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2uvapTnNoI1akKoG Kal NMpooTakTIKOG NPoypaUMATICHNOG

* 'Evag Tponog dlaxwplopou
- O NpoOTAKTIKOG NPOYPAMHUATIONOG EMKEVTPWVEL OTO NWG Oa
UAOMOL|OOUHE TA OUCTATIKA TOU NMPOYPAUUATOC HAG

- O ouvapTNOIOKOG MPOYPOUUATIONOG ENKEVTPWVEL OTO TL
OUOTOTIKA Ba npENeL va €XEL TO NPOYPAMUA HAG

¢ 2UVAPTNOLOKOG NPOYPOAUUATIOHNOG

- Baoiletal 0To paBnuaTtikd povtENo Tou A-Aoylopou (Church)

- “TlpOYPOUMATIONOG XWPIC HETABANTES”

- Eivarand tn guon Tou KoOpyog, cUVTOMOG Kal oang TPONOG
NPOYPAUUATIONOU, OTOV OMNOoio ano@eUuyovTal TEAEIWG KANOoLoU
€i00UG NPOYPAUHATIOTIKA OQAALATO

- Oewpeital and NOAAOUC WG AVWTEPOG TPONOG NPOYPAUUATIOHOU
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Alagavela ava@opdg (referential transparency)

e 2€ Uia YAWOoOoa ouvapTnoloKoU NMpoypaupaTIopoU,
N anoTipnon Hag ouvaptnong oivel navta to idlo
ANOTEAECMA YA TIC OLEC TIHEC TWV NAPAUETPWY TNG

* H onuavtikn autn 100TNTA OEV LOXUEL KAT' avAyKN OTIG
VAWOOEG NPOCTAKTIKOU NPOYPAUUATIOHOU

e 2TOV NPOOCTOKTIKO MNPOYPOAUUATIONO QUTO CUpBaivel AOYw:

- MeTtaBAnTwv nou opilovtatl Kat aAAGouV TIHEG EKTOG TOU
owpaTtog TnG ouvaptnong (global variables)

- E&aptnong anod tnv kataotaon (state) Tou unoAoylopou
- ANV napevepyelwwv (side-effects) nou pnopei va undpxouv oTto
nPOypPappa
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Mapadeiypa og Pascal

program example (output)
var flag: boolean;

function £(n: int): int D Snian
begin Tt Tunwvel To NPOYPAUUQ;
if flag then £ := n ,
clse £ := 2%n; S KOl peta 4
flag := not flag » [lepiepyo dLOTL
end NEPLUEVOULE OTL
e f(1)+ 1(2) = 1(2)+ (1)
flag := true; ¢ 2TA paONUaATIKG
writeln(£(1)+£(2)); Ol OUVAPTNOEIG
writeln(£(2)+£(1)):; €COPTWVTAL HOVO ano
end Ta opiopatd TOuGg
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MeTaBANTEG KO “peTaBANTEG”

Elcaywyr otn yA\wooa ML

2. TNV Kapdld Tou NPoBARUATOC €ival TO YEYOVOG OTL N

neTaBANTn £1lag ennpeadel TNV TN TG £

EOIKOTEPQ, N CUUNEPLPOPA OPEINETAL OTNV aAvABeOnN
flag := not flag

2.€ Hla YAwOoOoQa XwPIG NOAAANAEG avaBeoelC PHETABANTWY

OEV UNApPYOUV TETOLA NPOLBARHaATa

2 TIC OUVAPTNOLIOKEG YAWOOEC, Ol HETABANTEG ival

OVOMOTA VIO OUYKEKPLHEVEG TIHEG, OEV Eival oOvONATA YIA

OUYKEKPIUEVEG OECELC MVUNG

Mnopoupe va TIG 0ewpPNOOUE «OXL MOAU PETABANTESY



H yAwooa ML (Meta Language)

 ['Awooa ouvapTNOoLlOKOU NPOYPAUUATIONOU HE TUNOUG

e 2XEOlOOMEVN VIO AAANAENOPACTIKN Xpron (interactive use)

e 2uvOuadlel TO NAPAKATW OTOLXELQ:

BaolopEvn oto A-AoyIOUO KAl OTNV anoTiunon EKPPAcEWY
2.UvapTnoelg uPnAng tagng (higher-order functions)

Autopatn dlaxeiplon pvnUNG (HE Xpron ouAAOYRG oKoundLwy)
ApnpnHevoug Tunoug dedopEvwy (abstract data types)
2U0TnuUa apBpwpdatwy (module system)

E€aipEoelg (exceptions)

« [eviknNg XxpNnong pn NPOOTAKTIKK, MM OVTIKEIUEVOOTPEPNG

vAwooa

2 XETIKEC YAwooeg: OCaml, Haskell, ...
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MNari egeTaloupe Tnv ML;

e Tunol KalL auotnpod cuoTNUa TUNWV
- [evika B€paTa yla oTaTIKO £VavTL OUVAUIKOU EAEYXOU TWV TUNWV
- 2ZUMNEPAOHOG TUNWV (type inference)

- TTOAUHOPPIONOG KAl YEVIKOG MPOYPOAUUATIONOG (generic
programming)

* Awxeipon pvNUng
- 2TATIKN EYPBEAELO KAl OO KATA UNMAOK

- Eyypa@Eg evepyonoinong cuvaptioewv (function activation
records) Kat uhonoinon ouvapTAcEwWY UYPNANG TAENG

* 'EAEYXOG Kal OOUEG PONG
- ECalpeoelg
- Avadpopn “oupadg” (tail recursion) kat ouvexeleg (continuations)
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2UvTOouNn 10TOpPIa TNG YAwooag ML

* Robin Milner (ACM Turing Award)

* Logic for Computable Functions
- Stanford 1970-71
- Edinburgh 1972-1995
- Cambridge 1996-2010

« MetayAwooa tou cuothuatog LCF "

- Anodelgn BewpnuaTwy
(theorem proving)

- 2U0TnHa Tunwy (type system)

- 2ZUVOPTRAOEIG UYPnAnG TAENG
(higher-order functions)

e Oa XPNOONOI)OOUPE TNV UAOoMNoinon S
SML/NJ (Standard ML of New Jersey)
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H yAwooa ML péoca atro mrapadeiypoTa

% sml

Standard ML of New Jersey, v110.XX

- 42;

val it = 42 : int
- 2 + 3;

val it = 5 : int

- fun square x = x * x;

val square = fn : int -> int
- square 5;

val it = 25 : int

- square;

val it = fun : int -> int
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Baoikoi Tutrol Tng ML

 Booleans
- true, false : bool

« AKEPAIOL KAl TEAEOTEC TOUG
- 0, 1, 2, .. : int
- +, -, *, mod, div, ~ (povadlaio peiov)

e 2UMUPBOANOCELPEC KAL TEAEOTEG TOUG

- "Robin Milner" : string
- A (ouvevwan cupBolocelpwy)

* AplOpoi KivnTrG unodlaoTOANG KOl TEAEOTEG TOUG
- 1.0, 2.2, 3.14159, ..
-+, =, *, /, ~
Ot teleoTéc eival aploTepld TPOCETAUPLIOTIKOL, LE TPOTEPALOTNTEG {+,-} < {*,/,div.mod} < {~}.
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H yAwooa ML péoca atro mrapadeiypoTa

- 1 =
val it
- 1 <>
val it
- true
val it

2

false : bool

andalso true <> false;
true : bool

false orelse 1 <= 2;
true : bool

NN I~

- "Robin" > "Milner";

val it
- 2.56
val it
- 2.56
stdIn:

true : bool

3.14;

true : bool

= 3.14;

Error: operator and operand don’t agree

(| IVAN ||

operator domain: ’’Z * ''Z
operand: real * real
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YTTep@OopTWOoNn TEAECTWYV (operator overloading)

- 6 * 7

val it = 42 : int

- 6.0 * 7.0;

val it = 42.0 : real

- 2.0 * 21;

stdIn: Error: operator and operand don’t agree
operator domain: real * real
operand: real * int
in expression: 2.0 * 21

* O TeAeOTAC * (KAl AAAOL ONWG O +) Elval UNEPPOPTWHEVOL

« 'Exouv Jla@OPETIKI epUNVEla o€ (EUyN AKEPAIWV KOl
OLAPOPETIKN o€ (euyn ApPLOUWY KIvNTAG unodlaoTOANG

 H ML dev KQvel QUTOPATN HETATPONA ANO AKEPAIOUG OE
NPAYHATIKOUG aplOpoucg (onwg n.x. kavel n C)

Elcaywyn otn yAwooa ML 12



H yAwooa ML péoca atro mrapadeiypoTa

- fun max a b =

= if a > b then a else b;

val max = fn : int -> int -> int
- max 17 5;

val it = 17 : int
- max 10 42;
val it = 42 : int

* [lpoo€LTE TOV NEPIEPYO TUNO
int -> int -> int
e A€eLOTL N max €ival Lo cuvapTnon rnou naipvet Evav
QKEPALO KAl ENOTPEPEL LA CUVAPTNON MOV Naipvel Evav
OKEPALO KAl EMOTPEPEL EVAV AKEPALO
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Currying

* OL0ouUvapTNOEIG Eival AVTIKEIPEVA
NPWTNG TAENG TA onoia UNopoUpE va
Ta OLAXEIPIOTOUUE ONWCG OAa Ta GAAQ

QVTIKEIPEVA (N.X. TOUG OKEPAIOUG) [
Haskell B. Curry

- fun max a b = if a > b then a else b;
val max = fn : int -> int -> int
- val max five = max 5;

val max five = fn : int -> int

- max five 42;

val it = 42 : int

- max five 3;

val it = 5 : int
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Currying vs. Tuples

* Av B€Aoupe, LNOPOUUE VA XPNOLOMNOL|OOUKE NAEIAOEG
(tuples) wg opiopaTa ] ANOTEAECUATO CUVAPTHOEWV

- fun max (a,b) = if a > b then a else b;
val max = fn : int * int -> int

- max (17,42);

val it = 42 : int

- fun reverse (a,b) = (b,a);

val reverse = fn : 'a * 'b -> 'b * ’'a

- reverse (17,42);

val it = (42,17) : int * int

- max (reverse (17,42));

val it = 42 : int
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NMoAUHOPYPICHOG

 H ouvdptnon reverse €XEL €vav evolapeEPOVTA TUMO

- fun reverse (a,b) = (b,a);

val reverse = fn : 'a * 'b -> 'b * ’'a

e AUTO onuaivel OTL HNOPOULE VA AVTIOTPEWOULE LI
duada Ornou TO NPWTO OPLOUA Eival OnoloudNMNOTE TUNOU

KAl TO OEUTEPO OPLOMA €MNIONG €lval onoloudnnoTe TUNoU

- reverse (42,3.14);

val it = (3.14,42) : real * int

- reverse ("foo", (1,2));

val it = ((1,2),"foo") : (int * int) * string
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Avadpoun

* Eneldr) dev unapxouv LETABANTEG LE TNV NAPAOOCIAKN
€VVOola, Ta NPOYPAUUOTA XPNOLonolouV avadpopn yia va

EKPPAOOUV eNavaiAnyn

- fun sum n =

= if n = 0 then 0 else sum (n-1) + n;

val sum = fn : int
- sum 2;

val it = 3 : int

- sum 3;

val it = 6 : int

- sum 4;

val it = 10 : int
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-> 1int

Avadpopun

» Enedn dev undpyouv PeTABANTEG pe TNV NApadoolokn

€vvola, Ta NpoypdppaTa Xpnotponotolv avadpopn yia va
€K@PAcouv enavainyn

- fun sum n =

= if n = 0 then 0 else sum (n-1) + n;

val sum = fn : int -> int

- sum 2;

val it = 3 : int
- sum 3;
val it = 6 : int
- sum 4;

val it = 10 : int
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TeAEOTAG UYWONG O OUVAUN

 Mnopoupe eniong va opiocoupe
VEOUC OPLOUNTIKOUG TEAEOTEG
WG OUVAPTNOEILG
- fun x * yv =
= if vy = 0 then 1
= else x * (x * (y-1)):;
val # = fn : int * int -> int
- 2 A 2 °
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ETTavaxpnoiNoTToinon amroTEAECHATWY

« Eneidn dev exoupe HETABANTEC, EIMACTE AVAYKAOUEVOL
va €NAavaAaBoupEe EKQPATELC (KAl UNOAOYIOUOUG)
fun £ x =

g(square(max(x,4)))| +

(if x < 1 then 1
else|g(square(max(x,4))));

M peEBodog yia va ypawyoulEe no EUKOAQ TNV napanavw
ouvapTnon €ival pe xpnon Hag BondntikAg ouvaptnong

fun fl(a,b) =|b|+ (if a < 1 then 1 else [b)
fun £ x = £f1(x, g(square(max(x,4))):;
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H ékppaon let

* 'Evacg nio eUKOAOG TPONOG £ival O OPIOUOC EVOC TOMIKOU
OVOHOTOGC VIO TNV €NAVAXPNOLUONOIOUPEVN EKPPAON

fun £ x
let
val gg = g(square(max(x,4)))
in

gg|+ (if x < 1 then 1 else |gg)]
end;
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H ékppaon let dev gival avadeon
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2UvOeTol TUTTOI 0edopuEvwyY oTnv ML

* [lpoypappata nou enecepyalovtal Hovo BadbuwTta
dedopeva (scalars - xwpic dour)) dev eival NoAU Xprnotua

 OL0ouvapTNOIOKEG YAWOOEG NMPOYPAUUATIOMOU gival 0,TL
NPENEL Yl TNV ENECEPYAOIA OUVOETWY TUNWV OEQOUEVWV

« 'Exoupe ndn d&t nAeladeg, nou givat ouvoeTol Tunol
OEQOUEVWY YIA TNV avanapaoTtaon EVOG OPLOPEVOU
ApPLOHOU AVTIKEILEVWY (MBaVWG dLAPOPETIKWY TUMWV)

 H ML €xel eniong AiOTEC, Nou €ival OEPEC OnoloudnnoTe
apPLOHOU AVTIKEILEVWY TOU (OloU OpWG TUNou
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NioTeg

* Ol nAeladecg neplkAciovtal ano NapevOEOELC,
Ol AMlOTEC anod ayKUAEG

- (112);
val it = (1,2)
- [112];
val it = [1,2]

int * int

int list

* O TteAeoTNC @ ouvevwvel OUO AIOTEG

- [1,2] @ [3,4];
val it = [1,2,3,4] : int list
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Cons

 Mnopoupe va npooBecoupE OTOLXEID OTNV apXN ULOG
AMOTOG YE TOV TEAEOTN : ¢ (MPOPEPETAL CONS)

e 3 :: [1:
[1,2,3] : int list

val it = [0,1,2,3] : int list

 H ouvEvwon duo AloTtwyv dgv €ival TO OlO PE TN XpNnon = :

- [1,2] :: [3,4];
stdIn: Error: operator and operand don’t agree
operator domain: int list * int list list
operand: int list * int list
in expression:
(1 22 2 22 nil) 22 3 ¢:2 4 :: nil
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AAAEG CUVOPTNOEIC YIA AIOTEG

- null [];

val it = true : bool

- null [1,2];

val it = false : bool

- val 1 = [1,2,3,4];

val 1 = [1,2,3,4] : int list

- hd 1;

val it = 1 : int

- tl 1;

val it = [2,3,4] : int list
- length 1;

val it = 4 : int

- nil;

val it = [] : ’a list
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OpIoCHOC CUVOPTACEWYV VIO AIOTEG

- fun addto (1l,v) =
= if null 1 then nil
= else hd 1 + v :: addto (tl 1,v):;

val addto = £fn : int list * int -> int list

- addto ([1,2,31,2);
val it = [3,4,5] : int list
- addto ([1,2,3],~2);
val it = [~1,0,1] : int list
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OpICHOC CUVAPTHOEWYV YIO AiCTEC

- fun map (£, 1) =

= if null 1 then nil

= else £ (hd 1) :: map (£, tl1 1);

val map = fn : (’‘a -> ’'b) * ’'a list -> ’'b list

- fun add2 x = x + 2;

val add2 = fn : int -> int

- map (add2, [10,11,12]);

val it = [12,13,14] : int list
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Avwvuueg ocuvapTiRoeic (A-eK@paoceiq)

- map (fn x => x + 2, [10,11,12]);
val it = [12,13,14] : int list

 To NPWTO OpLONA TNG NAPANAVW CUVAPTNONG AEyETAL
AGUBOa Ekppacn: ival pla ocuvapTnon Xwpic évopa

* O teAeotnC £un €ival I0OOUVAOG
LE Hia AauBda Ekppaon

- val add2 = fn x => x + 2;
val add2 = fn : int -> int
- add2 10;

val it = 12 : int
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AvaOpPOMIKEC AAUOO EKPPATEIS

* [Mwg KaAOUUE avadpOoLIKA KATL TO onolo Oev £XEL OVOUQ;

« Tou divoupe gval

- let

= val rec £
= fn x => if null x then nil

= else (hd x + 3) :: £ (tl x)
= in

= f

= end

[1,2,3,4];

val it = [4,5,6,7] : int list
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Taiplaopa TTpoTUTTWYV (pattern matching)

e 2TA HOONUATIKA, Ol CUVAPTNOELG NOANEC POpPEC opilovTal
HE OLOPOPETIKEC EKPPATELC BACN KAMOWWY CUVONKWV
x e x>0
J(x) = {-x eav x <0
* Otouvaptnoelg TG ML o€ dla@EPOoUV Kal ENTPENOUV TOV
OPIOMO KATA NEPINTWOELS KAL TAV Ano@uyrn TG Xpnong if

fun map (£,[]1) = []
| map (£,1) f (hd 1) :: map (£,tl 1);

* 'Ouwg, 0 OPLOUOG ava NEPNTWOELG €ival EuaiocONTOGC wg
NPOG TN OEIPA ELPAVIONG TWV CUVAPTNOLIOKWY NPOTACEWV
fun map (£,1) = £ (hd 1) :: map (£f,tl 1) \

| map (£,[1) = [1;
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KaAUTEPOG OPICHOGC HEOW TAIPIACHUATOS TTPOTUTTWYV

 To npdtuno _ Talplalel pe OAQ TA AVTIKEIPEVA

« Tonpdtuno h :: t TaPLAlEL PE A AoTa Kal OEVEL
- TN HeTABANTA h pe TNV KEPaAAR TNG AioTAC KAl
- TN HeTABANTA £ pe TNV oupd TNG AoTOG

fun map (_, []1) = []
map (£, set) = f£f h :: map (£, t):;

& lix
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Xpnon otafepwyv WG TTPOTUTTA

- fun is_zero 0 = "yes";
stdIn: Warning: match nonexhaustive
0=> ® o o

val i1s_zero = fn : int -> string
- 1s_zerxro 0;
val it = "yes" : string

« Kd&Be otaBepd evog Tunou nou unootnpidel lootnTa
LMOPEL va xpnotonotndei wg npotuno

* AAANG OEV HNOPOULE VA YPAWOULE

fun is _zero 0.0 = "yes";
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Mn €€avTANTIKO TAIPIACHO TTPOTUTTWYV

e 2TO NPONYOUUEVO NAPAdELYHA, O TUMNOC TNG is_zero
NTav int -> string, AAAQ TAUTOXPOVA UNAPECE N
npocldonoinon ‘Wwarning: match nonexhaustive’

e AUTO onuaivel 0TL n ouvapTNON OPIOTNKE PE NPOTUNA
nou dgv ecavtAnoav To Nedio OpIopoU TNG oUVAPTNONG

« Katd ouvenela, givatl duvato va unapxouv npopAnuata
XPOVOU EKTEAEONG, ONWG:

- is_zero 42;
uncaught exception Match: [nonexhaustive
match failure]
raised at ...
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Kavoveg TaiplaoHaTog TTpoTUTTWY OoTnV ML

« To npotuno _ taiplalel pe oTidNNOTE

e M petaBAnTn eivatl €va npotuno nou talplalel pe
onoladrnoTe T Kal OEVEL TN HETAPBANTA HE TNV TN

M otaBepd (evog TUNOU 1IOOTNTAG) €ival Eva NPOTUNO Nou
TalPlalel HOVO PE TN OUYKEKPLUEVN OTABEPQ

M nAeldda (x,y, ..., 2) €ivalt Eva npoOTUNo Nou talplalel he
KABe NAelada Tou idlou peyeboug, TNG Onoiag Ta NEPLEXOUEVA
TalPlalouV PE TN OEIPA TOUG UE TA X, Y, s 2

M Aiota [x,¥, ..., 2] €ival Eva NpOTUNO Nou Ttalplalel pe Kabe
AloTa Tou idlou prikoug, TNG onoiag ta otolxeia talptalouy He
TN OEIPA TOUG UE TA X, Y, ws Z

« 'Evacons h: :t €ivalL Eva npotuno nou talplalel e KABe pn
KEVI AlOTA, TNG onoiag n Ke@aAn taiplalel pe To h Kat n oupa
HE TO t
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Mapdadeiypa XpRong TaIPIGCHOTOS TTPOTUTTWYV

* [lapayovTikO pe xpnon if-then-else

fun fact n =
if n = 0 then 1 else n * fact (n-1);

* [NlapayovTiko PE Xpnon TalpladopaToG NPoTUNWyY

fun fact 0 =1
| fact n = n * fact (n-1);

* [lapatnpnoTe OTLUNAPXEL ENKAAUYN OTa NPOTUNA

* H ektEéAeon dokpadlel npotTUNaA PE TN OEPA NOU auTa
epgavidovtal (anod navw NPogG Ta KATW)
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AAANO TTOpadEiypaTa

* H napakdtw dopr) €ivat NoAU ouvnBlopEvn o€
avadPOUIKEC OUVAPTAOELG Nou enecepyalovTal AMOTEG:
Ll nEPINTWON Yyia TNV KEVI AloTa (nil) KAt (TOUAQXLIOTOV)
Ll nepinTtwon ya otav n Aiota dcv sivat kevh (hs: s t).

« ADOpolopa OAWV TWV OTOLXEIWV HIOG AioTag
fun sum nil = 0

| sum (h::t) h + sum t;

* APLOUOC TwV OTOIXEIWV MG AMOTOG e Kanola 1dloTNTa

fun ctrue nil = 0
| ctrue (true::t) = 1 + ctrue t
| ctrue (false::t) = ctrue t;
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‘Evacg TTeEPIOPICHOS: YPOAMUMIKA TTPOTUTTA

e Agv EnMITPENETAL N XpNon TNG idlag HETABANTAG
NEPLOCOTEPEC ANO pia PopPEC OTO 1010 NPOTUNO

* [0 napadelypa, To NAPAKATW OEV ENTPENETAL:

fun £ (a,a) = .. forpairs of equal elements
| £ (a,b) = .. forpairs of unequal elements

e AvVTiQuTOU NpEMEL va Xpnolonotntel To Nnapakatw:

fun £ (a,b) =
if a = b then .. forpairs of equal elements
else .. for pairs of unequal elements
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2UVOUOONOG TTPOTUTTWYV Kal let

fun halve nil = (nil, nil)
| halve [a] = ([al, nil)
| halve (a::b::cs) =

let

val (x, y) = halve cs
in

(a::x, b::v)
end;

 Me ™n Xxpnon npotunwy OTOUG OPLOUOUG €VOG let,
LMOPOULE VA “anoouvOEooulE” EUKOAO £VA ANMOTEAECHA

 H napandvw cuvaptnon naipvel wg Opopa pia AloTa Kat
ENOTPEPEL Eva (eUYOG ano AlOTeG, N KABE pia anod TIG
OMNOILEG EXEL TA LOA OTOLXEIO TNG APXIKAG AlOTAG
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Xpnon tng ouvapTnong halve

- fun halve nil = (nil, nil)

= | halve [a] = ([a]l, nil)

= | halve (a::b::cs) =

= let

= val (x, y) = halwve cs
= in

= (as::x, b::vy)

= end;

val halve = fn : 'a list -> 'a list * 'a list

- halve [1];

val it = ([1],[]) : int list * int list

- halve [1,2];

val it = ([1],[2]) : int list * int list

- halve [1,2,3,4,5,6];

val it = ([1,3,5]1,[2,4,6]) : int list * int list
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‘Eva peyaAutepo mrapadsiypa: Merge Sort

 Houvaptnon halve dlaveipel Ta OTOXEIO MAGC AOTOG O€E
OUO nepinouv ioa KoUUATLa

« Eival To npwTto BApa yla tagivopnaon ouyxXwveuong

 H ouvaptnon merge cuyXWwVeUEL OUO TAEIVOUNUEVEG AIOTEG

- fun merge (nil, ys) = ys
= | merge (xs, nil) = xs
= | merge (x::xs, y::ys) =
if x < y then x :: merge (xs, y::vYs)
= else vy :: merge (x::xXs, VS):;
val merge = fn : int list * int list -> int list
- merge ([2],[1,3]);
val it = [1,2,3] : int list
- merge ([1,3,4,7,8]1,[2,3,5,6,10]);
val it = [1,2,3,3,4,5,6,7,8,10] : int list
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H cuvaptnon Merge Sort

fun mergeSort nil = nil
| mergeSort [a] = [al
| mergeSort theList =
let
val (x, y) = halve thelist
in
merge (mergeSort x, mergeSort vy)
end;

O TUNog T™NG Napanavw ouvapTtnong eivat
int list -> int list

AOYW TOU TUNOU TNG OUvAPTNONG merge
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MNapddeiypa xpnong tng Merge Sort

- fun mergeSort nil = nil

= | mergeSort [a] = [a]

= | mergeSort theList =

= let

= val (x, y) = halve thelist

= in

= merge (mergeSort x, mergeSort vy)
= end;

val mergeSort = fn int list -> int list

- mergeSort [4,3,2,1];
val it = [1,2,3,4] : int list

- mergeSort [4,2,3,1,5,3,6]1;

val it = [1,2,3,3,4,5,6] : int list
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POwAlaopéEVOl OPICHUOI CUVAPTACEWYV

 Mnopoupe va oplooUHE TOMNIKEG OUVAPTNOELG, OKPLBWG
ONwg opllOUE TONIKEC UETAPBANTEG, LE XPNoN let

¢ 2UVNBWC auUTO yiveTal Ylia BonONTIKEC CUVAPTHOELC NOU
d€ BewpouvTal XPrOIUEG Ao HOVEG TOUG

Mg auTtoOv ToV TPOMNO UNOPOUKE VA KPUYOULE TIG
OuUVapPTNOEIC halve KAl merge ANO TO UNOAOLNO
npoypappa

* AUTO €XEL KOL TO NMAEOVEKTNHA OTL Ol EOCWTEPLKEC
OUVAPTAOCELIC HNOPOUV VO ava@ePOVTaL 0 HETABANTEG
TWV ECWTEPLIKWY OUVAPTATEWV
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(* Sort a list of integers. *)
fun mergeSort nil = nil

| mergeSort [e] = [e]
| mergeSort theList =
let

(* From the given list make a pair of lists

* (x,y), where half the elements of the

* original are in x and half are in y. *)
fun halve nil = (nil, nil)
| halve [al] ([al, nil)

| halve (a::b::cs) =

let

val (x, y) = halve cs
in

(a::x, b::y)
end;

(* Merge two sorted lists of integers into
* a single sorted list. *)
fun merge (nil, ys) = ys
| merge (xs, nil) = xs
| merge (x::xs, y::ys) =
if x < y then x :: merge(xs, y::ys)
else y :: merge(x::xs, ys):

val (x, y) = halve thelist
in

merge (mergeSort x, mergeSort y)
end;
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Avake@aAaiwon TnS YAwooag ML

Baowoi tunot tng ML: int, real, bool, char, string

TENEOTEG: ~, +, =, *, div, mod, /, », ::, @, <, >, <=, >=,
=, <>, not, andalso, orelse

Enloyn HETAEU OUO: if ... then .. else

OplopoG ouvapTtNoewy: fun, £n => KAl TIHWV: val, let
Kataokeun NAEGOWV: (x,V, ..., Z)

Kataokeun Alotwv: [x,¥y,.., 2], 5, @

KaTaoKEUAOTEG TUNWV: *, 1list, KAl ->

Taiplaopa npoTunwy

DOwAACPEVEG OUVAPTHOELG
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