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Three Tiers

Browser
(HTML, XML,

JavaScript)

Server
(Java, Perl, PHP,
Python, Ruby)

Database
(SQL, XQuery)

response

request query

result



Links: Web Programming without Tiers



Links, before formlets
let request : Xml =

<form l:action="{
let start = make_date(string_to_int(sm),

string_to_int(sd)) in
let finish = make_date(string_to_int(fm),

string_to_int(fd)) in
response(start,finish)

}">
Start: month <input l:name="{sm}"/>

day <input l:name="{sd}"/>
Finish: month <input l:name="{fm}"/>

day <input l:name="{fd}"/>
<input type="submit" value="Submit"/>

</form>



iData



Formlets



Links, with formlets, sugared
let date_formlet : Formlet Date =

formlet
month {int_formlet => month}
day {int_formlet => day}

yields (make_date(month,day))

let dates_formlet : Formlet (Date,Date) =
formlet

Start: {date_formlet => start}
Finish: {date_formlet => finish}
<input type="submit" value="submit"/>

yields (start,finish)

let request : Xml =
handle(dates_formlet, response)



Links, with formlets, unsugared
let int_formlet : Formlet Int =

pure(string_to_int) @ input

let date_formlet : Formlet Date =
pure(fun month day => make_date(month,day))
@ text("month ") @ int_formlet
@ text("day ") @ int_formlet

let dates_formlet : Formlet (Date,Date) =
pure(fun () start () finish () => (start,finish))
@ text("Start: ") @ date_formlet
@ text("Finish: ") @ date_formlet
@ submit("Submit")

let request : Xml = handle(dates_formlet,response)



Currying

(a, b)→ c ' a→ (b→ c)

(fun (x,y) => x+y) (3,4)

=⇒ 3+4

=⇒ 7

(fun x y => x+y) 3 4

≡ ((fun x => (fun y => x+y)) 3) 4

=⇒ (fun y => 3+y) 4

=⇒ 3+4

=⇒ 7



Formlets in Links, the API
Formlets API

pure : a -> Formlet a
(@) : Formlet (a -> b) -> Formlet a -> Formlet b
text : String -> Formlet ()
tag : (Tag, Attrs, Formlet a) -> Formlet a
input : Formlet String
run : Formlet a -> (Xml, (Env -> a))

XML API

(ˆˆ) : Xml -> Xml -> Xml
textXml : String -> Xml
tagXml : (Tag, Attrs, Xml) -> Xml



Formlets in Links, the implementation
type Formlet a = Int -> (Xml, (Env -> a), Int)

let pure(x)(i) = ([], (fun env => x), i)
let (f @ g)(i) =

let (u, d, j) = f(i) in
let (v, e, k) = g(j) in
(u ˆˆ v, (fun env => d(env)(e(env))), k)

let xml(u)(i) = (u, (fun env => ()), i)
let text(s) = xml(xmlText(s))
let tag(t,a,f)(i) =

let (u, d, j) = f(i) in
(xmlTag(t,a,u), d, j)

let input(i) =
let w = "i_" ˆ string_of_int(i) in
let u = xmlTag "input" [("name", w)] [] in
(u, (fun env => lookUp(env,w)), i+1)

let run(f) =
let (x, d, j) = f 0 in
(x, d)



Monads



Arrows



Arrow calculus



Idioms



Idioms⇒ Applicative Functors



Monads < Arrows < Idioms



Idioms
pure : a -> Idiom a
(@) : Idiom (a -> b) -> Idiom a -> Idiom b

pure (fun x => x) @ u
= u

pure (fun f g x => f (g x)) @ u @ v @ w
= u @ (v @ w)

pure f @ pure x
= pure (f x)

u @ pure x
= pure (fun f => f x) @ u



Programming the web

Implemented in O’Caml, Haskell, F#, Scheme.
Used by Tupil, Utrecht and IntelliFactory, Budapest



Are functional languages about to go mainstream?

Haskell, O’Caml, Racket
Erlang, Scala, F#


