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miniKanren

miniKanren — 3TO CEMEACTBO JIOFMYECKNX SI3bIKOB MPOrpaMMUPOBaHUS,
BCTPOEHHbIX B ApYrue sisbikn. VI3HayvanbHyo peannsauuio Ha s3bike
Scheme npeacrtasun Yunnesam Bupg B ceoeii anccepraunn s 2009 rop,yl.
Brocnegcteun nosieunuce peanusauum miniKanren Ha Clojure, Kotlin,

OCaml, Python, Rust n gpyrux ssbikax.

!Byrd, “Relational Programming in miniKanren: Techniques, Applications, and
Implementations”.

’https://minikanren.org
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https://minikanren.org

VHudmnkayms

VHudrKaLmsi nepeMeHHoR Co 3HaYEHUEM:

> (runx (x)
(==x 1))
(1)
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VHudmnkayms

VHudrKaLmsi nepeMeHHoR Co 3HaYEHUEM:
> (run*x (x)
(== x 1))
(D)
CeobogHasi nepeMeHHasi B peLleHmnu:
> (run* (x))

'(_.0)
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VHudmnkayms

VHudrKaLmsi nepeMeHHoR Co 3HaYEHUEM:
> (run*x (x)

(== x 1))
(D)
CeobogHasi nepeMeHHasi B peLleHmnu:
> (run* (x))
"(_.0)
Cnmncok co cBobofHON NepemMeHHOl BHYTpU:
> (run*x (x)

(fresh (y)

(=x (1 ,y)))

(1 _.0))
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KOHBIOHKLNS 1 U3 BIOHKLMSA

MpoTneBopeyne B NporpaMme Hepe3 KOHBIOHKLUIO:
> (runx (x)

(=x 1)

(== x 2))
"0
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KOHBIOHKLNS 1 U3 BIOHKLMSA

MpoTneBopeyne B NporpaMme Hepe3 KOHBIOHKLUIO:
> (run*x (x)
(== x 1)
==x 2))
"0
HeckobKko pelueHnii HYepes An3bIOHKUMIO:

> (runx (x)

(conde
[(==x 1]
[(==x 2)1))
(1 2)
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[MprMep: KOHKaTeHaLMsi CMUCKOB

(defrel (appendo xs ys zs)
(conde
[(==xs ")) (== ys zs)]
[(fresh (x xs~ zs™)
(== xs " (,x . ,xs87))
(==2zs “(,x . ,zs87))
(appendo xs~ ys zs~))1))
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[MprMep: KOHKaTeHaLMsi CMUCKOB

3anyck nporpammbi:

> (run* (q) (appendo '(1 2) '(3 4) q@))
(12 3 4))

7/26



[MprMep: KOHKaTeHaLMsi CMUCKOB

3anyck nporpammbi:

> (run* (q) (appendo '(1 2) '(3 4) q@))
(12 3 4))

3anyck nporpaMmbl «B 0BpaTHOM HampaBAEHUN

> (run* (q) (appendo '(1 2) q '(1 2 3 4)))
"((3 4))
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[MprMep: KOHKaTeHaLMsi CMUCKOB

3anyck nporpammbi:

> (run* (q) (appendo '(1 2) '(3 4) q@))
(12 3 4))

3anyck nporpaMmbl «B 0BpaTHOM HampaBAEHUN

> (run* (q) (appendo '(1 2) q '(1 2 3 4)))
"((3 4))

HaxoxpeHne Bcex cnocoboB pasgesinTe CNUCOK Ha ABa:
> (run*x (q r) (appendo q r '(1 2 3 4)))
(O (123 4))

((1) (2 3 4))

(1 2) (3 4)

(1 2 3) (4

(1234 ON
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3agayu nepeq typedKanren

Mbi peanunsyem typedKanren — guanekt miniKanren Ha Haskell:
(PYHKLMOHANBbHOM Si3bIKE MPOrPaMMUPOBaHMs CO CTAaTUYECKON TUNn3aLei
N NIEHNBOIA MOAENbIO BblYMCAEHUs. [Tpy 3TOM Mbl XOTUM AOCTUYb:

P> MOALEPXKKMN OCHOBHLIX OMEpaLyii: yHUUKALUS, KOHBIOHKLNS,
AN3BIOHKLUMNSA, CO3[aHNE CBEXUNX MEPEMEHHbIX U 3aMyCK PeNsiLNOHHbIX
nporpamm;
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3agayu nepeq typedKanren

Mbi peanunsyem typedKanren — guanekt miniKanren Ha Haskell:
(PYHKLMOHANBbHOM Si3bIKE MPOrPaMMUPOBaHMs CO CTAaTUYECKON TUNn3aLei
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P> MOALEPXKKMN OCHOBHLIX OMEpaLyii: yHUUKALUS, KOHBIOHKLNS,
AN3BIOHKLUMNSA, CO3[aHNE CBEXUNX MEPEMEHHbIX U 3aMyCK PeNsiLNOHHbIX
nporpamm;

> nogaep>XKn NOJIb30BATENIbCKNX TUMNOB B PENALNOHHBIX NpOorpamMmmax;
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3agayu nepeq typedKanren
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0DObIYHbIX CUHTaKCUYecKux KOHCTpykumnii Haskell;
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3agayu nepeq typedKanren

Mbi peanunsyem typedKanren — guanekt miniKanren Ha Haskell:
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> nogaep>XKn NOJIb30BATENIbCKNX TUMNOB B PENALNOHHBIX NpOorpamMmmax;

> ynobHOI 3anncn pensiumoHHbIX NPOrpaMM C UCMOJb30BaHNEM
0DObIYHbIX CUHTaKCUYecKux KOHCTpykumnii Haskell;

P BbICOKOWN MPOU3BOANTENBLHOCTU PENSALMOHHBIX NPOrpaMm,
ncnonbsyownx typedKanren.
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[lonb3oBaTenbckue TUNbI: knacc Tunos Logical

Mpexxae BCero 0bbABAM Kacc TUMOB, KOTOPbIE MOXHO MCMOJb30BaTh
B PESSLMOHHbIX MPOrpamMmMmax:
class Logical a where

type Logica=r | r -> a

unify :: Logic a -> Logic a -> State -> Maybe State

walk :: State -> Logic a -> Logic a
inject :: a -> Logic a
extract :: Logic a -> Maybe a
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[lonb3oBaTenbckue TUNbI: knacc Tunos Logical

|'|pe>Kp,e BCEro obbABUM Kaacc TUNOB, KOTOPbIE MOXXHO NCNOJIb30BAaTb
B PENALNOHHBLIX NporpamMmmax:

class Logical a where
type Logica=r | r -> a
unify :: Logic a -> Logic a -> State -> Maybe State

walk :: State -> Logic a -> Logic a
inject :: a -> Logic a
extract :: Logic a -> Maybe a

Takxe 0bbsiBUM Term a — TuM, KOTOPbIN COAEPXKNT IMBO NEPEMEHHY!O,
nnbo 3HaveHne Tuna Logic a:

data Term a
= Var (VarId a)
| Value (Logic a)
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Jlornyeckoe npeacrtaBneHneE TUNoB

rlpOCTbIe TUNbI, TAKNE KaK 4ucsa U CAMBOJIbl, HE COAEPXKAT B cebe nonei,
a NOTOMY MOryT UCNONMb30BATbCA B PENAUMNOHHBIX NPOrpaMMax Kak e€CTb.

instance Logical Int where
type Logic Int = Int
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Jlornyeckoe npeacrtaBneHneE TUNoB

rlpOCTbIe TUNbl, TAaKNE KakK 4Yncina n CMMBOJbI, HE COAEPXAT B cebe nonei,
a NOTOMY MOryT UCNONMb30BATbCA B PENAUMNOHHBIX NPOrpaMMax Kak e€CTb.

instance Logical Int where
type Logic Int = Int

Bonee cnoxHble TUNbI, KaK CNUCKK U LEPEBbs, COAEPXAT JaHHbIE,

U B PENISILMOHHBIX MPOrpaMMax ObIBaeT HY>XXHO 3aMEHUTL UX MEPEMEHHOI.
[MosToMy ANa Takux TUMOB HYXKHO OTAENIbHOE, JIOrMYECKOe NpefCTaBNeHe
KOTOpOe pa3peLlaeT NCMOAb30BaHNE NepeMeHHbIX.

data Tree a data LTree a
= Empty = LEmpty
| Leaf a | LLeaf (Term a)
| Node (Tree a) (Tree a) | LNode (Term (Tree a)) (Term (Tree a))
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VHudmnkayms

MeTop unify knacca Logical npuHMMaeT ABa JIOMMHYECKUX 3HAYEHUS
n nNpobyeT nx yHudpnumposats.

unify :: Logical a

=> LTree a -> LTree a -> State -> Maybe State
unify LEmpty LEmpty state = Just state
unify (LLeaf x) (LLeaf y) state = unify' x y state

unify (LNode x1 xr) (LNode yl yr) state = do
state' <- unify' x1 yl state
unify' xr yr state'

unify _ _ _ = Nothing
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VHudmnkayms

Monb3oBatenbckuii unify, TeM He MeHee, He paboTaeT C nNepemMeHHbIMU
HanpsiMyto. YHUMNKALNS JTOTMHECKX NEPEMEHHBIX LeernpyeTcs
yHkuMn unify'.
unify' :: Logical a
=> Term a -> Term a -> State -> Maybe State
unify' 1 r state =
case (walk' state 1, walk' state r) of

(Var x, Var y) | x == y -> Just state

(Var x, r') -> addSubst x r' state

(1', Var y) -> addSubst y 1' state

(Value 1', Value r') -> unify 1' r' state
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Monaga Goal

Mpn HanucaHWM pensiuMOHHBIX NporpamMmm noHagobutcs moHaga Goal.
OHa obopaunBaeT byHKLMIO, MPUHUMALOLLEE COCTOSIHNE U BO3BPALLAOLLEE
NOTOK COCTOSIHWIA.

newtype Goal x = Goal (State -> Stream (State, x))

Tak kak Goal sABNseTC MOHaAOlW, Mbl MOXEM UCMO/b30BaTb do-HOTaLMIO
NPV HaNMCaHWN PENSILNOHHBLIX MPOrpPaMMm, YTO 3HAYUTENBHO Yyay4LliaeT
X YNTAEMOCTb.

13/26



OcHoBHble onepauun Hag Goal

(===) :: Logical a => Term a -> Term a -> Goal () —
yHUNUNPYET ABa JIOMNYECKNX 3HAYEHNS;
conj :: Goal x -> Goal y -> Goal y — KOHBIOHKUWS ABYX LENei;
disj :: Goal x -> Goal x -> Goal x — [AM3BIOHKUUA OBYX Lenei;
conjMany :: [Goal ()] -> Goal () — KOHBIOHKLMS CNWCKA Lenei;
disjMany :: [Goal x] -> Goal x — AQU3BIOHKLWS CMUCKA Lieneii;
fresh :: Fresh v => Goal v co3pgaeT fiornyeckne nepemMeHHble
B HY>XHOM MOJIb30BATE/NIO KOJINHECTBE;
run :: Fresh v => (v -> Goal ()) -> [v] 3anyckaeT pensLUOHHYIO

nporpaMmy 1 BO3BpALLaeT CNUCOK pPeLLeHN.
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[Mpumep Ha typedKanren: koHkaTeHaLMWs CMUCKOB

appendo :: Logical a
=> Term [a] -> Term [a] -> Term [a] -> Goal ()
appendo xs ys zs = disjMany

[ do
xs === Value LogicNil
ys === zs
, do
(x, xs', zs') <- fresh
xs === Value (LogicCons x xs')
zs === Value (LogicCons x zs')

appendo xs' ys zs'

]

LogicNil n LogicCons ABAAIOTCA JOrMY4eCKMMMN aHanoramm
KOHCTpyKTOpoB [] 1 (:) COOTBETCTBEHHO.
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[Mpumep Ha typedKanren: koHkaTeHaLMWs CMUCKOB

3anyck nporpaMmei:

>>> run (\q -> appendo [1, 2] [3, 4 :: Term Int] q)
[[1,2,3,4]]
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3anyck nporpaMmei:

>>> run (\q -> appendo [1, 2] [3, 4 :: Term Int] q)
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3anyck nporpaMMbl «B 0BpaTHOM HanpaBieHUN > :

>>> run (\q -> appendo [1, 2] q [1, 2, 3, 4 :: Term Int])
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[Mpumep Ha typedKanren: koHkaTeHaLMWs CMUCKOB

3anyck nporpaMmei:

>>> run (\q -> appendo [1, 2] [3, 4 :: Term Int] q)
[[1,2,3,4]1]

3anyck nporpaMmbl «B 0OPaTHOM HanpaBiEHUN > :

>>> run (\q -> appendo [1, 2] q [1, 2, 3, 4 :: Term Int])
[[3,4]]
HaxoxaeHne Bcex cnocobos pasfennTb CNMCOK Ha ABa:
>>> mapM_ print $
run (\(q, r) -> appendo q r [1, 2, 3, 4 :: Term Int])
(1,[1,2,3,41)
([11,1[2,3,4D)
([1,2]1,[3,4D)
([1,2,31,04D
([1,2,3,41,101)
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PensunoHHble Bepcuy COnocTaBneHns ¢ obpasuom

3ameTum, 4To conde B miniKanren — 3To pensiuMoHHas Bepcusi
KOHCTpYKUMKn cond:

(defrel (appendo xs ys zs) (define (append xs ys)
(conde (cond
[(==xs ') (== ys zs)] [(eq? xs ")) ys]
[(fresh (x xs~ zs™) [else (let
(==xs “(,x . ,x87)) ((x (car xs)) (xs~ (cdr xs)))
(==zs " (,x . ,zs87)) (cons x
(appendo xs~ ys zs~))]1)) (append xs~ ys)))1))
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PensunoHHble Bepcuy COnocTaBneHns ¢ obpasuom

B peannsauun append Ha Haskell BMmecTo BeTBieHuMii nanomaTnyHo
NCMONb30BaTb CONOCTaBJEHNE C 0OPa3LOM:
append :: [a] -> [a] -> [al
append xs ys = case xs of

0 ->ys

(x:xs') -> x : append xs' ys
MosTomy npu peanusauuu appendo Ha Haskell Takxe xotenock 6ol
MCMOJ/Ib30BaTL COMOCTaBJ/IEHNE C 0bpa3uom BMecTo disjMany.
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PensunoHHble Bepcuy COnocTaBneHns ¢ obpasuom

B peannsauun append Ha Haskell BMmecTo BeTBieHuMii nanomaTnyHo
NCMONb30BaTb CONOCTaBJEHNE C 0OPa3LOM:
append :: [a] -> [a] -> [al
append xs ys = case xs of

0 ->ys

(x:xs') -> x : append xs' ys
MosTomy npu peanusauuu appendo Ha Haskell Takxe xotenock 6ol
MCMOJ/Ib30BaTL COMOCTaBJ/IEHNE C 0bpa3uom BMecTo disjMany.

K coxaneHnto, ncnosib30BaTh BCTPOEGHHOE BblPaXkeHUE case

B PENSIUMOHHBIX MPOrpaMMax He MoJy4nTcs. case BbIOUpaeT nepBblii
noaxoasawmii obpasel, Korga Kak B peasiLMOHHbLIX NPOrpaMmMax
HeobXoANMO paccMOTpeTh Kaxkablii obpaseu. Haskell He nossonsier
W3MEHUTL 3TO NOBEAEHNE.
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PensunoHHble Bepcuy COnocTaBneHns ¢ obpasuom

Mpu peannsaymu pensiyMoOHHOW BEPCMN Case Mbl OPUEHTMPOBAINCH
Ha bubnnoTteky total3, KoTopas nosBosseT NPOBOANTL MCHEpPMbIBaIOLLEE

COMnoCTaBNEHNE C o6pa3|_|,ow| C nOMOLWbKO I'Ipl/l3M4Z

total :: Either Char Int -> String

total = _case total = \case
& on _Left (\c -> replicate 3 c) Left ¢ -> replicate 3 ¢
& on _Right (\n -> replicate n '!'") Right n -> replicate n '!'

3Gonzalez, total-1.0.0: Exhaustive pattern matching using traversals, prisms, and
lenses; Gonzalez, total library.

“Laarhoven, CPS based functional references; Kmett, lens library.
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PensuunoHHble Bepcuy conocTaBneHnst ¢ 0bpasLom: HencnepnbiBatoLnii

BapuaHT

B typedKanren peann3oBaHbl fBe BepCUM COMOCTABJEHUsS C 0Dpa3uoMm:
HencYepnbiBaoLWas 1 ncynepnbisatowas. HencuepnbiBatowas sBasieTcs
Bosiee NpocToli 1 MO3BOMSIET UCMOJBL30BATL MPU3Mbl, CFEHEPMPOBAHHbIE

C MOMOLLBIO YXKe CyLIeCTBYytoLLel bubnnotekn lens®.

appendo xs ys zs = xs & (matche
& on _LogicNil (\() -> ys === zs)
& on _LogicCons (\(x, xs') -> do
zs' <- fresh
zs === LogicCons x zs'
appendo xs' ys zs'))

SKmett, lens library.
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PensunoHHble Bepcun conocTaBaeHnsi C 0bpasLom: ncnepmnbiBaroLUnii
BapuMaHT

WcnepnbiBatoLas Bepcusi CONOCTaBAEHUS MO3BOJISIET HA 3Tane KOMMNUALMM
ybeamnTbCs, 4TO NpoBepeHbl BCe BapuaHTbl. [ns 3Toro Heobxogumei
CrneuuanbHble BEPCUU NMPU3M, B TUME KOTOPLIX COAEPXXUTCS nHPOpMaLns,
KaKoW BapuaHT N3 BCEX AOCTYMHbIX NPOBEPSET 3Ta npu3Ma. B octanbHom
NCYepnbIBaloLLash BEPCUS HE OT/IMHAETCA OT HENCHEPTMbIBAIOLLEN.

appendo xs ys zs = xs & (matche'
& on' _LogicNil' (\() -> ys === zs)
& on' _LogicCons' (\(x, xs') -> do
zs' <- fresh

zs === LogicCons x zs'
appendo xs' ys zs')
& enter')
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CpaBHeHune C apyrumMiu peannsauusimu

Mbl cpaBHUAM NpousBoguTeNbHOCTL typedKanren ¢ peanusauyusmm
miniKanren Ha apyrux si3bikax: faster-miniKanren® Ha Racket,
OCanren’ Ha OCaml n klogic® na Kotlin. Mocnegrune ase otanyatotcs
TEM, YTO BCTPOEHbLI B CTAaTUHECKU TUMU3NPOBAHHBIA A3bIK

U NOAAEPKMBAKOT MOJb30BaTEbCKNE TUMbI.

®Ballantyne, A fast implementation of miniKanren with disequality and absento,
compatible with Racket and Chez.
"Kosarev and Boulytchev, “Typed embedding of a relational language in OCaml".

8Kamenev et al., “klogic: miniKanren in Kotlin".
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CpaBHeHune C apyrumMiu peannsauusimu

[nsi cpaBHEHUs1 Mbl UCMNOJ/IL30BaAN CAEAYHOLLME NPOrPaMMbI:

» Boiuncnenue 3° u log; 243 B ABOMYHOI cucTeme cHMcnenns”;
» Haxoxgenne 100 kBaiiHoB nepsoro nopsigka (quines), 15 kBaiiHoB
BTOpOro nopsifka (twines) u 2 kBaiiHa Tpetbero nopsigka (thrines)

ANS PENSILMOHHOTO UHTepnpeTaTopa Schemel?,

WcxopHbiii kop BCex MporpamMm 4ocTyneH B penosutopun Ha GitHub!!.

Kiselyov et al., “Pure, Declarative, and Constructive Arithmetic Relations
(Declarative Pearl)".

10Byrd, Holk, and Friedman, “miniKanren, Live and Untagged: Quine Generation via
Relational Interpreters (Programming Pearl)".

"https://github. com/SnejUgal/typedKanren-benchmarks
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CpaBHeHune C apyrumMiu peannsauusimu

3% log3243 quines twines thrines
faster-miniKanren 118.8 203 332.0 2854 5295
OCanren 463.1 65.9 8323 759.8 1317.9
klogic 1189.8 91.0 1015.0 12275 5346.5
typedKanren 690.8 83.5 1378.0 1907.0 4462.0

Figure: Pe3ynbTaTbl cpaBHEHUSI NPON3BOAMTENBHOCTY. YKa3aHO Bpemsi
B MUJIJIMCEKYHAAX.

typedKanren cpaBHuM Mo npomnssoanTesibHOCTN € klogic, HO MeasieHHee
OCTanbHbIX peanusauuii. Mbl nnaHupyem ynyylwnTe NPOU3BOAUTENBHOCTb

typedKanren, npyMeHNB ONTUMM3ALNIN U3 APYruX peann3auuii
miniKanren.
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3akato4eHne

Mebl peanusoBanu typedKanren — guanekt miniKanren na Haskell.

Kak n gpyrue gnanektol, typedKanren nogfepXmBaeT OCHOBHble
onepauuu miniKanren n peannsyeT YecTHblii nouck. OT bonbwMHCTBA
Apyrux avanekToB typedKanren oTnM4aeT nogaep)ka CTaTUHeCcKoi
TUNW3aUMN, @ TaKXKE HANMHMNE PENSILLMOHHOrO COMOCTaBIEHNsI C 0OPa3sLOM.
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onepauuu miniKanren n peannsyeT YecTHblii nouck. OT bonbwMHCTBA
Apyrux avanekToB typedKanren oTnM4aeT nogaep)ka CTaTUHeCcKoi
TUNW3aUMN, @ TaKXKE HANMHMNE PENSILLMOHHOrO COMOCTaBIEHNsI C 0OPa3sLOM.

Mbl cpaBHUAM NpoU3BOAUTENLHOCTL typedKanren ¢ HEKOTOPLIMU
Ananektamu miniKanren Ha gpyrux si3sikax. Hawa peanusauus okasanacb
cpaBHUMON ¢ klogic, HO MefJieHHee APYruX peannsauuii.

Mbl paccMaTpnmBaeM BO3MOXXHOCTU ONTUMU3ALNUN C NPUMEHEHNEM

bonee 3chbpeKTUBHBIX aNrOPUTMOB.
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3akato4eHne

B panbHeliwem Mbl NnaHUpyeM peann3oBaTb KBa3UKBOTMPOBaHWE

ON51 YNPOLLEHNSA CUHTAKCNCA PENIALMOHHBIX NPOrpaMMm, a TakxKe
MCCNEeA0BaThL AaBTOMATUYECKYIO KOHBEPTALMIO PYHKUMOHAIBHBIX NMPOrpamMm
B PessiuMOHHbIE.

WNexopHelii kog typedKanren AoCTyneH Ha GitHub!?.

2https://github. com/SnejUgal/typedKanren
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