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2uvapTnolakog Kal NMpooTakTikog MNpoypappaATIONOG

* 'Evag tpdénog daxwplopou
- O NpoOTAKTIKOG NPOYPOUUOTIONOG ENKEVTPWVEL OTO NWG Ba
UAOIMOLCOUE TA GUOTATIKA TOU NPOYPAUHATOC HAG

- O ouvopTNOLIKOG NPOYPAUHOTIONOG ENKEVTPWVEL OTO Tl
OUOTATIKA Ba NpENEL va €XEL TO NPOYPAUUA aG

* 2UVOPTNOLOKOG MNPOYPAUHATIONOG

- BoaoiCeTal 0T0 paBnuaTIKG povTéANO Tou A-Aoylopou (Church)

- “NMpoypaPHATIONOG XWPIG HETABANTEG”

- Eivai and tn @uon tou Kopwog, cUVTOUOG KAl Ca®AG TPOMNOG
NPEOYPAUUGTIONOU, OTOV Onoio ano@eUyovTal TEAEIwG KAnolou
€id0UG NPOYPOUHATIOTIKA OQAALOTA

- Oewpeital and noAAoOUC WG avwTEPOG TPONOG NPOYPAUUATIOHOU
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Alagpadveia avag@opdg (referential transparency)

* 2€ Hia yAwooa ouvapTnolakou NPoypPappaTIoONoU,
n anotipnon QoG ocuvaptnong divel navta to idlo
QMOTEAECHA YA TIG IOLEG THEG TWV NAPAUETPWYV TNG

* H onuavtikg auth BOTNTA deV LIOXUEL KAT' AVAYKN OTIG
YAWOOEG NPOCTAKTIKOU NPOYPAUUATIOMOU

* 2TOV NPOCTOKTIKO NPOYPAUMATIONS auTO cupBaivel AOyw:

- MetaBAntwv nou opifovtal Kat aAAG{ouV TIHEG EKTOG TOU
OWHOTOG TNG ouvaptnong (global variables)

- EEaptnong and tnv katdotaon (state) Tou unoAoyilopou
- AMuwv napevepyelwv (side-effects) nou pnopei va undpyouv oto
npoypappa
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Mapdadeiypa o Pascal

program example(output)
var flag: boolean;

function f(n: Int): iInt

begin TL TUNWVEL TO NPOYPAUUA;

1T flag then ¥ = n .
else T = 2*n; EI)KO" “8,T0(4

flag := not flag » [lepiepyo OL1OTL

end NEPIUEVOUUE OTL

begin f(1)+ f(2) = f(2)+ £(1)
flag := true; * 2TO HABNUATIKA
writeIn(fF(LD)+f(2)); Ol CUVOPTNOELG
writeIn(f(2)+f(1)); etaptwvtal pévo anod

end Ta OpPioHATA TOUG

Ewoaywyn otn yAwooa ML 4




MeTaBAnTég Kau “peTABANTEG”

H yAwooa ML (Meta Language)

* 2TNV KApAI& Tou NPOPBAARUATOG €ival TO YEYOVOG OTL N
puetaBAntA Flag ennpealet tnv iyl tng ¥

* EWKOTEPQ, N oupNeEPLPOPd oPEIAETAL OTHV avaBeon

flag := not flag

e 2€ M YAwooa XwpiG NOANANAEG avaBETELG HETABANTWY
dev undapxouv TETOWa NPoBAfpaTal

* 2TIG CUVOPTNOLOKEG YAWOOEG, Ol HETABANTEG ival
OVOUATA VIO CUYKEKPLUEVEG TIHEG, OV gival ovopaTa yia
OUYKEKPILEVEG BETEIC LVAUNG

* Mnopoupe va TIG Bewprooupe «OXL NOAU LETABANTEGY
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* [AWOOQ CUVOPTNOLAKOU MPOYPAUHATIOHOU PE TUNOUG
» 2XedlOOUEVN Yia aAANAEMBPACTIKN Xpron (interactive use)

* 2UvOuddlel T NAPAKATW OTOLXE(Q:
- Baowopévn ato A-Aoylopo Kal TNV anoTiunon EKepaoewv
- ZuvapThoelg upnAig TéEng (higher-order functions)
- Autépatn duaxeipion LVARNG (HE Xpon CUANOYNG OKOUNBLWV)
- Agnpnuévoug Tunoug dedopévwy (abstract data types)
- Zuotnua apBpwpdtwy (module system)
- EEapgoelg (exceptions)

* [eVIKAG XpHONG 1N NPOCTOKTIKA, KN QVTIKELEVOOTPEPAG

yAwooa
- ZXETIKEG YAwooeg: OCaml, Haskell, ...
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MNari e§eTadfoupe TNV ML;

20vTOoMNn 1oTOpia TNG YAwooag ML

* Tunot kat auotnped cuoTnUa TUNWV
- [evikd BEpaTa yia oTaTtikd Evavtl OUVARLIKOU EAEYXOU TwV TUNWVY
- Zupnepaopdg Tunwy (type inference)

- TMoAupop@IOUOG Kal YEVIKOG NPOYPOUUATIONOG (generic
programming)

* Awxeipon pvnung

- 2ZTaTIKA ePBEAELA KAl DOUA KATA UNAOK
- Eyypagég evepyonoinong cuvaptioswy (function activation

records) Kat uAonoinon ouvapTAoswy UYPNAAG TaENG
» 'EAgyx0G Kal BOUEG ponG
- EEapgoelg
- Avadpopr “oupdg” (tail recursion) kat ouvéxeleg (continuations)
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Robin Milner (ACM Turing Award)

Logic for Computable Functions
- Stanford 1970-1971

- Edinburgh 1972-1995

- Cambridge 1996-2010

* MetayAwooa tou cuothuatog LCF |

- AnodelEn Bewpnuatwy
(theorem proving)

- ZU0Tnua Tunwv (type system)

- ZUVOPTACELG UPNAAG TAENG
(higher-order functions)

* Oa XpNOLLONOICOUE TNV UAonoinon s@
SML/NJ (Standard ML of New Jersey) '
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H yAwooa ML péoa atré trapadeiyparta

% sml

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

val i1t = 42 : iInt

- 2 + 3;

val it = 5 - iInt

- fun square x = X * X;

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

val it = 25 : iInt

- square;

val it = fun :© Int -> iInt
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Baoikoi Tutrol Tng ML

Booleans
- true, false : bool

* AKEPOALOL KOl TEAEOTEG TOUG
- 0,1, 2, . - int
- +, -, *, mod, div, ~ (povadaio peiov)

2 UMPBOAOCEIPEG KL TEAEOTEG TOUG
- "Robin Milner"™ : string
- N (ouvévwon ouppBoAlooelpwv)

AplBpoi KivnTAG uNodLOOTOANG KAl TEAEOTEG TOUG
- 1.0, 2.56, 3.14159, ..
- + ’ - ? * ’ / ? -
O1 1eleoTég givan aploTepd TPOCETUPIOTIKOL, pe mpotepardtteg {+,—} < {*,/,div,mod} < {~}.
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H yAwooa ML péoa amrd mrapadsiypara

-1=2;

val 1t = false : bool

- 1 <> 2 andalso true <> false;
val 1t = true : bool

- true = false orelse 1 <= 2;
val it = true : bool

- "Robin'" > "Milner';

val it = true : bool

- 2.56 < 3.14;

val 1t = true : bool

- 2.56 = 3.14;

stdIn: Error: operator and operand don’t agree
operator domain: *’Z * *7Z
operand: real * real
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Y1mrep@opTtwon TeAeoTwy (operator overloading)

-6 *7

val it = 42 : int

- 6.0 * 7.0;

val 1t = 42.0 : real
- 2.0 * 21;

stdln: Error: operator and operand don’t agree
operator domain: real * real
operand: real * iInt
in expression: 2.0 * 21

* O TeEAeOTAG * (KaL GAAOL 6NWG 0 +) gival UNEPPOPTWHEVOL
» 'Exouv dl10@opeTIKN gppnveia o€ (elyn akepaiwy Kat
SlaQOPETIKN o€ euyn apBuwWV KIvNTAG unodlacToAAG

* H ML dgv KAVEL QUTOMATN PETATPOMNA ANO AKEPQIOUG O€
NPEAYHATIKOUG aplBpoug (6nwg n.x. kavel n C)
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H yAwooa ML péoa atré trapadeiyparta

Currying

- fun max a b =

= iIT a>Db then a else b;

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

val 1t = 17 : iInt

- max 10 42;

val 1t = 42 : iInt

* [1poo€tTe TOV NEPiEpyO TUNO
int -> Int -> iInt
* NA€el 0TI N max €ival pa cuvapTnon nou naipvel Evav
OKEPALO KAl ENOTPEPEL UIA CUVAPTNON NOU naipvel Eévav
OKEPALO KAl ENOTPEPEL EVAV AKEPALO
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» OLouvapTAHoELG €ival avTIKEipEVa
nPWTNG TAENG Ta onoia HnopoupueE va
TA BLOXELPLOTOUHE ONWG OAa Ta AAAQ
QVTIKEIPEVA (N.X. TOUG AKEPQIOUG)

Haskell B. Curry

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

val max _five = fn - Int -> Int

- max_Ffive 42; % .
val it = 42 : int FETAPagd

- max_Five 3; )
val it =5 : int y rownens
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Currying vs. Tuples

NMoAupop@ioudg

* Av BENoupe, LNOPOUKE VA XPNOYLONOOOUUE NAEIADEG
(tuples) wg opiopata A ANOTEAECUOTA CUVAPTHOEWV

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

- max (17,42);

val 1t = 42 : iInt

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

val reverse = fn 2 ’a * b -> ’b * ’a

- reverse (17,42);

val 1t = (42,17) : Int * iInt

- max (reverse (17,42));

val 1t = 42 :© iInt
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* H ouvaptnon reverse €xelL €vav evola@EPOVTa TUNO

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

val reverse = fn - a * b -> b * ’a

* AuTO onuaivel OTL MNOPOUKE VA AVTIOTPEWYOULE HIa
Oudda énou To NPWTO OPLOUA Eival 0noloudANOTE TUNOU
Kal To OeUTEPO OpLOUa £niong €ival onoloudAnoTe TUNoU

- reverse (42,3.14);

val it = (3.14,42) : real * int

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

val 1t = ((1,2),"foo") : (int * Int) * string
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Avadpopun

TeAeoTAG UYPwWwong o€ dUvauN

« Enedn dev undpxouv HETABANTEG HE TNV NAPAdOOIaKA
€vvola, Ta NPOoYPAUHOTA XPNOLonolouV avadpopr] yia va
EKPPAOCOUV ENAVAANYN

- fun sum n =

= iIT n =0 then O else sum (n-1) + n;

val sum = fn - Int -> iInt

- sum 2;

Avadpopn

« Enedn dev unapxouv PETABANTEG HE TNV NAPASOCIAKT

val 1t = 3 :© int
_ - £vvola, Ta NPOYPAHHATA XPNotHonololv avadpopr yia va
S u m 3 L] ekppaoouv enavainyn
- _ N - o _
Val It - 6 - I nt = u?fszm:no then 0 else sum (n-1) + n;

- val sum = fn : int -> int
- sum 4 2 \_/aiu?tzi 3 :int
val it = 10 : iInt litL s : int
\_/a?u?t‘l; 10 : int

Ewaywyd ot yAbooa ML
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* Mnopoupe eniong va opiooupe
VEOUG OPLOUNTIKOUG TEAEOTEG
WG OUVAPTNOELG

- fun x My =

= iTfy=0 then 1

= else x* X ™ (y-1));

val » = fn - Int * Int -> Int
-2 N 2;

val 1t = 4 - iInt

-2 "N 3;

val 1t = 8 - Int

-2 "N 4,

val 1t = 16 : Int
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ETravaxpnoipoTroinon amroTEAEOUATWY

H ékppaon let

« Eneidn dev €xoupe LETAPANTEG, EIMAOTE AVAYKAOUEVOL
Va ENAVOAABOULE EKPPACELS (KOl UNOAOYIOHOUG)

fun £ x =

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

else[g(square(max(x,4)))D;

* M p€B0BOG yla va YPAWOULE Mo EUKOAQ TNV NapAnavw
ouvapTnon €ivat pe Xprnon pag ponénTtikng cuvaptnong

fun fl(a,b) =[b]+ (if a < 1 then 1 else [b)
fun f x = F1(X, g(square(max(x,4)));
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» 'Evag no eUkoAog Tpdnog ival 0 OplopOG VOGS TOMIKOU
OVOUATOG Yld TNV ENAVAXPNOLLONOIOUUEVH €KQPACH

fun £ x =
let
val gg = g(square(max(x,4)))
in

+ (if x < 1 then 1 else [gg)
end;
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H ékppaon let dev gival avadeon

20vOeTol TUTTOI OEdOopEVWY oThnV ML

int * iInt
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* [poypdppata nou enegepyalovtal Hovo Babuwtd
OedopEva (scalars - xwpig dopr)) dev gival NOAU xprolpa

* OL0ouvapTNOIOKEG YAWOOEG NPOYPAUUATIONOU €ival O,TL
NPENEL YIA TNV ENEEEPYAOia oUVOETWY TUNWYV OEQOUEVWY

» 'Exoupe AdN o€t NAelddecg, nou gival cuvBeTOoL TUNOL
0€dOUEVWY YIO TRV avVaNapaoTacr EVOG OPLOUEVOU
apLOMOU aVTIKEEVWY (MBAaVWG dLaQOPETIKWY TUNWV)

* H ML €xel eniong AioTeg, Nou €ival OEPEG ONOLOUdNNOTE
APLOOU AVTIKEIMEVWY TOU Blou OUWG TUNou
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Aioteg

Cons

* OLnAelddeg neplkAciovtal and napevoEoeLg,
oL AioTeC and ayKUAEG
- (1,2);
val 1t = (1,2) : Int * Int
- [1,2];
val it = [1,2] : int list

* O TEAEOTAG @ ouvevwvel dUO NiOTEG

- [1.2] @ [3.4]1;

val 1t = [1,2,3,4] int list
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* Mnopoupe va NpocBECOUPE OTOLXEID OTNV ApPXN KOG
AlOTaG pE TOV TEAEOTN - - (NPOYEPETAL CONS)

-1::2::3 ::1[1:

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

* H ouvévwon duo AloTtwv gV €ival TO dlo 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
INn expression:

1 ::2::nil) z: 3 :2 4 - nil
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AAAeg ouVAPTAOEIG YIO AiCTEG

OpIoUNOG CUVAPTACEWY YIa AiOTEG

- null [];

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

val 1t = false : bool

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

val 1t =1 : Int

- tl I;

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

val 1t = 4 : Int

- nil;

val 1t = [] : "a list
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fun addto (l1,v) =
if null 1 then nil
else hd I + v :-: addto (tl 1,v);

val addto = fn - Int list * Iint -> Int list

- addto ([1,2,3],.2);
val 1t = [3,4,5] - int list
- addto ([1,2,3].,~2);
val 1t = [~1,0,1] : int list

Ewoaywyn otn yA\wooa ML

26

OpIop6G CUVAPTACEWY Yia AiOTEG

Avwvuleg ocuvapTRoel§ (A-eKQPAOTEIQ)

- fun map (F, 1) =

= if null 1 then nil

= else f (hd 1) -: map (f, tl 1);

val map = fn : (Ca -> ’b) * ”a list -> ’b list

- fun add2 x = x + 2;

val add2 = fn : Int -> iInt

- map (add2, [10,11,12]);

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

* To npwTto 6plopa TNG NAPANAVW OUVAPTNONG AEyETaL
AGpBOa Ekppaon: eival pua ouvapTtnon Xwpic ovoua

* O teAeotng Fun gival l0odUVApOG
HE pia AapBda Ekppacn

- val add2 = fn x => x + 2;
val add2 = fn - Int -> Int
- add2 10;

val 1t = 12 : Int
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AvadpOoMIKEG AAuda EKPPATEIG

* [wg KAAOUPE avAdPOULKA KATL TO 0MNoio eV €XEL OVOUQ;

* Tou divoupe €val

let

val rec T =

fn x => 1f null x then nil
else (hd x + 3) :: T (tl x)

in

f
end
[1.2,3,4];
val 1t = [4,5,6,7] - int list
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Taipliaopa poTUTTWYV (pattern matching)

e 2TA HOBNUATIKA, Ol oUVAPTHOELG NOANEG QOPEG opifovTal
HE OLAPOPETIKEG EKPPATELG BACN KANOWWY CUVONKWY

=12

* Otouvapthoelg TG ML o€ dlapEpouv Kal ENTPENOUV TOV

OPLOUO KATA NEPINTWOELG KAl TNV ano@uyn TnG xpnong if
fun map (f.[DD = []
| map (F,1) = F (hd 1) :: map (F,tl 1);

* 'Oupwg, 0 oplopdG ava NEPINTWOELG €ival euaicdNTog wg
nPog Th oclpd ePAvVIoONG TwV CUVOPTNOLAKWY NPOTACEWY
fun map (F,1) = Ff (hd 1) -z map (F,tl ) 1\

| map (F.[1DD = [I;
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eav x>0
eav x <0

KaAUTEPOG OPIOUOG HEOW TAIPIACHATOG TTPOTUTTWV

 Tonpotuno _ Taplalel pe OAQ TA AVTIKEIPEVA

« Tonpdtuno h :: t Taplalel pe pa AMiota Kat dEVeEL
- 1n petopAnTA h pe v Kepadq g Aiotag kat
- TN petaBAnTA T pe Tnv oupd NG AioTtag

funmap (., D=0
| map (f, hz:t) = f h -z map (Ff, t);
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Xpron otaBepwv wg TpoTUTTA

- fun 1s_zero 0 = "yes';
stdIn: Warning: match nonexhaustive
0 => ...

val 1s zero = fn :© iInt -> string
- 1s_zero O;
val 1t = "yes"™ - string

+ Kd&Be otaBepd evog TUNOU Nou unoothpilel loOTNTA
HNopEei va xpnotonotndei wg npodTtuno

* AAAG O€V UNOPOULE VA YPAYOULE
fun 1s_zero 0.0 = "yes";
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Mn €§avTAnTIKO Taiplaoa TTPOTUTTWYV

* 2TO NMPONYOUMEVO NAPAdELYUQ, O TUNOG TNG IS_ZEero
Atav Int -> string, aAAG TauTtdxpova unnpge n
npocwdonoinon “Warning: match nonexhaustive”

* AUTO onuaivel OTL N ouvapTNOoN oOpIoTNKE HE NpdTUNA
nou dev e€avtAnoav To Nedio oplopoU TG ouvapTNOoNG

« Katd ouvénela, ivatl duvatd va undapxouv npoBARuaTa
XPOVOU EKTEAEONG, ONWG:

Kavoveg Taipidopartog mpoTutTwy otnv ML

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

* Tonpdétuno _ Talpldlel e oTIdNNOTE

* M petaBAnTh ival €va npdTuno nou taplael pe
onoadnnoTe TIUA Kat OEVEL TN HETABANTI KE TNV TN

* M otabepd (evog TUNou 1lo6TNTAG) €ival €va npdTuno nou
TapLalel POVo e T OUYKEKPIUEVN OTABEPQ

* M nAedda (X,Y, .., Z2)Eival Eva npdTuno nou Talplalel pe
KGO NAEGdA Tou Blou peyEBOUG, TNG ONoiag Ta NEPLEXOUEVT
Tapldouv PE TN OEPA TOUG PE TA X, Y, .., Z

* M Aiota [X,Y,..,Z]cival €éva npdtuno nou Talplalel pe KGBe
AioTa Tou idlou PAKOUG, TNG onoiag Ta oToleia Taplddouv e
TN O€pd TOUG PE TA X, Y, .., Z

* 'Evacons h::t eival éva npdTtuno nou talpldlel Pe KABe pn
KevA AloTa, TNG onoiag n Ke@aAn Taplddel pe to h kat n oupd

raised at ... e TO t
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Mapddeiypa XxpRong TaIpIGOHATOS TTPOTUTTWYV AAAa TTapadeiypara

* [lapayovTikd pe xprion i f-then-else

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

* [TapayovTikd pe xpron Tapldopatog NnpoTunwy

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

* [MapatnpnoTe OTL UNAPXEL ENKAAUYN OoTa NnpoTuna

* H ektéAeon dokpalel npoTUNaA HE Th OEPAd Nou auTa
gugavicovtal (and Nndvw NPOoG Ta KATW)
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* H napakdtw dopn €ival noAU ouvnBlopévn oe
avadPOUIKEG OUVOPTAOELG Nou enegepydlovTal AOTEG:
Hia nepintwon ywa tnv kevA Aiota (ni 1) kat (TouAaxloTov)
Hia nepintwon ya étav n Aiota dev eivat kevh (h: - ).

» ABpolopa 6AWV Twv OToIXEIWV pag AioTag

fun sum nil = 0
| sum (h::t) = h + sum t;
* AplOUSG Twy OTOoLKEIWY Jag AioTag e Kanowa 1oTnTa

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

« Agv emTp€neTal n XxpAon tng dlag HETABANTAG
NEPLOCOTEPEG ANO Hia POPEC OTO idL0 NPATUNO

* [0 napadetypa, To NAPAKATW OEV ENTPENETAL:

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

* AvTi autou npEneL va Xpnowonotndei To NnapakaTw:

fun ¥ (a,b) =
iIT a = b then .. forpairs of equal elements
else .. for pairs of unequal elements
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2uvOUuao oG TTPOTUTTWYV Kal 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;

* Meg Tn XprRon npoTunwv 0TouG OPLOPoUC evog let,
MNOPOUUE VA “anocuvBETOUE” EUKOAQ v ANOTEAECUA

* H napandvw ouvaptnon naipvel wg Oplopa pia Aiota Kat
ENOTPEPEL Eva eUyoG and AoTeG, N KABe pia and Tig
onoieg €XEL T OA OTOLXEIO TNG APXIKAG AoTOG
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XpRon tng cuvdaptnong halve

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

val (X, y) = halve cs
in
(az:x, b::y)
end;
val halve = fn :
- halve [1];
val it = ([1]1.[1) : int list * int list
- halve [1,2];
val it = ([1]1.[2]) : int list * int list
- halve [1,2,3,4,5,6];
val it = ([1,3,5],[2,4,6]) : int list * int list

"a list -> "a list * "a list
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‘Eva peyaAUTtepo rapadeiypa: Merge Sort

* Houvaptnon halve duaveipel Ta otolkeia plag Aiotag oe
dU0 nepinou ioca KOPPATIO

» Eival To npwto BAMA Yy TAEVOUNON OUYXWVEUONG

* H ouvdpTtnon merge ouyXwveuel U0 TAELVOUNUEVEG NIOTEG

- fun merge (nil, ys) ys
| merge (xs, nil) XS
| merge (x::xs, y::ys) =
iIf Xx <y then x :: merge (Xs, y::ys)
else y : merge (X::Xs, yS);
val merge = fn : int list * int list -> Int list
- merge ([2].[1.31);
val i1t = [1,2,3] int list
- merge ([1,3,4,7,8],[2,3,5,6,101);
val it = [1,2,3,3,4,5,6,7,8,10] int list
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H ocuvdptnon Merge Sort

Mapddeiypa xpiong tng 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 TUnog TnG Napandvw cuvaptnong eivat
int list -> int list

AOGYWw Tou TUMNOU TNG ouvdpTtnong merge
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- fun mergeSort nil = nil
| mergeSort [a] = [a]
= | mergeSort thelList =

= let

= val (X, y) = halve thelList

= in

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

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

val 1t = [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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POwAIaoHEVOI OPICHOI CUVAPTACEWYV

* Mnopoupe va opicoupE TOMKEG CUVAPTAOELG, OKPLBWG
Onwg opiCoupe ToNKEG HETAPBANTEG, pe Xpron let

* 2UVABWG auTo yiveTal ylia BonbNTIKEG CUVAPTHOELG NOU
0€ BewpouvTal XpAoeg and PdveG Toug

* Mg auTtdVv ToV TPOMNO HNOPOUUE VA KPUWOULE TIG
ouvapTtioelc halve kat merge and to unoéAotno
npoypappa

* AUTO €XEL KAL TO MAEOVEKTNHA OTL Ol EOWTEPIKEG
OUVAPTROELG LNOPOUV VA ava@EPOVTAL O€ PETABANTEG
TWV EEWTEPIKWV OUVAPTHOEWY
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(* Sort a list of integers. *)
fun mergeSort nil = nil
| mergeSort [e] = [e]
| mergeSort thelList =
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)
| halve (a::b::cs) =
let
val (x, y) = halve cs
in
(a::x, b::y)
end;
(* Merge two sorted lists of integers into
* a single sorted list. *)
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::Xs, ys);

val (x, y) = halve thelList
in

merge (mergeSort x, mergeSort y)
end;
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Avakepalaiwon Tng YAwooag ML

Baowoi tunot tng ML: i1nt, real, bool, char, string

TeleoTéG: ~, +, =, *, div,mod, /, ™, 1z, @, <, >, <=, >=,
=, <>, not, andalso, orelse

Ent\oynA petacu dvo: if .. then .. else

Oplopog ouvaptioswv: fun, fn => kat twv: val, let
Kataokeur nAeddwyv: (X,Y,..,Z)

Kataokeu Alotwv: [X,Y,..,Z], :, @

KataokeuaoTég Tunwy: *, 1ist, kal ->

Taiplaopa npotunwv

PWAIOOUEVEC OCUVOPTHOELG
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