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ZuvapTnolakog kai NMpooTakTikog NMpoypappaTionog

* 'Evag tpénog daxwplopou
- O npooTaKTIKAG NPOYPAUHATIOUOG EMKEVTPWVEL OTO NWG Ba
UAOMOLOOULE TA CUCTATIKA TOU NPOYPANHATOG HOG

- O ouvapTnNOLaKOG NPOYPAUHATIONOG ENKEVTPWVEL OTO TL
OUOTATIKG Ba NPENEL va €XEL TO NPOYPARHE pag

*  ZUuvOpPTNOLAKOG NPOYPAUUOTIONOG

- Baoicetal oTo pabnpatiké povrého Tou A-hoyiopou (Church)

- “TNpoypappaTIoUoG Xwpig HETABANTES”

- Eivatané tn @uon tou Kopwog, oUVTOHOG Kal Gagng TPOMNoG
NPOYPOUHATIONOU, OTOV 0Moio ano@eUyovTal TEAEIWG KAnolou
€{doug NPOYPAUUATIOTIKA OPAApaTa

- Oewpeitat ané noAAoUG wg avVWTEPOG TPOMOG NPOYPUUUATIOHOU
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Alagdveia avagopdg (referential transparency)

Mapdadeiypa oe Pascal

* Xe pio yYA\wooa ouvaptnolokoU npoypappaTiopoy,
n anotipnon pag ouvaptnong divel ndvta to ido
AMOTEAEOHA V1A TIG BlEG TYEG TWV NAPAPETPWY TNG

* H onuavtikA autr 1B10TNTa Ogv LIoXUEL KAT' avAyKn OTIG
YAWOOEG NPOCTAKTIKOU NPOYPAUHATIOHOU

* ZTOV NPOCTAKTIKO NPOYPOHHATIONS auTd oupBaivel Aoyw:

- MetaAntwy nou opifovtat kat aAAAGZouV TIHEG EKTOG TOU
OWHOATOG TNG ouvaptnong (global variables)

- E&daptnong and tnv katdotaon (state) Tou unoAoylopou

- AMwv napevepyewwv (side-effects) nou pnopei va undpyouv ato
npoypappa
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program example (output)
var flag: boolean;

function f£(n: int): int

begin
if flag :111:: g : Izl*n; TUTUNGVEL TO NPOY PP,
flag := not flag 1 kat petd 2
end « Mepiepyo doTLN f gival
begin ouvaptnon!
flag := true; ¢ 2TO HOBNUATIKG

writeln(£(1)); Ol OUVAPTAOELG
writeln(£(1)) eLapTwvTal pévo anod
end. Ta opiopaTd Toug
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MeTaBAnTég Kau “peTafAnTég”

H yAwooa ML (Meta Language)

*  ZTnv Kapdld Tou NPoPAAKATOG €ival TO yeyovog OTLNn
peTapAnTh £lag ennpeddel TNV T TG £

* EdkdéTEPQ, N oUPNEPYopd oPeileTaL TNV avabean

flag := not flag

* Ze o YAwooa Xwpig noAAanAEG avaBEaelg PETABANTWV
Oev undipyouv TETOW NpoBAnpatal

+ XTIG OUVOPTNOLAKEG YAWOOEG, Ol HETAPRANTEG €ival
OVOHATO YO GUYKEKPEVEG TIMEG, Sev gival ovopata yia
OGUYKEKPIHEVEG BECEIG HVAING

* Mnopoupe va TG BewpRooupe «OXL NOAU PHETABANTEG»
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* Mwooa guvapTNolakoU NPOYPOUUOTIOUOU HE TUNOUG
* ZXedlaopEVN YIo aAANAENIBPACTIKA XpHon (interactive use)

* Zuvdudlel Ta NOPAKATW OTOLXElD:
- Baolopévn oto A-Aoylopo Kat aTnV anoTipnon EKPPAcEwY
- Zuvaptnoelg uynAng tagng (higher-order functions)
- Autépatn dlaxeiplon PvApNG (He Xprion oUANOYAG oKoundwY)
- Agnpnpévoug tunoug dedopévwy (abstract data types)
- Z0otnpa apBpwudTwy (module system)
- E&aipéoeig (exceptions)
* [eVIKNAG XPAONG KN NPOCTOKTIKA, KN AVTIKEILEVOOTPEPNG
yAwooa
- ZXeTIkEG YAwooeg: OCaml, Haskell, ...
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Mari e§eTaoupe TNV ML;

* TuUnolkat auotnpod cUoTNa TUNWV
- levika B€pata yla oTaTIKG EVavTL SUVAHIKOU EAEYXOU TwV TUNWV
- XZupnepaopdg Tunwy (type inference)
- MoAupoPPIOHOG Kal YEVIKOG NPOYPAUUATIONOG (generic
programming)
* Awxeipion pviApng
- ZToTKn epBENEIT Kat SopA KaTd HNAoK
- Eyypagég evepyonoinong ouvaptrioewv (function activation
records) kat UAonoinan cuvapTAoewv UYnAng Tagng
* 'EAeyxog kat dopEG poAg
- E&apéoeig
- Avadpopr “oupdg” (tail recursion) kat ouvéxeleg (continuations)
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Z0vTopun IoTopia TG YAwoooag ML

* Robin Milner (ACM Turing Award)

» Logic for Computable Functions
- Stanford 1970-1971
- Edinburgh 1972-1995
- Cambridge 1996-2010
* MetayAwooa Tou cuotApatog LCF

- Anddeign BewpnpaTwy
(theorem proving)

- Zootnpa tunwv (type system)

- ZuvapTAoELg UYPNAARG TagNg
(higher-order functions)

* ©a XPNOONOOoUKE TNV UAonoinon sﬁ“ 3
SML/NJ (Standard ML of New Jersey)
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H yAwooa ML péoa amréd mapadeiypara

% sml

Standard ML of New Jersey, v110.XX
- 42;

val it = 42 : int

= 2 < g

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 TUtro1 TnG ML

» Booleans

- true, false : bool

* AKEPOLOL KOl TEAEOTEG TOUG
- 0,1, 2, .. : int
- 4+, -, *, mod, div, ~ (povadiaio peiov)
* ZUPPBONOCELPEG Kal TEAEOTEG TOUG
- "Robin Milner" : string
- A~ (ouvévwon oupBoAOTEIPWV)
* ApiBpoi KivnTAG uNodlaaTOANG Kal TEAEOTEG TOUG
- 1.0, 2.56, 3.14159,..
TR TR R
Ot teheoTés eivar aploTepd TPOGETAPIGTIKOL, pe mpotepardmteg {+,-} < {*,/,div,mod} < {~}.
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H yAwooa ML péoa amréd mapadeiypara

= false : bool

- 1 <> 2 andalso true <> false;
= true : bool

- true = false orelse 1 <= 2;
val it = true : bool

- "Robin" > "Milner";

val it = true : bool
- 2.56 < 3.14;
val it = true : bool
- 2.56 = 3.14;

stdIn: Error: operator and operand don’t agree
operator domain: '’'Z * ’'Z
operand: real * real
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Y1mrep@opTwon TeAeOTWYV (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 1eleoTAG * (Kat GAAOL ONWG O +) eival UNEPPOPTWHEVOL

» 'Exouv Sla@opeTIKA epunveia og {elyn aKePQiwY Kat
SLaPOPETIKA 0€ {eUyn aplOuWV KIVNTAG UNodLO0TOAAG

* H ML dgev kdvel autdpaTN HETATPONH ANG OKEPAIOUG OE
npaypaTikoug apldpoug (6nwg n.x. kaveln C)
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H yAwooa ML péoa amrd mapadeiypara

Currying

- 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

* [poogETe Tov nepiepyo TUNO
int -> int -> int
* A€el OTL N max €ival o ouvapTnan Nou naipvet évav
QAKEPALO KAl ENOTPEPEL LI CUVAPTNON NOU Naipvel Evav
OKEPALO KAl ENOTPEPEL EVAV AKEPALO
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* Ol ouvapTAoELG gival avTiKeipeva
npwtng TAgNG Ta onoia Prnopoue va
Ta JSLOXEPLOTOUHE ONWG OAa TA GAAQ
QaVTIKEipeva (n.X. TOUG akepaioug)

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

MoAupop@ioudg

* Av BéAoupe, UNOPOULE Va XPNOLONOICoULE NAEIAdEG
(tuples) wg opiopata f ANOTEAECUATA OUVAPTHOEWY

- 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 (x,y) = (y,x);

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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* H ouvdaptnon reverse €xel £vav evdlagEpovTa TUNo

- fun reverse (x,y) = (y,x);

val reverse = fn : 'a * 'b -> 'b * ’a

* Autd onpaivel 6TL LNOPOULE VO AVTIOTPEWOULE MO
Sudda 6nou To NPWTOo BpPLOKa eival onoloudAnoTe TUNou
KoL To deUTEPO GpLopa €niong ival 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

TeAeoTAG UYwong o€ duvaun

* Enedn dev undpxouv LETABANTEG e TNV NOPADOCIAKA
€vvola, Ta NPOYPAUHATA XPNOLLONOooUV avadpopn yia va
ekppdoouv enavainyn

- fun sum n =
= if n = 0 then 0 else sum (n-1) + n;
val sum = fn : int -> int

- sum 2; AvaSpopi

val it = 3 : int - Enc 5ev untpyouy pETGBNTIES e T napaboctant
——) Eron e o v o
val it = 6 : int 5 {2 0 G i () © 2%

= sum 4; e

val it = 10 : int
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* Mnopoupe eniong va opicoupe
VEOUG aplOUNTIKOUG TEAEDTEG
WG OUVOPTACELG

- fun x *y =

= if y =0 then 1

= else x * (x ~ (y-1));

val # = fn : int * int -> int

-2 A .

val it 4 : int
= 2 2 8
val it = 8 : int
-2 ~ 4;

val it = 16 : int
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Etravaxpnoipotroinon amoTeAEopATWY

H ékppaon let

* Av dev €xoupe METABANTEG, EIHACTE AVAYKATUEVOL VA
enavaAdpoupe eKPPAcELG (Kat unoAoylopoug)
fun £ x =
[g(square (max (x,4)))] +
(if x <1 then 1
else[g(square (max(x,4)))) ;

* M p€Bodog yia va ypdyoupe No eUKOAa Tnv napandvw
guvapTtnon eival pe xpAon Hag BondnTikng ouvaptnong

fun fl(a,b) =[b]+ (if a < 1 then 1 else |b)
fun £ x = fl(x, g(square(max(x,4)));
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» 'Evag nio eUKOAOG TPOMNOG €ival 0 0pIOUOG EVOG TOMIKOU
OVOMATOG VIO TNV ENAVAXPNOONOIOUUEVN EKPPACN

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 avaBeon

I
[
o
t

val it = (4,2) : int * int
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20vOeTol TUTTOI SedOopéVwY oTRV ML

* Mpoypaupata nou enegepydlovral povo Babuwtd
dedopéva (scalars - xwpig dopr) dev ivat NoAU XpACIHa

* OL0oUvVapTNOOKEG YAWOOEG NPOYPAUHATIONOU gival 6,TL
npénet ya tnv enggepyaoia oUvOeTWY TUNWY OESOUEVWV

» 'Exoupe dn et NAeddeg, nou eival alvBeToL TUNOL
SedopEVWV YIa TNV avanapdoTacn eVOG OPLOUEVOU
apLOpoU aVTIKEILEVWY (MBAVWG JLIOQOPETIKWY TUNWV)

* H ML €xel eniong AioTeg, nou eivat oglpég onoloudnnoTe
aplBpoU avTIKEPEVWY Tou {dlou uwg TUnou
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Nioteg

* OunAelddeg nepikAeiovtal and napevoOEoelg,
oL Aioteg and aykUAeG

- (1,2);

val it = (1,2) : int * int

- [1,2];

val it = [1,2] : int list
* O TeNeOTNG @ OuveVWVEL BUO NOTEG

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

* Mnopoupe va NpooBECOUE OTOIXEID OTNV ApPXA KOG
ANoTag pe Tov TEAEDTN : : (MPOYEPETAL CONS)
=i 35 2 83 3 33 [[Is
val it = [1,2,3] : int list
-0 :: it;
val it = [0,1,2,3] : int list
* H ouvévwon dUo AloTwyv dev gival To idlo pe Tn xpnon : :
- [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 :: 2 :: nil) :: 3 :: 4 :: nil
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AMAeg ouvapTAOEIG YIO AiOTEG

OpIou6g CUVOPTAOEWYV Yia AioTEG

- null []; - fun addto (1,v) =
val it = true : bool = if null 1 then nil
- null [1,2]; = else hd 1 + v :: addto (tl 1,v);
val it = false : bool val addto = fn : int list * int -> int list
-val 1 = [1,2,3,4]; =
val 1 = [1,2,3,4] : int list -
- hd 1; - addto ([1,2,3],2);
val it = 1 : int val it = [3,4,5] : int list
= t1 1; - addto ([1,2,3],~2);
val it = [2,3,4] : int list val it = [~1,0,1] : int list
- length 1;
val it = 4 : int
- nil;
val it = [] : ’'a list
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OpIoNOG CUVOPTHOEWYV YIO AioTEG

Avwvupeg ouvapTtioelg (A-ek@pdaoeig)

- 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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- map (fn x => x + 2, [10,11,12]);

val it = [12,13,14] : int list

* To NpwTO GPIOUA TNG NAPANAVW CUVAPTNONG AEyeTal
AGpBda Ek@paon: eival P ocuvapTnon Xwpig évoua

* O teAedTAG fun €ival .l00dUVAROG
He pia Adppda ékppaon

- val add2 = fn x => x + 2;

val add2 = fn : int -> int

- add2 10;
val it = 12 : int
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Avadpopikég Aduda ekppAoElg

Taiplaoua mpoTUTTWY (pattern matching)

* TMwg KahoUpE avadpopKa KATL TO onoio dev €xeL GVouaQ;

» Tou divoupe €val!

let

val rec f =

fn x => if null x then nil
else (hd x + 3) :: £ (tl1 x)

in

£
end
[1,2,3,4];
val it = [4,5,6,7] : int list
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* ZTa HABNUOTIKA, Ol CUVAPTAOELG MOAAEG POPEG opifovTal
HE BLOPOPETIKEG EKPPATELG BATEL KANOLWY TUVBNKWY
X &v x>0
f() = {—X eav x<0
* OiLouvaptioelg TG ML d€ dlo@Epouv Kat ENTPENOUV TOV
OPLOPO KATA MEPUITWOELG Kal TNV ano@uyn Tng XpAong if

fun map (£,[]) = []
| map (£,1) = £ (hd 1) :: map (f,tl1 1);

* 'Opwg, 0 OPLOPOG avda NEPNTWOELS Eival EUaioONTOG WG
npogG Tn O€Ipd EPPAVIONG TWV CUVOPTNOLOKWY NPOTACEWY
fun map (£,1) = £ (hd 1) :: map (f,tl 1) \

| map (£,[]) = [1;
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KaAUTepog OpICHOG HECTW TAIPIACUATOG TTPOTUTTWYV

* Tonpotuno _ Taptddel He OAA TA QVTIKEPEVT

* Tonpotuno h :: t Taplddel pe pia AioTa Kat dEvVeL
- TN peTaBANTA h pe TNV Ke@aAr Tng AioTag Kat
- 1N peTafAnTA t pe v oupd NG Aiotag

fun map (_, [1) = []
| map (£, h::t) = £ h :: map (£, t);
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Xpon oTafepwv wg TPOTUTTA

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

val is_zero = fn : int -> string
- is_zero 0;
val it = "yes" : string

» Kdabe otabepd evog TUNoU nou unootnpilel lodtnTa
unopei va xpnowlononBei wg npéTuno

* AM\G dev pnopoUpe va ypayoupe

fun is_zero 0.0 = "yes";
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Mn €€avTAnTIKS TaipIGOHA TTPOTUTTWYV

* XT0 nponyoupevo napddetypa, o TONog Tng is_zero
ATav int -> string, aAAd Tautdxpova unApe n
npoewdonoinon “Warning: match nonexhaustive”

* Autd onpaivel 6TL N GUVAPTNON OPIOTNKE PE NPOTUNA
nou dev eEdvtAnoav To Nedio oplopoU TNG CUVAPTNONG

» Katd ouvénela, ivat dSuvato va undpxouv npoBAnpata
Xpbévou ekTéNEONG, ONWG:

- is_zero 42;
uncaught exception Match: [nonexhaustive
match failure]

raised at
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Kavéveg Taipidoparog mpoTuTTwy oTnv ML

» To npoTtuno _ TaIpladet PE OTIBANOTE

* M petapAnTh givat €va npdTUNO Nou TAPLAgeL pe
onoladnnNoTe TIUA Kat SEVEL TN LETABANTH HE TNV TIUA

* M otaBepd (evog TUNoU 106TNTAG) £ival €va NpdTUNO Nou
Taplddel pOVO HE TN OUYKEKPLUEVN OTOBEPA

* M nAewdda (x,y, .., z) €ival €va NPOTUNO Nou TALPLAJEL Le
k&Be nAeldda Tou idlou pey£Boug, TNG onoiag Ta NEPLEXOHEVA
Taplddouv pe TN O€lpd TOUG PE TA X, Y, ..., Z

* Mo Aiota [x,y, .., z]elval éva npdTuno nou Talplddet pe kGBe
AioTa Tou idlou pARKoug, TNG onoiag Ta oTolkeia Taplddouv e
TN OEWPA TOUG PE TO X, Y, ..., Z

* 'Evaconsh: : t givat éva npéTuno nou tatptadel e KAOe un
kevr NioTa, TNg onoiag n ke@aAr Talplddet pe To h Kat n oupd
HETO t
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Mapdadeiypa XpRAong TaIPIGOHATOG TTPOTUTTWYV

* [MapayovTiké pe xprion if-then-else

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

* [MapayovTiké pe Xprion TapopaTog NPoTunwy
fun fact 0 = 1

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

* MapatnpnoTe 6TL uNdpxel enikaAuyn ota npdtuna
* H ektéheon dokddel npdtuna Ye Tn oepd Nou autd
epgavidovrtal (and ndvw NPog Ta KATw)
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AAAa TTapadeiypata

* H nopakdtw dopn ivat oAU cuvnBlopévn oe
aVadPOUIKEG OUVAPTHOELG Nou enegepyddovTal NoTeG:
Hia nepinTwon ya tTnv Kevi AMiota (nil) kot (TOUAAXIOTOV)
pia nepintwon ya 6Tav n Aiota dev gival kevi (h: : t).

* ABpolopa OAwv Twv OTOoLKEIWV HIag AioTag

fun sum nil = 0
| sum (h::t) = h + sum t;
* AplBuoG Twv oToeiwv pag Aiotag pe kanota oTtnTa

fun ctrue nil = 0
| ctrue (true::t) = 1 + ctrue t
| ctrue (false::t) = ctrue t;
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"Evag TepIopIoPOG: YPAUMIKA TTPOTUTTA

* Agv entTpEneTal n XpRon tng idlag petaBAnTig
nepLoodTEPEG aNd pia Yopég ato idlo NpéTUNO

* [N napddetypa, To NOPOKATW OV ENTPENETAL:
fun £ (a,a) = .. for pairs of equal elements
| £ (a,b) = .. for pairs of unequal elements
* Avti autou npénet va xpnaolonoinbei To napakaTw:

fun £ (a,b) =
if a = b then .. for pairs of equal elements
else .. for pairs of unequal elements
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Zuvduaouog TpoTUTTWYV Kai let

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;

* Me tn Xpron npotUunwv oToug OPIOHOUG VoG let,
pnopoupe va “anocuvBéooupe” eUKOAD €va anoTEAETUA

* H napandvw ouvaptnon naipvel wg 6plopa pia Aiota Kat
ENOTPEPEL Eva (eUyog anod AioTeg, n KABe pia and TIg
onoieg £xel Ta YOG oTolxEla TNG apXIKAG AloTag

Elcaywyn otn yAwooa ML 38

XpAon Tng ouvdpTnong halve

- fun halve nil = (nil, nil)

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

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

= let

= val (x, y) = halve cs

= in

= (a::x, b::y)

= 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],[2,4,6]) : int list * int list
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‘Eva peyaAuTtepo rapddeiypa: Merge Sort

* Houvaptnon halve dlavEpEL T OTOIKEID pIag AioTag o€
dUo nepinou ioa koppdTia

» Eival o npwto Bra yia Taglvopnon ouyxwveuong

* H ouvdaptnon merge ouyxwvelel dU0 TOEIVOUNUEVEG NIOTEG

- 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 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],[2,3,5,6,10]);

val it = [1,2,3,3,4,5,6,7,8,10] int list
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H ocuvdptnon Merge Sort

fun mergeSort nil = nil

| mergeSort [a] = [a]
| mergeSort thelist =
let
val (x, y) = halve thelist
in
merge (mergeSort x, mergeSort y)
end;

O TUnog Tng napandvw cuvapTnong eivat
int list -> int list
AGyw Tou TUMOU TNG OUVAPTNONG merge
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Mapddeiypa xpRong Tng Merge Sort

- fun mergeSort nil = nil

= | mergeSort [a] = [a]

= | mergeSort thelist =

= let

= val (x, y) = halve thelist

= in

= merge (mergeSort x, mergeSort y)
= 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];

val it = [1,2,3,3,4,5,6] int list
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PwAlacpévol opIoHoi CUVAPTACEWV

* Mnopoupe va opiocoupEe TONIKEG CUVAPTATELG, AKPLBWG
6nwg opifoupe TONKEG HETABANTEG, LE Xpnon let

* ZuvhBwg auTo yiveTatl yia BondNTIKEG OCUVOPTATELG NOU
d¢e BewpouvTal Xpropeg and POVEG TOUG

* Me auTév Tov TPONo UnopoUpE va KPUWOUHE TIG
OUVOPTAOELG halve Kalmerge an6 TO UNGAOLNO
nEOYpappa

* AUTO €XEL KOL TO NAEOVEKTNHA OTL Ol EOWTEPIKEG
OUVOPTACELG UNOPOUV Va ava@EPOVTalL O LETABANTEG
TWV EEWTEPIKWY OUVAPTHTEWYV
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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 [a] = ([a], 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; a4

Avake@aAaiwon Tng yAwooag ML

* Baowoi tonot Tng ML: int, real, bool, char, string

* TeAeOTEQ: ~, +, -, *,div, mod, /, *, ::, @, <, >, <=, >=,
=, <>, not, andalso, orelse

+ Enoyr petagl d0o: if .. then .. else

* Oplopog ouvopToswy: fun, £n => Kal TIHWV: val, let
» Katookeun nAeld@dwv: (x,y, .., 2z)

» Kataokeun AOoTWV: [x,y,..,2], 5, @

* KoTtaookeuaoTég TUNwV: *, 1ist, Kat ->

* Taiplaopa npotunwv

* OWAOOPEVEG CUVAPTAOELG
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