Ewoaywyn otn MNwooa ML

Juan Miré

KwoTtng Zaywvag <kostis@cs.ntua.gr>
Nikog MNatraotrupou <nickie@softlab.ntua.gr>

2uvapTnolakog Kal NMpooTakTIKOG MpoypaUaATIONOG

* 'Evag tpdénog diaxwplopou
- O NpoOTAKTIKOG NPOYPAUUATIONOG ENKEVTPWVEL OTO NWG Ba
UAOMOL)COULE TA CUCTATIKA TOU NPOYPAUUATOC HOG

- O ouvapTnOKOG NPOYPAUHOTIONOG ENKEVTPWVEL OTO Tl
OUOTATIKA Ba NPENEL va €XEL TO NPOYPAUUA HaG

* 2UVAPTNOLOKOG NPOYPAUHUATIONOG

- Baoiletal 0To pabnuatiké povtéNo Tou A-Aoyiopou (Church)

- “TpoypOaUHATIONOG XWPIG HETABANTEG”

- Eivairané ™ @uon tou Kopwog, cUVTONOG KAl 0aPng TPonog
NPEOYPAUUATIONOU, OTOV OMNoio ano@euyovTal TEAEIWG KANolou
€idoug NPOYPAUUATIOTIKG OQAApOTO

- Ocewpeital andé NoAAOUG WG avWTEPOG TPONOG NPOYPAUUATIOHOU
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Alag@avela avag@opdg (referential transparency)

Mapddeiypa o Pascal

* 2€ pia yAwooa ouvapTnolaKoU NPOoYPaUUATIONOU,
N anoTipnon pag ouvaptnong divel navta to idlo
AMOTEAEOUA YA TIC OIEC TIHEC TWV NAPAUETPWY TNG

* H onuavTikg autA oTNTa deV IOXUEL KAT' AVAYKN OTIG
YAWOOEG NPOOCTAKTIKOU NPOYPAUUATIOMOU

* 2TOV NPOCTOKTIKO NPOYPAUMATIONS auTO cuppaivel Adyw:

- MetapAntwv nou opidovTtal Kat aAAAACOUV TEG EKTOG TOU
OWMOTOG TNG ouvaptnong (global variables)

- E&dptnong and tnv katdotaon (state) Tou unoAoylopou
- AMuwv napevepyelwv (side-effects) nou pnopei va undpyouv oto
npOypappa
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program example (output)
var flag: boolean;

function £(n: int): int

begin
if flag then £ :=n T , . )
else £ .= 2%p; ! TUNWVELTO NPOYPOLC;
flag := not flag 1 Kal peta 2
end * [epiepyo d0TLN f €ival
begin ouvaptnon!
flag := true; e 2TO HOONUATIKA
writeln(£(1)); Ol CUVOPTHOEIG
writeln(£(1)) €EAPTWVTOL HOVO ano
end. Ta OPICHOTA TOUG
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MeTaBAnTég Kal “peTaBANTEG”

H yAwooa ML (Meta Language)

* 2TV KapdI& Tou NPOPAARUATOG €ival TO YEYOVOG OTL N
HETABANTA £1lag ennpeddlel TV TWA NG £

+ EdkéTEPQ, N oUPNEPLPOPA OPEIAETAL OTNV avABEDN

flag := not flag

e 2€ Ma YAWwooa XwpIiG NOAAANAEG avaBETELG HETABANTWY
dev unapxouv TEtTola NPOoRAnpatal

* ZTIG OUVOPTNOWIKEG YAWOOEG, OL METAPRANTEG eival
OovOUATA VIO OUYKEKPLMEVEG TIUEG, OEV ival ovopaTa yia
OUYKEKPIHEVEG OE0EIC LVAUNG

* Mnopoupe va TIG Bewpriooupe «OXL NOAU PETABANTEGY
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* [AWOOQ CUVOPTNOLAKOU MNPOYPAUHATIOHOU UE TUNOUG
*  2XeOO0MEVN YIa OAANAEMBPACTLIKN Xpron (interactive use)

» 2uvduddel Ta NAPAKATW OTOLXE(Q:
- Baolopévn oto A-AoyIopo Kal 0TNV anoTiUNon EKPACEWV
- ZuvopTAoE upnAng tagng (higher-order functions)
- Autépatn daxeipton PvARNG (KE XPAON CUANOYNAG OKOUNIBLWV)
- Agpnpnuévoug Tunoug dedopévwy (abstract data types)
- Zuotnua apBpwpdtwy (module system)
- EEapgoeig (exceptions)

* [eVIKAG XponG Un NPOCTOKTIKA, KN QVTIKEUEVOOTPEPAG
yAwooa
- ZXETIKEG YAwooeg: OCaml, Haskell, ...
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MNari e§eTa@foupe TNV ML;

2UVTOMN IoTOpPIa TG YAWwooag ML

+ Tunot kat auotneo cUCTNUA TUNWV

- levikd B€pata yia oTaTikd EvavTt SUVAUIKOU EAEYXOU TwV TUNWV

- Zupnepaopog tunwy (type inference)

- ToAupOP@PIOUOG KOl YEVIKOG NPOYPAUUATIONOG (generic
programming)

* Awoxeipon pvnung

- ZTaTIKA eYPEAELA Kal OOUA KATA UNAOK

- Eyypagég evepyonoinong ouvaptriocewy (function activation
records) Kat uhonoinon cuvapTioewyv UYnANG TagNg

* ‘EAeyxog kat SopEG porg

- EEapgoelg
- Avadpopn “oupdg” (tail recursion) kal cuvexeleg (continuations)
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Robin Milner (ACM Turing Award)

» Logic for Computable Functions
- Stanford 1970-1971
- Edinburgh 1972-1995
- Cambridge 1996-2010

* MetayAwooa tou cuothipatog LCF

- Anodelgn BewpnuaTWY
(theorem proving)

- 2UoTtnua tunwv (type system)

- ZUVAPTAOCEIG UYPNAAG TAENG
(higher-order functions)

*  ©Oa XPNOONO)COUKE TNV UAOMoINon sﬁ‘ ;
SML/NJ (Standard ML of New Jersey) ‘
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H yAwooa ML péoa atrd mrapadeiypara

Baoikoi Totro1 TG ML

% 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 = £n int -> int

Ewaywyr otn y\wooa ML

Booleans

- true, false : bool

AKEPALOL KOL TEAEOTEG TOUG
- 0,1, 2, .. : int
-+, -, *, mod, div, ~ (povadlaio peiov)

2 UMPONOCELPEG KAL TEAEOTEG TOUG
- "Robin Milner" : string
- ~ (ouvévwon ocuppBoAooelpwv)

ApLOUOL KIVNTAG UNOBIOOTOAAG KAl TEAEOTEG TOUG
- 1.0, 2.56, 3.141509,..
-+, -, %, / r v
Ot teleotés eivan aploTepd TPOGETOPLOTIKOL, e Tpotepardtnteg {+,-} < {*,/,div,mod} < {~}.
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H yAwooa ML péoa amrd mrapadeiypara

Ymrep@opTwon TeAeoTwyv (operator overloading)

- 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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-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 1eAeOTAG * (Kat GANOL ONWG O +) €ival UNEPYOPTWHEVOL

* 'Exouv dla@opeTIKN eppnveia o CeUyn AKEPAiwY Kal
OLOQPOPETIKN o€ VYN APOUWV KIVNTAG UNodIAOTOAAG

* H ML dev Kavel autdpaTn HETATPONH and aKEPAIOUG OE
NPEAYHATIKOUG aplOpoug (6nwg n.x. kavel n C)
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H yAwooa ML péoa atrd mrapadeiypara

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

* [1poo€gTe TOV NEPiEpPYO TUNO
int -> int -> int
* Agel 6TL N max €ival pla ouvapTnon Nou naipvel Evav

OKEPALO KAl ENOTPEPEL IO CUVAPTNON NOU Naipvel Evav
OKEPALO KAl ENOTPEPEL EvAV AKEPALO

Eloaywyr otn yAwooa ML 13

» OLouvapTAoELG eival AVTIKEIpEVa
NPWTNG TAENG Ta onoia UNopoulE va
Ta OLaXEPLOTOUHE ONwG O6Aa Ta GAAQ .
QVTIKEIPEVA (N.X. TOUG OKEPAIOUG) 4

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 BENoupe, UNOPOUPE VA XPNOLONOIO0OUUE NAEIADEG
(tuples) wg opiopata /| ANOTEAECUOTA CUVOAPTACEWV

- fun max (a,b) = if a > b then a else b;
val max = £n 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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* Houvdptnon reverse €xel €vav evdla@épovta TUNo

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

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

* AuUTO onuaivel OTL LNOPOUKE VA QVTIOTPEWYOUUE HIa
dudda 6nou To NPWTO OTOLXEIO TNG €ival onoloudnnoTe
TUNoU Kal To deUTEPO OTOLXEID €NioNg eival

- 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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Avadpopun

TeAeoTAG UYPwong og dUvaUn

« Enetdn dev undpxouv HETABANTEG HE THV NAPadOOIaKA
€vvold, Ta NPOYPAUHOTA XPNOLLONooUV avadpopr) yia va
eK@pAcouv enavainyn

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

_— .
sum 2; Avaspop
. - . .
val l t - 3 . ln t « Enedr dev undipyxouv peTABANTEG e TNV Napadooiokn
— . £vvola, Ta NPOYPAUUATA XPNOIUONOoUV avadpopl yia va
sum 3 14 €KQPATOUV ENAVAANYN
J — O - fun sum n =
Val lt - 6 : lnt = if n = 0 then 0 else sum (n-1) + n;
val sum = fn : int -> int
— . - sum 2;
sum 4’ val it = 3 : int
- 0 - sum 3;
val it = 10 : int val it = 6 : int
- sum 4;
val it = 10 nt
Ewayuy o
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* Mnopoupe €niong va opicoupe
VEOUG apLOUNTIKOUG TEAECTEG
WG OUVAPTAHOELG

- fun x * y =

= if y =0 then 1

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

val ~ = £n int * int -> int

-2~ 2;
val it = 4 : int
-2~ 3;
val it = 8 int
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ETravaxpnoigoTToinon atmmroTEAECHATWY

H ék@paon let

* Av 0gv €XOUpE HETAPBANTEG, EIHAOTE AVAYKAOUEVOL VO
enavaidpoupe eKQPACELS (KAl UNOAOYIOMOUG)
fun £ x =
| g(square (max(x,4))) +

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

* M p€EB0dOG yia va YpAWOoUuRE Mo EUKOAA TNV napandvw
ouvapTnon €ivat pe xprnon Hag BondnTtikAg ouvapTtnong

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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* 'Evag no eUKoAoG TPONOG €ival 0 0pLopOG VOGS TOMKOU
OVOUOTOG YIa TNV ENAVAXPNOLUONOLIOUUEVN €KQOPAOCH

fun £ x =
let
val gg = g(square (max(x,4)))
in
+ (if x <1 then 1 else

end
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H ék@paon let dev gival avaBeon

- let
val
in

wmn un
-

()

ﬂ-

I
-
o

nn
-0
~ 3

o}

int * int

val it = (4,2)
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20vBeToI TUTTOI BEdOEVWY OTNV ML

* [lpoypdppata nou enegepyalovtal HOvo Babuwtd
oedopéva (scalars - xwpig dopn) dev givat NOAU XpHOLO

* OL0ouvapTNOIOKEG YAWOOEG NPOYPAUUATIONOU €ival O,TL
NPENEL yla TNV enegepyacia oUvOETWY TUNWV OESOUEVWV

» 'Exoupe f1dn d€L NAe1GdeC, nou gival ocuvOeTOL TUNOL
0edOPEVWY YIa TNV avanapAdoTaon EVOG OPLOUEVOU
aPLOUOU QVTIKEEVWY (MBAVWG OLAQOPETIKWY TUNWV)

* H ML €xel eniong AlOTEG, Nou €ival OEPEG ONoLoUdNNOTE
QPLOUOU QVTIKEHEVWY TOU idlou GpwG TUNOoU
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Aioteg

* O nAelddeg nepikAciovtal and NapeveETeLG,
oL Aioteg and ayKUAEG
- (1,2);
val it = (1,2)

- [1,2];
val it = [1,2]

int * int
int list
* O TeAeOTAG @ ouvevwveL OUO AIOTEG

- [1,2] @ [3,4];

val it = [1,2,3,4] int list
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Cons

* Mnopoupe va npocBEcoUE OTOLXEIO OTNV apXA HLAG
AlOTOG PE TOV TEAEOTN : : (NPOPEPETAL CONS)

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

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

* H ouvévwon dUo AloTwv 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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AAAeG oCUVAPTAOEIG YIO AICTEG

OpIoPOG CUVAPTACEWY 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
- tl1 1;
val it = [2,3,4] int list
- length 1;
val it = 4 : int
- nil;
val it = [] : "a list
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- fun addto (1,v) =

= if null 1 then nil

= else hd 1 + v addto (tl1 1,v);

val addto = £n int list * int -> int list

- addto ([1,2,3]1,2);
val it = [3,4,5] int list
- addto ([1,2,3],~2);
val it = [~1,0,1] int list
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OpIoUOG CUVAPTACEWY YIa AiOTEG

Avwvupeg ouvapTRoelg (A-eKQPAOEIQ)

- fun map (£, 1) =

= if null 1 then nil

= else £ (hd 1) map (£, tl1 1);

val map = £n : (‘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 OTOLKEIO OTO OPLOUA TNG NApANAvw CUVAPTNONG
A€yeTal AauBda Ekppaon): sival ouvaptnon Xwpic évopa

* O TteAeOTAG £un €ival LOOBUVAUOG
HE pia AauBda Ekppaon

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

val it = 12 : int
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AvVOOpOMIKEG AAuda EKPPATEIG

* [lwg KaAoUpE avadpOoULKA KATL TO 0Mnoio Oev €XEL OVOUQ;
* Tou divoupe €val
- let

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

= else (hd x + 3) f (tl x)

= in

= £

= end

= [1,2,3,4];

val it = [4,5,6,7] int list
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Taipiaocpa TrpoTUTTWYV (pattern matching)

e 2TA HOBNUATIKA, Ol OUVAPTAHOELG NOANEG POPEG opidovTal
HE DLOPOPETIKEG EKPPATELG BATEL KAMOWY OUVONKWV

00 = {.x

* Owouvaptioelg tng ML &€ dlagEpouy Kat ENTPENOUV TOV
OPLOUO KATA NEPINTWOELG KAL TNV Ano@uyr TnG XpAong i £

fun map (£,[]) = []
| map (£,1) = £ (hd 1) :: map (f,tl1l 1)

* 'Ouwg, o0 oplopdG ava NEPINTWOELS €ival euaiocdNTog wg

eav x>0
eav X<0

NPOG TN OEPA ELPAVIONG TWV CUVOPTNOLOKWY NPOTACEWV
fun map (£,1) = £ (hd 1) :: map (f,tl 1)1\
| map (£,[]) = []
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KaAUTeEpOG 0OPIOUOG HEOW TAIPIACHATOG TTPOTUTTWYV

+ Tonpotuno _ Talptadel pe OAQ TA AVTIKEIPEVA

* Tonpoétuno h t Taplddel pe pa Aiota Kat O€vel
- TN peTaBAnTA h pe Tnv Ke@aA TNG AioTag Kat
- Tn peTaBAnTh t pe Tnv oupd NG AloTtag
fun map (_, [1) = []
| map (£, h::t) = £ h
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XpRon 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

+ Kd&Be otabepd evog TUNOU nou unootnpilel loOTATA
Hnopei va xpnotponotnbei wg npdtuno

* AMAG O€V UNopoUpE VO YPAWOULE

fun is_zero 0.0 = "yes";
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Mn €SavTANTIKO TAipIOOUA TTPOTUTTWYV

* 2TO NPONyouUpeEVOo NaPAdELyHa, 0 TUMNOG TNG is_zero
ATav int -> string, GAAG TAQUTOXPOVA UNAPEE N
npoewonoinon “Wwarning: match nonexhaustive’

* AuUTO onpaivel 6TL N ouvapTnon opioTNKE HE npdTuna
nou dev €€AvTAnoav To Nedio oplopoU TNG CUVAPTNONG

+ Katd ouvénela, ivatl duvatd va undapxouv npoBAfuaTa
XPOVOU EKTEAEONG, ONWG:

Kavéveg Taipidoparog TpoTuTTwy otnv ML

- is_zero 42;
uncaught exception Match: [nonexhaustive
match failure]
raised at
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+ Tonpotuno _ Tapladel Ye oTidnnoTe

* M petaBAnTh ivat €va npdTuno nou tatpladel pe
onoladANOTE TN Kat OEVEL TN HETABANTI KE TNV TN

* M otabepd (evog TUnou 1lodTNTAG) €ival Eva npdTUNo Nou
TapLalel pOvo PE Th OUYKEKPIUEVN OTABEPQ

* M nAewdda (x,y, .., z) €ivat Eva npOTUNO Nou Talplalel pe
KGO NAeGda Tou idlou peyEBouG, TNG onoiag Ta nepleXopeva
TapLadouv PE T OEpPA TOUG HE TA X, Y, ..., Z

* M Aiota [x,y, .., z] €lval Eva npdtuno nou Talpldlel pe KGbe
AloTta Tou idlou PKoug, TNG onoiag Ta oTolxeia Tapldlouy pe
TN O€PA TOUG HE TA X, Y, ..., Z

* 'Evacons h: : t eivat €va npdTuno nou tatpladel pe KABE pn
Kevr AMoTa, TG onoiag n KE@aAA Talplalel pe To h Kal n oupd
ME TO t
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Mapddeiypa XpRong TaIpIGCHATOS TTPOTUTTWYV

* [lapayovTiko pe xpron if-then-else

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

* [lapayovTikd pe XprRon TapldopaTos NpoTunwy

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

* [MapatnpnoTe OTL UNAPXEL ENKAAUYN OTa NnpoTuna

* H ektéAeon dokalel npoTUNA E T OEPA NOU aQUTA
gy@avifovtal (andé Navw Npog Ta KATwW)
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AAAa TTapadeiyparta

* H napakdtw dopr €ivat noAU ocuvnBlopévn og
avadPOUIKEG OUVAPTAHOELG Nou enegepyddovTal AoTeG:
Hia nepinTwon ywa tTnv KevA AloTta (nil) Kat (TOUAGXIOTOV)
Hia nepinTtwon ywa étav n Aiota dev givat kevh (h: : t).

» ABpolopa SAwv Twv OTOLXEIWV (UG AoTag

fun sum nil = 0
| sum (h::t) = h + sum t
* AplBUSG Twy OTOKEIWV MIOG AOTOG HE KAnola 10O TNTA

fun ctrue nil =0
| ctrue (true::t) =1 + ctrue t
| ctrue (false::t) = ctrue t
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‘Evag TePIOPIOUOG: YPOUMIKA TTPOTUTTA

« Agv emTpéneTal n xpAon tng idlag HeTapANTAG
NEPLOCOTEPEG AMNO Hia YOPES OTO idlo NPOTUNO

* o napdadelypa, To NOPOKATW OEV ENTPENETAL:
fun £ (a,a) = .. for pairsof equal elements
| £ (a,b) = .. for pairs of unequal elements
* AvTi autou npEnel va Xxpnoonotndei To NnapakaTw:

fun £ (a,b) =
if a = b then .. for pairs of equal elements
else .. for pairs of unequal elements
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2uvOUaOHOG TTPOTUTTWYV Kal 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 xpAion NPoTUNWY 0TOUG OPLOMOUG £VOG let,
HNOPOUUE VA “anoouvBECOUNE” EUKOAQ €V ANOTEAECUA

* H napandvw cuvaptnon Naipvel wg Oplopa pia Aiota Kat
ENOTPEPEL Eva {eUyog anod AoTeG, N KABe pia and Tig
onoieg €xeL Ta MO oTOLKEIa TNG APXIKAG AloTaG
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XpRon Tng ocuvdpTnong halve

- 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;
val halve = fn : 'a list -> 'a list * 'a list
- halve [1];
val it = ([1],[]) : int 1list * 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 rapadsiypa: Merge Sort

* Houvdptnon halve dlavépeL Ta OTOLKEID HAG AlOTAG OE
dUo nepinou ica KOPUATIO

» Eival To npwto BAKaA Yy TAEVOUNON OUYXWVEUONG

* H ouvapTtnon merge cUyXwveUEL OUO TAELVOUNMEVEG NMOTEG

- 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 ouvdptnon Merge Sort

Mapadeiypa 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

O TUnog TnG Nnapandvw cuvaptnong eivat
int list -> int list

Adyw TOU TUNOU TNG OUVAPTNONG merge
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- 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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PwAlaouévol OPICHOI CUVAPTACEWV

* Mnopoupe va opicoupE TONIKEG CUVAPTHOELG, AKPLBWG
O6nwg opifoupe TONKEG LETAPBANTEG, LE Xpron let

* 2UVABWG auTo yiveTal yia BonbnTIKEG CUVOPTHOELG NOU
0€ BewpouvTal XpAoEG and POVEG TOUG

* Me autdv Tov TPOMNO PNOPOUUE VA KPUWOUUE TIG
OUVOPTAOEIC halve KAl merge and To unodAotno
NPOYPapHa

* AUTO €XEL KAL TO MAEOVEKTNUA OTL Ol EOWTEPIKEG
OUVAPTAOELG KNOPOUV VA ava@EPovTal 0€ PETABANTEG
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)
| 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
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Avake@aAaiwon Tng YA\wooag ML

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

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

Enwoyn petagu duo: if .. then .. else

Oplopog ouvapToswy: fun, £n => KAl TIHWV: val, let
Kataokeun (kat anoouvBeon) NAEGdwv: (x,y, ..., 2)
Kataokeu AloTwv: [x,y,..,2],:, @

KaTaokeuaoTEéG TUNWVY: *, 1ist, kat =>

Taiplaopa npotunwv

OWALQCUEVEG OCUVOPTHOELG
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