Zovtoun Ewoaywyn otnv SML/N]

dVAAGH10 oNuEIWOoEWD Y1a TO 10 EPYACTAPLO TOL NAONIATOC

1 Eyxatdaotaon Kol IPpWTI ypwelpla

H mo npéo@atn ék6oom g SML/NJ TN 0TIy oLYypa@nG auTOD TOV KEWPHEVOL LIIAPYEL
oTo:
http://www.smlnj.org/dist/working/110.78/index.html

Windows

* http://www.smlnj.org/dist/working/110.78/NOTES/WININSTALL
e Start — Programs — SML of New Jersey

e Start — Run, "ecmd”, "sml"”

Unix
* Debian/Ubuntu: apt-get install smlnj smlnj-doc rlwrap

* ExtéAeon amd terminal pe sml 1§ rlurap sml
* EVvaAAKTIKG mlton (www.mlton.org)

2 Xpnon tov toplevel

( Standard ML of New Jersey v110.74 [built: Sat Oct 6 00:59:36 2012] )
- print "Hello world!\n";
Hello world!
val it = () : unit
- 13 + 29;
val it = 42 : int
- ~it;
val it = ~42 : int
. Y,

E: Ti elvoa o it;

A: M e181kT) petafAnTi Tov toplevel mov mepléyel MAVTA TO AMOTEAECTPQ TNC TEAELTAIAC
EKQPOAOTC.

E: TTwg Ba aAAGEw Y Tipr plag peTaBAnNTngG;

A: Itnv ML 6ev vmdpyel moAAamAn avdBeon. Ot peTafANTEC AIAG AVTIOTOLYOOD OVOUAT
O€& TIHEC KO 0 TEAEOTAG = YWPLg ¥PNON TOL val EAEYYEL LOOTNTA.

- val
val x

MonoM

- x =
val it = false : bool



http://www.smlnj.org/dist/working/110.78/index.html
http://www.smlnj.org/dist/working/110.78/NOTES/WININSTALL
www.mlton.org

E: TIwg Ba ypdyw Eva loop;
A: TIoAD €0KO0AqQ, 6mwg oc 6Aeg Ti¢ Turing complete yAwooeg!

- fun loop x = loop x;
val loop = fn : 'a -> 'Db

E: Xa ya, 6ev evvoodoa avtd. Evvoodoa nwg umopw va ypayw K&t oav ta for loops ™G
C;
A: E&ioov amAq, pe ypnomn avabpounc:

- fun for 0 = ()
= | for n for (n-1);
val for = fn : int -> unit

E: Xppp... 6a pov mapetl Alyo Kaipd va cvvndiow avtd To 0TV mpoypappatiopod. Tt oto
KaA6 elvat avtd TO unit;

A: Inpaivel 6T n ovvdptnon avth Hev emaoTPéPel KAIolx TN — €ival K&TL oav TO void
otn C. Me dAAa AGyla, N ovvdptnomn Ba ekteAeotel pdVO YA TIC TAPEVEPYELEG TNG.
E: TTapevépyeleg; Ma n noapamdvw cvvdptnon 6ev Kavel moOAAG IPAYHATA. ..

A: AlKi0 £xe1g. Ag ypdwyovpe Aoumop pla oLVPAPTNOT MOV DA TUIWDEL T TETPAYWVA OAWD
TwD QLOKWY amd To 0 péypl To n, To K&Oe £va oe HLAPOPETIKT ypapuun, EEKIVWVTOAC
o116 TO PeYaAdTEPO:

s N
- fun fordown n =
= if n < 0 then ()
= else (print (Int.toString (n*n)); print "\n"; fordown (n-1));
val fordown = fn : int -> unit
- fordown 4;
16
9
4
1
0
val it = () : unit
N\ J

E: Ko av ffeda va Tonwow ta TeTpdywva EeKvvTag amd to 0;

A: Kadr gepwtnon. Avto pmopel va yivetr pe 600 tpémovg. O évag elvot v YPNOHOTIONNOELG
Hla emuTA£op PETAPBANTY yia va apyioelg TNy emavdAnyn amd 1o pndév Ko pia yia va
Eépelg mov MPEIIEL VA OTAPNXTAOELG.

- fun forup n lim =

= if n > lim then ()

= else (print (Int.toString (n*n)); print "\n"; forup (n+1) 1lim);
val forup = fn : int -> int -> unit

- forup 0 4;

0

1

4

9

16

val it = () : unit
L J

E: Kot o &AAog TpdI1oc;



A: O b6gbtepOC TPOMIOG Elvat LA YPMNOTIOTOINOELG TO OYNIA TNG XPYLKNG CLVEPTNONG fordown
o2& pe ma 6opn Hebopévwr (m.y. pmia Alota) wg accumulator 6mov O PACelg Ta
TETPAYWVX TWY aplBpwY ekel, OTIWC ALTA TAPAYOVTAL.

- fun forlst n acc
if n < 0 then acc
else forlst (m-1) (
val forlst fn int
- forlst 4 [];
[0,1,4,9,16]

val it

(n*n) ::acc);
> int list -> int 1list

int list

E:

A: E, KGve ka1 K&T1 n6vog gov

Noat aAA& N mopandrw ovrdptnon aniwg dnuiovpyel ™ Alota, Hev TV TLIIWVEL...

: yphye auTh TN oLVPAPTNOT Yl eEAOKNON. A, pla Kol O

YPAYELG, YPAWE KAl TIC MAPAKATW CLVAPTHOELG.

s

fun make_list n
let fun loop O result
| loop i result

in

(* Tail recursive versi
fun len2 1
let fun aux [] i

| aux (h::t)

i
i
in

aux 1 0
end

loop n []
end
fun len [] = 0
| len (h::t) =1 + len t

result
loop (i-1) (i::result)

on of the len function below *)

aux t (i+1)

E:
A:

IMwe B cwow Kol B PopTw

ow OTOoV interpreter Tov KWOHKK pov;

T'p&ovue pe tov editor TG emA0OYNC PO TOV KWHKA PoC Kal Tov 0W(OVPE O £Va

apyeilo. X1n ovvéyela, p€oa OTOV interpreter ypnolOIOL00PE TN CLVAPTNOT) use IOV
naiprel wg 0plopa éva string pe to 6vopa Tov apyelov mov OEAOLE VA POPTWOOL]IE.

(- use "myfile.sml";

[opening myfile.sml]

val make_list fn

fn 'a list

fn 'a list
unit

val len
val len2 =
val it O
- len [1,2,3];

3 int

val it

int

~

-> int list
-> int
-> int

E:
A:

Kot av to apyeio elvar og dAAo directory;
2e aquthY Y mepintwon, €ite 6ivovpe To amdéAvto dvoua tov apyeiov, eite ypnoipo-

IIOLOVHE TG OLVAPTNOELG 0S.FileSys.getDir() Kol 0S.FileSys.chDir("path"), yla va
6o0ue mov PploKOPAOTE KAl DA TIEPINYNO0VE 0TOLE KATAAGYOLE TOL OCLCTHPNATOG.

E:

PNONG KOAWVTAG TNV (0TO

Kot av Bapiépot va ypdoew use
Mmopeic va opTwoelg Kat’

. KGBe @op& 1MoL EeK1vAw TNV sml;

gvBelav tov KWOIKA otnr SML Katd Tn oTiypn tng €KKi-
Linux) pe v €vToAn: sml myfile.sml



3 Taipuaopa npotonwp (pattern matching)

Mrmopobpue va KGvovpe pattern matching katevbelav 0TI THPAPETPOLE TNG CLVAPTN-
o1MG, ONTWC EA{VETAL OTIC TOAPAKETW TUVAPTATELC:

fun factorial 0 = 1
| factorial n n * factorial (n - 1)

fun length [] 0
| length (x::xs) = 1 + length xs

Emiong, pmopodpe va kGvovpe pattern matching o€ petaBAntéc pe ypnom Tov case:

fun factorial n =
case n of 0 => 1
| m => m * factorial (m - 1)

fun length 1 =
case 1 of [] => 0
1

| x::xs => + length xs
L J

Y€ kGBOe pattern matching mov kdvovje npémnel, ato P€Tpo Tov SvVaTov, Pa PpPovTifovE
v PN ep@oavifetal To PAVLPA Warning: match nonexhaustive, OIwC cLPPAiVEL TAPAKETW:

- fun hd [a] = a

= | hd (h::t) = h;

stdIn:1.5-4.18 Warning: match nonexhaustive
a :: nil =>
h :: t =>

val hd = fn : 'a list -> 'a
N\ J

e avtiBeon pe TNV mapamdrw oLPAPTNOT, 01 CLVAPTNOELG TTOL opifovpe elval Kadd v
elval mMANpwg oplopéveg, 00TWC WOTE P AmoPeLYETAL 1) TopaIdvw mpoeldomnoinan. I'a to
OKOIIO aLTO UIIOPODVIE DX YPTOHOIIONO0VHE Kol e€a1pEdelg, OOV KplveTal amapaitnTto:

- exception HdEmpty;
exception HdEmpty

- fun hd [] = raise HdEmpty
= | hd [al = a

= | hd (h::t) = h;

val hd = fn : 'a list -> 'a

To pattern matching pmopei, Té€Aog, va ypnotpomownBel yia va emAé€ovpe Eva otolyelo
a6 pa mAseltdda (tuple):

fun fst (x,_) = x;
fun snd (_,x)
- fst (10,20);
val it = 10 : int
- snd (10,20);

val it = 20 : int

X3

IMa mp emAoyn evdg otoryeiov amd ma mAeidba pe Baon tn O£on Tov, N SML mapéyet
évap e161k6 TeEdE0TN:

- #1 (10,20);
val it = 10 : int




4 Ynep@optwon TEAEOTWD

Mepikol tedeotég g SML elvo vepgoptwpévol. Emtedodv, dnradn, drapopeTiki
Aettovpyla avdroya pe Tov TOTO TwWv TeEAOLVPEVWY TOLG. Evag Tétolog tehAedThC elvat o
YPWOTOC HOC TEAEOTNC + TNG MPdobeong:

-1 + 2;
val it = 3 : int

- 1.0 + 2.0;

val it = 3.0 : real

Onwg, n ML 6ev emtpénet npdobeon petald aplOpwy H1a@opeTIKOD TOIOL 00TE KAVEL
QUTOPATN PETATPOMT KII6 £Vap TOIIO O KAIIO1ov GAAo:

- 1.0 + 2;
stdIn:1.1-1.8 Error: operator and operand don't agree [literall
operator domain: real * real
operand: real * int
in expression:
1.0 + 2

IMa 6o0ovg 6w KatdAaPap TI¢ akKPLPEIG CLVENEIEG TOL IAPXIIAVW YA TO Tl EMITPEIETAL KOl
Tt 6ev emTpémetan otnr ML, Seiyvovpe dAdo éva mopaderypo:l

s ~
- val x : Int64.int = 1234567890123;

val x 1234567890123 : Int64.int

- val y = 42;

val y = 42 : int

- x +y;

stdIn:4.1-4.7 Error: operator and operand don't agree [tycon mismatch]
operator domain: Int64.int * Int64.int
operand: Int64.int * int
in expression:

x + 42
N Y,

Katd ovvémela, moAAEG @opéc pmopel va ypelaoTel vA ¥PNOIOIOINCOVIE KAIIOEG AT
TG OVVAPTACELC UETATPOING TOIWY TNG PPALOONKNG:

- val x : Int64.int = 1234567890123;

val x = 1234567890123 : Int64.int
- val y = 42;

val y = 42 : int

- x + (Int64.fromInt y);

val it = 1234567890165 : Int64.int
- 3.14 * real 42;
val it = 131.88 : real

Emiong, 6tav opiCovpe oLVAPTACELG TTOL ¥PNOHIOIO100D TOLG TEAECTEG 01 OO0l £X0VD
évav mpoemAeypévo default tomo, iowg elvat anapaitnto va dnAwoovpe Tov embvuNTd
TOIIO TWV MAPAPETPWD TOVG £TOL WOTE DX EYOVUE TO AVAPEVOUEVO AIIOTEAETHA:

- fun add x y = x+y;

val add = fn : int -> int -> int

- fun add (x:real) y = x+y;

val add = fn : real -> real -> real

1H enmowdAnyn eivar pRtnp pabfoewe, axépa kot oty ML mov 6gv vmootnpilel emavdAnyn!



5 Opuwopoc datatypes

2t SML pnopodje va opiocovue véovg tomovg 6ebopévwy, m.y. Eéva Svadikd 6EvTpo e

Hlo amAn 6RAwon:

[ datatype btree = Empty | Leaf | Node of btree * btree j

3TN OLVEYELQ, PIIOPOVIE VA YPAWOLE OLDAPTNCELG TTOL £MeEePYAlOVTAL TOLG CLYKEKPL-
pévoug tomovg Hebopévwr, dnwg N IAPAKATW CLVPAPTNOT oL LIIoAoyilel To mAH0oC TwY

@OAAWY eVAG HLad1koD HEvTPOUL:

-
- fun cntleaves Empty = 0

= | cntleaves Leaf = 1
= | cntleaves (Node (treel, tree2)) =

val cntleaves = fn : btree -> int
val tree = Node (Node (Leaf, Leaf), Leaf)

- cntleaves tree;
val it = 3 : int

= (cntleaves treel) + (cntleaves tree2);

- val tree = Node (Node (Leaf, Leaf), Leaf);
btree

6 If xal BpoayVKOKAwWON

H amotiunon twv Aoyikwy teAeotwr atny SML yivetat pe Ty TEYVIKN NG PPAYLKD-
KAwoncg. Avtd onpaivel 6t n amotipnon otapatdel 6tov mALov To amotédeopd g elvat

YVWOTO, Y.

if true orelse 2 div O
if false andalso 2 div O

1 then print "ok\n"
1 then print "bad\n"

else print "bad\n";
else print "ok\n";

2TO TOPAIIAVW PGSy o 1) (IO TIUNON TP CLVPONKWY 6 YPNOI0IIOL0DCE TNV £V AdYWw
TEYVKN, TOTE B ep@oav1{OTOY TO PNVLVPK uncaught exception Div [divide by zerol.

7 2vvnOwopéva 2a0n apyaplwp

EAAewyn Kamotov pépovc tov if then else Xty ML 1o else eivot vmoypewtikd. To if
then else elvan ék@paon Kol EMOTPEPEL TAVTA Pl TR - O€ QLT TNV HmEPiITWON
QYPOOVJE TNV TN IOV EMOTPEPEL, 1 omoia elvat TOmoOL unit.

(* Wrong way of doing this x*)
fun times3 x =
( if x > 3 then
print "Greater than 3\n";
x * 3 )

(* Right way of doing this x*)
fun times3 x =
( if x > 3 then
print "Greater than 3\n"
else ();
x *x 3)




JVVAPTHOELC PE MAPEPEPYELEC (T1.Y., EKTOIIWAOT PE aAAXyT YPAPUnG)

(* Wrong way of doing this x*)
fun println s = print s; print "\n";

(* Right way *)
fun println s = (print s; print "\n");
fun println s = print (s =~ "\n");

Ala@opéc peTal AloTwp Kat mAe1adwp XNy ML ta otolyeia plog Alotag npémet va
Eyouvv 6Aa tov (610 ToMmo. AvTibeTa, 01 mAe1ddeg nmopel va £yovy otolyela omo1ovHNR-
oTe TOIOL o€ KGOe OEom TOVLC.

(* Right *)
(1, 2, 3, 4]

(* Wrong *)
[1, 2, "Hello"]

(* Right *)
(1, 2, "Hello")

Aafn taipracpatoc npotonwy (pattern matching errors) H ékppoon [hd,tl] Tat-
plLalel povo pe i Atota 600 otoryeiwy Ko elvat 1ooddvoapn pe (hd::tl::[1).

(x Wrong *)
fun len [hd,tl] = 1 + len tl
| len [1 =0

(* Right *)
fun len (hd::tl) = 1 + len tl
| len [] =0

Emniong, n oelpd Twv gp@driong twv mpotdnwy £yl onpoocia. H ML pag npogidomotei
otav Kamolo mnpdtumo Hev taptdlet moTE.

datatype 'a tree = Empty | Node of 'a * 'a tree * 'a tree

(x Wrong *)
fun is_leaf Empty = false
| is_leaf (Node (v, 1, r)) = false

| is_leaf (Node (v, Empty, Empty)) = true
(* Right *)
fun is_leaf Empty = false

| is_leaf (Node (v, Empty, Empty)) = true

| is_leaf (Node (v, 1, r)) = false




8 Zuyvéc gepwTNoElg

E: H ML éyet kamoleg BIBA10ONAKEG TTOL PUITOPW DA ¥PNOIOTION0OW;
A: BeBaiwg. Tn otiypr ovyypa@ng avtod Tov @uAAiadiov meptypd@ovtal 0Tig 10TooeAibeC:

* http://www.standardml.org/Basis/overview.html
* http://www.standardml.org/Basis/manpages.html
* http://www.smlnj.org/doc/smlnj-1ib/Manual/toc.html

E: Yodpyetl k&molog tpoémog otnr ML, yia va 6w 6Aa ta otoryeia plag doung debopévwv
(m.y. mog Alotag); Otoav n doun elvo peydAn pov Pyalet teditoeg amd Kamolo onueio
KOl PHETA...

A: O évag tpoémog eivat va vAomotnoelg tn 61K 0oL CLVAPTNON WPAIOL TLIWHATOC YLK
™ 6opun 6ebopévwy mov Beg va He1g (LGAAov To £yelg Kavel 16N 0TV IPOTPOIIT| IOV
vidpyel otn oedida [f). O dAAog Tpdmog oo toplevel Tov SML/N]J interpreter eivot va
avaBéoelg oe Pl ava@opd e OVOUX Control.Print.printLength TNV TIUT IOV BEAELG.

- [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17];

val it = [1,2,3,4,5,6,7,8,9,10,11,12,...] : int 1list
- Control.Print.printLength := 42;
[autoloading]

[library $smlnj/compiler/current.cm is stablel
(* many other lines supressed *)
[autoloading done]
val it = () : unit
- [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17];
val it = [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17] : int list

Aoknoelg €EAo0KNONC

1. Taipraopa mpoTtodIWY
Tpdyte mpoTLIIA TTOL VA TAPLALOLY Pl PETAPANTA X pe TNY Tipn 0 0TIC TAPUKATW
AoTeg kot mAELGHa.
() [~2, ~1, 0, 1, 2]
(B") [(1,2), (0,1)]
(v) ((1,2,0), (3,2,4))

2. Ebvpeon 2abwv
Na Bpebolv ta AdON 1§ 01 mpoeldomooelg ™G ML 0TIC TOPAKATW TMEPLUITTWOELG:

(o) print 42
(B') fun foo = 42
() fun inc x = x + 1
fun £ n = inc true
(6') fun divide_by_two x = x / 2

(') datatype 'a btree = Leaf of 'a | Node of 'a btree * 'a btree
fun preorder Leaf(v) = [v]
| preorder Node(l,r) = preorder 1 @ preorder r


http://www.standardml.org/Basis/overview.html
http://www.standardml.org/Basis/manpages.html
http://www.smlnj.org/doc/smlnj-lib/Manual/toc.html

(0T') datatype 'a option = NONE | SOME of 'a
fun filter pred 1 =
let fun filterP (x::r, 1) =
case (pred x) of
SOME y => filterP (r, y::1)
| NONE => filterP (r, 1)
| filterP ([], 1) =rev 1
in
filterP (1, [1)

end

(C') let val e =5and f =e + 1 in e + f end
(M) val (x, x) = (42, 42)

(6" fun f (x, y) =x+y+1
| £ (x, y,2) =x+y+z+2
| £ _ =3

(1) fun £ _ = "nonzero"
| £ 0 = "zero"

(w') fun h (x::xs) = x + 1
(1B") val succ = op + 1

. Alaywpropoc Aiotag

Na ypayete pia ovvdptnon mov va 6yetan pia Alota Kol va 1N ywpilel oe 600 vIro-
AMoTeg ek Twv omolwv N mpWTN Ba MEPLEYEL TO TTPWTO NULOL Kat 1) GAAN To HedTEPO.
(Av n apykn AMota £xel mepttto pnKog, emAEETe eoeic oe mold Alota Ba KataAnEel
T0 pecaio otoryeio.)

. Téasr0t aprOpoi

‘Evag TéAgtoc aplBudg 1000TAl PE TO ABPOLoPA TWY TAPAYOVTWY TOL, CLPHEPLAPP-
vopévng tng povadag (1) aAdd 6yl tov eavtod ToL. N mapaderypa, o 6 elvat évag
TéAerog aplOpoe yati 6 = 3 + 2 + 1. Na ypdyete pla ouvdptnomn moL DA EMOTPEPEL
true av £vag aplOpog elvan T€Aglog Kat false av Hev givar.

. Iepiypappa 6£vtpov

I'pdyte pia ovvdpTnom oL naiprel Eva 6EVTPO oAV OPLOPX, KAL EMOTPEPEL Pl AloTa
e OAa Ta oTolyela TOoL mov givat @OAAa, amd aplotepd mpog Ta He€1d, yia tov €€Ng
MOALPOPPLKS 0p1opd NG Hopung Twv 6EvTpw:

[ datatype 'a tree = Empty | Node of 'a * 'a tree * 'a tree J

. Avvauoovvoiro
Na opioete pla ovvdptnon otnp onoia 6taw divetar Eva oOVOAO pe TN popen Alotag
DO EMOTPEPEL TO COVOAO TWD LIIOCLVOAWD TOL O PHoPPN AlOTAG.

. Ta&wwounon

Na ypayete pla gcvvaptnon ta&vounong yia tm nébodo Merge Sort ypno1I0IoIOVTEC
1 OLDAPTNOT halve:

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




8. Ov mbpyor tov Hanoi?

YnoBéote 6T oac 6lvovtat Tpelg paPoot Kol 6iokol HraopeTikoD peyébovg. Ot 6iokot
umopolY va ototBaybovv atig pdBdovg oynuatiCovtag mdpyovg. Bpiokovtatl apyird
otn papbo left pe Olvovoa Tdén peyéboug. Ipénel va petapepboOY o1 paPbo right
WoTE TEAMKG va Bpebodv TomoBetnuévol pe TNy 161a oelpd. AvTto mpérel va emTevyOel
HE TOLC MOPAKATW IEPLOPLOODC:

» Y& KGOe Pripa poévo évag 6iokog petagépetal amd pia pdpdo oe GAAN.

* ‘Evac 610koC¢ amayopeveTal va tormobetnOel mdvw amd mrpotepo 6ioko.

* H p&Bbog middle pmopel va ypnoipomoinbel yia nmpoowpivn tomobétnon twv 6i-
OKWV.

Na ypayete pla ovovdpTnon mov Pa EMTLYYAVEL TO emMOLPINTO ATTOTEAETQ.

2Iotopikn onpeiwon: To maiyvibl ovopdodnke «ITdpyog Tov Avd» yiati To oyfjna Tov mdpyov Buuilet TV
OPYLTEKTOVIKN TWD DAWY OTIC YWPEG NG Anw AvatoAng. To moyvibt mpwtoeppaviotnke amd tov I'dAAo podn-
patiké Edouard Lucas yopw ota 1883. H mpoéhevot| Tov eivon pdAdov amé Tig Ivdieg. Yndpyet yia o maiyvidt o
nopakraTw OpdAog pe titho «ITdpyog Tov Bpdypa»:

Otav o Bpaypa dnuiodpynoe tov K6opo, £€0tnoe og éva vad otnv mOAn Mnevdpeg 64 dakTvAidra
Xpvoob avioov peyébovg, 6Aa mepaopéva oe pia paBdo. Ot 1epeic Tov VoL Empemne va GovAebovy
HEPA KL VOYTA KO TAPATNTX Yl v PETA@EPOLY Ta BakTLALGI o€ pia GAAn p&Pdo, ypnoponotdvTag
pila tpitn oav BonONTIKY, £TO1 WOTE DA UMY TOIOOETHOOLY PEYAADTEPO BAKTLAIOL TdVW a6 MKPATEPO
KOl HETOKIDWOVTAG £va povo SakTuAibt o kGbe kivnan. O Bpdrog Aéel Twg TP TPoAdPBouvy ot 1epelg
DA PHETAPEPOLY OAX T SAKTLALSI 0TV GAAN P&P60O, 0 PaOG Ba Katappedoel pEoa TNV OKODT KAl O
KOopog O yabel péoa o TPOPAKTIKO KPOTO PPOVTNAG.
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