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ZuvapTnoIaKOg Kal NMpooTakTIKOG MNMpoypapuaTIoNOg

* 'Evag Tponog dlaxwplopou
- O NpoCTOKTIKOG NPOYPAUUATIONOG ENKEVTPWVEL OTO NwG Ba
UAOMOLACOUE TA OUCTOTIKA TOU NPOYPOUUATOG HOG

- O ouvapTNOlaKOG NPOYPOUUATIONOG ENKEVTPWVEL OTO Tl
OUOTATIKA Ba NPENEL VA €XEL TO NPOYPAUUA LaG

e ZUVOPTNOWIKOG NPOYPAUUATIONOG

- BaoiCetal oto pabnuatikd povtEAo Tou A-Aoyiopou (Church)

- “TpoypoppaTiopds Xwpic peTapAnTES”

- Eivatané tn @uon Tou KOpWog, OUVTOMOG KAl Oa®Ag TPOMNOG
NPOYPAUUATIONOU, GTOV 0MNoio ano@eUyovTal TEAEIWG KANolou
€idoug NPoYPAUUATIOTIKA OQAAUATA

- Octwpeitat andé NoAAoUG WG avVWTEPOG TPONOG NPOYPAUUATIOHOU
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Alagpdveia avagpopdg (referential transparency)

Mapadeiypa og Pascal

+ g pio YAwooa ouvapTnOlaKOU NpoypPappaTIoONoU,
N anoTipnon pag ouvaptnong divel ndvta to idlo
QMOTEAEOUA YIA TIG iBLEG TIHEG TWV NAPAUETPWYV TNG

* H onuavtikq auth B1oTnTa dgv IOXUEL KAT' avaykn OTIG
YAWOOEG NPOCTAKTIKOU NPOYPAUUATIOHOU

* 2TOV NPOOTOKTIKO MPOYPOUUATIONO auTO cuppaivel Adyw:

- MetapAntwv nou opifovtal Kat aANG{oUV TIHEG EKTOG TOU
owpaTog tTnNG ouvaptnong (global variables)

- Etd&ptnong and tnv katdotaon (state) Tou unoAoyilopou
- ANuwv napevepyewy (side-effects) nou pnopei va undpyouv oto
NPOYPAUHa
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program example(output)
var flag:boolean;

function f(n:int): int s
begin T TUNWVEL TO NPOYPAUUQ;
if flag then f :=n .
else f ;= 2*n; 5 KOl |.18le 4
flag := not flag * [epiepyo dOTL
end NEPLUEVOULE OTL
begin f(1)+ f(2) = f(2)+ f(1)
flag := true; s 2TO HABNUOTIKA
writeln(f(1)+f(2)); Ol OUVAPTNOELG
writeln(f(2)+f(1)); etaptwvtal povo anod
end Ta opiopaTd TOUg
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MeTaBAnTég Kal “ HETABANTES”

e 2TNV Kapdld Tou NPoPARUATOG €ival TO YEYovog OTL N
petaBAnTA flag ennpeddel tnv TiwA ™ng f

* EWdKOTEPQ, N oupneplpopd oPeINETAL OTNV avABeon

flag := not flag

e 2€ Wa YAWooa XwpiG NOANANAEG avaBETElg HETABANTWY
eV undpxouv TETola NPofARuaTa

* XTIG OUVAPTNOWOKEG YAWOOEG, Ol LETAPBANTEG €ival
OVOMATA VIO OUYKEKPIUEVEG TIUEG, OEV gival ovopaTa yia
OUYKEKPIUEVEG BECEIG UVAUNG

* MnopouUpe va Tig Bewprooupe “Oxt NOAU PETABANTES”
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H yAwooa ML (Meta Language)

* ["Awooa ouvapTNOLAKOU NPOYPOUUATIONOU HE TUMNOUG
* 2Xedlaopévn yia aAANAemdpacTIKA Xpron (interactive use)

* 2UvOuddlel Ta NOPAKATW OTOLXEIQ:
- Baowopgvn oto A-AoyIopo KAl oTNV anoTiUNon EKPPAcEWY
- ZuvopTAoelg uwnAig Tagng (higher-order functions)
- Autépatn dlaxeipian PvARNG (LE XPron CUAAOYAG OKOUMIBLWV)
- Agnpnuévoug Tunoug dedopévwy (abstract data types)
- Zuotnua apBpwpdtwy (module system)
- E&aipoeig (exceptions)

* [EVIKNAG XPnoNnG KN NPOOTAKTIKK, N OVTIKEILEVOOTPEPAG
yAwooa
- ZXETIKEG YAwooeg: OCaml, Haskell, ...
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Mari egeTdfoupe TNV ML;

* Tunot kat auotnpd cuoTNUA TUNWV
- levika BEpaTa yia oTATIKO EvavTL SUVAUIKOU EAEYXOU TwV TUNWV
- Zupnepaopdg Tunwy (type inference)

- MoAupop@opog Kal YEVIKOG NPOYPAUUATIONOG (generic
programming)

* Awaxeipion pvApng
- ZTOTIKA EYPEAELO KAl OOWN KATA LMAOK

- Eyypagég evepyonoinong ouvaptioswy (function activation
records) Kat uAonoinaon cuvapThAoewyV UPNANG TAENG

» 'EAeyxog Kat OOUEG poNG

- Etaipeoeig
- Avadpopn “oupdg” (tail recursion) kat ouvéxeleg (continuations)
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2U0vToun IoTopia TnG YAwooag ML

Robin Milner (ACM Turing Award)

Logic for Computable Functions
- Stanford 1970-71

- Edinburgh 1972-1995

- Cambridge 1996-

+ MetayAwooa Tou cuothpatog LCF

- Anoédelgn Bewpnudtwy
(theorem proving)

- 2U0otnua Tunwv (type system)

- ZUVOPTAOCELG UYPNANG TAENG
(higher-order functions)

e Oa Xpnowonolooupe TNV uAonoinon
SML/NJ (Standard ML of New Jersey)
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H yAwooa ML péoa atmré mrapadeiyyara

Baoikoi Tutrol Tng ML

% sml

Standard ML of New Jersey, v110.XX
- 42

valit=42 :int

- 2+ 3

valit=5:int

- funsquare x = x * x;
val square = fn : int -> int
- square 5;

valit =25 :int

- square;

val it = fun : int -> int
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* Booleans
- true, false : bool

* AKEpALOL KAl TEAEOTEG TOUG
-0,1,2, ...:int
- +,-,* mod, div, ~ (novadiaio peiov)
* 2UUPBOAOCELPEG KAl TEAEOTEG TOUG
- "Robin Milner" : string
- N (ouvévwaon oupBoAloaelpwy)
* ApBpoi KivnTrG unodlaoTOANG KOl TEAEOTEG TOUG
- 1.0,2.2,3.14159 -
- +| Ty *y /5 -
Ot 1eleoTég givar aplotepd mPOGETaPLoTIKOL, pe Tpotepadtteg {+,- } <{*,/ ,div ,mod} <{~}.
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H yAwooa ML péoa atmré rapadsiyyara

Y1rep@opTwon TeAeoTWwYV (operator overloading)

- 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 it = true : bool

- 2.56 <3.14;

val it = true : bool

- 2.56=3.14;

stdin: Error: operator and operand don’t agree
operator domain: "Z * "Z
operand: real * real
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- 2*3

valit=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 TteleoTng * (Kat GANOL ONWG O +) Eival UNEPPOPTWHEVOL

* 'Exouv dla@opeTikA epunveia oe {euyn akepaiwy Kat
OLOQOPETIKA 0€ CeUyn ApPOUWV KIVNTAG UNOdLOAOTOANG

* H ML dev kdvel auTOpATn HETATPONA and aKEPAIOUG OE
NPEAYHATIKOUG aplOpoud (6nwg n.x. kavel n C)

Ewoaywyn otn yAwooa ML 12




H yAwooa ML péoa atmré mrapadeiyyara

Currying

- funmaxab=

= if a> b then a else b;
val max = fn : int -> int -> int
- max 10 5;

valit=10:int

- max 10 42;

val it =42 :int

* [poo€tTe TOV NEPiEPYO TUNO
int -> int -> int
« A€eL 0TI N max gival pa ouvaptnon nou naipvet €évav

OKEPALO KAl EMOTPEPEL LA CUVAPTNON NOU Naipvel Evav
OKEPALO KAl EMOTPEPEL EvVAV AKEPALO
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* OL0ouvapTnoELG gival avTIKEIpEVa
NPWTNG TAENG Ta onoia HNopouuE va
TA QLOXELPLOTOUHE ONWG OAa Ta GAAa
QVTIKEIPEVA (M.X. TOUG aKEPAIOUG)

Haskell B. Curry

- funmaxab= if a > b then a else b;
val max = fn : int -> int -> int

- val max_five = max 5;

val max_five = fn : int -> int

- max_five 10;

valit=10:int

- max_five 1;

valit=5:int
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Currying vs. Tuples

MoAupop@iouog

* Av B€Aoupe, HNOPOUE VA XPNOYLONOIOOUKE NAEIADEG
(tuples) wg opiopata ) aNOTEAECUATA CUVAPTACEWY

- funmax (a,b) = ifa>Dbthenaelseb;
valmax =fn:int* int->int

- max (10, 5);

valit=10:int

- funreverse (a,b) =(b,a);
valreverse=fn:’'a*’b->’'b*’a

- reverse (10,5);

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

- max (reverse (10,5));

valit=10:int
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* Houvaptnon reverse €xeL €vav evOLOQEPOVTA TUMNO

- funreverse (a,b) =(b,a);

val reverse =fn : 'a*’b->'b*’a

* AUTO onuaivel OTL LNOPOUE VA AVTIOTPEYOULE HIO
dudda 6nou To NPWTO OPLOUA Eival onoloudnnoTte TUNou
Kal To OeUTEPO OpLOpa €NiONG €ival onoloudnnoTe TUNou

- 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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Avadpopun

TeAeoTAG UYWONG o€ dUvVANN

+ Enedn dev undpxouv HETABANTEG UE TNV NAPADOOCIAK
€vvola, Ta NPOYPAUHOTA XPNoonolouv avadpoun yia va
EKQpPAcouv enavaiAnyn

- funsumn=

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

val sum =fn :int -> int

- sum 2;

Avadpoun

Val It - 3 . Int + Eneidn dev undpxouv HETABANTEG HE TNV NAPASOOIOKD
£vvola, TA NPOYPAUATA XPNOILONOIOUY avadpop yia va

- Su m 31 EKQPACcOUV enavaAnyn
" — - - f =
Val It - 6 . Int = unlvsr?r:(l;lheHOelse sum (n-1) +n;

4 val sum = fn :int -> int
- - - sum2;
Sum 1 valit=3:int

val it =10 : int G

- sum4;
valit=10:int

Ewayuy ot hiooa ML
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* Mnopoupe eniong va opicoupe
VEOUG apLOUNTIKOUG TEAEOTEG
WG CUVAPTAOELG
funx/Ny =
ify=0then 1
else x * (x ™ (y-1));
val A =fn :int *int -> int
- 272
valit=4:int
- 27M3;
valit=8:int
- 274,
valit=16:int

Eloaywyr) otn yAwooa ML 18

ETravaxpnoigoTroinon amroTeEAECHATWY

H ék@paon let

» Enedn dev €xoupe PETAPBANTEG, EILOOTE AVAYKAOHEVOL
va €NavaAGBoOUE EKQPPATELS (KAl UNMOAOYIOHOUG)

funfx=
g(square(max(x,4))) +
(ifx<1lthen1
else g(square(max(x,4))));
* M p€B0dOG yia va yYpAWOUE Mo EUKOAQ TNV Napandvw
ouvapTnon €ivat pe xpnon pag BondnTikAG ouvapTnong

fun f1(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 TpOnog €ival 0 OpLOPOG EVOG TOMIKOU
OVOMATOG YA TNV ENAVOXPNOLUOMNOLOULEVN EKQPACH

funfx=
let
val gg = g(square(max(x,4)))
in
gg + (if x < 1 then 1 else gg)
end;
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H ék@paon let dev gival avaBeon

let
vala=5

=>

(let
vala=a+2
in
a
end,
a)
end;
val it = (7,5) : int * int
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20vOeTol TUTTOI HdOoNéEVWYV OTNV ML

* [poypdppata nou enegepyalovtal povo Babpwtda
dedopéva (scalars - xwpig dopn) dev eival NOAU XproLua

* OLOouvapTNOLOKEG YAWOOEG NPOYPAUHATIONOU ival OTL
NPENEL YA TNV eNegepyacia oUVOETWY TUNWV BEOOUEVWV

+ 'Exoupe ndn deL NAEAdEG, Nou eival ouvBeToL TUNOL
OeBOUEVWY VIO TNV avanapdoTtaon VoG OpLOPEVOU
APOUOU AVTIKEPMEVWY (MBAVWG SLOPOPETIKWY TUNWV)

* H ML €xel eniong Aioteg, nou gival ogpEG onoloudnnoTe
QPOUOU AVTIKEIPMEVWY TOU idlou WG TUNoU
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AioTeg

* OunAelddeg nepikAeiovtal and napevOEoeLg,
oL AioTEG anod ayKUAEG
- (1,2);
valit=(1,2) : int * int
- [1,2];
val it =[1,2] : int list

* O teAe0TNG @ ouvevwvel OUO AOTEG

- [1,2] @ [3.4];
val it =[1,2,3,4] : int list
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Cons

* Mnopoupe va npooBECOUPE OTOLXEID TNV apXA Hag
AiOTOG pE TOV TEAEOTA & (MPOYEPETAL CONS)

- 122 230,
val it =[1,2,3] : int list
- 0t

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

* H ouvevwon dUo Alotwyv dev gival To idlo PE TN XpRnon ::
-[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:
Q:2:xnil)::3:4 il
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AAAeg cUVAPTHOEIG YIA AiOTEG

OpIop6G CUVAPTHOEWYV VIO AiCTEG

- null[];

val it = true : bool

- null [1,2];

val it = false : bool

- vall=[1,2,3,4];
val 1 =[1,2,3,4] : int list
- hdl;

valit=1:int

-t

val it =[2,3,4] : int list
- length [
valit=4:int

- nil;

valit=1] : 'alist
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fun addto (I,v) =

if null | then nil

else hd | + v :: addto (tl I,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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OpIou6G CUVAPTAOEWYV Yia AiCTEG

Avwvupeg ouvapTtioelg (A-EKQPPAOEIQ)

- funmap (f,I) =

= if null | then nil

= else f (hd l) :: map (f, tl I);

val map =fn: (a->'b) *'alist -> b list

- funadd2x=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 NnpwTO 6pIOHA TNG NAPANAVW OUVAPTNONG AEyETal
Aauda Ekppaon: gival pa ouvapTnon Xwpic ovoua

* O teheotnig fun eival l0oduvapog
HE pia Aduda Ekppacn

- valadd2 =fnx=>x + 2;
val add2 = fn : int -> int

- add2 10;

valit=12 :int
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AvVOdpOMIKEG AAUdA EKPPACEIG

* [wg KaOAOUHE avadPOULKA KATL TO OMoio eV €XEL OVOUQ;

* Tou divoupe éval

- let

= val rec f =

= fn x => if null x then nil

= else (hd x + 3) :: f (tl x)
= in

= f

= end

= [1,2,3,4];

val it =[4,5,6,7] : int list
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Taipiaocpa TpoTUTTWYV (pattern matching)

* OLouvapTnOEIG NOANEG QOPEG OPIloVTaL HE DIOPOPETIKEG
EKPPAOELG BACN KAMOWWYV CUVBNKWY

X edv x>0
f(X)z{-x eav X< 0

* Ovouvaptnoelg tTng ML € dlagpEpouv Kal ENTPENOUV TOV

OPLOUO KOTA NEPNTWOELG KAL TNV ano@uyn NG XpHong if
fun map (f,[]) =[]
| map (f,) = f (hd I) :: map (f,tl I);

* 'Opwg, 0 OPLOPOG ava NEPNTWOELG Eival EuaioBNTOG WG
NpPoG TN OEIPA ELPAVIONG TWV CUVAPTNOLOKWY NPOTACEWV
fun map (f,) =f (hd I) :: map (f,tl )

| map (f,0) = [I;
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KaAUTepog 0pIOPOG HECW TAIPIACTHATOG TTPOTUTTWV

* Tonpotuno _ Tapldlel pe OAA Ta AVTIKEIUEVA

e Tonpdétuno h 1t Topldlel e pua AMiota kat dEveL
- TN ueTaBANTA h pe v ke@aA TG AioTag Kat
- Tn petaBAnTAt pe TNV oupd NG AioTag

funmap (_, [I) =[]
| map (f, h::t) = fh :: map (f, t);
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XpRon otalepwyv wg TTPOTUTTA

- funis_zero 0 = "yes";

stdin: Warning: match nonexhaustive
0=>..

val is_zero = fn : int -> string

- is_zero O;

val it = "yes" : string

+ Kd6e otaBepd evog TUNOU Nou unootnpidel looTNTA
pnopei va xpnotponotn®ei wg npdtuno

*  AANAG dgv pnopoUpE va ypayoupue

funis_zero 0.0 = "yes";
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Mn €§avTAnTIKS Taipiacua TTPOTUTTWYV

* 2TO NPONYOUHEVO NAPADELYHA, O TUNOG TNG iS_zero
Atav int -> string , AANG TauTOXPOVA UNMAPEE N
npoewdonoinon “Warning: match nonexhaustive

* AUTO onuaivel 6TL N ouvApTnon oploTnKe pe npdTuna
nou dev €€AvtAnoav 1o Nedio OPLOUOU TNG CUVAPTNONG

« Katd ouveEnela, gival duvato va undpyouv npoBAfuaTa
XPOVOU EKTEAEONG, ONWG:

Kavéveg TaipidouaTog TrpoTUTTWY oTNV ML

- is_zero 42;
uncaught exception Match: [nonexhaustive
match failure]
raised at ...
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» To npotuno _ taipldlel pe oTIdOANOTE

* M petaBAnTn eivat €va npodTuno nou talpldlel pe
onoladANOTE TIUA KAl BEVEL TN HETARBANTA HE TNV TIUA

* M otaBepd (evog TUNOU LIOGTNTAG) Eival €va NPOTUNO Nou
TapLalel POVo E TN OUYKEKPLIUEVN oTaBepd

* M nAedda (x,y,...,2)  €ival €va npoTUNo nou Talplalel pe
KaBe nAewdda tou idlou peyEBoug, TNG onoiag Ta NeEPLEXOUEVA
Tapldlouv UE TN oElpd TOUG HE TA X,Y,...,Z

* Muw Aiota [x,y,...,z]  €lval €éva npdTuno nou Talpladel e kabe
AloTa Tou dlou pkoug, TNG onoiag ta otolkeia Taptafouv ue
Tn oepd TOUG HE TA X,Y,...,Z

* 'Evacons h:it  eival éva npdtuno nou Tapladel Pe KABe pun
Kevr) AoTta, Tng onoiag n ke@aAr tapladel pe to h kat n oupd
pE TO t
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Mapddeiypa Xpaong TaipIACHATOG TTPOTUTTWYV

* [lapayovTikéd pe xpnon if-then-else

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

* lMapayovTikd pe XpRon TapLlaopaTog NpoTUNwWyY
funfact0=1
| fact n = n * fact (n-1);

* [lapatnpAoTe OTL UNAPXEL ENKAAUYN OTa npdTUna

* H ekTEAEON BOKIPAZEL NPOTUNA UE TN OEPA NOU aUTA
ep@avi¢ovtal (ané navw NPog Ta KATW)
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AAAa TTapadeiypata

H napakdtw dopr) €ivat NOAU ouvnBIOPEVN OE AVAOPOUIKEG
OuvapTAOELG Nou enegepyadovTal AMioTeg: pia nepintwon
yla tTnv Kevn Aiota (nil ) kat pia nepintwon ywa étav n
Aiota dgv gival kevA (h::it ).

* ABpolopa 6AwV Twv OTOIXEIWV Jag Aiotag

fun sumnil=0
| sum (h::t) = h + sum t;
* AplBudG Twy oTolKEiwv pag Aiotag pe kanowa oTNTA

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

* Agv enTpENETAL N XPARON TNG idlag PETABANTAG
NEPLOCOTEPEG ANO Mia QopEG 0TO Bl0 NPOTUNO

* o napddelypa, To NOPAKATW OEV ENTPENETAL:

funf(a,a) = ... for pairs of equal elements
| f(a,b)=... for pairs of unequal elements

* AvTi auTtou NpEneL va xpnotponotneei To napakaTw:

funf (a,b) =
if (a=b) then ... for pairs of equal el ements
else ... for pairs of unequal elements
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2UvOUaOoNOG 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,
* Me Tn Xprion NPOTUNWY 0TOUG OPLOHOUG VoG let
HMNOPOUUE va “anoouvOECOUNE” EUKOAA €va ANOTEAECHA
* H napandvw ouvapTtnon Naipvel wg OpLOUa Ha AioTa Kat
ENOTPEPEL €va (eUYOG anod AOTeG, N KABE pia and TIg
Onoieg €XEL TA OA OTOLXEIA TNG APXIKAG AioTOG
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XpAon tng ouvdptnong halve

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;
val halve = fn : 'a list -> 'a list * 'a list
- halve [1];
val it = ([1],[]) : int list * int list
- halve [1,2];
val it = ([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
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‘Eva peyaAutepo mrapadsiypa: Merge Sort

* Houvaptnon halve &waveipel Ta otolkeia pag Aiotag oe
dUo nepinou ioa KOPUATIO

* Eival To npwTo BAMA yia TagvOUNON CUYXWVEUONG
* H ouvaptnon merge ouyXwveuel dUO TAEIVOUNUEVEG AIOTEG

fun merge (nil, ys) = ys

| merge (xs, nil) = xs

| merge (x::xs, y:iys) =

if (x <y) then x :: merge (Xs, y::ys)
else y :: merge (X::Xs, ys);

val merge = fn : int list * int list -> int list
- merge ([2],[1,3]),
val it =[1,2,3] : int list
- merge ([1,3,4,7,8],[2,3,5,6,10]);
val it=1[1,2,3,3,4,5,6,7,8,10] : int list

Ewoaywyn otn yAwooa ML 40




H ouvdaprtnon 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 tTng napandvw ouvaptnong eivat
int list -> int list

AOGYw Tou TUNOU TNG ouvApTNONG merge
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Mapadeiypa xprpong tTng Merge Sort

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

= 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

Ewoaywyn otn yAwooa ML

42

OwAiaopévol opIoHOi CUVAPTACEWV

* MnopoUpe va opiocoupEe TOMIKEG OUVAPTHOELG, OKPIPWG
ONwg opifoupe TONIKEG LETABANTEG, HE XpAon let

* 2UVvABwg auTo yiveTal yia BonBnTIKEG CUVAPTAOELG NOU
o€ BewpouvTal Xproeg and POVEG TOUG

* Mg autév Tov TPONO PNOPOUUE VA KPUWOUE TIG
ouvapTtnoelg halve kat merge anod To undAotno
npoypappa

* AUTO €XEL KAL TO NAEOVEKTNHA OTL Ol EOWTEPIKEG
OUVOPTHOELG HNOPOUV VO QVOPEPOVTAL OE HETABANTEG
TWV EEWTEPIKWY OUVAPTHOEWV
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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 in y. *)
fun halve nil = (nil, nil)
| halve [a] = ([a], nil)
| halve (a::b::cs) =
let
val (x, y) = halve cs
in
(a::x, biy)
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:iys) =
if (x <y) then x :: merge(xs, y::ys)
else y :: merge(x::xs, 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
TeheoTeG: ~, +,-,*,div ,mod, / ,", . , @<, >, <=, >=,
=, <>, not , andalso , orelse

Enoyn petagu duo: if ... then ... else

Oplopog ouvapthoewv: fun |, fn=>  kat Tipwv: val |, let
Kataokeun nAeladwv: (X,Y,...,2)

Kataokeunq AlOoTwv: [X,Y,...,2] ,o, @

KataokeuaoTeg Tunwy: *, list  , kat ->

Taiplaopa npotunwv

DOWALOOUEVEG CUVAPTAOELG
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