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T1 onpaivouv ol TUTTOI ouvapTROoEWV oTnv ML

« f:A—> B onpaivet
- [ k&Be x € A,

/Vld Karnolo otolxeioy = f(x) € B
f(x) = < aTtEppovn EKTEAEON
N EKTEAEON TEPHATIZEL EYEIPOVTAC KANOLO EEQIPEDN

* Me Aovia:
“eav n amotipunon f(x) teppatiost kavovika, tote f(x) e B”

* AnAadr, N NpooBeon de Ba EKTEAEOTEL O€ UL EKPPACN
™G poppnc F(X)+3 edv n F(X) eyeipel kdnola e¢aipeon
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ETionueiwoeig TUTTWYV (type annotations)

- fun prod (a,b) = a*b;
val prod = fn - Int * Int -> Int

o [wati Int Kat oxt real ;

« ALOTL 0 NnpoenAeypEVOG TUNOG (default type) Tou
ApPLOUNTIKOU TEAEOTH * (ONWG KAl TWV +, —) €ival

int * Iint -> iInt
* Av BEAoupe va XpNOIHONOINOOUE T ouvapTnon He
opiopaTta tunou real pnopoupe va BAAoupe pa
UNoonNUEIWON TUNOU OTA OUYKEKPIUEVA OPLOUATO
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Mapadeiypya eTICNUEIWOEWYV TUTTWYV oTnVv ML

- fun prod (a:real,b:real):real = a*b;
val prod = fn : real * real -> real

e Ol enonUEWOoELS TUNWY ANOTEAOUVTAL ANO M AV KATW
TEAEIQ KAl €vav TUMO KAl UNopouV va Yrnouv navtou

« 'OMNol Ta NOPAKATW OPLOPOL Eival LOOOUVAOL:

fun prod (a,b):real = a * b;

fun prod (a:real,b) = a * b;

fun prod (a,b:real) = a * b;

fun prod (a,b) = (a:real) * b;

fun prod (a,b) = a * b:real;

fun prod (a,b) = (a*b):real;

fun prod ((a,b):real * real) = a*b;
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2UVOPTNOEIGC METATPOTTAG TUTTWV

- real 123;

val 1t = 123.0 : real
- floor 3.6;

val 1t = 3 : Int

- str #"'a'’;

val 1t = "a" : string

EVOwHOTWHEVEG OUVAPTAOEIC HETATPONNG TUNWV:
- real (Int - real),
- Floor (real — 1Int), ceil (real — Int),
- round (real — 1Int), trunc (real — Int),
- ord (char — 1nt),
- chr (Int — char),

- str (char —» string)
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2UVTO¢n TAIPIACHATOG

« 'Evac kavovag €xel TNV napakatw ocuvtacn otnv ML:

<rule> ::= <pattern> => <expression>

« 'Eva Taiplaopa anoteAeiTal ano €vav N NEPLOCOTEPOUG
KAVOVEG nou dlaxwpidovtal HETAEU Toug ano ‘|’ :

<match> ::= <rule> | <rule> "]" <match>

* 2€ EVa Taiplaopa KABE Kavovag NpeNeL va €XEL TOV (1010
TUNO PE TNV EKPpPOaoN (expression) oTo OeEi HEPOG TOU
Kavova

« 'Eva Ttaiptaopa dev gival EKQpacn and POvo Tou, aAAd
QNOTEAEL HEPOC dLAPOPWYV EKPPACEWY TNG ML
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Ek@paocelg case

case 1+1 of
3 => "three" |
2

— :> |ltWOll I
— . :> llhmmm- _ -Il;
val 1t = "two" : string

e 'Exouv Tn ouvtagn:

<case-expr> ::.= case <expression> of <match>

« H ekppaon case ™ng ML ival pia noAu woxupn dopn—Kat
QVTIOETA UE TIC NEPLOTOTEPEC AANEG YAWOOEG, UNOPEL VO
KAVEL NEPLOCOTEPA ANO anAr] oUYKPLON HE OTABEPEG
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NMNapadeiypa xpnong case

case list of
Iz zc::_==—c |
_Iib:: == Db |
a::_ =>a |
nil => 0

* H Tty autng TNG EKPPaoNnG ivalt:

- 10 TpiTOo OTOLXE(O TNG AloTacg N IST, av n Alota £xel Touhdxlotov Tpia

OTOLXElQ, N

- TO OEUTEPO OTOLXEIO TNG AMOTAG av N AioTa €XEL HOVO dUO OTOLXEID
- 10 npwTo otolxeio Tng Aiotag L 1St av £xel poévo éva, i

- o aképatog O av n Aiota 1St sival kevi

« NAOYW TOUu TEAEUTAIOU KaVOVva, N AloTa NpPENEL va ival pa Aiota akepaiwy
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H ékppaon case €ival pia yevikeuon tng 1 f

1T exp; then exp, else exp;

case exp, of
true => exp, |
false => exp,

O1 dUo napanavw EKPPACELS €ival LOOOUVAUEG

Me aAAa Aovia, n Ekppaon 1F-then-else gival €dKN
nePINTWOnN MG EKPPAOnG case
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ATtrotipnon “BfpaxukukAwong” otnv ML

— true orelse 1 div 0 = 0O;
val 1t = true : bool

* Oiteleoteg andalso kal orelse “BpaxukukAwvouv”

(short-circuit) otnv ML.:
- Eav n Ekppaon Tou npwTtou opiopatog Tou orellse anotaTal
w¢ aAndng (true), N Ekpacn Tou deUTEPOU DEV AMOTIUATAL
- [lapdpola, eav 1o npwTo 6plopa Tou andalso gival YeudEg
« Meg Baon 1o “ypappa” tTnG Bewpiag, dev €ival NPAYHATIKOL
TEAEOTEG AANG AEEEIC KAELDLQ

* AUTO d10TL, O0€ pa npobuun (eager) yA\wooa cav tnv ML,

OAOL Ol TEAEOCTEG ANOTIHOUV NMANPWCE TA OPIOHATA TOUG
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MOAUMOPYIKEGC CUVAPTAOEIC VIO AICTEG

* Avadpoulkn ouvaptnon nou unoAoyidel To PNKOG UIaG
AloTtag (onoloudnnoTe TUNou)

fun length x =
1T null x then O
else 1 + Iength (tl x);
val length = fn : "a list -> Int
- length [true,false, true];
val 1t = 3 - Int
- length [4.0,3.0,2.0,1.0];
val 1t = 4 - Int

2nueiwon: n ouvaptnon length sivat pepog tng ML, onote

O NAPANAavw OPIOUOG Eival NEPITTOC
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MoAupop@IoHNOG YIa TUTTOUG I00TNTOG

fun length eq x =
iIf x =[] then O
else 1 + length_eq (tl x);
val length eq = fn : ""a list -> Int
- length_eq [true,false,true];
val 1t = 3 - Int
- length eq [4.0,3.0,2.0,1.0];
Error: operator and operand don"t agree
[equality type required]

« MeTaBANTEG TUNWYV Nou apyiouv pe dUO ANOCTPOPOUG, ONWG 0 " "a,
neplopidovtal o€ TUNOUG LIOOTNTAG

 H ML oupnepaivel autdv Tov NEPLOPIOPO OIOTL CUYKPIVAUE TN
HETABANTA X YIA LOOTNTA HE TNV KEVI AloTa. AuTo O€ Ba ouveRalve

eqav eixape xpnowonowjoetl tn ouvinkn null x avtiywa tnv x=[].
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ATTOOOTIKEG OUVAPTACEIS YIA AIOTEG

* AvaoTpo@n Hag AloTtag

fun reverse nil =

nil
| reverse (X::Xs) =

(reverse xs) @ [X];

 Epwtnoslc:
- [16oo anodoTIKN €ival N ouvapTnNoN reverse ;
- Mnopoupe va avaoTPEWYOUHE LA AlOTA PE Eva HOVO NEPACUA;
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Mo amrodoTIK cuvapTnon reverse

fun reverse Xs =
let

fun rev (nil, z) =
| rev (y::ys, 2)

I N

rev (ys, y::2)

in
rev (xs, nil)
end;
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2uvapTtiRoeic YWnNARg Taéng
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H A£€n kKA&1di op

_ Op *;

val 1t = fn - Int *
- quicksort ([1,4,3
val 1t = [1,2,3,4,5

int -> iInt
,2,9], op <);
] - Int list

e Ot duadikoi TEAEOTEG €ival EIOIKEG OUVAPTNOELG

¢ 'OuWG HEPIKEC POPEC BEAOULE VA TIG XPNOLIUOMOL|OOULE

OQV KOWVEG OUVAPTNOELG: VIO NAPAdEIYUA, VO NEPACOULE
TOV TEAEOTN < oQv Oplopa tunou Int * 1nt -> bool

* H AEEN KAELDL Op NpLv anod KAMNOLO TEAECTN EMOTPEPEL TN

avTioTolxn ouvaptnon
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2UVAPTAOEIS UPYNANGS TAENGS

« KdaBe ouvaptnon €xel pia tagn (order):

- M ouvaptnon nou dgv Naipvel GAANEC OUVAPTAOEIG WG
NOPAMETPOUG KAl OEV EMOTPEPEL WG ANOTEAECHA LA GAAN
ouvaptnon €xetL tacn 1

- M ouvapTtnon nou naipvel AAAEC CUVOPTNOEIC WG NAPAUETPOUG
N EMNOTPEPEL WG ANOTEAECUA (LA GAAN ouvAPTNON EXEL TAEN n+1,
OMou n €ival N HEYLOTN TAEN TWV NMNAPAUETPWY TNG KAl TOU
ANOTEAEOUATOG TNG

 H ouvaptnon quicksort nou POALG eidape eival

ouvaptnon O0eUTeEPNG TAENG

- guicksort;
val 1t = fn :
("a list) * ("fa * "a -> bool) -> "a list
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MPakTIKN £EaoKNON

e TiLTACeWC elval ol cuvaptnoelg tng ML pe toug
NAPOKATW TUNOUG;
int * Int -> bool
int list * (int * 1Int -> bool) -> Int list
int -> Int -> Int
(int -> 1Int) * (int -> Int) -> (Int -> 1Int)
int -> bool -> real -> string

* TLpNoOpoOUUE VA NOULE YIa TNV TAEN TNG OUvAPTNONG HE
TOV NMNAPOKATW TUNO;
(fa -=> "b) * ("fc -=> "a) -> "c > "D
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NMpokaBopiopéveg cUVOPTNOEIG UYNANG TAENG

e TPEIC ONUAVTIKEC NPOKABOPIOUEVEC OUVAPTNOELG

UYNANG TAgNG:
1. map
2. Foldr

3. foldl
« Hfoldr katn foldl eivalt napopoleg
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H cuvaptnon map

« E@appolel pia ouvaptnon o€ KABe oTOLXEIO Hlag AlOTAG Kal
ENOTPEPEL TA ANMOTEAECUATA TNG EPAPHOYNG OE ML VEQ AlOTa

- map ~ [1,2,3,4];

val 1t = [~1,~2,~-3,~4] : Int list

- map (fn x => x+1) [1,2,3,4];

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

- map (fn x => x mod 2 = 0) [1,2,3,4];
val 1t = [false,true,false,true] : bool list
- map (op +) [(1.,2),(3,4).,(5,6)];

val 1t = [3,7,11] : Int list

- val ¥ = map (op +);

val f = fn - (int * 1Int) list -> Int list
- T [(1.2),(3,4)];

val 1t = [3,7] : Int list
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H ocuvdaptnon foldr

e 2uvduadlel, HEOW HIAC OUVAPTNONG, OAQ TA OTOLXEID ULAGC
AloTag

* [laipvel wg oplopata pia cuvaptnon f, pa apxikn TN c,
KAl pa AloTta X = [Xq, ..., X,] KAt unoAoyideL TNV TIUA:

N COPR N COREE N CHTR R CRID) D)

* [la napadewypa n KANON:
foldr (op +) 0 [1,2,3,4]
anoTpatat o 1+(2+(3+(4+0)))=10
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NMapadeiypara xpnong foldr

- foldr (op +) 0 [1,2,3,4];

val 1t = 10 © 1Int

- foldr (op * ) 1 [1,2,3,4];

val 1t = 24 : Int

- foldr (op ) "" ["abc','def","ghi"];
val 1t = "abcdefghi™ : string

- foldr (op ::) [5] [1.2,3.,4];

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

- foldr;

val 1t = fn - ("fa * "b -> "b) -> "b -> "a list -> "D
- foldr (op +);

val 1t = fn - 1Int -> 1Int list -> Int
- foldr (op +) O;

val 1t = fn - Int list -> Int

- val addup = foldr (op +) O;

val addup = fn - Int list -> iInt

- addup [1,2,3,4,5];

val 1t = 15 :© Int
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H ocuvdaptnon foldl

e 2uvduadlel, HEOW HIAC OUVAPTNONG, OAQ TA OTOLXEID ULAGC
Alotag (onwg n Foldr)

* [laipvel wg oplopata pla cuvaptnon f, pa apxikn TN c,
KAl pa AloTta X = [Xq, ..., X,] KAt UNnoAoyideL TNV TIUA:

f (Xn’ f (Xn—l"" f (X2’ f (Xl’c))” ))

* [la napadewypa n KANON:
foldl (op +) 0 [1,2,3,4]
anoTpatal og 4+(3+(2+(1+0)))=10

2nueiwon: H Foldr anotipnénke wg 1+(2+(3+(4+0)))=10
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Mapadeiypara xpnong foldl

« Hfoldl apxilelt ano aplotepad, n Foldr and ta degla

« Quolka, dev uNApPXEL Kanola dlaPopa OTav N ouvapTnon
elval AVTIHETABETIKN KAl NPOCETALPLIOTIKA, ONWG oL + Kat *

* [la GAAEC OUVOPTNOEIC OHWG UNAapXeL dlapopda

- foldr (op ~) ' ['abc',"def","'ghi"];
val 1t = "abcdefghi'™ : string

- foldl (op ) "" ["abc','def",'ghi"];
val 1t = "'ghidefabc™ : string

- foldr (op -) O [1,2,3,4];

val 1t = ~2 - Int

- foldl (op -) O [1,2,3,4];

val 1t = 2 - Int
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AnAwoeig TuTTwy AgdouEvwv
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Opiopoi TUTTWYV OEOONEVWV
* [1pokaBoplopeEvog TUNOG, aAAG OXL NpwToyovog otnv ML

datatype bool = true | false;

* [NapapETPIKOC KATAOKEUAOTNG TUMNOU (parametric type

constructor) yla AOoTEeG:
datatype "e list = nil
| :: of "e * "e list

* Opiletal yia tnv ML otnv ML!
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Opiopuoi TUTTWYV OedONEVWV

« 'Exouv Tn yeviki popen

datatype <name> = <clause> | ... | <clause>
<clause> ::= <constructor> | <constructor> of <type>

* [lMlapadeiypata:
- datatype color = Red | Yellow | Blue
« otowxeia : Red, Yellow, kat Blue
- datatype atom = Atm of string | Nmbr of iInt
« gtoxeia : Atm('a™), Atm(''b""), ..., Nmbr(0), Nmbr (1), ...
- datatype list = Nil | Cons of atom * list
« groweia: Nil, Cons(Atm("a"),Nil), ..
Cons(Nmbr(2),Cons(Atm("'ugh') ,N1l)), ...
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Opiocuoi avadpOouIKWY TUTTWV OEOOUEVWV

datatype ’d tree = Leaf of °d
| Node of ’d * °’d tree * °d tree;

* [lapadelypa oTypotTunou 0EVOpouU

Node(4,Node(3,Leaf(1l),Leaf(2)),
Node(5,Leaf(6),Leaf(7)))

ORORG

* AvadpouIkn ouvapTtnon Xprong Tou Tunou 0EQ0UEVWV

fun sum (Leaf n) = n
| sum (Node (h,tl,t2)) = n + sum(tl) + sum(t2);
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AuoTnpo cuoTNUO TUTTWV

- datatype flip = Heads | Tails;

datatype flip = Heads | Tails

— fun i1sHeads x = (X = Heads);

val iIsHeads = fn : flip -> bool

- IsHeads Tails;

val 1t = false : bool

- 1sHeads Mon;

Error: operator and operand don"t agree [tycon mismatch]
operator domain: flip
operand: day

 H ML eivat auotnpr) og ox€on pPE TOUG VEOUG TUMOUG,
QKPLBWC ONwWg Ba NEPLUEVAPE

e 2€avTiBeon n.x. pe TIG enum dnAwoelg tTng C, ol
AENTOUEPELEG TNG UAOMOINONG O€V €ival EQPAVEIC OTOV
NPOYPOUUATIOTN
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KaTOOKEUAOTEG EVAVTI CUVAPTACEWV

- datatype exint = Value of int | Plusinf | Minusint;
datatype exint = Minusinf | Plusinf | Value of iInt

- PlusintT;

val 1t = PlusInf : exint

- Minuslint;

val 1t = Minusinf : exint
- Value;

val 1t = fn - Int -> exint
- Value 3;

val 1t = Value 3 : exint

O Value gival Evag KaTaokeuaoTrG OEOOUEVWV LE Uia
NAPAUETPO: TNV TIUN TOU akeEpPaiou 1Nt Nou anoBnkKeuel

« Acgixvel oa ouvapTnon Nou naipvel evav akepato (Int)
KOl ENOTPEPEL Evav ex TNt Nou NEPLEXEL TOV OKEPALO
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Opwcg evag Value dgv gival Int

- val x = Value 5;

val x = Value 5 : exint

- X + X;

Error: overloaded variable not defined at type symbol: +
type: exint

 'Evag Value 5 sival evag exint, Oxl Evag akEPALOG
(INnt), NapoOTL EUNEPLIEXEL EVAV

 Mnopoupe va avaKTNOOUKE TIC NAPAUETPOUG EVOG
KOTAOKEUAOTHN XPNOLUONOWVTAG TAIPIOOUA NPOTUNWY

« Kata ouvenela, o kataokeuaotng Value dev ival
ouVvVAPTNON: Ol KAVOVIKEGC OUVAPTNOELC OE UNopouv va

XpnotonotnBouv pe autov ToV TPOMNO wg NpoTuna
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KaTaoKEUAOTEG KAl TAIPIOOHA TTPOTUTTWYV

fun square Plusinf = Plusinf
| square Minusinf = Plusinf
| square (Value x) = Value (X*x);
val square = fn : exint -> exint
- square Minusinf;
val 1t = PlusInf : exint
- square (Value 3);
val 1t = Value 9 : exint

* Alaxelptl{OHOO0TE VEOUG TUNMOUG DEOOUEVWY UE
OUVAPTAOEIC oAV TV Napanavw nou opiovtal HEow
TAPLAOUATOC NPOTUNWY

« Enedn evag exint gival eite PlusiInt, n Minusint,
Value, n napandvw cuvapTtnon €ival EEAVTANTIKA WG

NPOG TO TAiplACHa NPOTUNWY
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XelpIopog e€aipécewyv otnv ML

 MEow TalplaGopaTtog NPOTUNWY UNOPOUNE €niong va
XEIPIOTOUE ECALPETELC

fun square Plusinft = PlusiInf
| square Minusinf = PlusiInf
| square (Value x) = Value (X*x)
handle Overflow => Pluslinf;
val square = fn : exint -> exint
- square (Value 10000);
val 1t = Value 100000000 : exint
- square (Value 100000);
val 1t = PlusiInf :© exint

e Oa doUpE NEPLOOOTEPA YIA TIC ECALPEDELC OTN Java

H yAwooa ML og BdBog
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‘Eva akopa Trapdadsiypa: bunch

datatype "X bunch =
One of "x |
Group of "x list;
 'Eva "X bunch eival eite €va npayua Tunou "X, €ite pia
AlOoTa and Npaypata Tunou "X

* 'Onwg ouvnbwg, n ML cupnepaivel TUNOUG QUTOMATA:

- One 1.0;
val 1t = One 1.0 - real bunch

- Group [true,false];
val 1t = Group [true,false] : bool bunch
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MNapdadeiypa: MOAUHOPPIKOG CUUTTEPATHOG

 H ML pnopel va oupngpavel noAupop@ikouc bunch
TUNouG, aAAa Ogv XpelaleTal NAvVTA va TOUG ENAUCEL
NANPWG, ONWG Y Napadelypa cupBaivel 0tTav o€ AuToUG
neplAappavovtal AMioTeg

- fun size (One ) =

= | size (Group x) length X;
val size = fn : "a bunch -> Int
- sSlze (One 1-0),

val 1t = 1 :© Int

- size (Group [true,false]);

val 1t = 2 - Int
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MNapdadeiypa: Mn TTOAUHOPPIKOG CUUTTEPATHOG

— fun sum (One x) = X
= | sum (Group xlist) = foldr op + 0O xlist;
val sum = fn - Int bunch -> Int
- sum (One 5);

val 1t = 5 :© Int

- sum (Group [1.,2,3]);

val 1t = 6 :© Int

« Xpnowonotoape tov teAeotn + (wg oplopa tng Foldr)
OTa OTOLXEIQ TNG AlOTOG

« Kata ouvenela, n ML pnopel va oupnepavel OTL 0 TUNOG
TNG NAPAMETPOU TNG ouvapTnoNng sum eival int bunch
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Auti nTav n ML

e .. Touhaxiotov, 0An N ML nou Ba doupe OTIC DIOAEEELC

« QuUOIKA, unAdpyouVv KANowa pEPN aKoua:

Eyypageg (records) nou gival oav TIG NAEIAdEC aAAG €xouv nedia
HE ovopaTa
* n.X. {name=""Arnold", age=42} : {name : string, age : int}
[Mivakeg (arrays) He OTOLXEIO NOU UNOPOUV va Tporonotnouv
AvagopEg (references) yla TILEG MOU Pnopouv va Tpornonotnéouv
Xelplopog ecalpeoewy (exception handling)
Ynootnplgn encapsulation kat anokpuyng dEO0UEVWV:
 structures: cUA\OYEG and Tunoug dedOUEVWY + OUVAPTACEWYV
 signatures: dlanpoownieg (interfaces) ylwa ta structures

 functors: KATL 00 CUVOPTROELC Yla structures, nNou OpwWG
ENTPENOUV HETAPBANTEG TUNWYV KAl TNV avabeon TILWV
(instantiation) OTIC NapAUETPOUG TwV Structures
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Katroia aAAa pépn tng ML

- API: the standard basis
* [1poKOBOPIOUEVEC OUVAPTHOELG, TUNOL, K.AM.

« Kanoleg and auteg eival o€ structures: Int.maxint,
Real .Math.sqgrt, List.nth, K.An.

- eXene: pa BBAI0dNRKN ™S ML yia eappoyEG O€ YPAPIKO
neptBaArov X windows

- O Compilation Manager yia dlaxeiplon HEYOAUTEPWYV projects

« AAAeg OloAekTOLTNG ML
- Objective Caml (OCaml) [#&C ali)
- H enektaon tng ML yia tautoxpoviopo (Concurrent ML - CML)
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2UUTTEPOOCHATIKA YIO TIC CUVAPTNOINKEG YAWOOEC

 H ML eivat n povn yhAwooa nou 6a e€eTacoupE anod TIG
OUVAPTNOLOKEC YAWOOEC NPOYPAUUATIONOU

e 2€0UTO TO £100C NPOYPAMUUATIOMOU, N EKTEAEDON YiveTaL
HECW ANOTIMNONG EKPPACEWY KAl TAIPLACUATOG MPOTUNWY

 EdQv oag apgoel auTo TO OTUA NPOYPAUUATIOMOU,
UNAPXOUV Kal AAAEC YAWOOEG yla EEEPEUVNON, ONWG N
Lisp, n Scheme, n Haskell, n Clean kat n Erlang
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