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Plan

@ Progli puta:
e Rust: funkcije kao vrijednosti
o Mali funkcijski jezik

@ Danas:

e Ponavljanje semantike funkcijskog jezika
o Definiranje jednostavnog tipskog sustava za funkcijski jezik
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Tipovi

o T je tip

o [ je lista tipova pridruZenih varijablama (okolina/environment)
e npr. x : bool,y : (bool, List[int]), f : int — bool
o na poletku je okolina I prazna ()
o isto kao i kod semantike (samo tipovi umjesto vrijednosti)

Pod okolinom [, izraz e ima tip 7

FEe:T

T:=int | bool | List[t] | (71,...,7n) | (71,...,70) =t

.
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let-izraz

x:Tefl FEe :m Mx:TFe:T

Frex:r FTEletx:7 =e iney: 7
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Cijeli brojevi i primitivne operacije

[Eep:int lEe:int ec{+,—,x/,...}
FEn:int [Ee ee:int

FEe :int lEe:int ec{<,<,=>>...}

[E e 0e: bool

[ E e : bool M=e:bool  ec{and,or,...}

E e @6 : bool

1Sli¢no i za not
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Boolean tip i grananje

I = true : bool [ = false : bool

[ Eif e then e else e : T
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Boolean tip i grananje

I = true : bool [ = false : bool

Ee: bool
[ Eif e then e else e : T
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Boolean tip i grananje

I = true : bool [ = false : bool

Ee: bool FEe T lFe:T
[ Eif e then e else e : T

Ivan Radi¢ek Rust i napredni tipski sustavi 15. svibnja 2021. 6/12



n-torke

MNe(ery. . en): (71,0, 7n)

NEe.i:
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n-torke

FlEe :m FEe,:
MNe(ery. . en): (71,0, 7n)

NEe.i:
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n-torke

FlEe :m FEe,:
MNe(ery. . en): (71,0, 7n)

Free:(m,...,7n)
FEed:T;
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n-torke

FlEe :m FEe,:
MNe(ery. . en): (71,0, 7n)

Free:(m,...,7n) takoda 1 <i<n
FEed:T;
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Liste

ME e MNE e
[Enil: List[7] [E e e List[r]
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Liste

lFe 7 NFe:
[Enil: List[7] [E e e List[r]
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Liste

FEe 7 ['E e : List[7]
[Enil: List[7] [E e e List[r]
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Liste

FEe 7 ['E e : List[7]
[Enil: List[7] [E e e List[r]

[Ee:
[ Fmatch e with nil= ¢, hit=e:T
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Liste

FEe 7 ['E e : List[7]
[Enil: List[7] [E e e List[r]

rEe: List[r]
[ Fmatch e with nil= ¢, hit=e:T
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Liste

FEe 7 ['E e : List[7]
[Enil: List[7] [E e e List[r]

[Ee: List[r] FEe 7
[ Fmatch e with nil= ¢, hit=e:T
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Liste

FEe 7 ['E e : List[7]
[Enil: List[7] [E e e List[r]

[Ee: List[r] FEe 7 r, Fe: 7
[ Fmatch e with nil= e, hit=e: 7T
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Liste

FEe 7 ['E e : List[7]
[Enil: List[7] [E e e List[r]

rEe: List[r] FTEer:7 Toh:7 t:Listf'lFe:T
[ Fmatch e with nil= e, hit=e: 7T
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Funkcije

I |=e1:
r Fe:

FElet f (X1 :71,..., % :Th) > T, =€ ine: 7T

lvan Radigek Rust i napredni tipski sustavi 15. svibnja 2021. 9/12



Funkcije

I Fe T
r Fe:

FElet f (X1 :71,..., % :Th) > T, =€ ine: 7T
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Funkcije

[,x1:71,- ,Xn . Th Fe T
r Fe:

FElet f (X1 :71,..., % :Th) > T, =€ ine: 7T
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Funkcije

CoxtiTi, sy Xn Ty (T2, Th) > TrEe1 17y
r Fe:

FElet f (X1 :71,..., % :Th) > T, =€ ine: 7T
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Funkcije

CoxtiTi, sy Xn Ty (T2, Th) > TrEe1 17y
r Fe:T

FElet f (X1 :71,..., % :Th) > T, =€ ine: 7T
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Funkcije

CoxtiTi, sy Xn Ty (T2, Th) > TrEe1 17y
N f:(r1,...,7n) >+ Ee:T

FElet f (X1 :71,..., % :Th) > T, =€ ine: 7T
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Funkcije

CoxtiTi, sy Xn Ty (T2, Th) > TrEe1 17y
N f:(r1,...,7n) >+ Ee:T

FElet f (X1 :71,..., % :Th) > T, =€ ine: 7T

F=f(er,...,en): 7

lvan Raditek Rust i napredni tipski sustavi 15. svibnja 2021. 9/12



Funkcije

CoxtiTi, sy Xn Ty (T2, Th) > TrEe1 17y
N f:(r1,...,7n) >+ Ee:T

FElet f (X1 :71,..., % :Th) > T, =€ ine: 7T

fi(rg,...,mn) > 7€l
F=f(er,...,en): 7
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Funkcije

CoxtiTi, sy Xn Ty (T2, Th) > TrEe1 17y
N f:(r1,...,7n) >+ Ee:T

FElet f (X1 :71,..., % :Th) > T, =€ ine: 7T

fi(rg,...,mn) > 7€l FleEe 7 Free,:m
F=f(er,...,en): 7
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Primjer tzv. strukturnog pravila

@ Da li ovo pravilo ima smisla?

o Sto znad&i?

lEe:T

Mx:TEe:T
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Primjer tzv. strukturnog pravila

@ Da li ovo pravilo ima smisla?

o Sto znad&i?

lEe:T

Mx:TEe:T

@ Pravilo jednostavno kaZe da ne moramo koristiti sve varijable u okolini
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Primjer pravila

let add (n: int) — (int — int) =

let f (x:int) » int =n+xin f
let add5 : int — int = add (5) in
add5 (10)

0E
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Primjer pravila

let add (n: int) — (int — int) =

let f (x:int) » int =n+xin f
let add5 : int — int = add (5) in
add5 (10)

0E

sint
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Primjer pravila

n:intk let f (x:int) — int =n+x in f : int — int

let add (n: int) — (int — int) =

let f (x:int) » int =n+xin f
let add5 : int — int = add (5) in
add5 (10)

0E

sint
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Primjer pravila

n:int,x:intEn+ x:int

n:intk let f (x:int) — int =n+x in f : int — int

let add (n: int) — (int — int) =

let f (x:int) » int =n+xin f
let add5 : int — int = add (5) in
add5 (10)

0E

sint
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Primjer pravila

n:int,x:intEn+ x:int foint — intEf:int — int

n:intk let f (x:int) — int =n+x in f : int — int

let add (n: int) — (int — int) =

let f (x:int) » int =n+xin f
let add5 : int — int = add (5) in
add5 (10)

0E

sint
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Primjer pravila

n:int,x:intEn+ x:int foint — intEf:int — int

n:intk let f (x:int) — int =n+x in f : int — int

f :int — int F let add5 : int — int = add (5) in add5 (10) : int
let add (n: int) — (int — int) =

let f (x:int) - int=n+xin f
let add5 : int — int = add (5) in
add5 (10)

0E

sint
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Primjer pravila

n:int,x:intEn+ x:int foint — intEf:int — int

n:intk let f (x:int) — int =n+x in f : int — int

add : int — (int — int) F add (5) : int — int

f :int — int F let add5 : int — int = add (5) in add5 (10) : int
let add (n: int) — (int — int) =

let f (x:int) - int=n+xin f
let add5 : int — int = add (5) in
add5 (10)

0E

sint
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Primjer pravila

n:int,x:intEn+ x:int foint — intEf:int — int

n:intk let f (x:int) — int =n+x in f : int — int

add : int — (int — int) F add (5) : int — int

add5 : int — int F add5 (10) : int
f :int — int F let add5 : int — int = add (5) in add5 (10) : int
let add (n: int) — (int — int) =
let f (x:int) - int=n+xin f
let add5 : int — int = add (5) in
add5 (10)

0E

sint
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Zadatak

Kojeg je tipa sljdeéi izraz?

Derivacija/dokaz?

1 let imsert (x : int, 1 : List[int]) -> List[int] =
2 match 1 with

3 nil => x::nil

4 h::t => if x < h

5 then x::h::t

6 else h::(insert (x, t))
7 in

g let isort (1 : List[int]) -> List[int] =
9 match 1 with

10 nil => nil

11 h::t => insert(h, isort(t))
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