Evyypagpec Apaotnplonoinong

Kwotng 2aywvag <kostis@cs.ntua.gr>
Nikog Matraotupou  <nickie@softlab.ntua.gr>

EpwTtnon via... déoipo

* Katd Tnv EKTEAECN TOU NPOYPAUUATOG, Ol HETABANTEG
0€vovTal (QUVAULKA) HUE TIHEG

* Ol TWEG aUTEG NPENEL VO anoBnNKEUTOUV KAMOU

» Katd ouvenela, ol HETABANTEG NpENEL KANWG va deBouv
HE BEoELG PvAUNG

* [lwg yiveTtal auTo;

Eyypagég dpaotnplonoinong

2UVAPTNOI0KEG YAWOOEG OUVAVTOUV TTPOOTAKTIKEG

* OLNPOCTOKTIKEG YAWOOEG KAVOUV EUPAVH TNV £vvola
Twv B€0ewV PvAUNG: a :-= 42
- AnoBrnkeuoe Tov aplBuod 42 otn 6€on WAUNG TNG HETABANTAG a

» OL0ouvapTnoloKEG YAWOOEG TIC KpuPBouv: val a = 42
- A€oe To 6voua a pe TNV T 42

* Kal ta duo €idn yAwoowv npEnet va “evwoouv”
HETABANTEG HE TYEG NOU AvANAPIOTAVTAL TN UVAKN

* Apa Kat ot dUo NPENEL va AVTIUETWNIOOUV TNV idla
epwTtnon O€0ipNaToqg
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Mepiexéueva

» Eyypagég dpaotnplonoinong (activation records)
* 2TaTIKA OE0UEUON EYYpPAPWY dpacTnplonoinong
* 2TO0iBEG anod eyypaeg dpaoTnplonoinong

» XEIPOPOG QWALOCUEVWY OPLOUWY OUVAPTAHCEWY

* 2UVAPTAHOELIG WG NAPAPETPOL

* MakpdBLleg eyypa@eg dpaoTnplonoinong

Eyypag@ég dpaotnplonoinong




ApaoTnpIOTTOINCEIG CUVAPTAOEWYV

* O xpbévog CwNAG TNG EKTEAEONG KIOG OUVAPTNONG, ano T
OTLYHA TNG KAAONG MEXPL TNV avTioTOoLXN ENOTPOYN,
ovopdletal dpaatnplonoinon (activation) Tng
ouvapTnong

» 'Otav KABe dpactnplonoinon £xet To dIkO TNG BECIUO
HETABANTWY O€ BE0EIG PVAUNG, AEUE OTL EXOUME
HETABANTEG €IBIKEG Yia KABe dpaoTtnplonoinon

* Ot peTaBANTEG AuTEG ovopddovTal ENionNg OUVALIKEG
(dynamic) q autopateg (automatic) petaBAnTég
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MeTaBAnTég £101KEG yIa KABe dpaoTnploTroinon

2TIG NEPLOCOTEPEG POVTEPVEG YAWOOEG NPOYPAUUATIONOU,
Ol N0 OUVABEIG aUTONATEG HETAPBANTEG €ival QUTEG NOU
eival BondnTkEG yla 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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ApaocTnplotroinon Twv PTTAOK

* [0 UNAOK NOU NEPLEXOUV KWALKA, UIAAGUE VIO
- Tn dpaoTnplonoinaon Tou UNAOK
- To xpdévo LwnG oG EKTEAEONG TOU UNAOK
* M petaBAnTh pnopel va ival €191KN yla Kanowa povo
dpacTnplonoinon evoG CUYKEKPIUEVOU LNAOK HILAG
ouvapTnong:
fun fact n =
iITn=0 then 1

else let val fac = fact (n-1) in n*fac
end;
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Xpovol wNG yia TIG METABANTEG

* OLneploodTEPEG NPOOTAKTIKEG YAWOOEG €XOUV KAMOLO
TPONo va dnAwoouv OTL KANOLEG PETABANTEG dEVOVTAL PE
HLO OUYKEKPIPEVN BEON UVAUNG Yia OAN TN SIAPKELD TNG
EKTEAEONG TOU NPOYPAUUATOG

* lMpo@avAg AUon BECPEUONG: OTATIKR OECUEUOT)

(0 POPTWTNAG OECUEUEL XWPO YIO QUTEG TIG HETABANTEG)
int count = O;
int nextcount() {

count = count + 1;
return count;

}
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H guBéAcia kail o xpovog Cwng diapépouv

AAMol xpoévol CwNG yia TIG METABANTES

* 2TIG NEPLOCOTEPEG HOVTEPVEG YAWOOEG, Ol LETABANTEG
HE TOoNKA ePPREAELT €xouV XpOvo WG Nou oUVABWG
TauTileTal e TN dpaocTnPLloNoincn Tou MNAOK

* 'Opwg, oL dU0 £vvoleg gival OIAPOPETIKEG PETAEU TOUG,
Onwg n.X. pnopei va yivel otn C pEow Tou NPocdlopLoTH
static:

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

}
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* OLYAWOOEG QVTIKEILEVOOTPEPOUG NPOYPALATIOHOU
XPNOWoNolouV PETABANTEG TWV OMNoiwv 0 XpOvog (wNG
€lval CUOXETIONEVOG HE TO XpOvo CwAG TwV AVTIOTOWV
QVTIKEIUEVWV

» Kdnoleg yYAooeg €Xouv HETABANTEG TWV ONOIWV Ol TIUEG
eivat enipoveg (persistent): pe GAAa Adyla oL HETABANTEG
dlaTNPOUV TIG TIHMEG TOUG YL NOANANAEG EKTEAETELG TOU
idlou NpoypPAUHOTOG
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Eyypagég dpaoTnpliotroinong

Eyypa@ég dpaocTnpiotroinong yia JrAok

*  OLuAonolnoelg Twv YAWoowV ouviBwg oUOKEUAZOUV OAEG
TIG HETAPBANTEG NOU AVAPEPOVTAL OE IO CUYKEKPLUEVN
dpacTnplonoinon TNG cuvapTnonG OE UIa EYYPA®N
dpaotnplonoinong (activation record)

* OLeyypaeG dpaOTNPLONOINONG NEPLEXOUV €MNioNG Kat OAA
Ta GAAa OedopEVA Nou OXETICOVTAL UE dPACTNPLONOLNOELG,
onwg:

- Tn d&evBuvon enwotpo@ng (return address) Tng dpactnplonoinong:

deixvel o€ NOLo onUEio Tou NPOYPAUKHATOG NPENEL VA NAEL O
E€AeyX0G OTAV ENOTPEYEL N CUYKEKPLPEVN dpaaTnplonoinan

- 'Eva ouvdeopo npoéoBaong (access link) nou deixvel Tnv eyypaen
dpactnponoinong tTng kahouoag ouvaptnong (calling function)

Eyypagég dpaatnplonoinong 11

» 'Otav ekTeAeiTaL Eva PNAOK KWOKA, XPEWALOUOOTE XWPO
YO TIG TONKEG HETABANTEG TOU CUYKEKPIUEVOU UNAOK

* Yndpyouv dld@opol Tpdnot OECPEUONG auToU TOU XWPOU:
- Aeopevoupe and Npv Xwpo oTnv Eyypaer dpacTtnplonoinong
NG neplkAgiouoag ouvdpTtnong
- Enekteivoupe tnv gyypagn dpactnplonoinong thg ouvaptnong
OTav n eKTEAEON EI0EAOEL OTO UNAOK (KOl TN HEWVOULE Eava
otav eEENBOUHE TOU UNAOK)

- Aegopevoupe KANoLwa EEXwPLOTH eyypaen dpactnponoinong yo
TO MMAOK

* Oa doupe ToV NPWTO and auToUG TOUG TPOMNOUG
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2t1aTik 6éoueguon (static allocation)

Moapddelypa

* H anAouoTtepn NPooEyyLon: OECUEUON AG EYYPAPNG
dpaoTnplonoinong yia KABe pia ouvapTnorn, OTaTIKA

* OunaAigg diahektol Tng Fortran kat Tng Cobol
xpnotonotouoav (Hévo) autd To ouoTnua OECUEUONG

* AnoteAei anAd Kat NoAU ypriyopo Tpono uAonoinong
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FUNCTION AVG (ARR, N)
DIMENSION ARR(N)
SUM = 0.0
DO 100 I = 1, N
SUM = SUM + ARR(I)
100 CONTINUE
AVG = SUM / FLOAT(N)

N address

ARR address

return address

RETURN |
END
SUM
AVG
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MeIoVEKTNMO OTATIKAG OECHEUONG

210ifEg a1 eyypa@ég dpaoTtnpiotroinong (1)

+ Kd&Be ouvdpTtnon €xel pia eyypagr dpactnplonoinong

* Mnopei va unapgel pia pévo dpactnplonoinon
ouvapTtnong Cwvtavh KABe XPOoVLIKN OTIyUA

* Ol poVTEPVEG YAWOOEG (CUUNEPINAUPAVOUEVWV TWV
HOVTEPVWYV BLOAEKTWY TNG Cobol kal Ttng Fortran) dev

UNOKOUV O€ auTOV TOV NEPLOPLOUO ASYw:
- Avadpopung
- MoAuvnuatikdétnTag (multithreading)

Eyypagég dpaatnplonoinong 15

* [a TNV unooTnpEn avadpoung, NPENEL va dECUEVCOUE
Ll VEa eyypan dpacTtnplonoinong yua kabe
dpactnplonoinon Tng ocuvapTnong

« Auvapikr) 6€opeuon: n eyypaern dpactneLonoinong
deopeveTal OTAV N oUvAPTNON KaAgiTal

* 2€ NOAEG YAwooeg, onwg n C, n eyypagr autn
anodECUEVUETAL OTAV N CUVAPTNON EMNOTPEYEL
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210ieC aT1rd eyypagég dpaortnpioroinong (2)

* Me GAAa AOYLa, N EKTEAEON dnUOUPYEL pla oToifa and
EYYPAPEG dpaaTnplonoinong, énou niaiotla (frames)
- ONPWXVoVTalL 0Tn OToiRa KATA TNV KARoN Twv
OUVOPTACEWYV, KOl

- anopakpuvovTal and tn oToifa KATA TNV ENOTPOYN)
TWV CUVOPTHOEWY
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Tpéxouoa eyypaen dpacTnpioTroinong

* 2Tn OoTaTIKA O€opEUON N BEon KABE eyypaPnG
dpaoTnplonoinong kabopiletal npv TNV Evapen
EKTENEONG TOU NPOYPAUUATOG

« 21N duvapkh 6€opeuan n BEoN TNG TPEXOUOOG
eyypa@ng dpactnplonoinong (current activation record)
d¢ev gival yvwoTr napd povo KAatd To XpOVo EKTEAEONG

« Kd&Be ouvaptnon npenet va EEpeL Nwg Ba Bpel TN
dleuBbuvon TNG TPEXOUOOG EYYPAPAG dpaaTnpLlonoinong

* 2UXVd, €vag KAaTaxwpenTng TNG HNXaving 0eoUEUETAL YIa
VO NEPLEXEVKPATAEL TN CUYKEKPIUEVN TIUA
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int fact(int n) {
int result;
it (n < 2) result = 1;

Mapddeiypa oe C

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

AnoTipoUpE TNV KARoN return result;

fact(3). H skéva }

ocixvel Ta neplexopeva

NG oToifag akplBwg

npLwv Tnv avadpoukni current activation
KAfion tng fact(2) record

nou Ba dnuoupyrnoeL

N deUTEPN EYYPOAPN
dpaoTtnplonoinong.

n: 3

return address

previous
activation record

result: ?
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int fact(int n) {

Ta neplexopeva g int result:

HVAUNG akPBWG nptv if (n < 2) result = 1;
v ToLTn else result = n * fact(n-1);
dpaoTtnponoinon. return result;
3
current
activation record
n: 2 n: 3
return address return address
previous previous
activation record activation record
result: ? result: ?
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Ta neplexépeva tTnG
HVAKNG OKPBWG NpLv
ENOTPEYEL N TPITN
dpactnplonoinon.

current
activation record

n: 1

return address

int fact(int n) {
int result;
it (n < 2) result = 1;

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

return result;

H deutepn
dpaotnplonoinon
QKPBWS Npv
ENOTPEYEL.

int fact(int n) {
int result;
it (n < 2) result = 1;
else result = n * fact(n-1);
return result;

current
activation record

» n: 2 v

n: 3

return address

return address

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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- - OL ELKOVEG TEPIAAUBAVOUV HLOL ULKPR

H ; 1 n1_: fact(int n) { , “amonoinon” 6oov adopd oto Tt
npwtn . int result; ndpd5£IYpG (0 4 M L MpAyuaTL amoBnkeveTaL 0T OToiBa

dpaoTtnponoinon ifT (n < 2) result = 1;

aKPBWG npv
EMOTPEYEL PE TO
anoTEAECUA
fact(3) = 6.

else result =
return result;

current
activation record

n: 3

return address

previous
activation record

result: 6
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n * fact(n-1);

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

H eikdva deixvel Ta
NEPIEXOHEVA TNG UVALNG
OKPLBWG NpLv TNV avadpPOULKN
KAflon nou dnuUIoUpyEi TN
deuTeEPN dpactnplonoinon.

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

ni)

(nil,
([a], nil)
:cs) =

= halve cs

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: ?
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Ta neplexopeva tng

— — HVAUNG aKPIBWG NPV
; activation record activation record Elnliongersl Jell n ,TplTn
Ta neplexopeva tng dpaotnplonoinon.
HVALNG aKPIBWG
npv Tnv TplTn parameter: parameter: ) parameter: parameter:
. parameter: []
dpaactnplonoinon. [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 . m 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: [ cs: [3,4] | halve [a] = ([a], nil) cs: [1 cs: [3,4]
| halve (a::b::cs) = | halve (a::b::cs) =

let Xz ? Xz ? let x- ? x- ?

val (X, y) = halve cs val (X, y) = halve cs

in y: ? y: ? in y: ? y: ?

(E_l: 2l HEEW) value to return: ? value to return: ? (?: 2% BEE) value to return: ? value to return: ?
end; end;
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H deutepn H npwtn dpactnplonoinon akppwg npv
dpaatnplonoinan ENOTPEYEL UE TO ANOTEAECHA po——

’ t — L
GKple’Q npwv activgg;r:?ecord halve [1 ,2,3, 4] = ( [1 3 3] 5 [2 - 4] ) activation record
ENIOTPEYEL.

parameter: parameter: parameter:
[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, b: 2
| halve [a] = ([al, ) ] 34 | halve [a] = ([a], 'l) - [3.4
| halve (a::b::cs) = cs: O [3.4] | halve (a::b::cs) = cs: [3.41

Iet X: [] X: ? Iet X [3]

val (X, y) = halve cs val (X, y) = halve cs

in y: [ y: ? in y: [4]

(az:x, b::zy) value to return: value to return: ? (az:x, b:zy) vaue 1o return.
end; 21, 4D end; I1,31.12.4D
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XeIpIOPOG PWAIAOHEVWV CUVAPTHOEWV
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PwAIOCNEVEG CUVAPTHOEIG

* 'O, TLEldape HEXPL OTIYUAG ENAPKEL YIO NOANEG YAWOOEG,
oupnep\appavopEvng tTng C

* AAN\G OXL YO YAWOOEG Nou ENTPENOUV TO aKOAOUBO TPIK:
- Ol oplopoi Twv CUVOPTHOEWY HNOPEL VA Eival QWALACUEVEG HECT
o€ AAAOUG OpLOROUG CUVOPTHOEWY
- Ol EOWTEPIKEG CUVAPTAOELG UNOPEL VA AVAPEPOVTAL OE TOMKEG
METABANTEG TWV EEWTEPIKWY CUVAPTHOEWV (GKOAOUBWVTOG TOUG
ouvnBelg Kavoveg ePPEAELAG OTAV UNAPYXOUV UMAOK)

» AnAadn dev enapkei yia yAwooeg 6nwg n ML, n Ada, n
Pascal, k.a.
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Moapddeiypa

To mpoBAnua

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, Xx::above)
end;
val (below, above) = split rest
in
quicksort below @ [pivot] @ quicksort above
end;
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* [Nwg pnopei n dpacTneonoinon TNG ECWTEPIKNG
ouvaptnong (split) va BpeL Tnv eyypaen
dpacTnplonoinong NG EEWTEPLKAG ouvapTNONG
(quicksort);

* [lapatnproTe OTL O€V €ival anapaitnTa N NPonyouuevn
gyypaen dpaoTtnplonoinong, enewdr n cuvaptnon nou

KAAEOE TNV ECWTEPIKA OUVAPTNON:
- pnopei va gival pia GAAN ECWTEPLKN ouvapTnon, R

- Mpnopel va gival pia avadpopikn KAon ouvaptnong, 6nwg
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

20vOEOoNOG WAIdopaTog (nesting link)

parameter

return address

previous
activation record

* M eowTEPLIKA ocuvApTNON NPENEL va gival og B€on va

Bpetl Tn dleuBbuvon TNG No NPACEATNG dPACTNELONOINONG
TNG AUEOWG EEWTEPIKAG TNG OUVAPTNONG

* MnopouUpe va KPATHOOUUE auTO TO OUVOECUO 0TV

geyypaen dpaotnplonoinong

splits split’s quuc'ksor-ts
. . . . variables:
variables: variables: -
pivot, rest,
X, XS, etc. X, XS, etc.
etc.
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t MNwg TTaipvouv TINEG 01 OUVOECTHOI PWAIACHATOG;
curren
activation r_ecord ] first caller: a
asplit another split quicksort « EUKOAa av undapxet pévo €va €ninedo wAIAoUATOG
activation activation activation . ) i i
- 'OTtav KoAgital pa eEwTePIKA ouvAPTNON:
parameter parameter parameter « B&ToupE TNV T null 0TO CUVIEDHO
return address return addre}/ return address - ‘Otav KoAelTal LA E0WTEPIKA OUVAPTNON ANd Hia EEWTEPIKA:
* 0 OUVOEOUOG PWALACHATOG NAiPVEL WG TIUA TNV EYYPAPN
nesting link nesting link nesting link: null dpaaTtnplonoinong Tng kaholoag ouvapTnong
previous previous previous - 'Otav KaAeital pa E0WTEPIKA oUVAPTNON anod Hia ECWTEPIKA:

activation record

activation record

activation record

split’s
variables:
X, XS, etc.

splits
variables:
X, XS, etc.

quicksort’s
variables:
pivot, rest,
etc.

Eyypagég dpaoctnpiotroinong
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* 0 OUVOEOHOG PWALACUATOG Naipvel WG TIUA TO oUVOECHO
QPWALGOUATOG TNG KOAOUOAG OuvAPTNONG

* [Tio noAUNAOKa and Tov Napanavw TPONo €4av unapxouv
noAAaNAG enineda WAACHATOG...
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MoAAATTAG TTiTrEd A PWAIACHATOG

function f1
variable v1

function 2
variable v2

function f3
variable v3

* OiLavagopeg oto idlo eninedo (n.x. Tng F1 otn v1, TnG
T2 otn v2, ..) Xpnowonolouv Tnv TPEXoUTa £yypa®n
dpactnplonoinong

* OLava@opEG o€ ovopaTa nou Bpiokovtal o€ K enineda

QWALAOHOTOG OLATPEXOUV K CUVOECHOUG TNG aAuaidag
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AuTi Kal AAAEG AUoEIg

* To npSPAnua €ival oL ava@opeG and ECWTEPIKEG
OUVaPTNOELG OE LETABANTEG KANOLAG ECWTEPLIKAG

* AUOEIG TOU NPORAAMATOG anoTEAOUV OL:
- ZUvdeopol WALAoUATOC TwV EYYPaPwY dpacTnplonoinong
(6nwg dei€ape OTIG NpoNyoUUEVEG DLAPAVELEG)
- Displays: oL ouvdeopol QWALACHOTOG € BpioKovVTaL OTIG
EYYPAPEG dpaaTnPLOnoinong, aAAG CUAAEYOVTAL O€ €va OTATIKO
nivaka

- NAaupda apon (Lambda lifting): ot avag@op€g Tou NpoypaUpaTOG
avTikabioTavtal and avaQopEg O€ VEES, KPUPEG NAPAUETPOUG
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Mapddeiypa Adupda apong

fun quicksort nil = nil
| quicksort (pivot::rest) =
let

fun split (nil, ) = (nil, nil)
| split (x::xs, Ipv) =
let
val (below, above) = split (xs, Ipv)
in

iT x < Ipv then (x::below, above)
else (below, Xx::above)

end;
val (below, above) = split (rest, pivot)
in
quicksort below @ [pivot] @ quicksort above
end;
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2UVOPTHOEIS WG TTAPAMETPOI
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2UVOPTHOEIS WG TTAPAMETPOI

* 'OTav NEPVAUE IO CUVAPTNON WG NAPAUETPO, TL AKPLBWG
eivalr autd nou npénetl va petapLBacTei;

* O KwdIKaG TNG ouvApTNoNG NPENEL va gival HEPOG auTou
Nou NEPVIETAL: EITE 0€ POPPI) NNyaiou KwOLIKA, E(TE O€
HOP®N LETAYAWTTIOMEVOU KWALIKA, BEIKTN O€ KWALKA, 1)
HEOW uAonoinong KAanowag AAANG HOPPAG

+ Kdanoleg yAwooeg, xpeldovtal KATL NEPLOTOTEPO...
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Moapddelypa

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

in
map addX theList
end;

* H napandvw ocuvadptnon NPocBETEL TNV T TOU X O€
KABe otolxeio TnG Aiotag theList

« H addXToAll kaAei Tn map, n map kKaAei tn addX, kat n
addX ava@EpeTtal oTn HETABANTI X OTNV EYYPAPN
dpaoTtnplonoinong tng cuvaptnong addXToAl l
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20vOeoHOol WAIdOMATOG Savd

* 'Otav n map kaAEoel Tnv addX, TL oUVOECNOG

QWALGopOTOG Ba doBei otnv addX;
- 'Ox1n eyypaen dpactnplonoinong tng map d6tL n addX dev
eivat pwAlaopEvn péoa otn map
- 'Ox1 0 oUvOEONOG PWALGCHATOG TNG map dOTL N map dev gival
KANoU QWALOCOUEVN

* [0 va douAéyel n ouvaptnon addXToAll, n
napdueTPoG nou nepva n addX otn map npenet va
neEPNAPBAVEL TO OUVOEOHO PWAIACHATOG nou Ba

xpnowononBei 6tav KANBei N addX g, adaxtoatt (x, theList) =
let
i fun addX y = y + X
imn
map addX thelList
end;
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Ox1 pévo yia TIG TTOPAUMETPOUG

* [1OANEG YAWOOEG EMTPENOUV OE CUVOPTAOELG VA
NEPAOTOUV WG NAPAUETPOL
* OL0ouvapTNOLOKEG YAWOOEG ENLTPENOUV NEPLOCOTEPA
€i0n AelTOoUpYLWV OE OUVOPTHOEIG-TIHEG:
- [Mépaopa ouvapTHoEwy WG NAPAUETPOUG
- Enotpoyn cuvapthoewy and cuvapThoElg
- Kataokeur ouvapTtAoswy and eKQPAcELg
* OL ouvapTACEIG-TIMEG NEPNAUPBAVOUV TOCO TOV KWOLKO
nou Ba ekTeAeOTEL 600 KAL TO CUVOECUO PWALACUATOG

nou Ba xpnotonotnBei 6tav KANBei n ocuvapTnon
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Mapddeiypa

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

current activation

record _
imn

map addX theList
end;

parameter

return address

nesting link

previous
activation record

Ta neplexopeva TNG UVAUNG
OKPLBWGS Nptv TNV KAfoN g
map. H petafAnth addX cival
OEUEVN PE IO OUVAPTNON-TIUA N
onoia nepAapBavel KWOIKA Kal
€va oUVOEOHO QWALACUATOG.
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X

theList

addX

Eyypagég dpaatnplonoinong

MakpoBieg eyypagég dpaoTnplotroinong
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Mia aképa TTEPITTAOKN

* TioupBaivel eav pa ocuvapTnon-TIUA XpNOoonolLeiTal
and Th ouvapTtnon Nou Tn dnuoupynoe PETA TNV
ENOTPOYI TNG OUVAPTNONG-ONKIOUPYOU;

fun funToAddX x =

val test =
let let
val f = funToAddX 3 fun addX y = y + x
in in
f5 addX
end; end;
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Va: test = current activation
et record
val £ = funToAddX 3
in
5 parameter x: 3 return address
end;

return address

nesting link: null

fun funToAddX x =

let nesting link: null acti\f)art(ieglr?;jescord
fun addX y = y + X -

in previous £ 2
addX activation record T

end; addX

Ta neplexopeva tng
HVALNG OKPLBWG NpLV N
funToAddX enoTpEYeL.

Eyypagég dpaatnpiotroinong
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val test =
let
val f = funToAddX 3
in
f5

end;

current activation
record

parameter x: 3 & return address

return address nesting link: null

fun funToAddX x =

let nesting link: null .pre.V|ous
fun addX y = y + X activation record
in : prt(?vious . f
addX activation recor
end; addX

MeTd TNV ENOTPOYN
™G FfunToAddX, n f

OeopeUETAL UE TH VEQ
ouvapTNON-TLuN.
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To mpoBAnua

+ 'Otav n test kaAéoel TNV T, n ouvaptnon Ba
XPNOONOINOEL TO OUVOEOHUO QWALACUATOG YIa Va
nPooneAAdoEL TO X

* Me GAAa AOyLa, Ba XpnOolonotioEL Eva dEIKTN O€ JIa
EYypa@n dpacTtnplonoinong ya pa dpactnplonoinon
Nnou €XEL TEPUATIOEL

* AuTO Ba anoTuxel €av n uAonoinon TG YAwooog
anodeCPEVUOEL TNV EYYPAPRR dPaCTNELONOINCNG TN OTLYHN
ENOTPOPNG TNG OUVAPTNONG
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H Auon Tou TTpoBARMATOG

2UMTTEPACHATIKA

« 2Tnv ML, Kat og GAAeg yAwooeg dnou undapxet n ida
NEPINAOKNR, Ol EYYPAPEG dpacTnplonoinong 6 PNnopouv
navta va deopeubouv Kat va anodeopeubouv
akoAouBwvTag dopr oToifag

* AUTO JIOTL AKOUA KAL OTAV IO OUVAPTNON ENOTPEYEL,
HNopPEl va undpxouv oUVOECHIOL OTNV EYYPAPN
dpaoTNPLONOINCAG TNG

* OLeyypageg e pnopei va anodeopeubouv napd pévo
OTAV KATAOTOUV anpPOonEANAOTEG

* AuTO ouvBwg oupBaivel pe auTtopatn dlaxeipton UVAKNG A aAAWG
pe ouAAoyr okounidlwy (garbage collection)
Eyypagég dpaatnplonoinong 51

* 'O0o no “coQloTIKE” gival pia YAwooa, TOo0 nio dUCKOAO gival va
0€bouUv oL HeTAPBANTEG HE BE0EIG LVAUNG
- 2TOTIKA 6éopeuann): O0UAeUEL O YAWOOEG NOU ENLTPENOUV TO
noAU pia dpaatnplonoinon K&Be cuvapTnong KABe oTiyur (6nwg
o€ npwlpeg dlaAekToug TnG Fortran kat tng Cobol)
- Auvvapikn 8écpeuon oe otoifa: doulelel og YAWOOEG Nou Oev
ENTPENOUV PWALOOPEVEG ouvapThaoelg (6nwg n C)
- ZU0vdeapol @WAIAoMATOG () KATL avTioTolKo): enPBAAAETAL OE
YAWOOEG NOU ENTPENOUV PWAIACUEVEG CUVAPTHOELG (ONwg n ML,
n Ada kat n Pascal). Ot ouvaptoelg TIEG NPENEL va
nePNApPBAvVOUV TOCO KWAIKA OGO KAl CUVOECHIO QWALACHATOG
- Kanoleg yAwooeg (6nwg n ML) enttpénouv ava@opEg o
EYYPAPEC OPACTNPLONOLCEWY CUVAPTIOEWV MOU £XOUV
NEPATWOEL TNV EKTEAEDT TOUG. KaTd ouvenela, ol eyypageg
dpaotnponoinong &€ Pnopouv va anodeopeuBouv apEows HETA
TNV ENOTPOPH TOUG Kal N XpRon otoifag dev enapkel.
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