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val = 75;

val = ((a » 2 — 3) div 7) mod 3;
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Rychlokurz syntaxe

1|wval

-5,

1|val

((a » 2 — 3) div 7) mod 3;

i1|wval = 70.42;
2|val =c / 3.0;
Typy
1|wval =a + c; (* Zle %)
2lval = real(a) + c; (» Dobre *)




Co ML odpovida

—_
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val
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val e

Type clash:
real

"5
1

int
int

“0.42 : real

“0.14 : real

ile "Test.sml", line 7, characters 12-13:
a + c; (x zle %)

~

expression of type

cannot have type

int
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Pole

1lval empty = []; (* Nebo nil «*)
2lval arrl = [1, 2, ~31;

3lval arr2 = [4, 5];

ilval arr3 = 8 :: arrl;

2|wval concat = arrl @ arr3;




Pole

1lval empty = []; (* Nebo nil «*)
2lval arrl = [1, 2, "“31;

3lval arr2 = [4, 5];

ilval arr3 = 8 :: arrl;

2|wval concat = arrl @ arr3;
i1lval arrd4d = [7] @ arrl;

2lwval arr5 = 7 :: arrl;




Podminky

if <exprl> then
<exprz>

else
<expr3>;




Prvni program
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Rekurzivni faktoridl

fun fac (0)
| fac(n)

val fach =

=1
= n * fac(n - 1);

fac(5);




Prvni program

Rekurzivni faktoridl

1| fun fac(0) =1

2 | fac(n) = n = fac(n - 1);

3

4lval fac5 = fac(5);

i1l fun fac (0 int) int = 1

2 | fac(n int) int = n x fac(n - 1);
3

4lval fac5 = fac(b);




Prvni program

Rekurzivni faktoridl

1|fun fac(0) =1
2 | fac(n) = n = fac(n - 1);
3
4|val facb = fac(5);
1| fun fac (0 int) int =1
2 | fac(n int) : int = n * fac(n - 1);
3
4/wval fach = fac(5);

ML odpovida
11> val fac = £n int —> int
2|> val fach = 120 : int
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Rekurzivni faktoridl

fun fac (0)
| fac(n)

1
n » fac(n - 1);




Tail recursion

N =

© 00 N O O B~ W N =

10

Rekurzivni faktoridl

fun fac(0) =1
| fac(n) = n * fac(n - 1);




Tail recursion

Tail-rekurzivni faktorial

—_

fun fac (0, prod) = prod
| fac(n, prod) = fac(n - 1,

N

n * prod);




Tail recursion

Tail-rekurzivni faktorial

—_

fun fac (0, prod) = prod
| fac(n, prod) = fac(n - 1, n % prod);

N

> val fac = £fn : int * int —-> int

—_




Tail recursion

oo O~ W N =

Tail-rekurzivni faktorial

fun fac (0,
| fac(n,

prod) = prod
prod) = fac(n -

1, n x prod);

> wval fac

fn : int * int

-> int

fac (5,
fac (4,
fac (3,
fac (2,
fac (1,
120

1)
S)
20)
60)
120)




Java vs ML

ML kompilator umi odhalit tail-recursion a optimalizovat ji
jako iteraci

10/27



Java vs ML

N =

ML kompilator umi odhalit tail-recursion a optimalizovat ji
jako iteraci

fun fac (0, prod) = prod
| fac(n, prod) = fac(n - 1, n % prod);

int fac(int n, int prod) {
if (n == 1) {
return prod;
}
else {
return fac(n - 1, n *x prod);

10/27



Java vs ML

ML

fac (3,
fac (2,
fac (1,

o W

Java

fac (3,
return
return
return
return
6

1)

(fac(2, 3))

(return (fac(l, 6))
(return 6)

6
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Cviceni

fun tst [] = true
| tst (x::1) = false;

AW N =

val isTst = tst([1l, 2, 3, 4]1);
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Cviceni

fun tst [] = true
| tst (x::1) = false;

AW N =

val isTst = tst([1l, 2, 3, 4]1);

11> val tst = £fn : a list —-> bool
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Funkcionalni nadhera

V ML Ize funkci:
1. Predat jako argument
2. Vratit z funkce
3. Dat do pole
4. Nelze testovat shodnost

12 /927
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Bezejmenné/anonymni/lambda funkce

—_

(fn n => n = 2);
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Bezejmenné/anonymni/lambda funkce

—_

(fn n => n = 2);

—_

(fn n => * 2) 17;
> val it = 34 : int

3

n

14/27
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Obecné nasobici funkce

—_

val multiply = (fn a => (fn b => a * b));
> val multiply = £n: int -> (int -> int)

N

(4]

val multiply2 = multiply 2;
6lval test = multiply2 21;
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Curried functions

Obecné nasobici funkce

1lval multiply = (fn a => (fn b => a x b));
2> val multiply = £n: int -> (int -> int)
7lval multiply2 = multiply 2;

glval test = multiply2 21;

11> val multiply2 = £n int -> int

> wval test = 42

N

int

15/927
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fun funName argl arg2 = ...

1
2
3| fun funName =
4 (fn argl => (fn arg2 => ...));
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Curried functions — zkratkovity zapis

fun funName argl arg2 =

1
2
3| fun funName =
4 (fn argl => (fn arg2 => ...));

—_

val multc = (fn a => (fn b => a * b));
fun mults a b = ax*b;

N

—_

> val multc = £fn : int —-> int -> int
> val mults = £fn : int —-> int -> int

N
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Curried functions — zkratkovity zapis

fun funName argl arg2 = ...;

1

2

3| fun funName =

4 (fn argl => (fn arg2 => ...));

—_

val multc = (fn a => (fn b => a * b));
fun mults a b = ax*b;

N

—_

> val multc = £fn : int —-> int -> int
> val mults = £fn : int —-> int -> int

N

—_

val multiply3 = mults 3;
> val multiply3 = £n : int -> int

N

1R /927
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Funkce map
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:: map f xs;
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Funkce map

N

Hh

o
— B
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O
T O
Fh Hh
[

I
X
0n —
[
Hh
b

map f xs;

\
<
V]
[

(a, b) map =
2 fn : (a —> b) -—> a list -> b list
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Funkce map

—_

val 1st = [1,2,3,4,5,6,7,8,9,10];
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Funkce map

—_

val 1st = [1,2,3,4,5,6,7,8,9,10];

—_

val powlList = map (fn n => n % n) lst;
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Funkce map

—_

—_

N =

val 1st = [1,2,3,4,5,6,7,8,9,10];
val powList = map (fn n => n x n) 1lst;
val powry = map (fn n => n % n);
> val powry = £n int list -> int 1list
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Funkce exists

—_

fun exists p [] = false
| exists p (x::xs) =
(p x) orelse exists p xs;

w N
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Funkce exists

—_

fun exists p [] = false
| exists p (x::xs) =
(p x) orelse exists p xs;

w N

> val a exists =
2 fn : (a —> bool) —> a list —-> bool

—_

19/927



Ukazka exists

—_

w

fun odd(n)

val 1st2 =

= (n mod 2 =

[2,4,6,8,9];

1);

(» Milion prvku =)
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Ukazka exists

—_

fun odd(n) = (n mod 2 = 1);

w

val 1st2 = [2,4,6,8,9]; (» Milion prvku =)

—_

exists odd 1lst2;
> val it = true : bool

N

20 /927



Funkce filter

fun filter p [] = []
| filter p (x::xs) =
if (p x) then
x :: filter p xs
else
filter p xs;
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Funkce filter

fun filter p [] = T[]
| filter p (x::xs) =
if (p x) then
x :: filter p xs
else
filter p xs;

> val a filter =

fn : (a —> bool) —> a 1list

-> a list

4 /97



Ukazka filter

—_

w

fun odd(n)

val 1st3 =

= (nmod 2 = 1);

(1,2,3,4,5,6,7,8,9,10];
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Ukazka filter

—_

fun odd(n) = (n mod 2 = 1);

w

val 1st3 = [1,2,3,4,5,6,7,8,9,10];

—_

filter odd 1lst3;
> wval it = [1, 3, 5, 7, 9] : int 1list

N

9o 197
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Lazy lists

» Seznamy nekonecné délky
» Prvky se pocitaji jen na poZadani

datatype ’'a sequence = Nil
| Stream of "a x (unit -> ’a sequence);

Stream(x, f);

1|fun head (Nil) = Nil

2 | head(Stream(x, _)) = x;

3

4/fun tail (Nil) = Nil

50 | tail (Stream(_, f)) = f£();

o 197



Ukazka lazy listu

—_

fun from k

Stream(k, £n{()

=> from(k+1));
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Ukazka lazy listu

—_

0 N oo o0 B~ W N =

fun from k = Stream(k, £n() => from(k+1l));
from 1;

> val it = Stream(l, £n) int seq

tail (it);

> val it = Stream(2, £n) int seq

tail (it);

> val it = Stream (3, £n) int seq

tail (it);

> val it = Stream(4, £n) int seqg

24 /927



Vice informaci

www.cl.cam.ac.uk/teaching/1112/FoundsCS/materials.html
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Dékuji za pozornost
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