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KwotAg Zaywvag <kostis@cs.ntua.gr>

ZuvapTnolakog kai NMpooTakTikog NMpoypappaTionog

» 'Evag tpénog daxwplopou
- O NpooTOKTIKOG NPOYPAUHATIOHOG EMKEVTPWVEL OTO NWG
- O ouvapTNOLaKOG NPOYPAUUATIONOG ENKEVTPWVEL OTO TL

*  ZUVOPTNOLAKOG NPOYPOUHUOTIONOG

- Baoigetal oTo pabnpatiké povtého Tou A-hoyiopou (Church)

- “TpoypappaTIONOG XWwPig HETABANTES”

- Eivatané tn @uon tou Kopwodg, oUVTOHOG Kal Gaghg TPONoG
NPOYPAUHATIONOU, 0TOV onoio ano@elyovTal TEAEIWG Kanolou
€{0oUG NPOYPAUHATIOTIKG CPAApATA

- Oewpeitat anoé noAAoUg wg avWTEPOG TPOMOG NPOYPAUUATIOHOU
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Alagaveia Avagopdg (Referential Transparency)

MNapdadeiypa o€ Pascal

* Ze pio yYAwooa ouvaptnolokoU NpoypopUaTIoHOU,
n anoTignon pag cuvaptnong divet navra to idlo
anoTEAEOHA YA TIG BIEG TIHEG TWV NAPAUETPWV TNG

* H onuavtikh auth BTNt dev IOXUEL KAT' aQvAYKN OTIG
YAWOOEG NPOCTAKTIKOU MNPOYPAUHATIONOU

* XZTOV NPOCTAKTIKO NPOYPAUUATIONS auTO Oev LloXUEL AOyw:

- MetaBAntwy nou opidovtal kat aAAGZouV TIHEG EKTOG TOU
OWHOTOG TNG auvdptnong (global variables)

- E&aptnong and tnv katdotaon (state) Tou unoAoylopol

- AMuwv napevepyelwv (side-effects) nou pnopei va undpyouv ato
npoypapua
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program example(output)
var flag:boolean;

function f(n:int): int &= .
begin TiTUNWVEL TO NPSYPAUHT;
if flag then £ := n .
else f = 2*n; S'Km US'TGA'
flag := not flag « [epiepyo doTL
end NEPUEVOUHE OTL
begin f(1)+ f(2) = f(2)+ (1)
flag := true; ¢ 2TO HAONUATIKG
writeIn(F(1)+F(2)); Ol CUVAPTAOELG
writeIn(f(2)+f(1)); egapTwvTal pévo anod
end Ta OpioHaTA TOUG
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MeTafAnTég Kau “peTaBANTEG”

H yAwooa ML (Meta Language)

* ZTnv Kapdld Tou NPoPAAKATOG €ival TO YEYOVOG OTL N
petapAnTr Flag ennpeddet Tnv T tng

* EdkéTEPQ, N oUPNEPLPOPE OYEIAETAL TNV avaBeon

flag := not flag

* Xe o YAwooa Xwpig NoANanAEG avaBEoelg LETABANTWY
Oev undpyouv TETOL NPOoBAAMaATa

* XZTIG OUVAPTNOLOKEG YAWOOEG, Ol HETABANTEG elval
OVOHATA VIO GUYKEKPIHEVES TIHEG, BeV gival ovopata yia
CUYKEKPLUEVEG BECEIG UVIAHNG

* Mnopoupe va TIg BewpAaoupe “OxL NOAU HETABANTES”
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* Mwooa guvapTnolakoU NPOYPOUHUOTIOHOU e TUNoUG
* Xxedloopévn yia aAnAendpacTikA Xpron (interactive use)

* Zuvdudlel Ta NaPAKATW oTolXEia:
- Baaglopévn oto A-Aoylopd Kal 0TNV anoTiunon EKePAcewy
- Zuvaptioelg uynAng Tagng (higher-order functions)
- Autépatn dlaxeipion pvApENG (He Xprion cuAAoynG okouniduwy)
- Agnpnpévoug tunoug dedopévwy (abstract data types)
- Z0otnpa apBpwudTwy (module system)
- E&aipéoeig (exceptions)
» T[evIKAG XPONG KN NPOCTAKTIKA, N QVTIKEWWEVOOTPEPNG
yAwooa
- XZXeTIKEG YAwooeg: O’Caml, Haskell, ...
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Mari e§eTdfoupe Tnv ML;

* Tunol kat auotnpd cloTnua TUNnwv
- levika Bépata yia oTaTiKO EVavTt SUVOHIKOU EAEYXOU TwV TUNWV
- Zupnepaopdg Tunwy (type inference)
- MoAupOPPIOpOG Kal YEVIKOG NPOYPAUUATIONAG (generic
programming)
* Awxeipion pviApng
- ZToTiKr ePBENEI Kat Sopn KaTd PnAoK
- Eyypogég evepyonoinong ouvaptrioewv (function activation
records) kat uAonoinon cuvapTAoewv uYnAng Tagng
» 'EAeyxog kat dopég pong
- E&apéoelg
- Avadpopr “oupdg” (tail recursion) kat ouvéxeleg (continuations)
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ZUvTopun 1oTopia TG YAwooag ML

* Robin Milner (ACM Turing Award)
* Logic for Computable Functions
- Stanford 1970-71
- Edinburgh 1972-1995
- Cambridge 1996-
* MetayAwooa Tou cuotApatog LCF

- Anédeign Bewpnpatwy
(theorem proving)

- ZUotnpa tunwv (type system)

- ZuvapTAoElg UYPNAAG TagNg
(higher-order functions)

* ©Oa XpPNOONOooUKE TNV uAonoinan ﬁEﬂjﬁ
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 + 3;

val it =5 : int

- fun square x = x * Xx;

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

val it = 25 : iInt

- square;

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

» Booleans
- true, false : bool

*  AKEPaLOL Kal TEAEOTEG TOUG
- 0,1, 2, . :int
- +, -, *, mod, div, ~ (povaduwio peiov)
* ZUMPBOAOCELPEG KAl TEAEOTEG TOUG
- "Robin Milner"™ : string
- ™ (ouvévwon oupBoAOTEIPWV)
* AplBpoi KivnTAG UNodla0TOAAG Kal TEAEOTEG TOUG
- 1.0, 2.2, 3.14159, ..
-, =, K/, -
O1 1eheoTéG EIVOL UPLOTEPG TPOGETAIPIGTIKOL, pE TpoTEpaIOTTEG {+,-} < {*./,div,mod} < {~}.
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H yAwooa ML péoa amréd mapadeiypara

-1=2;

val it = false : bool

- 1 <> 2 andalso true <> false;
val it = 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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Ymep@opTwon TeAecTWV (operator overloading)

-2*3

val it = 6 : int

- 2.0 * 3.0;

val it = 6.0 : real
- 2.0 * 42;

stdln: Error: operator and operand don’t agree
operator domain: real * real
operand: real * int
in expression: 2.0 * 42

* O teleoTAG * (Kal GAAOL ONwG o +) gival UNEPPOPTWHEVOL

» 'Exouv Sla@opeTIkA eppnveia o {eUyn akepaiwv Kat
Ola@OPETIKN o€ {eUyn APLOUWY KIVNTAG UNOJIAOTOAAG

* H ML dgev kdvel autdUATN YETATPONA ANO AKEPAIOUG OE
npaypaTtikoug apldpoug (dnwg n.x. kaveln C)
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H yAwooa ML péoa amréd mapadeiypara

Currying

- fun max a b =

= if a>b then a else b;

val max = fn : Int -> int -> int
- max 10 5;

val it = 10 : int

- max 10 42;

val it = 42 : int

* [poogETe Tov Nepiepyo TUNO
int -> int -> int
* A€l OTL N max eival pa ouvapTnan nou naipvet Evav
AKEPALO Kal ENOTPEPEL I OCUVAPTNON Nou naipvel Evav
OKEPALO KAl ENOTPEPEL EVAV OKEPALO
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* Ol ouvapTAoELG gival avTIKEipeva
npwtng TAgNG Ta onoia HNopoule va
Ta SlaxePLoTOUHE ONwG OAa Ta GAAa
QVTIKEIYEVa (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_Ffive 10;

val it = 10 : int

Eloaywyn otn yAwooa ML

Currying vs. Tuples

MoAupop@iouodg

* Av B€houpe, UNOpPoUE VA XPNOLUOMNOLOOUHE NAEIGDEG
(tuples) wg opiopata r) ANOTEAETUATA CUVAPTAOEWY

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

- max (10,5);

val it = 10 : int

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

val reverse = fn : a * ’b -> ’b * ’a

- reverse (10,5);

val it = (5,10) : int * int

- max (reverse (10,5));

val it = 10 : int
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* Houvdaptnon reverse éxel évav evolapépovta TUNO

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

val reverse = fn : a * b -> b * ’a

* Autd onpaivel 6TL HNOPOUE VO AVTIOTPEYOULE JIa
dudda énou To NPWTO GpLopa eival onoloudAnoTe TUNou
KAl To deUTEPO Oplopa eniong eivat onoloudAnoTe TUNOU

- reverse (10,3.14);

val it = (3.14,10) : real * int

- reverse (“foo",(1,2));

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

TeAeoTAG UYwong o€ dUvapun

» Enedn dev undpyxouv PETABANTEG HE TNV NAPASOCLOKN
€vvola, Ta NPOYPAHHATA XPNOOonooUv avadpopn yia va
ek@pdoouv enavainyn

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

- sum 2; Avadpopi}

val it = 3 :© int et v uncoroun e e napoBooah
- sum 3; : ; vere
val it = 6 : int

- sum 4;

val it = 10 : int
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* Mnopoupe eniong va opicoupe
VEOUG aplOUNTIKOUG TENEDTEG
WG OUVAPTACELG

- fun x My =

= ify=0then 1

= else x * (x ™ (y-1));

val ~ = fn - int * int -> iInt
-2 "N 2;

val it = 4 : int

-2 N 3;

val it = 8 : int

- 2N 4;

val it = 16 - int
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Etravaxpnoipotroinon amoTeAeouaTWY

» Enedn dev €xoupe PETABANTEG, EIHACTE AVAYKATUEVOL
va eNavaAGBoupe EKPPACELS (KOl UNOAOYIOHOUG)

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 n xpron pag BondnTikng 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

* 'Evag nio eUKOAOG TPOMNOG €ival 0 0plopog evog Tonkou
OVOHATOG YO TNV ENAVAXPNCILONOOUUEVN €KPPACN

fun f 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

Z0vOeTol TUTTOI Sedopévwy oTnv ML

* Mpoypappata nou enegepydlovtal pévo BabpwTtd

- let

= val a = 5 dedopéva (scalars - xwpig dopr) dev ivat NoAd XpAoIpa

f in(let * OL0oUvVapTNOOKEG YAWOOEG NPOYPAUKATIONOU ival &TL

= val a =a + 2 npénet ya tnv ensgepyaaia ouvOeTWV TUNWY dEBOUEVWV

= in » 'Exoupe 1dn det nAelddeg, nou eival glvBeTOL TUNOL

= a . . . .

- end 0edopEVWY YA TNV avanapdoTaacn VoG OPLOPEVOU

= a) APBHOU AVTIKEHEVWY (MIBAVWG SLOPOPETIKWY TUNWV)

= G * H ML €xel eniong AioTeg, nou eival oglpEG onoloudnnoTe

val it = (7,5) : int * int X NG AlOTEG, PEG n
aplBpoU avTiKepévwy Tou idlou dpwg TUnou
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AioTeg Cons

* OunAelddeg nepikAeiovtal and napevoEoelg,
oL AioTeg and ayKUAeg
- (1,2);
val it = (1,2) : int * int
- [1.2];
val it = [1,2] : int list
* O teNedTAG @ ouvevwvel OUO AioTeg

- [1.2] @ [3.4]1;
val it = [1,2,3,4] : int list
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* Mnopoupe va NpooBEcoupe OTolXEld OTNV OpXA HLOG
ANoTag pe Tov TEAEDTN : 1 (NPOYEPETAL CONs)
-1::2::3 ::[1;
val it = [1,2,3] : int list
-0 :: it;

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

* H ouvévwon dUo AloTtwyv dev ival To idlo pe tn xpnon : :
-[1,2] :: [3,4]1;
stdIn: Error: operator and operand don’t agree
operator domain: int list * int list list
operand: int list * int list
in expression:
@ :: 2 :znil) :: 3 22 4 :: nil
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AAAeg ouvapTAOEIG YIa AioTEG

Opiou6g ocuVapPTAOEWYV Yia AioTEG

- null [];

val it = true : bool

- null [1,2];

val it = false : bool

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

val I = [1,2,3,4] : int list
- hd 1;

val it =1 : int

- tl 1;

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

val it = 4 : int
- nil;
val it = [] : ’a list
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- fun addto (I,v) =

= if null 1 then nil

= else hd I + v :: addto (tl I,v);

val addto = fn : int list * int -> int list
- addto ([1,2,3].2);

val it = [3,4,5] : int list

- addto ([1,2,3].~2);

val it = [~1,0,1] : int list
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OpIou6G CUVAPTAOEWYV Yia AioTeg

Avwvupeg ouvapTioelg (A-eKQPAoEig)

- fun map (F, 1) =

= if null 1 then nil

= else f (hd I) :: map (F, tl 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

Ewoaywyri otn yAdooa ML 27

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

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

* To npwTo O6PLOUa TNG NAPANAVW CUVAPTNONG AEyETaL
AGuda EKppaot: ivatl pa ouvapTnon Xwpig 6vopa

* O teleoTtig Fun gival .loodUvapog
He pia Adpda Ekppacn

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

val add2 = fn : int -> int

- add2 10;

val it = 12 : int
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Avadpopikég Adpda eKQpAoelg

Taipiaoua TpoTUTTWY (pattern matching)

* Mwg KahoUpe avadpopikd KATL TO onoio dev £xelL GVOuQ;

» Tou divoupe éval

- let

= val rec f =

= fn x => if null x then nil;

= else (hd x + 3) : ¥ (tl x)
= in

= f

= end

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

val it = [4,5,6,7] : int list
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* OL0ouvapTAOELG NOANEG QOPEG OpifovTal HE DIOPOPETIKEG

eK@paoelg BAon Kanowv cuvenkwy
x edv x>0
) = {—x eav x <0

» Oiouvaptioelg TG ML d¢ dla@Epouv Kal ENTPENOUV TOV
oplopd KaTd NEPINTWOELG Kal TNV ano@uyn tTng xpARong if
fun map (F.[DD = [1

| map (F,1) = F (hd 1) :: map (F,tl I);

* 'Opwg, 0 OPLOPAG ava NEPINTWOELG gival euaiobnNTog WG
npogG Tn O€Ipd EPPAVIONG TWV CUVAPTNOLOKWY NPOTACEWY
fun map (F,1) = £ (hd 1) :: map (F,tl I)

| map (F,[D = 0O:
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KaAUTepog opIouOG HECTW TAIPIAGHATOG TTPOTUTTWV

* Tonpotuno _ Taplddel e OAA Ta AVTIKEIPEVA

* Tonpotuno h :: t Taplddel pe pia AioTta Kot SEVEL
- n petaBAntA h pe Ty ke@adr g Niotag kat
- 1 petaBAnTA € pe TNV oupd TG Aiotag

fun map ., [D =0
| map (F, h::t) = f h :: map (F, t);
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Xpnon otafepwv wg TPOTUTTA

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

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

» Kdbe otabepd evog TUNou nou unootnpidel lodTNTA
unopei va xpnotgononBei wg npdtuno

* AM\G dev pnopoUpe va ypdyoupe

fun is_zero 0.0 = "yes";
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Mn €€avTANTIKO TaipIOCOHA TTPOTUTTWV

* ZT0 Nponyouuevo Napadelyua, o TUnog Tng is_zero
ATav int -> string, aA\d Tautdxpova unipEe n
npoewdonoinon “Warning: match nonexhaustive”

* Autd onpaivel 6TL N ouvAPTNON OPIOTNKE HE NPOTUNA
nou dev egavTAnaav 1o nNedio oplopoU TNG oUVAPTNONG

» Katd ouveénela, givat duvaté va undpxouv npoBARuaTa
XPoOvou eKTENEONG, ONWG:

- fun is_zero 42 = "yes";
uncaught exception Match: [nonexhaustive
match failure]

Kavoéveg Taipidoparog wpoTimwy otnv ML

+ To npoétuno _ tapladel pe oTdANoTe

* M petaBAnTi givat €va npdTUNo Nou Talpladel pe
onoladnnoTe TIUA Kat SEVEL TNV LETABANTH HE TNV TIA

* M otaBepd (evog TUnou 106TNTAG) £ival £va NpdTUNO Nou
Talplddel HOVO HE TN OUYKEKPIEVN OTABEPG

* M miewdda (x,Y,..,z)eival €va npATUNO Nou Tapladel pe
k&Be nAewdda Tou idlou pey£Boug, TNG onoiag Ta NEPLEXOHEV
Taplddouv pe TN OElpd TOUG PE TA X, Y, .., Z

* Mo Aiota [X,Y, .., z]eival éva npdtuno nou Talplddet pe kabe
AioTa Tou idlou pARKoug, TNG onoiag Ta oTolkeia Taplddouv pe
TN OEPA TOUG HE TA X, Y 5., Z

» 'Evacons h: :t givat éva npéTuno nou taptadel pe KOs pn
kevr ANioTa, TNG onoiag n ke@aAr Tapldet pe to h kat n oupd

raised at ... peTot
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Mapdadeiypa XpAong TaipIdoHATOS TTPOTUTTWV AAAa TTapadeiypara

» MapayovTiké pe xprnon iF-then-else

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

* MapayovTikd pe Xpron TapLaopaTog NPoTunwy

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

* Mapatnpnote 6Tl undpxel eNkAAUYn ota npéTUNa
* H ektéAleon dokdadel npdTUNA PE TN OELPd NoU auTtd
epgpavidovTal

Ewoaywyr) otn yAdooa ML 35

H napakdtw dopr givat noAU cuvnBlopévn o€ avadpPOUIKEG
OuVapTAOELG Nou enegepyddovTal AioTeG: Hia nepinTwon
yla tTnv kevA Aiota (ni 1) kat pia nepintwon ya 6tav n
Aiota dev givatkevn (h: - t).

* ABpolopa 6Awv Twv aTolxeiwy piag Aiotag

fun sum nil = 0
| sum (h::t) = h + sum t;
* AplBuog Twy oTolxeiwv pag Aiotag pe kanota 1o TNTA

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

* Agv eniTpEneTal n XpAon tng idlag LeTaBANTAG
neploodTeEPEG and pia YopEg ato idlo npdTuno

* Mo napddelypa, To NOPOKATW JEV ENTPENETAL

fun F (a,a) = .. for pairs of equal elements

| T (a,b) = .. forpairs of unequal elements
» Avti auToU npénet va xpnotgonotnBei To NapakaTw:

fun ¥ (a,b) =
1T (a=b) then .. for pairs of equal elements
else .. forpairs of unequal elements
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Zuvduaouog TpoTUTrWYV 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 Xprion npotUnwyv 0Toug OPLOHOUG evog et
pnopoupe va “anocuvBéogoupe” eUKOAD €va anoTEAETUA

* H nopandvw ouvaptnon naipvel wg Oplopa pia Aiota Kat
ENOTPEPEL Eva {eUyog and AoTeg, n k&Be pia anod Tig
onoieg €xel Ta YOG aToIXElD TNG APXIKAG AioTag
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XpAon Tng ouvdpTtnong 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].[D) : 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 peyaAuTepo rapddeiypa: Merge Sort

* Houvaptnon halve daveipel Ta oTolkeia pog Aiotag oe
dUo nepinou ioa kKoppdTtia

» Eival o npwto Brpa yia Tagvopnon ouyxwveuong

* H ouvdaptnon merge ouyxwvelel dUo TagIvounUEVEG NOTEG

- 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 (Xx::xs, ys);
val merge = fn : int list * int list -> int list
- merge ([2].[1,3D);
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 ouvdptnon Merge Sort

fun mergeSort nil nil
] mergeSort [a] [al
| mergeSort theList =

let

val (x, y) = halve thelList
in

merge (mergeSort x, mergeSort y)
end;

O TU0nog Tng napandvw cuvaptnong sivat
int list -> int list

Aéyw Tou TUNou TNG ouvapTNONG merge
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Napdadeiypa xpong tng Merge Sort

- fun mergeSort nil = nil
| mergeSort [a] = [a]

| mergeSort thelList =

= let

= val (x, y) = halve thelList

= 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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PwAlacuévol opIoHoi CUVAPTACEWV

MnopoUpe va opicoupe TOMIKEG GUVAPTAOELS, AKPLBWG
6nwg opifoupe ToNIKEG HETABANTEG, He xpron let
ZuvnBwg auTd yiveTal yia BonbnTIKEG CUVOPTATELG NOU
dev BewpouvTal XPrOEG and HOVEG TOUG

Me autdv Tov TPOMO HNopoUpEe va KPUWOULE TIG
ouvaptioelg halve katmerge and To unéAowno
nEOYPappa

AUTO €XEL KAl TO NAEOVEKTNHA OTL Ol ECWTEPIKEG
OUVOPTACELG HNOPOUV VA aVOQEPOVTAL O LETABANTEG
TWV EEWTEPIKWY OUVAPTHOEWV
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(* Sort a list of integers. *)
fun mergeSort nil = nil

mergeSort [e] = [e]
mergeSort thelList =
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)
I halve [a] = ([a]. nil)
] halve (a::b::cs) =
let
val (x, y) = halve cs
in
(@::x, bizy)
end;
(* Merge two sorted lists of integers into
* a single sorted list. *)
fun merge (nil, ys) = ys
1 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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Avakepalaiwon Tng yAwooag ML

Baowoi tunot tng ML: int, real, bool, char, string
Teheoteqg: ~, +, -, *, div, mod, /, ", =2, @, <, >, <=, >=,
=, <>, not, andalso, orelse

Enoyn petagl dvo: if .. then .. else

Oplopédg ouvaptioewyv: fun, fn => kot tipwv: val, let
Kataokeun nAeddwv: (X,Y,..,2)

Kataokeun Aotwv: [X,Y,..,Z], =, @

KataokeuaoTtég TOnwy: *, ist, kat ->

Taiplaopa npotunwv

OWAOOPEVEG OUVAPTAOELG
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