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ZuvapTnolakog kai NMpooTakTikog MpoypaupaTiopog

+ 'Evag Tponog dlaxwplopou
- O NpoOTOKTIKOG NPOYPAUHATIOHOG ENKEVTPWVEL OTO NWG
- O ouvapTNOIOKOG NPOYPAHHATIOHOG ENKEVTPWVEL OTO TL

+ ZUuvapTNOLOKOG NPOYPOUHATIONOG

- Baoifetal 0To padnuaTiké povtéANo Tou A-Aoyiopou (Church)

- “TpoypPOHUATIONOG XWPIG HETABANTES”

- Eivaitané tn @uon tou Kopwog, GUVTOHOG Kal GaPAG TPONoGg
NPOYPAUUATIONOU, OTOV OMOoi0 ano@eUyovTal TEAEIWG KANolou
€i00UG NPOYPAUHUATIOTIKA OPAAPATA

- Oewpeital and NoAAOUG WG AVWTEPOG TPOMOG NPOYPAUHATIONOU
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Alagaveia avagpopdg (referential transparency)

Mapadsiypa o Pascal

* Z¢g pia yAwooa ouvapTtnolakoU NpoypapaTiopou,
n anotiunon pag ocuvaptnong divel ndvra to ido
QanoTENEOHA YIa TIG BlEC TIHEG TWV NAPAUETPWY TNG

* HonuavtikA autr BdtnTa dgv IoXUEL KAT' avAYKN OTIG
YAWOOEG NPOOTAKTIKOU NPOYPAUUATIONOU

* 2TOV MPOCTOKTIKO NPOYPAUUATIONS auTtd cuppaivel Adyw:

- MeTtapAnTwv nou opifovtal kat aAAGZouV TIUEG EKTOG TOU
OwpaTog TNG ouvdptnong (global variables)

- Egaptnong anéd tnv katdotaon (state) Tou unoloyiopou

- ANMuwv napevepyewv (side-effects) nou pnopei va undpyouv oto
npoypapua
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program example(output)
var flag:boolean;

function f(n:int): int

begin TULTUNWVEL TO NPOYPOHUT;
if flag then ¥ := n .
else T = 2*n; SIKGI HSITG4
flag := not flag * [lepiepyo dOTL
end NEPIUEVOURE OTL
begin f(1)+ f(2) = f(2)+ f(1)
flag := true; * ZTO HABNUATIKG
writeln(F(1)+F(2)); Ol GUVOPTNOEIG
writeln(fF(2)+f(1)); etaptwvtatl pévo anod
end Ta opiopaTd TOUG
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MeTafAnTtég kau “peTaBAnTég”

H yAwooa ML (Meta Language)

* ZTnv Kapdd Tou NPoBAAUATOC €ival TO yeyovog OTLn
petaBAnth Flag ennpeddel tnv T tng

+ EWKOTEPQ, N oupneppopd opeileTal oTnv avabeon

flag := not flag

* Xe pa yYAwooo Xwpig noANanAEG avaBEoelg peTaBANTWY
eV undpyouv TETola NPoBARHaTa

+ ZTIC OUVOPTNOIAKEG YAWOOEG, Ot HETABANTEG ivat
OVOUATA VIO CUYKEKPLUEVEG TIHEG, Sev eival ovopata yia
OUYKEKPEVEG BETEIG UVAUNG

* MnopoUpe va TIC Bewpnooupe “OXtL NOAU HETABANTES”
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* Muwooa cuvapTNolaKoU NPOYPAUUATIOHOU pE TUNOUG
+ Xxedlaopevn yla aAANAeM®PaoTIKA Xpron (interactive use)

* 2uvdudadlel Ta NAPOKATW OTOLKEIQ:

- Baowopévn oto A-Aoylopo Kal oTnV anoTipnaon EKQpAacewv

- ZuvopTtnoelg uwnAig ta&ng (higher-order functions)

- AutépaTtn dlaxeipon HvARNG (KE XPARon GUAAOYNAG OKOUNMIBIWY)

- Aopnpnuévoug Tunoug dedopévwy (abstract data types)

- Zuotnpa apBpwpdtwy (module system)

- EEaipéoelg (exceptions)
* [eVIKAG XPAONG KN NPOCTAKTIKA, KN AVTIKELEVOOTPEPAG

yAwooa

- XXeTIKEG YAwooeg: OCaml, Haskell, ...
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Mari e§erdfoupe Tnv ML;

» Tunot kat auotnpd cUCTNUA TUNWVY
- Tevikd B€paTta yia oTaTiko €vavtt SUVAUIKOU EAEYXOU TwV TUNWV
- Zupnepaopdg Tunwy (type inference)
- ToAupop@LopAG Kal YEVIKOG NpoypappaTIondg (generic
programming)
* Awxeipon pvrpng
- XTaTIKA ePBEAEL Kat dOUr KOTA UNAOK
- Eyypagég evepyonoinong ouvaptAoewv (function activation
records) katl UAoMoinon CUVaPTACEWY UYNAAG TAENG
* 'EAeyxog kat O0UEG pOAG
- EEalpéoelg
- Avadpopn “oupdg” (tail recursion) kat ouvexeleg (continuations)
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Z0vTopn IoTopia TG YAwooag ML

* Robin Milner (ACM Turing Award)

* Logic for Computable Functions
- Stanford 1970-71
- Edinburgh 1972-1995
- Cambridge 1996-
* MetayAwooa Tou ouotApatog LCF

- Anddegn Bewpnudtwv
(theorem proving)

- Zlotnua tunwv (type system)

- ZuvapTACELG UYNAAG TAENG
(higher-order functions)

* Oa xpnowonoljooupe Thv uAonoinon sf H
SML/NJ (Standard ML of New Jersey) '
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H yAwooa ML péoa améd mapadeiypara

% sml

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

val it = 42 : int

-2+ 3;

val 1t =5 :© iInt

- fun square x = X * Xx;

val square = fn : int -> int
- square 5;

val it = 25 : iInt

- square;

val it = fun : iInt -> iInt

Eloaywyr otn yA\wooa ML 9

Baoikoi T01T01 TG ML

+ Booleans
- true, false : bool

* AKEPALOL KAl TEAEOTEG TOUG
- 0,1, 2, . :int
-+, -, *, mod, div, ~ (povadwio peiov)
* ZUUPBOANOCEIPEG KAl TEAEOTEG TOUG
- "Robin Milner"™ : string
- N (ouvévwon oupBOAOCEIPWV)
* AplBpoi KivnTAG UNodlaoTOAAG Kal TEAECTEG TOUG
- 1.0, 2.2, 3.14159, ..
-+, -, xS/, -
Ot 1eheoTég £ivan apLoTEP TPOSETAPIGTIKOL, L TpoTepardtes {+,—} < {*./,div,mod} < {~}.
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H yAwooa ML péoa améd mrapadeiypara

-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 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: ’7Z * *’Z
operand: real * real
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Ymreppoptwon teAecTwy (operator overloading)

-2*3

val it = 6 : int

- 2.0 * 3.0;

val it = 6.0 : real
- 2.0 * 42;

stdIn: Error: operator and operand don’t agree
operator domain: real * real
operand: real * int
in expression: 2.0 * 42

* O TeAeoTAG * (KOl GANOL 6NWG 0 +) gival UNEPPOPTWHEVOL

» 'Exouv dlog@opeTikn eppnveia g {eUyn akePaiwv Kat
OlaQOoPETIKA g Celyn aplOpwy KIvNTAG unodlaoTOAAG

* H ML dgv kavel auTtoOpaTn HETATPONI and akepaioug ae
NPEAYHATIKOUG aptBpoug (6nwg n.x. kavet n C)
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H yAwooa ML péoa améd mrapadeiypara

- fun max a b =

= if a>Db then a else b;

val max = fn : iInt -> Int -> iInt
- max 10 5;

val it = 10 : int

- max 10 42;

val it = 42 : int

» lMpoo€tTe TOV NEpiepyo TUNO
int -> int -> int
* Aéel 61L N max eival pla ouvapTnaon nou naipvel évav
QKEPALO KAl ENOTPEPEL LIa CUVAPTNON NOU NAipvel Evav
aKEPALO KAL ENOTPEPEL EVAV AKEPALO
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Currying

» O ouvapTtnoelg eival avTikeipeva
npwtngG TagNng Ta onoia pnopoue va
Ta SlaxelploToUpe 6nwg 6Aa Ta GAAa
avTIKEIPEvVA (N.X. TOUG aKEPAiOUG)

Haskell B. Curry

- fun max a b = if a > b then a else b;
val max = fn : iInt -> int -> int
- val max_five = max 5;

val max_five = fn : iInt -> int

- max_TFive 10;

val it = 10 : int

- max_TFfive 1;

val 1t =5 :© iInt
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Currying vs. Tuples

* Av B€Noupe, UnopoULE VA XPNOLUONOIACOULE NAEIADEG
(tuples) wg opiopoTa A oNOTEAECUATA CUVOPTHOEWV

- fun max (a,b) = if a > b then a else b;
val max = fn : int * int -> iInt

- max (10,5);

val it = 10 : int

- fun reverse (a,b) = (b,a);

val reverse = fn - a * b -> b * ’a

- reverse (10,5);

val it = (5,10) : int * int

- max (reverse (10,5));

val 1t = 10 : int
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MoAupop@Iouog

* H ouvdptnon reverse £xel €vav evola@épovTa TUNO

- fun reverse (a,b) = (b,a);

val reverse = fn : a * b -> b * ’a

* AuTto onuaivel 6TL LNOPOULE VO OVTIOTPEYOULE IO
duada 6rnou To NPWTO OPLOUA ival onoloudANOTE TUNOU
KAl To OeUTEPO OPIOUA €NiONG €ival onoloudANoTE TUMNOU

- reverse (10,3.14);

val it = (3.14,10) : real * int

- reverse ("'foo",(1,2));

val it = ((1,2),"foo™) : (int * int) * string
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Avadpoun

» Enedn dev undpyouv PETABANTEG HE TNV NOPADSOCIAKN
évvola, Ta NPOoYPAUATa Xpnaotonoouy avadpopr yia va
ekppdoouv enavainyn

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

TeAeoTAG UYPwong o€ duvapn

- sum 21 Avadpopi
val it = 3 © int P
- £VVOLa, TO NPOYPAUUATA XPNOIONOIOUY avadpopr via va
- Sum 31 Eexppacou enavanyn
S U oo - @
val it = 6 : int "0 then 0 else sun (n-1) +
sum 4-
- E]

=3 :int

val it = 10 : int
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* MnopoUpe eniong va opicoupe
VEOUG aplOUNTIKOUG TEAEOTEG
WG OUVOPTAOELG

- fun x Ny =

= ify=0 then 1

= else x* (x ™ (y-1));
val ~ = fn : iInt * int -> int
-2 N 2;

val it = 4 : int

-2 "N 3;

val 1t = 8 : int

-2 N 4;

val it = 16 : int
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Emavayxpnoigomroinon amoTeAeoHATWY

+ Enedn dev €xoupe peTafAnTEG, EILOOTE AVAYKACUEVOL
va enavoAdoupe ekppaaoelg (Kat unoAoylopoug)

fun £ x =

g(square(max(x,4))) +
(if x <1 then 1
else g(square(max(x,4)))):;

* M pébodog yia va ypdyoupe no eUKOAQ TNV napandvw
ouvapTtnon gival n xpnon pag BondnTikAg ouvapTnong

fun f1l(a,b) = b + (if a < 1 then 1 else b)
fun £ x = F1(x, g(square(max(x,4)));
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H ékppaon let

» 'Evag no eUKoAoG TpOnog €ivat o oplopog evog TOMNKoU
OVOUOTOG YIO TNV ENAVOXPNOLLONOLOUHEVN €KPPaACN

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

2ovOeTol TUTTOI Bedopévwy otnv ML

» Mpoypdppata nou enegepydlovtal HOvo BabuwTda

- let

= wval a=5 dedopéva (scalars - xwpig dopn) dev gival NOAU Xproa

f in (let * OL0ouvapTNOIOKEG YAWOOEG NPOYPAUUATIOHOU €ival OTL

= val a = a + 2 npéneL yia Tnv enegepyacia ouvOeTWY TUNWV 0EOOUEVWV

= in + 'Exoupe r1dn deL NAelddeg, nou givat oUvBETOL TUNOL

= a . . . .

- . OedopEVWY yla TNV avanapdoTaon evog OpLoUEVOU

= a) aplOpoU avTIKEHEVWY (MBavWG SLIO@OPETIKWY TUNWV)

= end; » H ML éxel eniong AoTeg, nou eival oelpég onoloudnnoTe

val it = (7,5) : int * int X nG Aoteg, PEG n
aplBpoU OVTIKEILEVWY TOU {Blou Opwg TUNou
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AioTeg Cons

* O nAelddeg nepikAeiovtal andé napevoOEaelg,
ot Aioteg anod aykUAeG
- (1,2);
val it = (1,2) : int * int
- [1,2];
val it = [1,2] : int list
* O teleoTC @ ouvevwvel BUO ANOTEG

- [1.,2] @ [3,4]1;
val it = [1,2,3,4] : int list
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* MnopoUpe va NpocBEcoUE OTOLXEIO TNV APXT] KOG
ANoTaog pe Tov TeAeOTN 1 - (NPOYEPETAL CONS)

-1 ::2::23::[1:

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

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

* H ouvévwon d0o Mlotwy dev eival To idlo pe Tn xpAon - :
-[1,2] :: [3,4];
stdln: Error: operator and operand don’t agree
operator domain: int list * int list list
operand: int list * int list
in expression:
@ ::2::nil) :: 3 :: 4 :: nil
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AAAeg ouvapThoEig yia AioTeg

OpIop6G oUVAPTHOEWY Yia AioTEG

- null [1;

val it = true : bool
- null [1,2];

val it = false : bool

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

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

val it =1 : int

- tl I;

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

val it = 4 : int
- nil;
val it = [] : ’a list
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- fun addto (I,v) =

= if null 1 then nil

= else hd I + v :: addto (tl 1,v);

val addto = fn : int list * int -> int list
- addto ([1,2,3],.2):

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

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

val it = [~1,0,1] : int list
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OpIop6g oUVAPTHOEWY Yia AioTEG

Avwvupeg ouvaptioelg (A-ekppdoeig)

- fun map (F, 1) =

= if null 1 then nil

= else F (hd 1) :: map (F, tlI I);

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 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 6pLOpa TNG NAPANAVW CUVAPTNONG AEYETOL
AGuda ékppaon: sival pa cuvapTnon Xwpig ovoua

* O teleotng fun gival loodUvapog
HE pia Aapda €kppaon

- val add2 = fn x => x + 2;

val add2 = fn : int -> int

- add2 10;
val it = 12 : int
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Avadpopikég Aauda eKPpAocEIg

Taipiaopa rpoTUTTWYV (pattern matching)

* Mwg kahoUpe avadpokd KATL TO onoio dev €xel OVOUQ;

* Tou divoupe €val!

let
val rec f =
fn x => if null x then nil;
else (hd x + 3) :: ¥ (tl x)

L T | A VA |
=

== D
=]
1w
N

]

.5,6,7] : int list

<
o))
=3\
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*  OLouvapTtAoelg NOANEG POPEG opiovTal e SIAPOPETIKEG
EKPPACELG BACN KANOWWV ouvOnKwv

7{x gdv x>0
J) = X eav x<0

* Ououvaptioelg Tng ML &€ dlagpEpouv Kal ENLTPENOUV TOV
OPLOPO KATA NEPINTWOELG KAL TNV ano@uyr Tng xprnong i f

fun map (F.[1) = [1
| map (F,1) = £ (hd 1) :: map (F,tl I);

* 'Opwg, 0 oplopoG ava NEPINTWOELS €ival EuaiobnTog wg
npog Tn oelpd EPPAVIONG TWV CUVAPTNOLOKWY NPOTATEWV
fun map (F,1) = F (hd ) :: map (F,tl 1)

| map (F,[1) = [1;
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KaAUTepOg 0pIoHOG HECW TAIPIACHATOG TTPOTUTTWV

* To npétuno _ taiplael pe OAQ TA AVTIKEINEVA

* Tonpétuno h :: t Tapldlel pe a Aiota Kat dEvel
- peTapAnTA h pe v kegalr Tng AioTag kat

- Tn petafAntr € pe Tnv oupd Tng Aiotag

funmap ., [D =10
| map (F, h::t) = f h :
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XpARon otafepwv wg TPOTUTTA

- fun is_zero 0 = "yes";
stdIn: Warning: match nonexhaustive
0 => ...

val is_zero = fn : int -> string
- is_zero 0O;
val it = "yes" : string

» KdaBe otabepd evog TUNOU nou unootnpidel looTnNTa
pnopei va xpnowonotnBei wg npdtuno

* AMN\G Bev pnopoUpE va YPAYWouU e

fun is_zero 0.0 = "yes";
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Mn €€avTAnTIKO TaipIAOHA TTPOTUTTWV

* 2710 nponyouUpevo napddelypua, o TUNOG TG is_zero
ATav int -> string, oMd Tautdxpova UnfipEe n
npoewdonoinon “Warning: match nonexhaustive”

* AuTto onuaivel 6TL N ouvapTnon opioTNKE pe npdTuna
nou dev e€avtAnoav To nedio oplopol TNG CUVAPTNONG

» Katd ouvénela, gival duvatoé va undpxouv npoAnuaTa
XPOVOU EKTEAEONG, ONWG:

Kavéveg Taipidoparog mpotomrwy otnv ML

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

* To npdtuno _ taipldel pe oTIOANOTE

* M petaAnTtn gival €va npdTuno nou Talplalel Ye
onoladANOTE TIUA KAl SEVEL TN HETABANTA HE TNV TIUA

* M otaBepd (evog TUnou 1oéTNTAG) Eival £va NPOTUNO NOU
Taplddel PévVo e TN CUYKEKPIUEVN OTABEPG

* Mia nAewdda (X,Y,..,z)elval éva npdTuno nou Tapladet pe
k@0e nNAeldda Tou idlou peyEBoUG, TNG ONoiag Ta NEPLEXOUEVA
Tapdfouv Pe TN o€lpd TOUG HE TA X, Y, .., Z

* M Aiota [X,Y, .., Z]elval Eva npdTuno nou Talplddel pe kAbe
AioTa Tou iBlou PAKOUG, TNG 0Mnoiag Ta OTOolKEia TaPLadouV e
TN OElPA TOUG HE TA X, Y, .., Z

* 'Evacons h: :t eivat éva npoTuno nou Tapladel Pe KAOe pn
kevh AoTa, TNG onoiag n ke@aAn Talpladel Pe to h kat n oupd

raised at ... HE TO t
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Mapddeiypa XpRong TaipIdoUATOS TTPOTUTTWV AAAa Trapadeiypara

* Mapayovtiko pe xpnon if-then-else

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

* lMapayovTikd pe Xpron TapldopaTog NpoTUnwY

fun fact O 1
| fact n = n * fact (n-1);

* MapatnpAote 6TL undpxel enikdAuyn ota npdTuna

* H ektéleon dokipdlel npdTUNA HE TN O€Pd Nou autd
gpavi¢ovtal (ané ndvw NPog Ta KATW)
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H napakdtw dopn ival oAU ocuvnBIopEVN O€ aVAdPOUIKES
OuVvapTROELG Nou enegepyddovTtatl AioTeg: pia nepintwon
yla tnv kevA Aiota (ni 1) kat pia nepintwon ywa 6tav n
Aiota d¢ev eival kevA (h: - t).

* ABpolopa GAwv Twv OTOIKEIWY ag AloTtag

fun sum nil = 0
| sum (h::t) = h + sum t;
* AplBuoG Twv oTolKEiwY pag AMoTag pe kanola 1otnTa

fun ctrue nil = 0
| ctrue (true::t) = 1 + ctrue t
| ctrue (false::t) = ctrue t;
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‘Evag rep1opIiopog: YPAUMIKA TTPOTUTTA

+ Aev emTpéneTal n xprnon tng idlag HeTaBANTAG
nePLOCOTEPEG ANO Hia YopEG oTo idlo NpdTUNO

+ lNa nopadetypa, To NOPakATwW eV ENTPENETAL:

fun F (a,a) = .. forpairs of equal elements

| T (a,b) = .. forpairs of unequal elements
» AvTiautou npénet va xpnowonotnBei To NapakaTw:

fun ¥ (a,b) =
it (a=b) then .. for pairs of equal elements
else .. for pairs of unequal elements
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Zuvduaouog TrpoTUTTWY Kai 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 n xpnon npotunwy oToug oplopoUg evog let,
HNopoUpE va “anocuvBEcoupe” eUKOAA £va ANOTEAECUA

* H napandvw cuvdptnon naipvel wg 6plopa pa Aiota Kat
€MOTPEPEL €va Celyog and AoTeg, n kABe pia anod Tig
onoieg €xelL T PLOG OTOLXEID TNG apXIKAG AioTag
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XpRon tng ocuvdprtnong halve

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

val (x, y) = halve cs
in

(a::x, b:i:zy)
end;
val halve = fn : "a list -> "a list * "a list
- halve [1];
val it = ([1].[1) : int list * int list
- halve [1,2];

val it = ([1].[2]1) : int list * int list
- halve [1,2,3,4,5,6];
val it = ([1,3,5].[2,4,6]) : int list * int list
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‘Eva peyaAitepo rapadeiypa: Merge Sort

* Houvdptnon halve diaveiuel ta otoweia pag Aiotag oe
OUo nepinou {oa KOPUATIA

+ Eival To npwto BANa yia TagLvopnon GUYXWVEUONG

* H ouvdptnon merge ouyxwvelel U0 TagVOUNUEVEG NIOTEG

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::Xxs, ys);
val merge = fn : int list * int list -> iInt list
- merge ([2],[1,3D);
val it = [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 ouvdptnon Merge Sort

fun mergeSort nil nil
| mergeSort [a] [a]
| mergeSort theList =

let

val (X, y) = halve thelList
in

merge (mergeSort x, mergeSort y)
end;

O T10nog TNG Napandvw cuvapTnong sivat
int list -> int list

Adyw Tou TUNoU TNG ouvdpTnong merge
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Mapddeiypa xpRong tTng Merge Sort

nil
[a]
| mergeSort theList =

- fun mergeSort nil
| mergeSort [a]

= 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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DwAIaoPEVOI OPICHOI CUVAPTAOEWYV

(* Sort a list of integers. *)
fun mergeSort nil = nil
1 mergeSort [e] = [e]
1 mergeSort thelList =

* MnopoUpe va opigoupE TONIKEG GUVAPTHOELG, AKPIBWG
onwg opifoupe ToNKEG HETABANTEG, e Xprion let

* ZUuvhBwg auTo yiveTal yia BonbnTIKEG CUVAPTAOELG MOV
Oev BewpouvTal XProleg and HOVEG TOUG

* Me autdv ToV TPONO PNOPOUUE VA KPUWOULE TIG
ouvaptnoelg halve kat merge and To undioino
npoypappa

* AUTO €£XEL KOL TO NAEOVEKTNUA OTL Ol EOWTEPIKEG
OUVOPTAOELG HNopoUV va avagEPOVTal O€ HETABANTEG
TWV EEWTEPIKWY CUVOPTHOEWV
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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)
1 halve (a::b::cs) =
let
val (x, y) = halve cs
in
(a::x, b::zy)
end;
(* Merge two sorted lists of integers into
* a single sorted list. *)
fun merge (nil, ys) = ys
| merge (xs, nil) = xs
1 merge (X::Xs, y::ys) =
if (x <y) then x :: merge(xs, y::ys)
else y :: merge(x::Xxs, ys);

val (x, y) = halve theList
in
merge(mergeSort x, mergeSort y)
end;
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Avake@aAaiwon Tng yAwooag ML

* Baowkoi tunot tng ML: int, real, bool, char, string
» Teleotég: ~, +, -, *, div,mod, /, ™, =1, @, <, >, <=, >=,
=, <> not, andalso, orelse

* Enoyn petagl dvo: if .. then .. else

* Oplopodg ouvaptnoewv: fun, fn => kat twv: val, let
+ Kataokeuf nAewddwv: (X,Y,..,2)

» Kartaokeun Aotwv: [X,Y,..,2], :, @

+ Kataokeuaoteg TUnwv: *, Hist, kal —>

* Taiplaopa npotinwv

* DWAIOOPEVEG OUVAPTHOELG

Eloaywyr otn yA\wooa ML 45




