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Conput ati on expressi ons

bui | der —expr { cexpr } =
let b = builder—-expr in b.Run (b.Delay(fun () -> {| cexpr |}))
Pokud Run nebo Del ay neexistuji, nezavolgji se.

Prepisovaci pravidla

{|] let binds in cexpr |} = let binds in {| cexpr |}
{] let! pat = expr in cexpr |} = b. Bind(expr, (fun pat -> {| cexpr |}))
{| do expr in cexpr |} = expr; {| cexpr |}
{| do! expr in cexpr |} = b.Bind(expr, (fun () —> {| cexpr |}))
{] yield expr |} = b.Yield(expr)
{| yield!' expr |} = b. Yi el dFronm( expr)
{| return expr |} = b. Return(expr)
{| return! expr |} = b. Ret ur nFron{ expr)
{| use pat = expr in cexpr |} = b. Usi ng(expr, (fun pat —> {| cexpr |}))
{| use! v = expr in cexpr |} = b.Bind(expr, (fun v —>
b. Usi ng(v, (fun v => {| cexpr |})))

{| if expr then cexpr0 |} = if expr then {|cexpr0O|} else b.Zero()
{| if expr then cexpr0O else cexprl |} = if expr then {|cexpr0|} else {|cexpri|}
{|] match expr with p_i -> cexpr_i |} = match expr with p_i -> {| cexpr_i |}
{| for pat in enuneration do cexpr |} = b.For(enuneration,fun pat -> {|cexpr|})
{| for idn=exprl to expr2 do cexpr |} = b.For(enuneration,fun idn —> {|cexpr|})
{] while expr do cexpr |} = b.Wile((fun () —> expr), {|cexpr]|}Del)
{|] try cexpr with p_i -> cexpr_i |} = b. TryWth({| cexpr |[}Del, (fun v ->

match v with | (p_i:exn) —> {|cexpr_i|}

_ —> raise exn)

{| try cexpr finally expr |} = b.TryFinally( {| cexpr |}Del, (fun () —> expr))
{| cexprO; cexprl |} = b. Conbi ne({| cexpr0 |}, {| cexprl |}Del)
{| other-expr0O ; cexprl |} = ot her-expr; {| cexprl |}
{| other-expr |} = ot her —expr; b. Zero()
kde{| cexpr |}Del jeb.Delay(fun () —> {| cexpr |})

Software transaction memory —— vyuziti optimistického zamykaciho protokolu na sdilenou pamét:

St mk’ a> —— vypocCet, ktery pouziva sdilenou pamét’ a vraci vysledek typu’ a

TVar <’ a> —— sdilena promeénna (transaction variable), obsahuje hodnotu typu ' a

 newlTVar (value : ’'a) : TVar<' a>—-vytvofi novou inicializovanou sdilenou proménnou

e readTVar (ref : TVar< a>) : Stnx’ a>-—vypocCet, ktery nacte proménnou

e witeTVar (ref : TVar<' a>) (value : 'a) : Stnxunit>—--vypocet zapisujici do proménné
atomcally (a : Stnx’a>) : ’'a—--provedevypocCet, ato atomicky vzhledem k transakéni paméti
retry () : Stnk’ a>-——"vypocet", ktery selze, fika"s touto hodnotou sdilené paméti nemohu bézet"
orElse (a : Stnx’a>) (b : Stnk’a>) : Stnk’ a>--spusti prvni vypocet a pokud tento zavola
ret ry, spusti druhy vypocet. Pokud i tento zavolar et ry, spusti se znovu

L

Mot 13

MZzeme napriklad vytvorit jednoprvkovou frontu, vkladani a vybirani "blokuje" volajici vliakno.
type Box<’a> = Box of TVar<’ a option>

| et enptyBox<’ a> : Box< a> = Box (newlVar None)
| et readBox (Box box) = stm{

let! content = readTVar box

match content with

| Some value -> return val ue

| None —-> return! retry()

let witeBox (Box box) value = stm{
let! content = readTVar box
match content with
| None -> do! witeTVar box (Sone val ue)
return val ue
| Some _ —-> return! retry()

}

Nebo Uplnou frontu, ktera blokuje jenom pfi vybirani prazdné fronty:
type Queue<’a> = Qof Tvar< a list* a list>

| et enptyQueue<’ a> : Queue< a> = Q (newTvVar ([]1,[]))
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| et dequeue (Q queue) = stm{
let! h, t = readTVvar queue
let h, t =if h.IlskEnpty then List.rev t, [] else h, t
match h, t with
| x::xs,ys —> do! writeTVar queue (Xxs,YySs)
return x
| _ —> return! retry()
}
| et enqueue x (Q queue) = stm{
let! h, t = readTVar queue
return! witeTVar queue (h,x::t)

}

let g = enptyQueue<int >
atonmically (enqueue 1 Q)
let hd = atomically (dequeue Q)

Cteni z nékolika front:
| et dequeAny queues =
gueues | > Seq. map dequeue
| > Seq.reduce orEl se

| et dequeAny queues =
queues | > Seq.mapi (fun i g -—> stm{ let! x = dequeue ¢
return x, i; })
| > Seq.reduce orEl se

| et dequeAny queues =
queues |> Seq.mapi (fun i g —> stm Bi nd(dequeue g, fun x —> stm Return(x, i)))
| > Seq. reduce orEl se

| et dequeAny queues =
l et rec dequeAny’ num (qg::gs) = stm{
let! x = dequeue q
return x, num
if not gs.IsEnpty then return! dequeAny’ (numtl) (s

}
dequeAny’ 0 queues

Mai | boxPr ocessor
type Action = Store of string * string
| Query of string * AsyncRepl yChannel <stri ng>

| et storage_server =
| et storage = new Dictionary<string, string>()
let rec listen (inbox:Mil boxProcessor<_>) = async {
let! action = inbox. Receive()
mat ch action with
| Store (key, value) —>
st orage. [ key] <- val ue
| Query (key, channel) ->
channel . Repl y(if storage. Cont ai nsKey(key)
then storage.[key] else null)
return! listen inbox

Mai | boxProcessor. Start |isten

storage_server.Post(Store ("klit", "hodnota"))
storage_server. Post AndRepl y(fun chnl -> Query ("klit", chnl)) |> printfn "%A"

% Zevnitf Mai | boxPr ocessor ulze pouzivat:

menber Receive : ?int -> Async<’' Msg> ¢eka na zpravu, vyjimka kdyZz timeout

menber TryReceive : ?int —-> Async< Msg option> ¢&ekdnazpravu, None kdyZ timeout

menber Scan : ('Msg —> Async< T> option) * ?2int -> Async< T>

menber TryScan : (' Msg —-> Async<' T> option) * ?int —> Async<' T option>
Vréti prvni zpravu z fronty, ktera vyhovuje danému filteru. Pokud je dan timeout, prvni varianta po ném
vyhodi vyjimku, druha vrati None

menber Current QueueLength : int Aktualni délka fronty zprav
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# Zvenku Mai | boxPr ocessor ulze pouZivat:

nmenber Post : 'Msg —> unit PoSle zpravu a okamzité uspéje

menber Post AndReply : (AsyncRepl yChannel <’ Reply> —> "Msg) * int option —> "Reply
Posle zpravu a synchronné ¢eka na odpoved, ktera prijde skrz dany kandl

nmenber TryPost AndReply : (AsyncRepl yChannel <’ Reply> —-> " Msg) * ?int

-> "Reply option Jako Post AndRepl y, ae kdyZ nastane timeout, vréti None
menber Post AndAsyncReply : (AsyncRepl yChannel <’ Reply> -> " Msg) * ?int
-> Async<’ Repl y> Jako Post AndRepl y, jenom na odpovéd ¢eka asynchronné

menber Post AndTryAsyncReply : (AsyncRepl yChannel <’ Repl y> —> " Msg) * ?int
-> Async<’' Reply option> Jako Post AndAsyncRepl y, ae kdyZ nastane timeout, vréti None

menber Current QueuelLength : int Aktualni délka fronty zprav

menber DefaultTimeout : int with get, set Vychozitimeout, -1 znamena zadny

menber Error : | Event <Exception> Event, kdyZ v processoru nastave vyjimka

static nenber Start: (Mail boxProcessor<' Msg> —> Async<unit>) * ?Cancel | ati onToken
—> Mai | boxPr ocessor <’ Msg> Spusti novy processor

Continuation passing style

l et square x = X * X
l et squareK x k = x * x | > k

type ContBquer() =
nmenber this. Return(x) = fun k —=> k x

nmenber thls.ReturnFron(k) =k

menber this.Bind(a, f) fun k => a (fun | —> (f 1) k)

nmenber this.Zero() = fun k —> k ()

menber this.Delay a = a ()

memnber thls Conbi ne(a b) = fun k —=> a (fun () -> b k)
| et cont = new ContBuil der ()

let runC k =k id

| et squareC x = cont { return x*x }
let sqrtCn = cont { if n >= 0 then return n|>float|>sqrt|>int else return -1 }
let conpCn = cont { let! k = sqrtCn
return! squareC (k+3) }
runC <| squareC 10

CPS a call CC

let callCCf = fun k -=>f (fun | -> (fun _ >k |)) k

| et squareC x = cont { return X * x }
l et squareC x = callCC <| fun k —> k (x * x)
let foo n =callCC<| fun k —=> cont { let n' =n*n + 3

if nn > 20 then return! k "over twenty\n"
return string n” + "\n" }

Wjinky ponoci call CC
| et sqrtExcept n handler =
cal I CC <| fun ok —>
cont { let! err = callCC <| fun notCk ->
cont { if n <O0. then return! notCk "!!It"
return! ok (sqgrt n)

}

return! handler err

}

let tryCont k handler =
call CC <| fun ok —>
cont { let! err = callCC <| fun notCk -> cont { let! x = k not &k
return! ok x }
return! handler err }

type SgrtException = LessThanZero

l et sgrtExc n throw = cont { if n < 0. then return! throw LessThanZero
return sqrt n }

runC <| tryCont (sqrtExc -3.) (fun n -> printfn "%A\" n; exit 1)
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Pouziti Continuation passing style k redukci zasobniku

let rec gqsort = function [lval gsort: "alist —> "a list
| [1 —=> 11
| x::xs” =>let (I, r) = List.partition ((>) x) xs’
List.concat [(gsort |);[Xx];(qgsort r)]

l et gsortCPS xs = //val qsortCPS: "a list —> "a list
let rec loop xs cont = match xs with
| [1 —> cont []
| x::xs” —>let (I, r) = List.partition ((>) x) xs’
loop I (fun lacc —>
loop r (fun racc —> cont (lacc @x :: racc)))
l oop xs (fun x —> x)

G zi kéd
| et norseTable = | A, .- . 'B, "-...";'C, "-.=.": "D, "-.."
1 E! , n . n ’ 1 F! , n —_ ll’ 1 G , n —_— n ’ 1 H! , n ll’ 1 I 1 , n n , 1 J! , n ___ll;
' K, H " _' _" ; ' L' ki " - " 1 ' M 1 " __" ; ' N' 1 " - " 1 ' O 1 " ___" ; ' P' 1 " - " ;
' Q L " __' _" ; ' R’ L " - " ; ' S, 1 " . " ; ' T, L " _" 1 ' U, L " . _" ; ' V’ 1 " _" ;
W, t.-—=" X, ey, e 0z =0 ]
| et toMbrse s =

let d = dict norseTabl e
System String.Join("", [|for ¢ ins do yield d.[c]]|])
| et rec possiblyNextLetters n (norse:string) =
match n, norse with
| 0,_ —=>1[[ "]]
R N
| _ —>
[for ¢, min norseTable do
if norse.StartsWth(m then
et r = possiblyNextLetters (n-1) (norse. Substring(m Length))
let r2 = [for x inr —=> c::X]
yield! r2]

open System
et nutable commtted =
| et toDecode = "...... T ittt e
while true do
| et conmittedMorse = toMorse comm tted
| et restMorse = toDecode. Substring(conmittedMorse. Lengt h)
assert (toDecode. StartsWth(comr ttedMorse))
Consol e. Backgr oundCol or <- Consol eCol or. Bl ue
Console. Wite(" {0}", comittedMorse)
Consol e. Backgr oundCol or <- Consol eCol or. Bl ack
Consol e. Wi teLi ne(rest Mrse)
| et nexts = possiblyNextLetters 3 restMrse
| > List.map (fun cs —> System String(Seq.toArray cs))
for nin nexts do
Consol e. Backgr oundCol or <- Consol eCol or. Bl ue
Console. Wite(" {0}", commtted)
Consol e. Backgr oundCol or <- Consol eCol or. Bl ack
Consol e. Wi teLine(n)
| et k = Consol e. ReadKey()
Consol e. Wi teLine()
if k.Key = Consol eKey. Backspace && conmitted. Length > 0 then
committed <- conmitted. Substring(0, commtted. Length - 1)

el se
l et k = k. KeyChar
| et k = System Char. ToUpper (k)
if k >"A && k <= 'Z then
if nexts | > Seqg.exists (fun s —> s.StartsWth(string k)) then
committed <- committed + string k
el se
Console. WiteLine(" Not a |legal next char! ")
el se

Console. WiteLine(" Press a letter to commt, <- to unconmt one ")
Consol e. Wi teLine()




