Eicaywyn otn Nwooa ML

Juan Mir6é

KwoTig 2aywvag <kostis@cs.ntua.gr>
Nikog Mamaomupou  <nickie@softlab.ntua.gr>

2uvapTnolakog Kal NMpooTakTikog MNpoypappaATIONOG

* ‘Evag tpoTTog diaxwpiopou
- O TTPOCTAKTIKOG TTPOYPANMHATICHOG ETTIKEVIPWVEI OTO TTWG Ba
UAOTTOINCOUE TA CUCTATIKA TOU TTPOYPAUNATOS UaG

- O ouvapTnolakOg TTPOYPANUATIOHOG ETTIKEVTPWVEI OTO TI
OUCTATIKA Ba TTPETTEI VA €XEI TO TTPOYPAUUE HOg

s 2UVOPTNOIOKOG TTPOYPANMATIONOG

- Bagoiletal oto pabnuartikd povréAo Tou A-Aoyiopou (Church)

- “NMpoypauuaTionoS Xwpig HETABANTES”

- Eivai atmé 1n ouon Tou Kopwog, cUVTOUOG Kal Ca®Ag TPOTTOG
TTPOYPOMMATIOMOU, OTOV OTTOI0 ATTOPEUYOVTAI TEAEIWG KATTOIOU
€id0OUG TTPOYPAPPATIOTIKA COAAPATA

- Oewpeital amrd TTOAAOUG WG avVWTEPOG TPOTTOG TTPOYPAUMATIONOU
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Alagpadveia avag@opdg (referential transparency)

Mapdadeiypa o Pascal

* 2¢& Jia yAwooa ouvapTnoiakou TTPoyPAPUaTIONOU,
N aTroTipnon piag ocuvdpTnong divel Travra 1o id1o
ATTOTEAEOMA YIA TIG iOIEG TIMEG TWV TTAPAMETPWYV THG
* H onuavTtikn autr 1010TNTa d€V I0XUEI KAT  AvAyKn OTIG
YAWOOEG TTPOCTOKTIKOU TTPOYPOUMATIOHOU

* 2TOV TTPOCTAKTIKO TTPOYPAPUATIONS auTd cupBaivel Adyw:

- MeTaBAnTwv 110U OpiovTal Kal AAAGCOUV TIUEG EKTOG TOU CWHATOG
NG ouvdptnong (global variables)

- E&apTtnong amd tnv katdoTaon (state) Tou uttoAoyIoUOU

- AMwv TTapevepyelwy (side-effects) TTou ptropei va utrdpyxouv oTo
Tpdypappa
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program example(output)
var flag: boolean;

function f(n: Int): Int

begin
iT flag then ¥ = n T . . _
else f := 2%p; | TUTTIWVEITO TPOYPAUHO;
flag := not flag 1 Kal ueTa 2
end * Mepiepyo d16TI N f ival
begin ouvaptnon!
flqg = true; e 270 JOONUATIKA, Ol
writeIn(f(1)); OUVOPTACEIC EEAPTWVTAI
writeIn(f(1)) uévo aTd Ta opiouaTd
end. TOUG
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MeTaBAnTég Kau “peTABANTEG”

H yAwooa ML (Meta Language)

* 27NV Kapdi& Tou TTPORAAUATOC gival TO yeyovog OTI N
petapAnt Flag etrnpeddel Tnv tiun tng ¥

+ EI0IKOTEPQ, N oUNTTEPIPOPG OPEIAETAI OTNV avABeon

flag = not flag

e 2¢€ MIa YAWooa Xwpic TTOAATTAEG avaBEoelg peTaBANTWY
OEV UTTApPXOUV TETOIA TTPORARMATA!

* 2TIC OUVAPTNOIOKESG YAWOOEG, oI HETARBANTEG gival
OVOMATA VIO CUYKEKPIMEVEG TIMEG, BEV Eival OVOpATA
YIO CUYKEKPIPEVEG BECEIG HVAUNG

* MTtropoupe va TIG BewpAooUNE «OXI TTOAU HETARBANTEGY
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* [AWOOoQa ouvapTNOIOKOU TTPOYPAUMATIONOU JE TUTTOUG
» 2xedlaouévn yia aAANAeIdpaoTIKA Xpron (interactive use)

* 2UVvOuAdel T TTAPAKATW OTOIXEIA:
- Baociopévn oto A-AoyIONO Kal OTNV ATTOTINON EKQPACEWYV
- ZuvapTioeig upnAig T1aEng (higher-order functions)
- Autoparn diaxeipion PvAPNG (ME Xprion CUAAOYRG OKOUTTIBIWY)
- Agnpnuévoug TutToug dedopévwy (abstract data types)
- ZuoTnua apBpwudTtwyv (module system)
- ECaipéocig (exceptions)

* [€VIKAG XpPNoNG KN TTPOCTAKTIKK, N QVTIKEINEVOOTPEPNG

yAwooa
- ZXeTIkéG yAwooeg: OCaml, Haskell, ...

Eicaywyn otn yAwooa ML 6

MNari e§eTadfoupe TNV ML;

20vTOoMNn 1oTOpia TNG YAwooag ML

» TuTtrol kal auoTnPO cUCTNPA TUTTWV
- Tevikd BEpara yia oTaTIKG €vavTl QUVANIKOU EAEYXOU TWV TUTTWV
- ZUMTTEPOOMOG TUTTWYV (type inference)

- [MoAupop@ioudg Kal YeVIKOG TTPOYPOUMATIONOS (generic
programming)

* Alaxeipion pvaung
- 2T1aTIKA EUBEAEIO KAl SO KATA PTTAOK
- Eyypagég evepyotroinong ouvaptriocwy (function activation
records) Kal UAOTTOINCN CUVAPTAOEWY UYPNANG TAgNG
» ‘EAeyxog kai douég pong
- E&aipéoeig
- Avadpopn “oupdg” (tail recursion) kal ocuveExeleg (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 cuoTApaTog LCF

- Amédein BewpnudTwy
(theorem proving)

- ZUoTnua TuTwy (type system)

- ZUuvapTAoEIS UPnARG TaENGg
(higher-order functions)

* Oa XPNOILOTTOINCOUUE TNV UAOTTOINON s@
SML/NJ (Standard ML of New Jersey) '
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H yAwooa ML péoa atré trapadeiyparta

% sml

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

val 1t = 42 : iInt

- 2 + 3;

val 1t = 5 : iInt

- fun square x = X * X;

val square = fn : Int -> iInt
- square 5;

val 1t = 25 :© iInt

- square;

val 1t = fn © Int -> Int
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Baoikoi Tutrol Tng ML

Booleans
- true, false : bool

» AKEPQIOI KAl TEAEOTEG TOUG
- 0,1, 2, . - iInt
-+, -, *, mod, div, ~ (povadiaio peiov)

2 UMBOoAOCEIPEC KAl TEAEOTEC TOUG
- "Robin Milner"™ : string
- N (ouvévwon ouuBoAooelpwv)

ApiBuoi KIvNTAG UTTOBIOOTOARG KAl TEAEOTEC TOUG
- 1.0, 2.56, 3.14159, ..
- + 2 - 2 * 2 / 2 -
O1 TeEAeOTEG €ival aploTEPA TTPOCETAIPIOTIKOI, YE TTpoTEpaIdTNTEG {+,-} < {*,/,div,mod} < {~}.
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H yAwooa ML péoa amrd mrapadsiypara

- 1= 2;

val i1t = false : bool

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

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

- "Robin"™ > "Milner';

val 1t = 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@opTtwon TeAeoTwy (operator overloading)

-6 *7

val it = 42 : int

- 6.0 * 7.0;

val 1t = 42.0 : real
- 2.0 * 21;

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

* O 1eAeoTAG * (Kl GANOI OTTWG O +) €IVl UTTEPPOPTWHEVOI
» ‘Exouv d1a@opeTIkA epunveia o€ {euyn akEPAiwy Kal
dIaQopPETIKA o€ {eUyn apPIBUWYV KIVNTAG UTTODIOOTOANG

* H ML dgv KAvel QuTOUOTN METATPOTTH OTTO OKEPAIOUG O€
TTPAYMATIKOUG ap1Buoug (OTTwg T1.X. Kavel n C)
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H yAwooa ML péoa atré trapadeiyparta

Currying

- fun max a b =

= iIT a>Db then a else b;

val max = fn - Int -> Int -> Int
- max 17 5;

val 1t = 17 : iInt

- max 10 42;

val 1t = 42 : Int

* [1pooécTe TOV TTEPiEPYO TUTTO
int -> Int -> iInt
« A€gl 0TI N max gival yia ouvapTnon TTou TTaipVEl Evav
OKEPAIO KAl ETTIOTPEPEI JIA CUVAPTNON TTOU TTAIPVEI Evav
QKEPAIO Kal ETTIOTPEPEI EvaV AKEPAIO
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» O1 ouvapTACEIG €ival QVTIKEIMEVA
TTPWTNG TAENG TA OTTOIA JTTOPOUHE VO
Ta IAXEIPIOTOUPE OTTWG OAa T AAAQ
QVTIKEIPEVA (TT.X. TOUG AKEPAIOUG)

Haskell B. Curry

- fun max a b = 1f a > b then a else b;
val max = fn int -> Int -> iInt
- val max_five = max 5;

val max_five = fn - Int -> Int

- max_Tive 42;

val it = 42 :© iInt

- max_TFfive 3;
val 1t = 5

int
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Currying vs. Tuples

NMoAupop@ioudg

* Av BéAoupe, UTTOPOUE VA XPNOIKMOTTOINCOUNE TTAEIAOES
(tuples) wg opiouarta A ATTOTEAEOUATA OCUVOPTHOEWVY

- fun max (a,b) = 1f a > b then a else b;
val max = fn - 1nt * Int -> Int

- max (17,42);

val it = 42 : iInt

- fun reverse (Xx,y) = (¥,X);

val reverse = fn 2 a * ’b -> ’b * ’a

- reverse (17,42);

val 1t = (42,17) : Int * Int

- max (reverse (17,42));

val 1t = 42 - iInt
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* H ouvdptnon reverse €xel évav evola@EépovTa TUTTO

- fun reverse (X,y) = (¥,X);

val reverse = fn 2 a * b -> ’b * ’a

* AuTO onpaivel OTI UTTOPOUUE VA AVTIOTPEWOUUE pia dudda
OTTOU TO TTPWTO OTOIXEIO TNG €ival OTTOIOUDATIOTE TUTTOU
Kal TO OEUTEPO OTOIXEIO ETTIONG €ival OTTOIOUBNATTOTE TUTTOU

- reverse (42,3.14);

val 1t = (3.14,42) : real * iInt

- reverse (“'foo",(1,2));

val 1t = ((1,2),"foo™) - (int * Int) * string
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Avadpopun

TeAeoTAG UYPwWwong o€ dUvauN

» Emeidn dev uttdpyouv PETABANTEG YE TNV TTAPASOCIAKN
évvola, Ta TTPOYPAUMATA XPNOIUOTTOIOUV avadpoun yia
Va EKQPACOUV ETTAVAANYN

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

- Sum 2 2 Avadpopn
Va I I t = 3 : I nt « Enedn dev unapxouv PETABANTEG HE TNV NAPASOCIAKT
- £vvola, Ta NPOYPAHHATA XPNotHonololv avadpopr yia va
Su m 3 7 ekppaoouv enavainyn
- _ . - _f _
Val It - 6 - I nt = u?fsﬁm:n th 0 else sum (n-1) + n
4 val sum = fn |nt -> int
—_— = sum 2;
Sum ? val it =3 :int
= —_ o = - sum 3;
Val It = 10 o Int val it = 6 - int
- sum 4;
val it = 10 int
vvvvvvvvv oo
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» MrTTopoUpE £TTIONG VA OPICOUE
VEOUG apIBUNTIKOUG TEAEOTEG WG
OUVOPTAOEIG

- fun x Ny =

ify =0 then 1

else x * (x N (y-1D));

:int * int -> int

-2 N 2;
val 1t = 4 : Int
-2 "N 3;
val i1t = Int
-2 N 4;
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ETravaxpnoipoTroinon amroTEAEOUATWY

H ékppaon let

* Av dev €xoupe NETAPBANTEG, EiNOOTE AvayKAOHEVOI va
eTTavaldpoupe eKQPACEIS (KAl UTTOAOYICUOUG)

fun f x =

| g(square(max(x,4))) +
(f x <1 then 1

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

* Mia péBodog yia va YpAWOUE TTIO EUKOAA TNV TTapatTavw
ouvdpTnon gival Ye xprion Hiag ponéntikAg ouvdpTnong

fun fl(a,b) =[b]+ (if a < 1 then 1 else [b)
fun T x = F1(Xx, g(square(max(x,4)))
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* ‘Evag 1Mo eUKoAoG TPOTTOC €ival 0 0pIoUOG VOGS TOTTIKOU
OVOUATOG YIA TNV ETTAVAXPNCIUOTTIOIOUMEVN 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 avadeon

t = (4,2 - int * int
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20vOeTol TUTTOI OEdOopEVWY oThnV ML

* [lpoypduuara TTou emTe¢epydalovtal pévo BabuwTtd
dedopuéva (scalars - xwpig dopn) dev gival TTOAU Xprioiua

» O1 ouvapTnoloKkES YAWOOEG TTPOYPAUMPATIOUOU gival O,TI
TTPETTEN YIA TNV ETTECEPYQTia CUVOETWY TUTTWV OEOOUEVWV

» ‘Exoupe ndn d¢1 rAe1adeg, TTou gival ouveeTOI TUTTOI

OeQOUEVWIV VIO TNV AVATTAPACTAOT EVOG OPICHEVOU

apPIBUOU aVTIKEIHEVWY (TTIBAVWG OIAQOPETIKWY TUTTWV)

* H ML €xer etriong AioTeg, TTOU €ival O€IPEG OTTOIOUDNTTOTE

apPIBUOU QVTIKEIMEVWY TOU idI0U OpwG TUTTOU
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Aioteg

» O1 TAe1G0eg TTEPIKAEiOVTAI aTTO TTAPEVOETEIC,
o1 NioTEG aTTO AYKUAEG
- (1,2);
val 1t = (1,2) : Int * iInt
- [1.2];
val 1t = [1,2] : int list

* O 1eAeOTAC @ ouveVwWVEl OUO ANIOTEC

- [1.2] @ [3.4];
val 1t = [1,2,3,4] : int list
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Cons

» MT1Topouue va TTpooBECoUNE OTOIXEIO OTNV ApXH MIAG
ANioTag pe Tov TEAEOTN - - (TTPOQEPETAI CONS)

-1 :: 2

3 :: [

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

* H ouvévwon duo AioTwyv dgv gival To idI0 PE TN Xpron - :

- [1,2] :: [3.4]1;

stdIn: Error: operator and operand don’t agree

operator domain:
operand:
In expression:

@ ::2:znib) :: 3 :24 :: nil
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int list * Int list list
int list * Int list
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AAAeg ouVAPTAOEIG YIO AiCTEG

OpIoUNOG CUVAPTACEWY YIa AiOTEG

- null [];

val 1t = true : bool

- null [1,2];

val 1t = false : bool

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

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

val 1t = 1 : iInt
- tl I;

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

val 1t = 4 : Int
- nil;
val i1t

int list

[1 - a list
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fun addto (I1,v) =
iIf null 1 then nil
else hd I + v :-: addto (tl 1,v);
val addto = fn : iInt list * Int -> Int list

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

val 1t = [3,4,5] : int list
- addto ([1,2,3],~2);

val 1t = [~1,0,1] int list
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OpIop6G CUVAPTACEWY Yia AiOTEG

Avwvuleg ocuvapTRoel§ (A-eKQPAOTEIQ)

- fun map (f, 1) =

= if null 1 then nil

= elsef (hd 1) z: map (Ff, tl 1);

val map = fn : (Ca -> ’b) * ”a list -> ’b list

- fun add2 x = x + 2;

val add2 = fn - Int -> Int

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

val 1t = [12,13,14] : int list

Eloaywyn otn yAwooa ML 27

-map (fn x => x + 2, [10,11,12]);
val i1t = [12,13,14] int list

* To TTPWTO CTOIXEIO OTO OPICHA TNG TTAPATTAVW CUVAPTNONG
AéyeTal Aapda EKk@paon: sival ouvaptTnon Xwpeic dvoua

* O teAeoTg Fun €ival iIcodUvapog
ME pia Aduda ékgpaon

- val add2 = fn x => x + 2;
val add2 = fn - Iint -> Int
- add2 10;

val 1t = 12 : Int
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AvadpOoMIKEG AAuda EKPPATEIG

* [Mwg kaAoupe avadpOopIKA KATI TO OTTOI0 OEV £XEI OVOUQ;

» Tou divoupe €val

let
val rec T =
fn x => 1f null x then nil
else (hd x + 3) :: T (tl x)
in

en
[1
I

I w

12’ 14]
val 1t [4,5,6,7] - int list
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Taipliaopa poTUTTWYV (pattern matching)

e 270 JaBnuaTiKd, ol cuvapTHOoEIS TTOAAEG QOpPEC opilovTal
ME OIAQOPETIKEG EKPpAoelG BAoel KATTOIWY CUVONKWYV

X €&av x=20
09 ={.x

eav x<0
» O1ouvaptioeig TG ML &€ diapépouv Kal ETTITPETTOUV TOV
OPIOKO KATA TTEPITITWOEIG KAl TV aTToQUYN TNG Xpriong 1F

fun map (f,[1DD = [1
| map (F,D = f (hd 1) :: map (F.tl I)

* Opwg, 0 opIoCPOG avd TTEPITITWOEIS €ival EuaioBnTog wg
TTPOG TN OEIPA EJPAVIONG TWV CUVAPTNOIOKWY TTPOTACEWV

fun map (F,1) = F (hd 1) :: map (F,tl I)\
| map (F,.[1 = [
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KaAUTEPOG OPIOUOG HEOW TAIPIACHATOG TTPOTUTTWV

* Tomrpdétutto _ TaIpialel ue OAa Ta AVTIKEIMEVA

« Tompotutio h - : t TOIPIACEl PE pIa AioTa Kl OEVEI
- 1n peTaBANTA h pe TNV kepaAl TS AioTag kai
- 1n petaBAnti € pe TV oupd Tng AioTag

fun map (., [D = [
| map (f, hz:t) = Ff h -z map (f, t)

Eloaywyn otn yAwooa ML 31

Xpron otaBepwv wg TpoTUTTA

- fun 1s_zero 0 = "yes';
stdin: Warning: match nonexhaustive
0 => ...

val 1s zero = fn - Int -> string
- 1s_zero O;
val it = "yes" : string

+ Kd&Be otabepd evdg TUTTOU TTOU UTTOOTNPICEI 1I0GTNTA
MTTOPEI va XPNOILOTTOINBEI WG TTPAOTUTTO

* AAAG Oev UTTOPOUNE VA YPAWOUE
fun 1s _zero 0.0 = "yes";
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Mn €§avTAnTIKO Taiplaoa TTPOTUTTWYV

* 2TO TTPONYOUNEVO TTAPAdEIYUA, O TUTTOC TNG IS_ZEero
ATav Int -> string, aAAG TAuTOXPOVA UTTHPEE N
TrpocidoTroinon “Warning: match nonexhaustive”

* AuTO onpaivel 0TI N ouvApTNON OPIOTNKE YE TTPOTUTTA TTOU
dev e€AvTAnoayv 1o 1TeEdio opIoHOU TG OUVAPTNONG

+ Kartd ouvéTrela, gival duvaTd va uttdpxouv TTpoBARuaTa
XPOVOU eKTEAEONG, OTTWG:

Kavoveg Taipidopartog mpoTutTwy otnv ML

- 1S_zero 42;
uncaught exception Match: [nonexhaustive
match failure]

* To poTUTTO _ TAIPIALEl UE OTIOATTOTE

* Mia petaBAnTn gival éva TTPOTUTTO TTOU TAIPIAZEl UE OTTOIOBATTOTE
TIUA Kol O€vel TN PETABANT YE TRV TIUA

* Mia o1aBepd (evog TUTTOU 1I00TNTAG) €ival éva TTPOTUTTO TTOU
TaIPIALEl JOVO PE TN OUYKEKPIPEVN OTABEPG

* Mia mAe1dda (X,Y, .., Z)Eival éva TTPOTUTTO TToU TAIPIALEl YE
KAOe TTAEIGda Tou idIou peYEBOUG, TNG OTTOIAC TA TTEPIEXOMEVT
TAIPIAOUV [E TN OEIPA TOUG JE TA X,Y, .., Z

* Mia AioTa [X,Y, .., Z]cival éva TTpdTUTTO TTOU TaIPIACE! e KABE
AioTa Tou idIou PAKOUG, TNG OTTOIOG TA OTOIXEI TAIPIACOUV UE TN
o€1Ipd TOUG ME TA X, Y, .., Z

* ‘Evacons h::t ival éva TpdTUTTO TTOU TAIPIAZE! e KABE [N
KEVN AiOTa, TNG OTT0IaG N KEQAAR TaIPIAlE!l e TO h Kal n oupd pe

raised at ... Tot
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Mapddeiypa XxpRong TaIpIGOHATOS TTPOTUTTWYV AAAa TTapadeiypara

* [lapayovTikd ue xprion 1f-then-else

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

* [TapayovTikd ye xpron TaIpIACHATOC TTPOTUTTWY
fun fact 0 = 1
| fact n = n * fact (n-1)

* [NaparnpnoTe 0TI UTTAPXEI ETTIKAAUWN OTA TTPOTUTTA

* H ekTéAeon dOKIPNALEl TTPOTUTTA UE TN OEIPA TTOU AUTA
ep@avicovtal (atrd TTavw TTPOG Ta KATW)
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* H mTapakdtw dopn gival TToOAU ouvnBiouévn o€
avadPOMIKEG OUVOPTACEIG TTOU £TTECEPYACOVTAI AIOTEG: Hia
TTEPITITWON yia TNV Kevr) Aiota (ni 1) kai (TouAdxioTov) pia
TTEPITITWON yia 6tav n AioTta dev cival kevry (h: - t).

« ABpoiopa OAWV TwV CTOIXEIWV PIaG AioTag

fun sum nil =0
| sum (h::t) = h + sum t
* ApIBUOG TWV OToIXEIWV MIag AioTag pe Katrola 1810TNTa

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

» Agv emTPETTETAI N XPAON TNG id1ag HETABANTAG
TTEPIOOOTEPEG ATTO Wia QOPES OTO idI0 TTPATUTTO

* [a TTapddelyua, TO TTAPAKATW OEV ETTITPETTETAI:

fun f (a,a) = .. for pairs of equal elements
| £ (a,b) = .. for pairs of unequal elements

* AvTi QuTOoU TTPETTEI VA XPNOIKOTTOINOEI TO TTAPAKATW:

fun T (a,b) =
if a =Db then
else

.. for pairs of equal elements
.. for pairs of unequal elements
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2uvOUuao oG TTPOTUTTWYV Kal let

fun halve nil
| halve [a]
| halve (a::b::cs) =
let
val (x, y) = halve cs
in
(a::x, b:iy)
end

I 1l
M\
S
Q =
| —
5 35
- .
- .
o/ \/

* Me Tn xpron TTPOTUTTWY OTOUG OPIoHOUG VoG let,
MTTOPOUNE Va “aTToOUVBECOUNE” EUKOAO €va OTTOTEAEC U

* H 1mmapatmdvw ouvaptnon Taipvel wWe OpIopa Pia AioTta Kal
EMOTPEPEI Eva CEUYOG ATTO AiOTEG, N KABE Wia atrd Tig
OTTOIEG €XEI TO MIOA OTOIXEIQ TG APXIKAG AioTOG
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XpRon tng cuvdaptnong halve

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

val (X, y) = halve cs
in
(az:x, b::y)
end;
val halve = fn :
- halve [1];
val it = ([11.[1) : int list * int list
- halve [1,2];
val it = ([1]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

"a list -> "a list * "a list

Eicaywyn otn yAwooa ML

39

‘Eva peyaAUTtepo rapadeiypa: Merge Sort

* Houvdptnon halve diavéuel Ta oToixeia yiag AioTag o€
OUO TTEPITTOU i0A KOPPATIO

» Eival To TpwTo BAPA VIO TAEIVOUNOT CUYXWVEUONG

* H ouvdptnon merge cuyxwveuel U0 TAEIVOUNUEVES NiOTEG

- fun merge (nil, ys) ys
| merge (xs, nil) XS
| merge (x::xs, y::ys) =
iIT Xx <y then x :: merge (Xs, y::ys)
else y -: merge (X::Xs, ysS);
val merge = fn : int list * int list -> Int list
- merge ([2].[1.3D);
val i1t = [1,2,3] int list
- merge ([1,3,4,7,8]1,[2,3,5,6,101);
val it = [1,2,3,3,4,5,6,7,8,10] int list
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H ocuvdptnon Merge Sort

Mapddeiypa xpiong 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 T101T0¢ TNG TTapPaTTdvw cuvdapTNOoNG €ival

int list -> int list

AGyw TOU TUTTOU TNG OUVAPTNONG merge
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- 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 - iInt list -> Int list
- mergeSort [4,3,2,1];

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

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

val 1t = [1,2,3,3,4,5,6] : Int list

Eicaywyn otn yAwooa ML

POwAIaoHEVOI OPICHOI CUVAPTACEWYV

MT1TopoUpE va OpiCOUNE TOTTIKEG CUVAPTAOEIC, OKPIPWG
OTTWG opifoupe TOTTIKEG METABANTEG, pe xprion let
2UVvNBw¢ auTo yiveTal yia BondnTikéEG cuvapTAOEIS TTOU OE
BewpouvTal XproIPES aTTd JOVES TOUG

Me auTtOv TOV TPOTTO UTTOPOUUE VA KPUWOUE TIG
ouvaptnoeig halve kal merge armd 10 UTTOAOITTO
TPSypapa

AUTO €XEI KOl TO TTAEOVEKTNHA OTI OI ECWTEPIKES
OUVAPTACEIG JTTOPOUV VA ava@EPOVTAl O€ HETARANTES TWV
ECWTEPIKWYV CUVAPTHOEWV
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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] = ([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:i:ys) =
if X <y then x :: merge(xs, y::ys)
else y :: merge(Xx::Xs, ys)

val (X, y) = halve thelList
in

merge (mergeSort x, mergeSort y)
end




Avakepalaiwon Tng YAwooag ML

Baoikoi Tutro1 TNG ML: 1nt, real, bool, char, string

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

EmAoyn petagu dvo: if .. then .. else

Opioudg ouvaptioewyv: fun, fn => kai ipwv: val, let
Kartaokeun (kal atroouvOeon) TAeiddwv: (X,Y,..,Z)
Karaokeuny AioTwv: [X,Y,..,Z], :, @

KataokeuaoTég TUTTWV: *, LISt kal —>

Taiplaoua TTPOTUTTWV

PwAlooPéveG OCUVAPTAOEIG
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