CS 421 Lecture |8 — More examples of higher-
order functions

» Combinator programming — “parser combinators”
» Representing sets as higher-order functions
» Representing pairs as higher-order functions

» Building comparators using higher-order functions
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Combinator-style programming

Can write complex programs by defining a
library of higher-order functions and applying
them to one another (and to first-order or
built-in functions).

Advantage: easy of creating programs —
programs are just expressions

Example: build a parser by writing “parser
combinators”.
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Parser combinators

Def A parser is a function from token list -> (token list) optioﬂ

Idea is to define functions that bLliI-::I parsers, rather than building
parsers by hand.” ‘{76‘ .F -
p( a), an

Eg. Parser to recognize a single token: Doms °<\ , f""“-&
ks her = (Blan Uist = (PR list) c.ahm)

let token s = fun cl| -> n‘w
else if s=hd cl then Some (tl cl)

G&S/V.\J-'\

else None:;
let parsex = token 'X';;
parsex [X];; = Oowe {j
parsex[al]; = NM
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Parser combinators

“Combinators” to combine parsers into larger parsers:
E_n.uq. — ioc-a-b - Xﬁm\

let (++) p q = fun cl -> match p ¢l with None -> None

| Some cl' -> q cl';

AM& (ke >

let parsexy = token 'x’ ++ token 'y

parsexy ['x, 'y] =2 O owa iﬂ) ; ') . Sw 0)
parsexy ['x, 2] = alowa_ 3
us‘:ﬂ\ {\/*k“"’dM
1 —. = wb p
‘ﬂt pﬂﬂ“u’ bﬁ' f""\ \ g cy\ — B & ”

.l
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Parser combinators

let (||) p g = fun ¢l -> match p cl with None -> q ¢l

| Some cl' -> Some cl';;
let parsexyorz = parsexy || token ‘'z’
parsexyorz['x’, Y]

parsexyorz['z']
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Parser combinators

Put this together to define parser for grammar:
A ->aB | b
B ->cB | A

let rec parseA cl = ((token 'a’ ++ parseB) || token 'b’) cl
and parseB cl = ((token ‘¢’ ++ parseB) || parseA) cl:;

parseA ['a’'c’;'c'a’t'b]
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Representing sets as higher-order functions

Def. A set is a function from values to bool.
type intset = int -> bool
n>)10Y) T L. X>10
Eg {2} = fun x -> (x=2) 2 ; )(‘ x>
{2,3} = fun x -> (x=2) or (x=3)
Set operations:
(* member: int -> intset -> bool )

let member n s = S n 3

(* emptyset: intset ¥)

let emptyset = v\vf—?fa\.m .-
pty A= | N
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Representing sets as higher-order functions
(* add: int -> intset -> intset )

let add n s = fﬁm'x-b S X g =7 v
T (i

(* union: intset -> intset -> intset *)

let union sl 52=ﬂf‘”x—) -;-f‘X ov ¢2 X .
¢

{ P - - L - - i
(* intersection: intset -> intset -> intset %)
let intersection sl s2 = fF*n x— S x and 2 Y*'j

] )
(* remove: int -> intset -> intset ¥)
: w % — S X g£e X f n

let remove ns = _%’_//=
1 add < (“J"o 3 .%?ﬁd)

i S ]&Jf*
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9%“16&1& o X=§

](\.nn K = =% o X2




Representing sets as higher-order functions

(* complement: intset -> intset ¥)

let complement s = fon x — ho’\' (f "‘);;
(* intsAbove: int -> intset ¥)
let intsAbove n = ,{:.m xX = X729
] ~
M'\"L s - - m-o rﬁcm:h +o LA
A Je Dom '1‘;;‘ o*r ) iyr
- I\,[; Rary o s
vixcﬁum“'l/ﬂaﬁ & | (M,Q;( \
- gﬁ\&:ﬁ%ch .199 3 (;940 3 )))
[Notescannot list elements] (,,09 g (.09 H“g'*)
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Representing pairs as higher-order functions

Def A pair is a value p with a constructor pair: o -> [3 -
> pair, and functions fst: pair -> < and snd: pair -> 3
such that fst(pair a b) = a and snd(pair a b) = b

let pairab = ,F.. Jf — ’f a b Yc’”“><

let fst p = F (.]C.M X.ﬂ,?&)/-"?f) (5 '«
Ietsndp—_F (’f“"‘ ~ _)_IJ‘:AL 7)

P s fef e g2
A‘Cs'l—d;' ('f“ j—-v,)ﬁ ) 5)({.-»?(—1]@» — X
preT (f:“ 7 jC..\ = 70 j_) ;_
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Building comparators using higher-order
functions

Def A comparator is a function of type o * o -> bool.

E.g. (>) is a comparator.

(=) is a comparator.

Can build specific comparators, e.g.
fun lexorder2 (x,y) (X,y) = x<x' or (x=x" & y<y');;
lexorder2 (‘a’,’b’) (‘a’,'c’)
lexorder2 (‘a’,’z’) (‘b’,’a’)
lexorder2 (‘b’,’b’) (‘a’,’c’)
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Building comparators using higher-order
functions

But it's more fun to build them using higher-order
functions:

OV-Canp - (o(+«—*bn’0—i’(”“—’bﬂ—‘ Lol )
let or comp compl comp2 = fun x y -> e

(compl xy) or (comp2 x y)

let Ite = or_comp (<) (<)

let and_comp comp| comp2 = fun xy ->
(compl xy) & (comp2 x y)
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Building comparators using higher-order
functions

let lex_comp comp| comp2 =
fun (xy) (x.y) ->@ X' or (x=x &@y y')

let lexorder2 = lex_comp (<) (<):;

—_—
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Building comparators using higher-order
functions

letlex_comp_list comp =
let rec aux lisl| lis2 = match (lisl, lis2) with
@) > true
| (L []) -= false
| ((x::x7), (yzy')) == comp x y or (x=y & aux x y')

1IN aux;:

let alphalex = lex_comp_list (<)::

C"‘”J"““ &aw (%,9)<(x",y") u‘isxg :x"

Qsn
L4 kmu—\.g« j;l o,l = a\ﬁ\i[% (»fr} a\\(jﬂ;’\' ),2.-)
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