x
in

map addX theList
end

* H mapamnavw cuvdptnon TPOoHETEL TNV TLUN TOU X O€ KABE
otolxeio tng Alotag theList

* HaddXToAll kaAetl tn map, N map kaAet tn addX, kai n
addX avagépetal otn petaBAntn x otnv eyypaegn
SpaotnpLlomoinong tng cuvaptnong addXToAll

Eyypapég Spaotnplomoinong 42

ZUVSEoHOL PWALAcpatog Eava

« ‘Otav n map kaAEoel tnv addX, TL CUVEECHOG PWALACHATOG

Ba 606¢el otnv addX;
- 'Oxun eyypayn Spactnplomoinong tng map StotL n addX Sev
elval wALaopevn pEca otn map
- 'OxL 0 oUVEECPOC PWALACHATOC TNG map SLOTL N map Sgv elvat
KATIOU PWALACHEVN

+ T va souAéeL n ouvdptnon addXToAll, n tapApeTpog
TIou Ttepva n addX otn map TPETEL va TIEPAAUBAVEL TO
oUVEECHO YWALAoHATOG TIou Ba xpnotuotolnbel otav
KANBel n addX

fun addXToAll (x, theList) =
let
fun addX y = y + x
in
map addX theList
end
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‘OXL MOVO yLA TLG TTAPAHETPOUG

* TTOAAEG YAWOOEG ETILTPETIOUV OE CUVAPTNOELG Va
TIEPACTOUV WC TIAPAUETPOL
*  OL oUVOPTNOLAKEG YAWOOEG ETILTPETIOUV TIEPLOCOTEPA £L6N
AELTOUPYLWV OE CUVAPTHOELG-TLHEG:
- NéEpaopa ouvapTroEwV WG TTAPAPETPOUG
- ETLoTpO®r} oUVAPTNCEWY ATIO CUVAPTHOELG
- Kataokeur) cuvaptnoswy amo eKQYPACELG
*  OL OUVOPTNOELG-TLUEG TIEPLAQUBAVOUV TOCO TOV KWELKA
TIou Ba ekteAeoTEl 000 KAl TO CUVSECHO PWALACHATOG TTIOU
Ba ypnoipotonBel dtav kKAnBel n cuvaptnon
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NapdadeLypa

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 + x
in
map addX theList
end

Ta TIEPLEXOHEVA TNG VNG
aKPLBWG TIPLV TNV KANON TNG map.
H petapAntn addX eivat epevn
HE Yla cuvAptnon-TLun n otmola
TIEPAAPBAVEL KWSLKA KaL Evav
oUVEECHO PWALACHATOG.
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MakpOBLEG eEyypaYEG SpacTnpLomtoinong

Eyypooéc Spaogtnplonoinong
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Mua akOpa TLEPLTTAOKN

* TioupPBalvel eav pLa cuvapTnNoN-TLUN XpnoLuoToLeital
amd Tn cuvaptnon Tou TN SNPLoUPYNOE PETA TNV
ETILOTPOWI) TNG OLVAPTNONG-SNULOUPYOU;

val test =
let
val f = funToAddX 3
in
f 5
end
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fun funToAddX x =
let
fun addX y =y + x
in
addX
end
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val test =
let

val f = funToAddX 3

in
f 5
end

fun funToAddX x
let

fun addX y =

in
addX
end

y + X

Ta TeplexOpEVA TNG

HVARNG OKPLBWG TIPLV N
funToAddX emiotpeet.

current activation
record

parameter x: 3

return address

return address

nesting link: null

S previous
nesting link: null L
activation record
previous £ 7
activation record o
addX
48
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val test =

current activation
let

record

To TtpoBANHa

val f = funToAddX 3
in

f 5

d return address
end

parameter x: 3

return address nesting link: null

fun funToAddX x =

« ‘Otav n test kaAeoeL tnVv f, n cuvaptnon Ba
XPNOLUOTIOLOEL TO CUVEECHO YWALACHATOG YLa va
TIPOOTIEAQCEL TO X

* Me dA\a AoyLa, Ba xpnoLUOTIOLOEL eva SELKTN O€ pLa

let nesting link: null acti\gt(ie(\)lLO;J:cord
infun addX y =y + x “previous ; gyypaegr dpactnplomoinong yLa yla §pactnplomnoinon
addX activation record TIoU éXEL ‘EEp}JG‘E'LGEL
end addX , , , , ,
* AuUTO Ba armotuxEL €av N VAoTIoLNON TNG YAWooagq
amoSeopeVOEL TNV Eyypawr Spactnplomolnong tn otyun
Metd tnv emLotpon ETILOTPOWPNC TNG OUVAPTNGC
tnG funToAddX, n popns TS pThons
SeopevETaL PYE TN VEQ
ouVAPTNON-TLUN.
Eyypooéc Spaogtnplonoinong 49
Eyypapég Spaotnplomoinong 50
H AUon tou tpoBARpatog ZUUTIEPOCHOTIKA

* Ztnv ML, Kal o€ AAAEG YAWOOEG OTIOU UTIAPXEL N L6La
TIEPLITAOKT), OL EYYPAPEG SpactnpLomoinong dev Ymopouv
Tavta va seopeuBbouv Kat va anodeopugubouy
akoAouBwvtag dopr) otoifag

* AUTO SLOTL OKOPA KAL OTAV PLa cUVAPTNON ETLOTPEYEL,
pTtopel va uttdpxouv cUVSECHOL OTNV £yypayn
§paotnpLoTIolnong TG

+ OLeyypageg dev pmopel va amodeopeuBolv tapd povo
OTaV KATAoToUV ATIPOCTIEAACTEC

*  AuTO ouvnBwg oupPalvel pe avtopatn Staxeiplon PvRPNGn
aA\Lwg pe cuAAoyn okouTilsLwyv (garbage collection)
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+ 'Oco Lo “coploTike” elval pua yYAwooa, Tooo 1o SUoKoAo lval va
600UV oL petafAnTEg pe BEoeLg pvrung

- ZTATLKI 8€0PEVGCT): SOUAEVEL OE YAWOOEG TIOU ETILTPETIOUV TO TIOAU
pLa Spaoctnplomoinon Kabe cuvdptnong kabe otiyun (dnwg o
TpwLpeg SltaAéktoug tng Fortran kat tng Cobol)

- Auvapkn Sécpeucn o€ otoifa: SOUAEVEL O YAWOOEG TIOU &gV
ETILTPETIOUV PWALACPEVEG CLUVAPTAOELG (OTIWG N C)

- Z0v8eopoL PWALACHATOG (1) KATL AVTLOTOLXO): ETILRANETAL OF
YAWOOEG TIOU ETILTPETIOVV PWALACHEVEG oUVAPTAOELG (OTIwg N ML, n
Ada kat n Pascal). Ol ouvapTroELg TLPEG TIPETIEL VA TIEPIAAPBAVOuV
TO00 KWELKA 000 KAl CUVSECHO PWALACHPATOG

- Kdmoleg yYAWooeg (0Ttwg N ML) ETILTPETOUV AVAPOPEG O EYYPAPES
5paCTNPLOTIOLCEWY CUVAPTICEWY TIOU £XOUV TIEPATWOEL TNV
EKTEAEDN TOUG. Katd CUVETIELD, OL Eyypayeg Spaotnplotmoinong &
UTIOPOUV va anoSeopeuBoUV auEoWE JETA TNV ETILOTPOWH TOUG Kal
n Xxpron otoifag v emapkei.
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