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« f:A—> B onuaivet
- Mo kAbe x € A,

yla kanolo otowxeio y =f(x) € B

f(x) = < atéppovn eKTENEDN
n EKTEAEON TEPMATICEL EyEipovVTaAG KAMOLa Eaipean

* Me Aoya:
“gav n anotipnon f(x) teppatiost kavovika, tote f(x)e B”

* AnAadn, n npéoBeaon de Ba EKTEAEOTEL O€ A EKQPACN
™G popeng F(xX)+3 edv n F(X) eyeipel kanowa e€aipeon
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Emonueiwoeig TOTTwy (type annotations)

Moapddelypa TICNUEIWOEWY TUTTWYV oThV ML

- fun prod (a,b) = a*b;

val prod = fn - iInt * Int -> Int

* [wti int kaloxt real ;

* AIO6TL 0 npoemAeypEVoGg TUNog (default type) Tou
apOUNTIKOU TEAEDTH * (ONWG KAl TWV +, —) €ival

int * int -> Int

* Av BEAoupE va XpNOLOMNOW)OOUKE TN CUVAPTNON HE
opiopata tunou real pnopoupe va BAAoupe pa
UNooNUEIWON TUNOU OTA CUYKEKPIUEVA OPIOUATO
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- fun prod (a:real,b:real):real = a*b;
val prod = fn - real * real -> real

* Ol enonuewoelg TuNwyv anoteAouvTal and pua avw KATw
TeAeia Kat €vav TUNO KAl HNnopouyV va Jnouv navtou

« 'OMol Ta NapakATw opLopoi ival looduvapoL:

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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2UVOPTHOEIG METATPOTTAG TUTTWV

20vTa¢n TaIPIACHATOG

- real 123;

val 1t = 123.0 : real
- floor 3.6;

val 1t = 3 : Int

- str #'"a'';

val it = "a" :© string

EvowpatwpévEG OUVAPTACELG LETATPONAG TUNWV:
- real (int - real),
- floor (real — iInt), ceil (real — int),
- round (real — Int), trunc (real — Int),
- ord (char — int),
- chr (int — char),

- str (char —» string)
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» 'Evag kavovag €xeL TRV NOPAKATW cuvTtagn otnv ML:

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

* 'Eva taiplaopa anoteAsital anod €vav r) nepocOTEPOUG

Kavoveg nou dlaxwpiovtal petagu toug ano ‘|’ :

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

* 2€ €va Taiplaopa KABE Kavovag NpENEL va €XeL ToV idLo

TUNO E TNV €KQPaOoN (expression) oto deEi LEPOG ToU
kavéova

* 'Eva taiplaopa dev gival Ekppaacn and povo tou, aAld
anoTeAEl HEPOG BlaPOPWY EKPPAcewY TNG ML
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Ex@pdoceig case

Mapddelypa xprpong case

- case 1+1 of

= 3 => "three" |

= 2 => "two" |

— - => llhmmm---ll;
val 1t = "two" : string

* 'Exouv tn ouvtaén:

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

* H €kppaon case tng ML gival pua noAu woxupr dopn—kat
avTiBeTa pE TIG NEPLOTOTEPEG AANEG YAWOOEG, UNOPEL va
KAveL neploodTepa and anir oUYKPLon HE OTABEPEG
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case list of
_ i tc::_=>c |
_1tb::_ => Db |
a::_=>a |
nil => 0

* H 1A auTtAg NG EKPpaong eivat:
- To TpiTo OTOIKEIO TNG AloTag ISt av n AioTa €xel
TOUAQXLOTOV Tpia oTolxeia, f
- TO OeUTEPO OTOLXEID TNG AioTOG av €XEL pOVo dUO,
- To npwTo oTolxeio TNG Aiotag list edv €xel pévo €va, N
- 0 aképatog 0 €dv n Aiota 1St ival KevA.
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H ékppaon case gival gia yevikeuon tng i f

ATroTtipnon “BpaxukUkAwong” otnv ML

it exp; then exp, else exp;

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

O1 dU0 napandvw eKQPACELS €ival LOOOUVAUEG

Me GAAa AoyLa, n €Ekgpaon 1 F-then-else gival 1dIkA
nepinTwon Wog Ekgpacngcase
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- true orelse 1 div 0 = 0O;
val 1t = true : bool

* Outeleoteg andalso kal orelse “BpaxukukAwvouv”

(short-circuit) otnv ML:
- Eav n ékgpaon tou npwtou opiopatog Tou orelse anotdtat
w¢ aAnBAg (true), n €kppaon Tou deUTEPOU dEV AMOTIUATAL
- MNapoépola, edv to npwto 6popa Tou andalso sival yeudég

* Meg Baon 1o “ypdupa” TnG Bewpiag, dev eival npaypaTikoi
TEAEOTEG OANA AEEELG KAEDLA

* AUTO d10TL, 0€ pa YAwooa oav Tnv ML, 6AoL oL TEAEOTEG
QMOTIOUV NANPWG TA OPICHATA TOUG
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NMoAupop@IKEG CUVAPTAOEIS YIa AiOTEG

NMoAupop@IcHOG Yia TUTTOUG 1I00TNTAG

*  AvadpopIKA ouvapTtnon nou unoAoyilel TO PNKOG UG
Aiotag (onoudnnoTte TUNou)

- fun length x =

= if null x then O

= else 1 + length (tl x);

val length = fn : "a list -> iInt
- length [true,false, true];

val it = 3 - iInt

- length [4.0,3.0,2.0,1.0];

val 1t = 4 :© int

2nuelwon: n ouvdptnon length sivat pépog tng ML, ondte

0 NApanavw oplopog givat NEPITTOG
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fun length_eq x =
if x=[] then O
else 1 + length_eq (tl x);
val length_eq = fn - ""a list -> int
- length_eq [true,false,true];
val it = 3 - iInt
- length_eq [4.0,3.0,2.0,1.0];
Error: operator and operand don"t agree
[equality type required]

*  MeTaBAnTéG TUNWY Nou apxiouv pe U0 anooTPOYouGs, 6NwG o " "a,
neplopifovtal o TUNOUG LOOTNTAG

* H ML oupnepaivel autdv Tov NEPLOPIOPO BIOTL CUYKpPIVAUE TN
METABANTH X yla 1IOOTNTA PE TNV KEVA AloTa. AuTo Og Ba oupPalve
€av gixape xpnowonowjoet tn ouvlikn null X avtiywa tnv x=[]
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ATTO000TIKEG CUVAPTAOEIG YIa AiOTEG

Mo amrodoTik cuvdpTnon reverse

*  AvaoTpo@r Jag Aiotag

fun reverse xs
let

fun reverse nl!_: nil _ fun rev (nil, 2) = z
| reverse (x::xs) = (reverse xs) @ [x]; | rev (y::ys, z) = rev (ys, y::2)
in
rev (xs, nil)
* EpwTtnoclg: end;
- [6é00 anodoTIKNA ival n ouvapTtnon reverse?
- MnopouUpe va avaoTpEWPOURE HIa AioTa pE Eva HOVO NEPACHA; : -
2 = 2 = 2 = 2
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H AéEn kA&1di op
- op * :
val it = fn : nt -> Int

2uvapTtnoelig YYnAng Tagng
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i
- quicksort (1
val it = [1,2,3

nt * 1
,4,3,2,5], op <);
,4,5] - int list

* O 0uadIKoi TEAEOTEG gival EIOIKEG OUVOPTHOELG

* 'OpwG HEPIKEG POPEC BEAOUE VA TIG XPNOLONOIACOULE
Oav KOWVEG OUVAPTAOELG: YIa NAPAdELYUd, VO NEPACOUUE
ToV TEAEOTNA < oav Oplopa Tunou int * 1Int -> bool

* H A€EN KAeWdi op nptv anod KAMOLo TEAECTN ENOTPEPEL TN
avtioTolxn ouvapTnon
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ZUVaPTAOEIS UYNARG TAENG

MpakTIKA €§A0KNON

» KdBe ouvdaptnon €xel pia Tagn (order):

- M ouvdptnon nou dev naipvel GANEG CUVAPTHOEIG WG
NOAPAHETPOUG KAl OEV ENOTPEPEL WG ANOTEAECHA LA AAAN
ouvapTnon €xeL Tagn 1

- M ouvdptnon nou naipvel GAAEG OCUVOPTACELG WG NOPAUETPOUG
M ENOTPEPEL WG ANOTEAECUA [ia GAAN ouvdpTtnon €xeL Tagn n+1,
o6nou n givat n PEyoTn TAEN TWV NOPAUETPWY TNG KAL TOU
anoTeAEOUATOC TNG

* Houvdaptnon quicksort nou poAG eidape eival
ouvapTnon deUTeEPNG TAENG
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» TiLTd&ewG gival ol ouvapTtoelg NG ML pe Toug
NOPAKATW TUNOUG;
int * int -> bool
int list * (int * int -> bool) -> int list
int -> iInt -> iInt
(int -> 1nt) * (int -> Int) -> (int -> Int)
int -> bool -> real -> string

* TLpnopoupe va NOUKE YIa TNV TAgN TNG ouvapTNONG HE
TOV NOPOKATW TUNO
(fa -> "b) * (fc > "a) -> "c -> "b
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NMpokaBopiopéveg CUVAPTAOEIS UYNARG TAENG

H ouvdaptnon map

* Tpelg oNUAVTIKEG NPOKABOPIOUEVEG OUVAPTACELG

UYNANRG TAENG:
1. map

2. foldr

3. foldl

 H foldr kaitn foldl givat napdpuoleg
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* E@apudlel pa ouvaptnon os KABe oTolxeio pHlag Aiotag Kat
ENOTPEPEL TA ANOTEAECUATA TNG EQAPHOYIG OE UIa VEQ AioTa

- map ~ [1,2,3,4];
val it = [~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 it = [false,true,false,true] : bool list
- map (op +) [(1,2),(3,4),(5,6)];

val i1t = [3,7,11] : int list

- val ¥ = map (op +);

val £ = fn - (int * int) list -> int list

- T [(1.2),3,91;

val it = [3,7] : int list
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H ouvdaptnon foldr

Mapadeiyparta xprnong foldr

* 2UvOUudAClel, HEOW UIOG OUVAPTNONG, OAQ TA OTOLKEID MG
AioTtag

* [aipvel wg opiopata pa cuvaptnon f, pa apxik T c,
KOl A AioTa X = [Xy, .., X,] KOL UNOAOYICEL TNV TIA):

PO OG- F (G F (G, e)) )

* [ napadetypa n KARoN:
foldr (op +) 0 [1,2,3,4]
anotpdtal o 1+(2+(3+(4+0)))=10
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- foldr (op +) 0 [1,2,3,4];

val it = 10 : int

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

val it = 24 : int

- foldr (op ™) " ["abc™,"def","ghi™];
val it = "abcdefghi™ : string

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

val it = [1,2,3,4,5] : int list

- foldr;

val it =fn : (Ca * "b -> "b) -> "b -> "a list -> "b
- foldr (op +);

val it = fn - int -> int list -> iInt
- foldr (op +) O;

val it = fn : int list -> int

- val addup = foldr (op +) O;

val addup = fn : int list -> int

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

val it = 15 : int
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H ouvdaptnon foldl

Mapadeiyparta xpryong foldl

* 2UuvOudlel, HEOW MIOG OUVAPTNONG, OAQ TA OTOLXEIO HIOG
Aiotag (6nwg n foldr)

* [laipvel wg opiopata pa cuvaptnon f, pa apxikn T ¢,
KOL A AioTa X = [Xy, ..., X,] KOL UNOAOYICEL TNV TIN):

P0G F g £, () e)))

* [ napadetypa n KARon:
foldl (op +) 0 [1,2,3,4]
anotidatal og 4+(3+(2+(1+0)))=10

Znueiwon: H Foldr anotywriénke wg 1+(2+(3+(4+0)))=10
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« H foldl apyileLand aplotepd, n Foldr and ta de€1a

* Quolkd, dev undapxel kanowa dlagopd 6Tav n ouvapTnon
eival avakAQoTIKA Kal HETABATIKA, ONwg n + Katn *

* [a GAAeg ouvapTAOELG OPWG UNApPXEL dlagopd

- foldr (op ™) " ["abc™,"def","ghi"];
val 1t = "abcdefghi™ : string

- foldl (op ™) ' [Mabc',"def","ghi"];
val it = "ghidefabc™ : string

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

val 1t = ~2 - iInt

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

val 1t = 2 :© iInt
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AnAwoeig TutTTwyv Agdopévwv
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Opiopoi TOTTWYV dEdOPEVWYV

* [1pokaBoplopéEvog TUNoG, aAAG OxL npwTtoyovog otnyv ML

datatype bool = true | false;

* [NapapeTPIKOG KATAOKEUAOTAG TUNOU (parametric type
constructor) ywa AOTeG:

datatype “e list = nil
| ::

of "e * "e list

* OpiCetal yia tTnv ML otnv ML!
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Opliopoi TOTTWYV BESOPEVWV

* 'EXOUuV TN YEVIKA HOpPPA

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

* [lapadeiyupata:
- datatype color = Red | Yellow | Blue
» otolxeia : Red, Yellow, kat Blue
- datatype atom = Atm of string | Nmbr of int
« otoleia : Atm(*'a'™), Atm(*'b™), .., Nmbr(0), Nmbr (1), ...
- datatype list = Nil | Cons of atom * list
« growxeia: Nil, Cons(Atm("a'™),Nil),..
Cons(Nmbr(2),Cons(Atm(*"'ugh'™),Nil)), ...
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OpIopoi AVASPOMIKWY TUTTWYV dEOOUEVWYV

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

* [Napddelypa oTiyidTUNOU dEVOPOU

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

*  AvadpopIKA ouvapTnon XpHong Tou TUNou OEBOUEVWV

fun sum (Leaf n) = n
| sum (Node (n,tl,t2)) = n + sum(tl) + sum(t2);
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AuoTnp6 cuoTnpO TUTTWV

- datatype flip = Heads | Tails;

datatype flip = Heads | Tails

- fun isHeads x = (X = Heads);

val isHeads = fn : flip -> bool

- IsHeads Tails;

val it = false : bool

- isHeads Mon;

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

* H ML €ival auotnpr o€ 0x€on Ke Toug VEOUG TUNOUG,
aKPIBWG 6Nwg Ba NEPUEVAUE

* 2e avTiBeon n.x. pe TIG enum dnAwoelg g C, ot
AENTOUEPELEG TNG UAONOINONG dEV gival EPPAVEIG OTOV
NPEOYPAUMATIOTH
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KaTaokeuaoTEG EVAVTI CUVAPTHOEWYV

- datatype exint = Value of int | Plusinf | Minusinf;
datatype exint = MinusInf | Plusinf | Value of int

- Plusint;

val it = PlusInf : exint

- MinuslinfT;

val it = MinusiInf : exint
- Value;

val it = fn : int -> exint
- Value 3;

val 1t = Value 3 : exint

« O Value gival évag KATAOKEUAOTAG OEQOUEVWV UE Wia
NAPAUETPO: TNV TIUA TOU aKEPAiou 1INt Nou anobnkeuel

» Acixvel oa ouvaptnon nou naipvel €vav akepato (int)
KAl ENOTPEPEL Evav exX TNt Nou NEPLEXEL TOV OKEPAILO
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Opwg évag Value dev gival Int

KaTaoKeUuaoTEG KAl TAIPIOOHA TTPOTUTTWYV

- 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 €vag exint, 0x1 €vag akEPALOG
(TNt), napdTL EUNEPLEXEL EvaV

* Mnopoupe va avakTHOOULE TIG NAPAUETPOUG EVOG
KATAOKEUQOTA XPNOWONOWWVTAG TAPLOOHA NPOTUNWY

+ Katd ouvénela, o kataokeuaotng Value dev gival
OuvAPTNON: Ol KAVOVIKEG CUVAPTAOELG OE UNOpPoUV va

XpnowonotnBouv pe autov Tov Tpono wg npdtuna
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fun square Plusinf = Plusinf
| square Minusinf = Plusinf
| square (Value x) = Value (xX*x);
val square = fn - exint -> exint
- square MinuslintT;
val it = PlusInf : exint
- square (Value 3);
val it = Value 9 : exint

*  AlaxelpllOPaO0TE VEOUG TUNOUG OEDOUEVWY HIE
OUVOPTACELG oAV TNV Napanavw nou opiovtal HECW
TaPLAoUATOG NPOTUNWY

» Enedn évag exint givat eite PlusInf, n Minusinf, f
Value, n napandvw cuvaptnon eivat EEavtAnTIK wg

nNPOG TO Taiplaoua NPOTUNWY
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Xe1pIiopog egaipécewyv otnv ML

‘Eva aképa mrapadsiypa: bunch

* MEow TapaopaTog NPOTUNWY UNOPOUKE €MiONG VA
XELPLOTOUUE EEAPETELG

- fun square Plusinf = Plusinf

| square Minusinf = Plusinf

| square (Value x) = Value (X*x)
handle Overflow => PlusinfT;

val square = fn : exint -> exint

- square (Value 10000);

val 1t = Value 100000000 : exint

- square (Value 100000);

val it = PlusInf : exint

* Oa doupe NEPLOCOTEPA YIa TIG ECALPETELG OTN Java
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datatype "x bunch =
One of "x |
Group of "x list;

* 'Eva "x bunch eival eite Eva npdypa TUNou "X, €iTe YA
Alota and npdypata Tunou "X

* 'Onwg ouvnBwg, n ML cupnepaivel TUNOUG QUTOMATA:

- One 1.0;

val 1t = One 1.0 : real bunch

- Group [true,false];

val it = Group [true,false] : bool bunch
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Mapadeiypa: MoAUHOPPIKOG CUMNTTEQPAOHOG

Mapadeiypa: Mn TTOAUHOP@PIKOG CUMUTTEPOAOHOG

* H ML pnopei va oupnepdvel noAUpop@Ikoug bunch
TUNOoUG, aAAG dev XpelaleTal NAVTA VA TOUG EMAUCEL
NARPWG, ONWG yia Napadetypa oupBaivel 6tTav o€ autoug
nepAapBavovtal Aioteg

- fun size (One ) =1

= | size (Group x) = length Xx;
val size = fn - "a bunch -> int
- size (One 1.0);

val it =1 : int

- size (Group [true,false]);

val it = 2 - int
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— fun sum (One x) = X

= | sum (Group xlist) = foldr op + 0 xlist;
val sum = fn : iInt bunch -> int

- sum (One 5);

val it =5 : int

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

val it = 6 - iInt

» Xpnowonotjoape tov TeAeoTH + (WG 6plopa tng Foldr)
OTa OTOLXEIO TNG AloTAG

» Kata ouvénela, n ML pnopei va oupnepavel 0TL 0 TUNogG
TNG NAPAUETPOU TNG ouvAPTNONG sum €ivat int bunch
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Auti ATav n ML

Kartroia aAAa pépn tng ML

* .. TouAdxlotov, 6An n ML nou Ba doupe O0TO PHABNUQ

* QUOIKA, UNAPXouUV KAMoLla HEPN akoua:

- Eyypageg (records) nou givat oav TIG NAEGdEG aAAG £€xouv nedia
HE ovopaTa
* n.x. {name="Arnold", age=42%} : {name : string, age : int}
- [Mivakeg (arrays) pe oTolKeia nou pnopouv va tpononoindouv
- Avagopég (references) yla TIWEG NOU Lnopouv va Tpononoitndouv
- Xelplopog etapeoewy (exception handling)
- Ynootrpgn encapsulation kat anokpuyng ded0UEVWV:
* structures: cuUAoOYEG anod TUNoug BeBOUEVWY + CUVAPTAOEWY
* signatures: interfaces yla ta structures

« functors: K&TL 0a cuvapTACELG ywa structures, NOU OPWG
ENTPENOUV HETABANTEG TUNWYV KAl THV avaBeon TIWY
(instantiation) oTIC napap€Tpoug Twv structures
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- API: the standard basis
* [MNpokaBoplopéveg cuvapTAOELG, TUMOL, K.AM.
» Kdnoleg ano autég eival og structures: Int.maxInt,
Real .Math.sqgrt, List.nth, K.An.

- eXene: Wa BPA0OAKN TG ML yia epapHoyEG 0 YPaPIKO
neptBaiiov X windows
- O Compilation Manager yla dlaxeiplon peyoAUTepwWVY projects
* AM\eg dldAekTOoL TNG ML
_ Objective Caml (OCaml) (#Ca
- H enéktaon tng ML yia tautoxpoviopo (Concurrent ML - CML)
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ZUMTTEPOOCMATIKA YIO TIG OUVAPTNOIOKESG YAWOOES

* H ML gival n pévn yAwooa nou Ba e€eTAooUNE ano TIG
OUVOPTNOLAKEG YAWOOEG NPOYPAUUATIONOU

* 2€auTo TO €(00G NPOYPAUUATIONOU, N EKTEAEON YyiveTal
HEOW ANOTIMNONG EKPPACEWV KOl TALPIACHATOG NPOTUNWY

» Edv 0ag ap€oel autd TO OTUA NPOYPAUUATIONOU,
UNAPXOUV Kal AAAEC YAWOOEG Yyia e€epelvnaon, ONwg n
Lisp, n Scheme, n Haskell, n Clean kat n Erlang
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