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« f:A—> B onuaivet
- NakdBe x € A,

yla kanoto otolxeio y = f(x) € B

f(x) = < atéppovn ekTéNean
n ekTéNeOn TeppaTiCeL eyeipovTag KAnola egaipean

* Me Aoyia:
“g@v n amnotipnon f(x) teppatioel kavovika, tote f(x)e B”

* AnlAadn, n npoobeon de Ba eKTEAECTEL OE pIa EKPPAON
™G popeng f(x)+3  edv nf(x) eyeipel kdnowa e&aipeon
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Emonueiwosig TOTTwy (type annotations)

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

val prod =fn:int*int->int

o Tatiint kaudxLreal;

* A6TL 0 npoeni\eypévog Tunog (default type) tou
apBpNTIKOU TEAEOTN * (ONWG Kal Twv +, —) givat

int * int -> int

* Av B€Noupe va XpnOWONOICOULE T OUVAPTNON HE
opiopata TUnou real  pnopoUpe va BAAoUpE pia
unoonueiwaon TUNoOU OTA CUYKEKPILEVA opiopaTa

H yAwooa ML oe BdBog

Moapddelypa EMCNUEIWTEWY TOTTWY OTNV ML

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

* Oenonpewoelg TUNwv anoteAoUvTalL anod pa Gvw KATw
TeAeia kKat évav TUNo Kal prnopouyv va Urnouv navtou

+ 'OMot Ta NapaKkGTw oplopoi gival 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 * breal;
fun prod (a,b) = (a*b):real;
fun prod ((a,b):real * real) = a*b;
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ZUVAPTAOCEIG METATPOTTAG TUTTWV

Z0vTagn TaIPIGOPATOG

- real 123;

val it = 123.0 : real
- floor 3.6;
valit=3:int

- str#"a";

val it ="a" : string

Evowpatwpéveg ouvapTACELG LETATPONAG TUNWV:
- real (int —real ),
- floor (real —int ),cell (real —int ),
- round (real —int ),trunc (real —int ),
- ord (char —int ),
- chr (int —char),

- str (char —string )
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* 'Evag kavovag €xel TNV napakdTw ouvtagn otnv ML:

‘<ru|e>::=< patterrs> => <expression|

* 'Eva taipiaopa anoteleitat and évav r) nEPIOCOTEPOUG
KAVOVEG nou dlaxwpidovtal geTagu Toug ano ‘|’ :

[<match> =< rule>|< rule>' |'< matct>|

* Xe €va Taiplaopa KABe kavovag NPENEL va £XEL TOV B0
TUNo pe TNV €K@paan (expressiopoTo deEi pEpog Tou
Kavova

» 'Eva taiplaopa dev ival €kppaan ané povo Tou, ahAd
anotelei pEpog dlapdpwv ekppdoswy Tng ML
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Exk@pdoeig case

case 1+1 of

3 => "three" |

2 => "two" |

_ =>"hmmm...";
val it = "two" : string

» 'Exouv tn ouvtagn:

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

* H éxkgppaon case tng ML gival pua noAU woxupr) dopn—kat
avTiBeTa PE TIG NEPLOCOTEPEG AANEG YAWOOEG, HNOPEL va
KAVEL NEPLOCOTEPQ and anAf oUyKPLOn pE OTABEPEG
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Mapddeiypa xpAong case

* H T autng TG £kppaong sivat:
- TO TpiTo OTOIKE(D TNG AioTag list  , av n AioTa €xet
TOUAGXLOTOV Tpia oToLXE(a,
- T0 delTEPO OTOLXE(O TNG AloTaG av €xeL povo duo, A
- TO NpwTo OTolKeio TNG AioTag list  €dv €xel povo éva, f
- o aképalog 0 €av n Aiota list  eivat kevn.

A6yw Tou TeAeuTaiou kKavova, n Nota npénet va gival pia Aiota akepaiwy.
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H ék@paon case eival gia yevikeuon Tng if

|if exp then exp else exp |

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

O1 800 napandvw ek@pAcelg gival loodUVaNEG

Me aANa Aoyua, n ékgpaon if -then -else eival e1dkn
nepinTwon plag €Kppaong case
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ATtroTiynon “ BpaxukUkAwong” otnv ML

- true orelse 1 div 0 =0;
val it = true : bool

+ Outeleotég andalso  kaiorelse  “BpayukukAwvouv”
(short-circuit) otnv ML:
- Edv n ék@paon Tou NpWTOoU OPioUAToG Tou orelse  anoTiudTat
wg aAnBAg (true), n €kppaon Tou deUTEPOU dEV ANOTIUATAL
- Mapodpola, edv To NPpwTOo 6plopa Tou andalso  eival Yeudeg

+ Mg Bdon 1o “ypauua” Tng Bewpiag, dev gival npaypaTtikol
TEAEOTEG OANG AEEELG KAEOLA

* AuTo6 01611, 0 pa yAwooa gav tnv ML, Aot oL TEAEOTEG
anoTipoUV NANPWG Ta OPICHATA TOUG
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MoAupop@ikég oUVAPTATEIG Yia AioTeg

*  Avadpopikr) ouvapTtnon nou unoAoyiel TO HAKOG LG
Aiotag (onoloudnnote TUnou)

MoAupop@IoHO6G Yia TUTTOUG 1I00TNTAG

- funlength x =

if null x then 0

else 1 + length (tl x);

val length = fn : 'a list ->int
- length [true,false,true];

valit=3:int

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

valit=4:int

- funlength_eq x =

= if x=[] then 0

= else 1+ length_eq (tl x);

val length_eq = fn : "a list -> int

- length_eq [true,false,true];
valit=3:int

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

Error: operator and operand don't agree

[equality type required]

Znueiwon: n ouvaptnon length  eivat pépog tng ML, ondte
0 napandvw oplopoG eival NEPITTOG
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*  MeTaBAnTEG TUNWV Nou apxifouv pe U0 anooTpoPoug, 6Nwg o "a
neplopi¢ovtal o TUNOUG LOOTNTAG

* H ML oupnepaivel autov Tov NEPLOPLOUO BLOTL GUYKPIVALE TN
HETABANTA X Yl l0OTNTA PE TNV KeVH AioTa. AuTé e Ba oUppatve
€dv eixape xpnowonoloet tn ouvlnkn null x  avtiya tnv x=[]
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ATTO50TIKEG CUVAPTAOEIG YIa AiOTEG

* AvaoTtpoor| pag Aiotag

fun reverse nil = nil
| reverse (x::xs) = (reverse xs) @ [x];

* Epwtioelc:
- To6oo anodoTikA eival n ouvaptnon reverse ?
- MnopoUpe va avaoTPEWYOUHE Jia AioTa pe £va Hévo NéEpacua;
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Mo aodoTIKA oUVAPTNON reverse

fun reverse xs
let
fun rev (nil, z) =z
| rev (y:iys, z) =rev (ys, y::z)
in
rev (xs, nil)
end;

1 3
2 :> :>:> 2
3 3 11 311 1

= EE 0E .
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ZuvapTtnoeig YYnAng Tagng
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H A&§n kA&1di op

- op *;

val it =fn:int*int -> int

- quicksort ([1,4,3,2,5], op <);
val it =[1,2,3,4,5] : int list

* OLduadikoi TEAEOTEG €ival EI0IKEG OUVAPTAOELG

* 'Opwg HEPIKEG POPEG BEAOUUE VA TIG XPNOLUOMNOIACOUHE
0av KOWVEG OUVAPTAOELG: yia Napddelypa, va nepacoupe
Tov TEAEOTN < oav Oplopa TUnou int * int -> bool

* H AEEN kAedi op nptv and KANOLo TEAEOTH ENOTPEPEL TN
avtioTolkn ouvdaptnon
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ZuvapTAOEIS UYNARG TA$Ng

» KdaBe ouvaptnon €xet pia Tagn (order):

- Mia ouvdptnon nou dev naipvel GAAEG OCUVAPTHOELG WG
NApPApPETPOUG Kal BEV ENOTPEPEL WG ANOTEAETUA LA GAAN
ouvaptnon €xet tagn 1

- Mia guvdpTtnon nou naipvel GAAEG GUVOPTAOELG WG NAPAUETPOUG
A ENOTPEPEL WG ANOTEAECHA pia GAAN ouvAPTNON €XEL TAEN Nn+1,
6énou n givat n péylotn Tagn Twv NAPAPETPWY TNG KAL TOU
anoTeAéopaTog TG

* Houvaptnon quicksort  nou poAg eidape eivat
guvapTnon deltepng TAENG
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MpakTiKA €§doKNON

* TiTaEewg ival ol ouvaptAoelg Tng ML pe Toug
napakdaTw TUnoug;
int * int -> bool
int list * (int * int -> bool) -> int list
int ->int  ->int
(int -> int) * (int -> int) -> (int -> int)
int -> bool -> real -> string

* Tipnopoupe va noUpe yia TNV Tagn tTnNg ouvapTnong He
TOV NApaKAaTw TUno;
(a->"b)*(c->'a)->'c->'b
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MpokaBopiouéveg cuvapTnoEelig UPNARG TagNg

H ocuvdpTtnon map

» TpEIg ONUAVTIKEG NPOKABOPIOPEVEG GUVAPTATELG

UYnANG TdgNng:
1. map
2. foldr
3. foldl

* Hfoldr «kainfoldl eival napépoleg
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« Eg@appoddel pa ouvaptnon oe kaBe oTolxeio pag Aiotag kat
ENOTPEPEL TA ANOTEAETUATA TNG EPAPUOYAG OE A VEA AioTa

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

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

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

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

- val f=map (op +);

val f = fn : (int * int) list -> int list

- f1(1,2),3.4)

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

Mapadeiypara xpRong foldr

* 2uvduddel, pEow HIAG ouvAapTNoNG, OAQ TA OTOLKEID HIOG
Aiotag

» [Maipvel wg opiopata pa ouvaptnon f, pa apyxikn T ¢,
Kat pa Mota X = [X;, ..., X,] Kot UNoAoyideL TnV Tin:

FO OG0 (g (G, e)))

+ Mo napadetypa n KARon:
foldr (op +) 0[1,2,3,4]
anotdtal o 1+(2+(3+(4+0)))=10
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- foldr (op +) 0 [1,2,3,4];
valit=10:int

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

valit =24 :int

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

- foldr (op :3) [5] [1,2,3,4];

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

- foldr;
valit=fn: (a*'b->'b)->'b->"alist->" b
- foldr (op +);

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

val it = fn : int list -> int

- val addup = foldr (op +) 0;
val addup = fn : int list -> int
- addup [1,2,3,4,5];

valit =15 :int
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H ocuvaptnon foldl

Mapadeiypara xpRong foldl

* 2uvdudadel, pEow PG oUVAPTNONG, OAA TA OTOLKEID HIOG
Aiotag (6nwg n foldr )

* Maipvel wg opiopata pa ocuvdptnon f, pa apxikn T c,
Kal pua Mota X = [X;, ..., X;] Kat unoAoyidet Tnv Tin:

F O (e £ (%o T (3, 0)) )

* Mo napadetypa n KARON:
foldl (op +) 0 [1,2,3,4]
anoTaTaL oe 4+(3+(2+(1+0)))=10

Znueiwon: H foldr  anotyénke wg 1+(2+(3+(4+0)))=10

H yAwooa ML og BdBog 23

* Hfoldl apyiCelanod apotepd, n foldr  and ta dega

+ Quolkd, dev undpxel kanota dagopd dTav N ouUVAPTNON
elval avakAOTIKN KOl LETABATIKN, ONWG N + Katn *

» o GA\eG OUVAPTAOELG OPWG UNAPXEL Blagopd

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

- foldl (op ») " ["abc","def","ghi"];
val it = "ghidefabc" : string

- foldr (op -) 0[1,2,3,4];
valit=~2:int

- foldl (op -) 0[1,2,3,4];
valit=2:int
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AnAwoeig TUTTWV Aedopévwv
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Opiouoi TUTTWV dedopévwv

+ [NpokaBopiopévog TUNOG, aANG OxL NpwToyovog otnv ML
datatype bool = true | false;

* MNapapetplkdg KATAOKEUAOTAG TUNOU (parametric type
constructor) yla AMioTeg:
datatype 'e list = nil
| ;- of 'e * ‘e list

» OpiCetal ywa Tnv ML otnv ML!
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Opiopoi TOTTWYV dedopévwv

* 'Exouv Tn YeVIKN Hop®n

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

* MMapadeiypata:
- datatype color = Red | Yellow | Blue
< ortoixeia : Red, Yellow , kat Blue
- datatype atom = Atm of string | Nmbr of int
« gtoieia: Atm("a") , Atm("b") .., Nmbr(0) , Nmbr(1) , ...
- datatype list = Nil | Cons of atom * list
« otoixeia: Nil , Cons(Atm("a"),Nil) -
Cons(Nmbr(2),Cons(Atm(“ugh™),Nil)) s
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Opiopoi avadpopIKwyY TUTTWYV dedopévwv

datatype 'd tree = Leaf of 'd
| Node of 'd * 'd tree * 'd tree;

* Mapadetypa otypdTunou d€vopou

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

®

* Avadpopikn ouvapTtnon Xprong Tou TUnou SedoUEVWY

fun sum (Leafn) =n
| sum (Node (n,t1,t2)) = n + sum(tl) + sum(t2);
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Auctnp6 cuoTnUa TUTTWYV

- datatype flip = Heads | Tails;

datatype flip = Heads | Tails

- funisHeads 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 eivat auotnpn o€ ox€an pe Toug véoug TUMouUG,
akpBwg 6nwg Ba neppévape

* Xe avTiBeon n.x. pe Tig enum dnAwoelg tng C, ot
AenTopEPELEG TNG UAOMoinong dev gival eppaveig otov
NPOYPAUUATIOTH
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KaTaokeuaoTéG EvavTi CUVAPTATEWY

- datatype exint = Value of int | PlusInf | MinusInf;
datatype exint = MinuslInf | Plusinf | Value of int

- PluslInf;

val it = PlusInf : exint

- Minusinf;

val it = Minusinf : exint

- Value;

valit=fn:int - > exint

- Value 3;

val it = Value 3 : exint

+ O Value ceival £€vag KATAOKEUAOTAG BESOUEVWY HE pia
NOPAUETPO: TNV TN TOU aKEPaAiou int  Mou anoBnkeuel

» Acgixvel oa guvapTtnon nou naipvel évav akEpaito (int )
KOL ENOTPEPEL €vav exint  Nou NEPLEXEL TOV OKEPALO

H yAwooa ML og BdBog 30




Opwg évag Value dev givai int

KaTtaokeguaoTég Kal Taipiaopa TTPOTUTTWV

- val x = Value 5;

val x = Value 5 : exint

- X+ X

Error: overloaded variable not defined at type symbo
type: exint

» 'Evag Value 5 eival €vag exint , OxtL €vag aKEPALOG
(int ), napOTL EPNEPLEXEL EVaV

* MnopoUpe va avoKTAOOUUE TIG NAPAHETPOUG EVOG
KOTOOKEUOOTH XPNOLHONOWVTOG TAiPLOoHa NpoTUnwy

» Katd ouvénela, o kataokeuaoTng Value dev gival
OUVAPTNON: Ol KAVOVIKEG OUVAPTAOELG &€ pnopouv va

XpnotonotnBolv pe auTtév Tov TPOMNo wg npdtuna
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- fun square PlusInf = PlusInf

= | square MinusInf = Plusinf

= | square (Value x) = Value (x*x);
val square = fn : exint -> exint

- square Minusinf;

val it = PlusInf : exint

- square (Value 3);

val it = Value 9 : exint

» Aloxepl{OpaOTE VEOUG TUNOUG BESOUEVWY PE
OUVAPTAOELG oav TNV napandvw nou opiovtal HEow
TAPIAOPATOG NPOTUNWY

» Enedn évag exint  eival gite Plusinf ;3 MinusInf , f
Value , n napandvw ouvaptnon €ivat eavTAnTIKr wg

npog To Taiplaopa npotunwv
H yAiooa ML og BaBog 32

Xeipiopog eaipéoewv otnv ML

‘Eva akopa rapdaderyua: bunch

* Méow TapldopaTog NPoTUNwWY UNopoUlE ENioNG va
XEIPLOTOUE EEAIPETELQ

fun square Plusinf = Plusinf
| square MinusInf = Plusinf
| square (Value x) = Value (x*x)
handle Overflow => PlusInf;
val square = fn : exint -> exint
- square (Value 10000);
val it = Value 100000000 : exint
- square (Value 100000);
val it = PlusInf : exint

* Oa doupe NePLOCOTEPA YIa TIG eEalpEoelg ot Java
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datatype 'x bunch =
One of 'x |
Group of 'x list;

* 'Eva'x bunch eival eite éva npdypa tunou ‘X , eite pua
Aiota ané npdypata tnou 'x

* 'Onwg ouvABwg, n ML cupngpaivel TUNOUG QUTOHATA:

- One 1.0;

val it = One 1.0 : real bunch

- Group [true,false];

val it = Group [true,false] : bool bunch
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Mapadeiypa: MOAUHOPPIKOG CUNTTEPAOCHOG

Mapadeiypa: Mn TTOAUHOP@PIKOG CUMTTEPACHOG

* H ML pnopei va oupngpdvel noAupop@ikoug bunch
TUNoug, aAAd dev xpeldletal Navra va Toug EMAUOEL

NARPWG, 6Nwg yla napadstypa cuppaivel 6Tav oe autoug

nep\apBavovrat Aioteg

- funsize (One ) =1

= | size (Group x) = length x;
val size = fn : 'a bunch -> int

- size (One 1.0);

valit=1:int
- size (Group [true,false]);
valit=2:int
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- fun sum (One x) = x

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

- sum (One 5);

valit=5:int

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

valit=6:int

+ Xpnowonowjoape Tov TEAEOTH + (wg 6plopa tng foldr )
otTa oTolkeia Tng Aiotag

» Katd ouvénela, n ML pnopei va oupnepdavel 6Tt o TUNog
NG NOPAPETPOU TNG ouvdaptnong sum eivat int bunch
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Auti ATav n ML

Katroia dAAa pépn Tng ML

* ..M TouhaxoTov, 6An n ML nou Ba doupe oTIG BIAAEEEIG

* Duoikd, undpyxouv KAnola HEPn akopa:

- Eyypagég (records) nou eival oav TiG NAEGdeg AN €xouv nNedia
He ovépaTa
* n.x. {name="Arnold", age=42} : {name : string, age : int}
- [Mivakeg (arrays) pe atoleia nou pnopouv va tpononotntolv
- Avagopég (references) yla TiHéG nou pnopouv va tpononotnfouv
- Xelplopodg etapéoewv (exception handling)
- YnootApgn encapsulation kat andékpuywng dedouEvwy:
« structures: UNOYEG ané TUNoug dedOUEVWY + CUVAPTACEWYV
« signatures: interfaces yla ta structures

« functors: k4TI 00 CUVOPTAOCELG YO structures, Nou GUWG
enNTPENOUV PETABANTEG TUNWV Kat TNV avaBeon TIHWY
(instantiation) oTIg Nnapap€Tpoug Twv structures
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- API: the standard basis
* [pokaBoplopEveg oUVAPTACELG, TUMOL, K.AM.
+ Kdnoleg and autég eival o structures: Int.maxint
Real.Math.sqrt , List.nth | kK.An.

- eXene: pa BiBA0OAKN TNG ML yia epapUoyEG OE YPaPIko
nepBaiiov X windows
- O Compilation Manager yia dlaxeipion peyaAlitepwy projects

* AM\eg didAekToL TNG ML
- Objective Caml (OCaml) m

- H enéktaon tng ML yia Tautoxpoviopé (Concurrent ML - CML)

H yAwooa ML og BaBog 38

ZUNTTEPACHATIKG YIO TIG CUVAPTNOIOKEG YAWOOEG

* H ML €ival n pévn yAwooa nou Ba egetdgoupe and Tig
OUVOPTNOLOKEG YAWOOEG NPOYPOUHUATIONOU

* Xe auTo TO €i60G NPOYPAUHATIONOU, N EKTEAEDN YiveTaL
HEOW AMOTIPNONG EKPPATEWY KAl TAPIACUATOG NPOTUNWY

» Edv oog ap€ael auTtd TO GTUA NPOYPAUUATIONOU,
undpxouv Kat dAAeg YAWOOEG yia eEepelivnaon, 6nwg n
Lisp, n Scheme, n Haskell, n Clean kat n Erlang
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