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Copep>xaHue

Bepudpmkauus npoTokonos Ha Tunax

Onpegenenne EDSL

MpencraBneHns n KOHCTPyKuUst with

Peanmsau,m NPOCTbIX Urp: (<BVIC€J'IVILI,a>>
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Bepudukayus nportokosnoB Ha

Tnnax



Akapemunyeckuit npouecc

e HanwucaHue ctaTeli

e [logaya CTaTby Ha PELIEH3MIO U PELEH3NPOBaHUE C NMPUHSATUEM

Nnn OTKJIOHEHNEM

e Henbssa nogaeath ogHy u Ty Xe paboTy ABaXkabl uam
OTKJIOHATb He NMOJAHHYHO

e Peasn30BbIBaTH 3TOT NPOLECC Mbl KOHEHYHO e He bygem (Mbl

TyT He I n3yyaem B koHue koHLoB!)

e Mbl onuwiem ApoOTOTUN NpouecCa Ha Tunax.
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PaperState n Paper

data PaperState = Written | Reviewing | Accepted | Rejected

data Paper : PaperState -> Type where
MkPaper : Paper s
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CobbiTns akagemmnyeckoro npotecca

® HanucaHue
® nopjada

® npurHATKE
® OTKJIOHEHME

® KNcCnpaBs€eHne

PaperEvent

data PaperEvent : Type -> Type where
Write PaperEvent (Paper Written)
Submit : Paper Written  -> PaperEvent (Paper Reviewing)
Accept : Paper Reviewing -> PaperEvent (Paper Accepted)
Reject : Paper Reviewing -> PaperEvent (Paper Rejected)

Revise : Paper Rejected -> PaperEvent (Paper Reviewing)
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MporpammuposaHne 6e3 cyHKLWMA

e VY Hac ecTb Habop LeiiCTBMiA, KOTOpbIE JOJIKHbI

BbICTPaNBaTbCA B NOCNEN0BATE/IbHOCTb

e [loxoxe Ha MoHagy!

data PaperLang : Type -> Type where
Action : PaperEvent a -> Paperlang a
(>>=) : PaperLang a -> (a -> PaperLang b) -> PaperLang b

e 31ecb HeT (DyHKLUIA, TONBKO KOHCTPYKTOPbI AaHHbIX
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Kak HanucaTtb ctaTtbio?

progl : PaperLang (Paper Accepted)
progl = Action Write >>= Action . Submit

>>= Action . Accept

prog2 : PaperLang (Paper Accepted)
prog2 = do

p <- Action Write

p <- Action (Submit p)

p <- Action (Reject p)

p <- Action (Revise p)

Action (Accept p)

papers.idr: gasaiite nountepum!
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YTo Takoe prog2?

Idris> :printdef prog2
prog2 : PaperLang (Paper Accepted)
prog2 = ((Action Write) >>=

(A\p =>
((Action (Submit p)) >>=
(\p5 =>

((Action (Reject pb)) >>=
(\p8 => ((Action (Revise p8)) >>=
(\p11 => Action (Accept p11)))))))))

e JTO 3HaYeHMe TUNA AaHHBIX, MOCTPOEHHOE KOHCTPYKTOPOM

JaHHbIX (>>=).
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Hebonbuwoe ynyyuweHune: HesiBHble hyHKLMUN

implicit
action : PaperEvent a -> PaperlLang a

action = Action
prog2' : PaperLang (Paper Accepted)
prog2' = do

p <- Write

p <- Submit p

p <- Reject p

p <- Revise p

Accept p

e HeasHble (byHKLJ,I/IVI BbI3bIBAOTCA aBTOMATUHECKIN AONA

YOOBNETBOPEHNA anropnTmMma NpoBEPKN TUMOB
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[obaBneHne HOBbIX KIOYEBbLIX CNOB

syntax write = Action (Write)

syntax submit = \p => Action (Submit p)

syntax accept = \p => Action (Accept p)
syntax reject = \p => Action (Reject p)
syntax revise = \p => Action (Revise p)

syntax AcceptedPaper = PaperLang (Paper Accepted)

prog3 : AcceptedPaper
prog3 = write >>= submit >>= accept

prog4 : AcceptedPaper

prog4 = write >>= submit >>= reject >>= revise >>=

reject >>= revise >>= accept
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Onpepenervne EDSL



OnpepenexHus

e DSL — domain-specific language — s3bIk,
CNeLnanu3npoBaHHbIi ANS UCNOb30BAHNS B KOHKPETHO
npeAMeTHOI obnactu (B ominyme oT s3bIKoB obLyero

Ha3HayveHusl).

e EDSL — embedded DSL — sa3bIk, peanusoBaHHbIi B BUaE
6ubnnotekn, ncnonbaytolleli CMHTaKcMC 6a30B0ro sS3bika Un
€ro NOAMHOXECTBO U OfIHOBPEMEHHO A0DaBAAIOLLENA CyLHOCTH
npeaMeTHoi obnactn (Tunbl AaHHBIX, YHKUMN 1 np.) —

dparmeHTbl LesreBoro sA3bIka.

e Onpepenerne EDSL HeobsizaTenbHO 03Ha4aeT paclivpeHmne
CUHTaKcnca 6a30BOro s3blK, K TOMY XXe UHOraa
MpeAnonaraeTcst ero ynpoLeHue.
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Moanepxka onpegenenuna EDSL B Idris

e Peanusauus cywHocTeli npeaMeTHol obnactu B cucteme
Tunos ldris

e Pacwuperne do-HoTauun
e OnpegeneHne HOBbIX CUHTAaKCUYECKMX MPaBuJ

o [leperpyska crHTakcmca 6a3oBoro si3blka 4151 MCNOJb30BAHNS
B LieN1eBOM si3blke (KpaiiHe orpaHuyeHo)
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Onpepenevne EDSL

Pacwwupenune do-HoTtayun



CrpaHHble Bewm B do-6n10kax

sum : Int

sum = do
15
15
-5
19
-2

(>>=) : Int -> (Int -> Int) -> Int
C>=)nf=n+1f0

Idris> sum
42 : Int
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(>>=) : String -> (String -> String) -> String
(>>=) nf =n++ f ""

sum : String
sum = do "15"

n 10"

(>>=) : String -> (String -> List String) -> List String
>>=)nf=mn::£""
syntax END = []

sum2 : List String
sum2 = do "10"
noon
ngon
END
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Onpepenevne EDSL

BBe,u,eHme CUHTAKCU4YeCKux npasun



syntax CALL [f] ON [t] WITH [a] = f t a;

g : Int -> Int -> I0 Q)
g ab=println $ a + b

h : String -> Bool -> I0 ()
h s False = println s
h s True = printLn ""

main : I0 ()
main = do
CALL g ON 10 WITH 5
CALL g ON 1 WITH 3
CALL h ON "QQ" WITH False

e [lpeobpasoBanue BbipaXkeHuii B BbI30BbI PyHKLUT
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Adpyrve npumepsbl

syntax [var] ":=" [vall
syntax [test] "7" [t] ":" [e]

syntax select [x] from [t] "where" [w] = SelectWhere x t w

Assign var val
if test then t else e

syntax select [x] from [t] = Select x t

e KnioueBble C/IOBA 1 CUMBOJIbI MALWYTCA B KaBbl4KaX
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syntax for {x} "in" [xs] ":" [body] = for xs (\x => body)

for : (Traversable t, Applicative f) =>
ta->(->fb) ->f (tb)

main : I0 ()
main = do for x in [1..10]:
putStrLn ("Number " ++ show x)
putStrLn "Done!"
main : I0 Q)
main = do for x in [1..10]:

do putStr ("Number " ++ show x)
putStrLn ""
putStrLn "Done!"

o (Bsi3aHHble nepeMeHHble nuwyTcs B {}.
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HE BEPUNTE?
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Onpepenenne EDSL

Mpumep: nHTepnpeTaTop Bbipa>keHnii C
TMnamu



Bblpa)KEH na n Tunbl

e 1:=
(umcio)
(mepemennas)
Ax.e (naMbzma)
e e (npumenenue)
e oe (omeparus)
if e then e else e (ycnosue)
t :=
int
bool
t >t
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Opr)KEHI/Ie N KOHTEKCT Tunmn3auunn

e OKpy>XeHue COfEPXXUT 3HAYEHNS NEPEMEHHbIX

o KoHTekcT TUNN3aUNnN COAEPXKUT TUMNblI NEPEMEHHDBIX
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MpaBuna Tunmusayun

l~e: T
n — 4ucno x:Tel
—— (Val — (V.
@ n:int (el MNe=x:T ()
x:TikFe: T,
L
Faxe o T, oM
e :T1i— T NFe: Ty
(App)

[Fee:Ts

[+ e : bool e : T Me3: T
[+ if e; then ey else e3: T

(17)

o—onepaums Hag Tim Tocpes. B8 T3 ThFe:T1 The: Ty (Op)
Fl—eloez:Tg, P
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Nupekcbl ae BpayHna (De Bruijn)

AxAdyx(yx) = A.A.1(0'7)

x+y = 0+1

roe [ =1[...,int, int]

e MHpekcol pe BpayHa Hanpsimyto cooTeTcTBYtOT (0bpaLLEHHONA)

NO3NLNN B KOHTEKCTE TUNU3ALNN N OKPYXXEHUN
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Twunbl n ux nuTepnpertayus

data Ty = TyInt | TyBool | TyFun Ty Ty

interpTy : Ty -> Type

interpTy TyInt = Int

Bool

interpTy s -> interpTy t

interpTy TyBool

interpTy (TyFun s t)
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Opr)KEHI/Ie N KOHTEKCT Tunmn3auunn

using (G : Vect n Ty)

data Env : Vect n Ty -> Type where
Nil : Env Nil
(::) : interpTy a -> Env G -> Env (a :: G)

data HasType : (i : Fin n) -> Vect n Ty -> Ty -> Type
where
Stop : HasType FZ (t :: G) t
Pop : HasType k G t -> HasType (FS k) (u :: G) t

e HasType i G t osnauaer, uto [/ :t, roe i’ — nnpekc ge
BpayHa
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Mounck 3Ha4eHuns

lookup : HasType i G t -> Env G -> interpTy t
lookup Stop (x :: x8) = x

lookup (Pop k) (x :: xs)
lookup Stop [] impossible

lookup k xs
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Bbipa>xkeHus

data Expr : Vect n Ty -> Ty -> Type where

Var

Op

If

: HasType 1 G t -> Expr G t
Val :

Lam :

App :

(x : Int) -> Expr G TyInt

Expr (a :: G) t -> Expr G (TyFun a t)

Lazy (Expr G (TyFun a t)) -> Expr G a -> Expr G t
(interpTy a -> interpTy b -> interpTy c) ->

Expr G a -> Expr G b -> Expr G c

: Expr G TyBool -> Expr G a -> Expr G a -> Expr G a
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NHTepnpeTayns BbipakeHnii

total

interp
interp
interp
interp
interp
interp

interp

Env G -> (e

env

env

env

env

env

env

(Var 1)
(Val x)
(Lam sc)
(App £ s)
(Op op x y)
(If x t e)

Expr G t) -> interpTy t
= lookup i env

=X

\x => interp (x :: env) sc

= (interp env f) (interp env s)

= op (interp env x) (interp env y)

if interp env x
then interp env t

else interp env e
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AxAyy+x = AAO0+T

func : Expr G (TyFun TyInt (TyFun TyInt TyInt))
func = Lam (Lam (Op (+) (Var Stop) (Var (Pop Stop))))

e : Expr G TylInt
e = App (App func (Val 5)) (Val 10)

Idris> interp [] e
15:int
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Meperpy3ska cuHTakcuca

lam_ : TTName -> Expr (a :: G) t -> Expr G (TyFun a t)
lam_ _ = Lam
dsl expr

lambda = lam_

variable = Var

index_first = Stop

index_next = Pop
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eld : Expr G (TyFun TyInt TyInt)
eld = expr (\x => x)

eAdd : Expr G (TyFun TyInt (TyFun TyInt TyInt))
eAdd = expr (\x, y => 0p (+) x y)

eDouble : Expr G (TyFun TyInt TyInt)
eDouble = expr (\x => App (App eAdd x) (Var Stop))
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eFac : Expr G (TyFun TyInt TyInt)
eFac = expr (\x => If (Op (==) x (Val 0))
(Val 1)
(0p (*) (App eFac (Op (-) x (Val 1))) x))

testFac : Int
testFac = interp [] eFac 4

main : I0 ()
main = printLn testFac
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MpeacrasneHns n KOHCTPyKUUA
with




Mpumep: aokasaTenbHas YETHOCTb-HEYETHOCTb

data Parity : Nat -> Type where
Even : Parity (n + n)
0dd : Parity (S (n + n))

parity : (n : Nat) -> Parity n
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parity_lemma_1 : (j : Nat) -> Parity ((S j) + (S j))
-> Parity (S (S (plus j j)))

parity_lemma_1 j par = rewrite plusSuccRightSucc j j in par

parity_lemma_2 : (j : Nat) -> Parity (8 ((S j) + (S j)))
-> Parity (S (S (S (plus j j))))

parity_lemma_2 j par = rewrite plusSuccRightSucc j j in par

parity : (n : Nat) -> Parity n
parity Z = Even {n=Z}
parity (S Z) = 0dd {n=Z}
parity (S (S k)) with (parity k)
parity (S (S (j + j))) | Even =
parity_lemma_1 j (Even {n=S j})
parity (S (S (S (j + 3)))) | 0dd =
parity_lemma_2 j (0dd {n=S j})
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lNMpeobpa3oBaHue HaTypanbHOro 4Yucna B ABOMYHYyO bopmy

data Digit = I | O

natToBin : Nat -> List Digit

natToBin Z = []

natToBin k with (parity k)
natToBin (n + n) | Even = 0 :: natToBin n
natToBin (S (n + n)) | 0dd = I :: natToBin n
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BepudnumnposaHHoe gBonyHoe npeacraBieHue

data Binary : Nat -> Type where
BEnd : Binary Z
BO : Binary n -> Binary (n + n)
BI : Binary n -> Binary (S (n + n))

natToBin : (n:Nat) -> Binary n

natToBin Z = BEnd

natToBin k with (parity k)
natToBin (n + n) | Even = BO (natToBin n)
natToBin (S (n + n)) | 0dd = BI (natToBin n)
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MpepcTaBneHns cnucka

Cnucok: ronoBa n xXBocCT

describelist : List Int -> String
describelList [] = "Empty"

describelist (x :: xs) = "Non-empty, tail = " ++ show xs

Cnucok: Havano + nocnegHuii anemeHT (He pabotaet!)

describelistEnd : List Int -> String
describelListEnd [] = "Empty"
describeListEnd (xs ++ [x]) =

"Non-empty, initial portion = " ++ show xs
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Twun paHHbIX Ans Hosoro npeacrtasnerus (View)

data ListLast : List a -> Type where
Empty : ListLast []
NonEmpty : (xs : List a) -> (x : a)
-> ListLast (xs ++ [x])

MokpobiBatowias yrkuus (covering function)

listLast : (xs : List a) -> ListLast xs
listLast [] = Empty
listLast (x :: xs) =
case listLast xs of
Empty => NonEmpty [] x
NonEmpty xs y => NonEmpty (x :: xs) y
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Ncnonb3oBaHune npeacrtasjieHnA

describelistEnd : List Int -> String

describeListEnd xs with (listLast xs)
describelistEnd [] | Empty = "Empty"
describelistEnd (ys ++ [x]) | (NonEmpty ys x) =

"Non-empty, initial portion = " ++ show ys
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Peanunza Lna nNpocCTbiX Urp:

«Bucennya»




hangman.idr (koa n3 Brady, Mapr, 2017)
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Y7o panbue




Vzyuaiite Idris

[Muwinte BUOANOTEKN N MPUIOXKEHNS
1syuaiite Haskell

VicnpaensiiTe ownbkn B koMnuasitope
77

PROFIT!

Gn G == BY N
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Cnucok nutepaTypbl

[8 Brady, Edwin (Mapr, 2017). Type-Driven Development with Idris.
Manning.

@ The Idris Tutorial. URL: http://docs.idris-
lang.org/en/latest/tutorial/index.html.
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