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2uvapTnoi1akog Kal NMpooTakTIKOG MNpoypaUUATIONOG

* 'Evag Tponog dlaxwplopou
- O NPOOTOKTIKOG NPOYPAUUATIONOG ENKEVTPWVEL OTO NWG Ba
UAOMOLOOUHE TA OUCTATIKA TOU NPOYPAUUATOC LOG

- O ouvapTNOIOKOG MPOYPOUMATIONOG ENKEVTPWVEL OTO TL
OUOTOTIKA Oa npENeL va €XEL TO NPOYPAUHUA HAG

¢ 2UVAPTNOLOKOG NPOYPAUUATIOHNOG

- Baoiletal 0To paBnuatikd povtEAo Tou A-Aoylopou (Church)

- “TlpOYPOUHATIONOG XWPIC HETABANTEG”

- Eivaiand tn guon Tou KoOpWog, CUVTOMOG Kal oang TPONoG
NPOYPAUUATIONOU, OTOV OMNOoio ano@eUyovTal TEAEIWG KANOLoU
€(00UC NPOYPAUHATIOTIKA CQAAUATO

- Oewpeital and NOAAOUC WG aVWTEPOG TPONOG NPOYPAUUATIOHOU
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Alagaveila ava@opdg (referential transparency)

e 2€ Uia YAwooa ouvopTnoloKoU NMpoypauUUaTIoHOU,
N anoTipMnon oG cuvaptnong divel navta to dlo
QNOTEAEOMA YA TIC OLEC TIMEC TWV NAPAUETPWY TNG

* H onpavtiki auth 1O0TNTa OV IOXUEL KAT' avAyKn OTIC
VYAWOOEC NPOOTAKTIKOU NPOYPAUUATIOHOU

e 2TOV MPOOCTAKTIKO MPOYPAUUATIONO auTO cupBaivel Aoyw:

- MeTtaBAnTwv nou opidovtatl Kat aAAAlouV TIHEG EKTOG TOU
owpaTtog TnG ouvaptnong (global variables)

- E&aGptnong anod tnv kataotaon (state) Tou unoAoylopou
- ANV napevepyelwwyv (side-effects) nou pnopei va unapxouv oto
NPOypappa
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Mapadeiypa o Pascal

program example(output)
var flag:boolean;

function f(n:Int): iInt e i

begin . T TUNWVEL TO NPOYPAUUQ;
It Tlag ;Eg £ -= Q*m 5 KAl HeTd 4
flag = not flag * [epiepyo dOTL

end NEPIUEVOULE OTL

begin f(1)+ f(2) = f(2)+ f(1)
flag := true; ¢ 2TA HOONUATIKA
writelIn(fF(1)+f(2)); Ol OUVAPTNOELG
writelIn(fF(2)+f(1)); ecaptTwvtal pévo and

end TA OPIOPATA TOUG
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MeTaANTEC KAl “UeTABANTES”

Elwcaywyr otn yA\wooa ML

2. TNV Kapdld Tou npoBAAMATOC £ival TO YEYOVOG OTL N

uetapAnth Flag ennpealet tnv Tun tng ¥

EWOIKOTEPQ, N CUUNEPLPOPA OPEINETAL OTNV avABeDN
flag := not flag

2.€ Hla YAwoOoa XwPIG NoOAANANAEG avaBeoelC PETABANTWY

OEV unapxouv TeTola NpoBARHaTa

2 TIC OUVAPTNOLOKEG YAWOOEG, Ol HETABANTEC ival

OVOMOTA VIO OUYKEKPLHEVEG TIHEG, OEV €ival ovopaTa yia

OUYKEKPIUEVEG BECEIC LVANG

Mnopoupe va TIG 0ewPNOOUE «OXL MOAU PETABANTESY



H yAwooa ML (Meta Language)

* [Awooa cuvapTnNolaKoU NPOYPAUUATIONOU PE TUNOUG

e 2XeDlOOUEVN YIa aAANAEMIdPAOTIKN XpNon (interactive use)

e 2UvOuadel TO NAPOKATW OTOLXELQ:

BaolopEvn oto A-AoyIoUO KAl OTNV anoTipnon EKPPAcEwWYV
2UvapTnoelg uPnAng tagng (higher-order functions)

Autopatn dlaxeiplon HvnUNG (HE Xprion ouAAoynG okounidwy)
ApnpnHevoug Tunoug dedopEvwy (abstract data types)
200TNUa apBpwpdatwy (module system)

ECaipEoelg (exceptions)

* [evikng xpnong pn NPOOTAKTLKN, MM QVTIKEIUEVOOTPEPNG

yAWoOoO

2XETIKEC YAwooeg: OCaml, Haskell, ...

Elwcaywyr otn yA\wooa ML 6



Nari e¢etaloupe Tnv ML;

e TuUnotKaL auotneo cuoTNUA TUNWVY
- [evika B€pata yia oTaTIKO EVAVTL OUVAUIKOU EAEYXOU TWV TUNWV
- 2ZUMNEPAOHOG TUNwV (type inference)

- TTOAUPOPPIONOG KAl YEVIKOG MPOYPOAUUATIONOG (generic
programming)

* Alaxeipon pvaung
- 2TATIKN EYPEAELO KAl OOUN KATA UMAOK
- Eyypa@ég evepyonoinong cuvaptioewy (function activation
records) Kat uAonoinon ouvapTNoEwy UYPNANG TAENG
« 'EAgyX0G Kal OOUEG PONG
- EEalpgoelg
- Avadpopn “oupdg” (tail recursion) kat cuvexeleg (continuations)
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2UVTOMN 10TOPIO TNG YAWwooag ML

* Robin Milner (ACM Turing Award)

* Logic for Computable Functions
- Stanford 1970-71
- Edinburgh 1972-1995
- Cambridge 1996-2010

 MetayAwooa tou cuotiuatog LCF "

- Anodegn BewpnuaTwy
(theorem proving)

- 2U0ThHa Tunwv (type system)

- 2ZUVOPTAOEIG UYPnAnG TAENG
(higher-order functions)

* Oa XPNOIONO)OOUPE TNV UAOMNOoINoN
SML/NJ (Standard ML of New Jersey)
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H yAwooa ML péoca atro mrapadsiypara

% sml

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

val 1t = 42 - Int

- 2 + 3;

val 1t = 5 - Int

- fun square x = X * X;

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

val 1t = 25 - Int

- square;

val 1t = fun - Int -> Int
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Baoikoi TUtro1 TG ML

 Booleans
- true, false : bool

« AKEPQIOL KAl TEAEOTEG TOUG
- 0, 1, 2, .. - Int
-+, -, *, mod, div, ~ (povadlaio peiov)

* 2UMPBOANOCELPEG KAl TEAEOTEG TOUG
- "Robin Milner"™ : string
- N (ouvevwaon oupBolooeipwy)

« AplOpoi KivnTtrg unodlaoTOANG KOl TEAEOTEC TOUG
- 1.0, 2.2, 3.14159, ..
- + 2 - 2 * 2 / 2 ~
O1 TeAe0TEC Elval apIOTEPA TPOGETALPIGTIKOL, LUE TpoTeEpaldTNTEG {+,—} < {*,/,d1v,mod} < {~}.

Elwcaywyr otn yA\wooa ML 10



H yAwooa ML péoca atro mrapadsiypara

-1 = 2;

val 1t = 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 1t = true : bool

- 2.56 = 3.14;

stdIn: Error: operator and operand don’t agree
operator domailn: *7Z * *7Z
operand: real * real
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YTTep@opTWOon TEAECTWYV (operator overloading)

-6 * 7

val 1t = 42 : 1Int

- 6.0 * 7.0;

val 1t = 42_.0 : real
- 2.0 * 21;

stdIn: Error: operator and operand don’t agree
operator domain: real * real
operand: real * Int
In expression: 2.0 * 21

* O teAeoTnC * (KAt AAAOL ONWG 0 +) elval UNEPPOPTWLEVOL

« 'Exouv Jla@OPETIKI EpUNVvEla o€ (eUyNn AKEPAIWY KOl
OlaPOopPETIKA o€ {euyn aplOpwy KivnTAG unodlaoTOANG

 H ML dev KQvel QUTOPATH METATPONA ANO AKEPAIOUG OE
NPAYHATIKOUG aplOpoucg (onwg n.x. kavel n C)
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H yAwooa ML péoca atro mrapadsiypara

- fun max a b =

= iIT a > b then a else b;

val max = fn - Int -> 1Int -> Int
- max 17 5;

val 1t = 17 - 1Int

- max 10 42;

val 1t = 42 - 1Int

* [1poo€ETE TOV NEPiEPYO TUMO
int -> 1Int -> Int
« A€eLOTLN Max €ival Qo cuvaptnon rnou naipvet Evav
OKEPALO KAL ENOTPEPEL LA CUVAPTNON NOU NAIPVEL EvaV
OKEPALO KAL ENOTPEPEL EVAV AKEPALO
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Currying

Ol ouvapTAOELG

elval avTikeipeva

NPWTNG TAENG TA onoia UNnopouUpE va
Ta OLAXEIPIOTOUUE ONWG OAa Ta GAAQ
QVTIKEIPEVA (M.X. TOUGC OKEPAIOUG)

val max = fn :

iInt -> 1nt -> Int

- val max _five = max 5;
val max five = fn - Int -> Int

- max_TFfive 42;
val 1t = 42 :
- max_Ffive 3;

Int

val 1t = 5 : 1Int

Eloaywyn otn YA wooa ML

Haskell B. Curry
- fun max a b = 1f a > b then a else b;




Currying vs. Tuples

* Av B€Aoupe, pnopoulE va XPNOLOMO)OOULE NMAEIADEC
(tuples) wg opiopaTa f ANOTEAECUATA CUVAPTACEWV

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

- max (17,42),;

val 1t = 42 - Int

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

val reverse = fn - a * b -> b * ’a

- reverse (17,42);

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

- max (reverse (17,42));

val 1t = 42 - Int

Elwcaywyr otn yA\wooa ML



[MoAUHOPPICHOG

H ouvdpTnon reverse £xeL Evav evola@EPOVTA TUMNO

— fun reverse (a,b) = (b,a);
val reverse = fn - ’a * b -> b * ’a

e AUTO onuaivel OTL KNOPOULE VA AVTIOTPEWOULE LI
duada Onou To NPWTO OPLOUA Eival ONnoloudnNOTE TUMNoU
KAl TO OEUTEPO OPLOMA £Miong €ival onoloudrnoTe TUNou

- reverse (42,3.14);

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

- reverse (“'foo",(1,2));

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

« Eneidn dev undpyouv LETABANTEG LE TNV NAPAdOCIOKN
€vvola, Ta NPOYPAUUOTA XPNOLUonolouv avadpopn yia va

EKPPACOUV €navaAnyn

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

- Sum 2 ? Avadpopn
Va I I t — 3 - I nt » Enedn dev undpyouv PeTABANTEG PE TNV NapadooloKni
_ - €vvola, Ta NPoypAauuaTa Xpnaotuonooly avadpopn yia va
Su m 3 2 EKQPACTOUV enavainyn
= —_ - = - fun sum n =
Val It — 6 - I nt = uifsﬁ = 0 then O else sum (n-1) + n;
4 - val sum = fn - int -> int
— - sum 2;
S;lJI1] ? val it = 3 : int
- _ - - - sum 3;
val 1t = 10 - Int val Tt <6 ¢ int
- sum 4;

val it = 10 : int

oaywyr) otn yAwooa ML 11
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TeAEOTAG UYWONG 0 OUVAUN

* Mnopoupe €niong va opiooupe
VEOUG ApLOUNTIKOUGC TEAEOTEG
WG OUVOPTHNOELG

- fun x My =

= iITfy =0 then 1

= else x * (x ™ (y-1));

val ~ = fn - Int * Int -> Int

- 2 N 2;
val 1t = 4 - Int
- 2 N 3;
val 1t = 8 - Int
- 2 N 4;

val 1t = 16 : Int

Elwoaywyn otn yAwooa ML 18



ETravaxpnoigotroinon amroTeAEOUATWY

« Eneidn dev €xoupe HETABANTEC, EIMAOTE AVAYKOOUEVOL
va €NavaAdBoupe EKPPACELS (KOl UNOAOYIOLOUG)

fun F x =

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

else g(square(max(x,4)))),;
« Mua peBodog yia va ypawyouEe Mo EUKOAQ TNV napanavw
guvapTnon €ival pe xpnon Hag BondntikAG ouvaptnong

fun fl(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 TPOMOG €ival 0 OpIOPOG EVOG TOMNIKOU
OVOLATOG Yl TNV ENAVAXPNOCILONOIOULEVN EK@PPOCH

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 avaBeon

let
val a = 2

1|
>

(let

val a = a + 2
N

a
end,

== (D
-
m O

<
QD
HHI

= (4,2) - Int * Int
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2UvOeTol TUTTOI 0edopuEvwy oTnv ML

* [Nlpoypdaupata nou enecepyalovtal Hovo Babuwta
dedopéva (scalars - xwpic dopun) dev eival NoAU xpnoa

* Ol ouvapTNOIOKEG YAWOOEG NPOYPAUUATIOUOU £ival OTL
NPENEL YL TNV ENECEPYAOIA CUVOETWY TUNWYV OEQOUEVWV

« 'Exoupe on octL NAeladeg, nou givat ouveeTol Tunot
OeQOUEVWY YIa TNV avanapacTaon EVOG OPIOUEVOU
APLOUOU AVTIKEIMEVWY (MOaVWGS dLAPOPETIKWY TUMWV)

« H ML €xel eniong AiOTEC, Nou ival oEPEC ONOLOUdNNOTE
aPLOUOU AVTIKEIMEVWY TOU (010U OpWG TUNouU
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AioTeg

O nAelddeg neplkAsiovTal ano napevoeoelg,
oL AMioTec and ayKUAeC

- (1,2);
val 1t = (1,2) : 1Int * Int

- [1,2];
val 1t = [1,2] : Int list

* O teAeoTNC @ ouvevwvel OUO AIOTEG

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

* Mnopoupe va npocBECOUE OTOLXEID OTNV ApPXN LLOGC
AlOTOC PE TOV TEAEOTH - - (MPOYPEPETAL CONS)

-1 :22 ::3 :: [1;

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

- 0 - 1t;

val 1t = [0,1,2,3] - Int list

 H ouvevwon duo AloTtwv OV €ival To 010 PE TN Xpnon - :
-[1.2] :: [3.4];
stdIn: Error: operator and operand don’t agree
operator domain: Int list * Int list list
operand: int list * Int list
In expression:
1 ::2::n1l) 23 -4 -: nil
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AAAEG CUVOPTROEIC YIA AIOTEG

- null [];

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

val 1t = false : bool

-val 1 = [1,2,3,4];
val 1 = [1,2,3,4] - Int list
- hd 1;

val 1t = 1 - Int

- tl 1,

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

val 1t = 4 - Int
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OpIoCHOGC CUVOPTACEWYV VIO AIOTEG

fun addto (I,v) =
1T null 1 then nil
else hd I + v -: addto (tl I,v);
val addto = fn - Int 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] : i1nt list
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OpIoCHOGC CUVOPTACEWYV VIO AIOTEG

fun map (f, 1) =
iIf null 1 then nil
else £ (hd I) :-: map (f, 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] : 1nt list
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Avwvuueg cuvapTinoeic (A-eKppaoceig)

- map (fn x => x + 2, [10,11,12]});
val 1t = [12,13,14] : int list

 To NpwTO OpLOUa TNG NAPANAVW CUVAPTNONG AEYETAL
AGUOa EK@PAON: €ival pa ouvapTnon Xwpic évoua

* O teAeotng fun eival L0odUVAOG

HE pia Aapda EK@ppaon

- val add2 = fh X => x + 2;
val add2 = fn - 1nt -> 1Int
- add2 10;

val 1t = 12 :© 1Int
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AvOOpPOMIKESC AAUOA EKPPATEIS

* [lwg KaAoUupe avadpoULKA KATL TO ornoio dev €XeL OVOUQ;

e Tou divoupe €val

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

in
£

end

[1.2,3.4];

val 1t = [4,5,6,7] - Int list
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Taipiaouya TTpoTUTTWYV (pattern matching)

¢ 2TO HOBNUOTIKA, Ol CUVAPTAOCELC MOAANEG POPEC opilovTal

LIE DLAPOPETIKEC EKPPATELC BAON KANOWY OUvVONKwv
x eav x>0
J(x) = {-x goav x <0

* Otouvaptnoelc TG ML 0€ dla@EPOUV KAl ENTPENOUV TOV

OPIOMO KATA NEPINTWOELS KAl TNV anoguyn ™ns xpnong 1 f
fun map (f,[1) = [1
| map (F,1) = F (hd 1) - map (F,tl 1);

* 'Opwg, 0 OPLOUOG ava NEPINTWOELG €ival EuaiodNToC wg
NPOG TN OEIPA ELPAVIONG TWV CUVAPTNOIOKWY NPOTACEWV
fun map (F,1) = FfF (hd 1) :-: map (f,tl I)

| map (F,[1) = [1:
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KaAUTEPOG OPICHOG HECW TAIPIACHATOS TTPOTUTTWYV

« Tonpotuno _ Taplalel pe OAa TA AVTIKEIPEVO

« Tonpotuno h :: t Tapldlel pe pla Aiota Kat OEVEL
- TN HeTaBANTA N pe TNV KeEQaAr NG AioTag Kat
- Tn petaBAnT T pe TNV oupd TG AioTag

fun map ., [ = [1
| map (F, hz:t) = Ff h -: map (f, t);
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Xpnon octafepwyv we TTPOTUTTA

- fun 1s _zero O = "yes',
stdin: Warning: match nonexhaustive
O => ...

val 1s zero = fn : Int -> string
- 1S _zero O;
val 1t = "yes'" : string

« Kdabe otabepd evog Tunou nou unootnpilel looTnTa
LUMopPEl va xpnotonotndsi wg npotuno

e AA\G dev UMOPOUE VA YPAWOULE
fun 1s zero 0.0 = "yes'";
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Mn £€avTANTIKO TAIPIACHA TTPOTUTTWYV

e 2TO NPOoNyouuEeVO NAPAdELYHA, O TUNOG TNG IS_ZEero
ATtav Int -> string, aAAd TauTtdxpova unfnpce n
npocwdonoinon “‘Warning: match nonexhaustive”

* AUTO onuaivel OTL N ouvapTNOoN OPIOTNKE PE NpoTUNa
nou dgv ecavtAnoav To Nedio OPIOpOU TNG oUVAPTNONG

o Katda ouvenela, ivat duvato va unapxouv rnpolAnpata
XPOVOU EKTEAEONG, ONWG:

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

raised at ...
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Kavoveg TaipiaopaTog TpoTuTTWwyY otnv ML

« To npotuno _ taiplalel pe oTIdNNOTE

« M petapAnTn ival Eva npdTuno nou Talpladel pe
onoladrnoTe T Kat OEVEL TN HETABANTA HE TNV TN

M otaBepd (evog TUNOU 1I0OTNTAG) E€ival Eva NPOTUNO Nou
Talplalel HOVO PE TN OUYKEKPLUEVN OTABEPA

M nAseada (X,Y,..,Z)eival Eva npotuno nou talplalel e
KGBe NAeldda Tou idlou peyeboug, TNG onoiag Ta NEPLEXOUEVA
Talplalouyv Ue TN OElPd TOUG HE TA X, Y, .., Z

M Aiota [X,Y,..,Z]eivalt Eva npdtuno nou talplalel pe Kabe
AloTa Tou idlou pnkKoug, TG onoiag Ta otolxeia taplalouy e
TN OEPA TOUG HE TA X, Y, .., Z

« 'Eva cons h: -t €ival €va npotuno nou taplalel pe KABe un
KEVI AMOTa, TNG onoiag n Ke@aAn taplalel pe 1o h kat n oupa
e to t
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Mapadeiypa Xpnong TaipiIdoUATOS TTPOTUTTWYV

* [lapayovTiko pe xpnion 1f-then-else

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

* [lapayovTiKO pE Xpron TalplacpaToG NpoTunwy

fun fact O 1
| fact n n

* fact (n-1);

* [MapatnpnoTe OTLUNAPXEL ENKAAUYN OTa NpoTUNaA

* H ektE€Aeon dokipadlel npoOTUNA PE TN OELPA MOV aUTA
en@avidovtatl (anod navw NPogG Ta KATW)

Elwcaywyr otn yA\wooa ML
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AAANa TTOpOOEiypaTa

H napakdtw dopn €ivat noAU ouvnBlopEVN o€ avadPOUIKEG
ouvapTAOELC Nou enegepyaldovTal AIOTEG: pia NEPINTWON
via tnv kKevn Aiota (ni 1) kat gia nepintwon ywa otav n
Alota dev givat kevh (h: - t).

« AOpolopa OAWV TWV OTOLXEIWV HIaG AioTag
fun sum nil = 0
| sum (h::t) = h + sum t;

* ApPLOUOG TwV OTOLXEIWY HAG AlOTAG pE KAnowa 1d0TNTA
fun ctrue nil = 0

| ctrue (true::t) =1 + ctrue t
| ctrue (false::t) = ctrue t;
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‘Evac TepIopIOHOG: YPOAMMIKA TTPOTUTT

« Agv eENTPENETAL N XPNoN TNG dlag HeTABANTAG
NEPLOOOTEPEC ANO Hia PopEC OTOo dlo NPOTUNO

o [0 napadelypa, To NOPAKATW OEV ENTPENETAL:

fun T (a,a) = .. forpairs of equal elements
| T (a,b) = .. forpairs of unequal elements

* AVTi QUTOU NpPEMEL va XpNOonotntel To NapakaTtw:

fun T (a,b) =
IT (a=b) then .. for pairs of equal elements
else .. for pairs of unequal elements

Elwcaywyr otn yA\wooa ML
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2UVOUAONOG TTPOTUTTWYV Kal let

fun halve nil = (nil, nil)
| halve [a] = ([a], ni1l)
| halve (a::b::cs) =
let
val (X, y) = halve cs
in
(a::x, b::iy)
end;

Me Tn Xpnon npotunwyv 0Toug oplopoug evog let,

LLIMOPOUE VA “anoouvOEoouE” EUKOAO £va ANMOTEAECHA
 H napanavw cuvaptnon naipvel wg Oplopa pia Alota Kal
ENOTPEPEL Eva (EUYOG ano AIOTEG, N KABE pia anod TIG

OMNoIEC EXEL TA LOG OTOLXEIO TNG APXIKAG AlOTAG

Elwcaywyr otn yA\wooa ML

38



Xpnon tng ocuvaptnong halve

— fun halve nil = (nil, nil)

= | halve [a] = ([a], nil)

= | halve (a::b::cs) =

= let

= val (X, y) = halve cs

= in

= (a::x, b::iy)

= end;

val halve = fn - "a list -> "a list * "a list
- halve [1];

val 1t = ([1],[1) : int list * Int list

- halve [1,2];

val 1t = ([1]1,[2]) : int list * Int list

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

val 1t = ([1,3,5],[2,4,6]) - Int list * Int list
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‘Eva peyaAutepo mrapadsiypa: Merge Sort

 Houvaptnon halve diaveipel Ta oTolXeia pag Aiotag oe
OUO rnepinou ioa KOPHATLa

« Eival To npwTto BAua yla taglvopnaon ouyxwveuong

 H ouvaptnon merge cuyxwveuel OUO TAEIVOUNUEVEG AIOTEG

- fun merge (nil, ys) yS
| merge (xs, nil) XS
| merge (X::Xs, y::ys) =
IT (X <y) then x :-: merge (Xs, y::ysS)
else y :: merge (X::Xs, yS);
val merge = fn - Int list * Int list -> Int list
- merge ([2]1.[1.3]):
val 1t = [1,2,3] : Int list
- merge ([1,3,4,7,81,[2,3,5,6,10]);
val 1t = [1,2,3,3,4,5,6,7,8,10] - 1nt list
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H cuvdptnon 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 TUNOC TNG Napanavw cuvapTnong ival
int list -> Int list

AOYW TOU TUNOU TNG OUuvApTnNong merge

Elwcaywyr otn yA\wooa ML 41



MNapdadeiypa xpnong tng Merge Sort

nil
[a]
| mergeSort theList =

fun mergeSort nil
| mergeSort [a] =

= let

= val (X, y) = halve thelList

= in

= merge(mergeSort X, mergeSort y)
= end;

val mergeSort = fn - Int list -> Int list
- mergeSort [4,3,2,1];

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

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

val 1t = [1,2,3,3,4,5,6] - Int list
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OwAIaCPEVOI OPICHUOI CUVAPTACEWYV

* MnopouUpe va OPIOOUE TOMIKEC CUVOPTNOELG, AKPLBWG
Onwg opifoupue TONIKEG HETAPBANTEG, pe xpnon let

¢ 2UVNBWG auTo yiveTal yia BondNTIKEC CUVAPTAOELC NOU
O€ BewpouvTal XPrOLUEG AnoO HOVEG TOUG

 Me autdOv ToV TPOMNO UNOPOUKE VA KPUWOULE TIC
ouvapTtnoelc halve kat merge and To unoAotrno
NPOypPappa

e AUTO €XEL KOL TO NMAEOVEKTNUA OTL Ol EOWTEPLKEG
OUVAPTAOEIC UNOPOUV VO AVAPEPOVTAL OE HETAPBANTEG
TWV ECWTEPIKWY OUVAPTAOEWV
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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 i1n y. *)
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;

(* Merge two sorted lists of iIntegers into
* a single sorted list. *)
fun merge (nil, ys) = ys
| merge (xs, nil) XS
| merge (X::xs, y::ys) =
IT (X <y) then x :: merge(Xs, y::ys)
else y -: merge(Xx::xs, ys);

val (x, y) = halve theList
in

merge(mergeSort x, mergeSort y)
end;

I—IUUYWYI' UIII YI\WUUU IVik-
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Avake@aAaiwon Tng YAwooag ML

Baowkoi Tunot tng ML: int, real, bool, char, string

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

Enwloyn petacu ovo: 1f .. then .. else

Oplopog ouvaptnoswyv: fun, fn => kal Tipwv: val, let
Kataokeur] nAeadwv: (X,Y,..,Z)

Kataokeun Alotwv: [X,Y,..,z], :, @

KataokeuaoTeg Tunwyv: *, 11st, kat ->

Taiploopa npotTunwy

DOwAAOPEVEG OUVAPTHOELG
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