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Bblpax(eHme paBeHCTBa B TuUMNax
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PaBeHcTBO HaTypanbHbIX Yucen

data EgNat : (nl : Nat) -> (n2 : Nat) -> Type where
Same : (num : Nat) -> EqNat num num

Idris> the (EgNat 3 3) (Same 3)
Same 3 : EgNat 3 3
Idris> the (EqNat 3 3) (Same _)
Same 3 : EgNat 3 3
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Idris> the (EgNat 3 4) (Same _)
(input):1:5:When checking argument value
to function Prelude.Basics.the:
Type mismatch between

EqNat num num (Type of Same num)

and
EgNat 3 4 (Expected type)
Specifically:
Type mismatch between
0
and
1
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MpoBepka HaTypasibHbIX 4YMCen HaA paBEHCTBO

checkEgNat : (numl : Nat) -> (num2 : Nat) ->
Maybe (EqNat numl num2)

checkEqNat Z Z = Just (Same 0)
checkEqNat Z (S k) = Nothing
checkEqNat (S k) Z = Nothing
checkEgNat (S k) (S j) =
case checkEqNat k j of
Nothing => Nothing
Just (Same j) => Just (Same (S j))
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Idris> checkEgNat 3 3

Just (Same 3) : Maybe (EgNat 3 3)
Idris> checkEqNat 3 4

Nothing : Maybe (EgNat 3 4)
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Mpumep: cobcTBeHHas peanusauuns exactLength

exactLength' : (len : Nat) -> (input : Vect m a) ->
Maybe (Vect len a)

exactLength' {m} len input =
case checkEqNat len m of
Nothing => Nothing
(Just (Same m)) => Just input
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BctpoexHoe B Idris paBeHcTBO

data (=

Refl

Idris>
Refl
Idris>
Refl
Idris>
Refl

Idris>
Refl

) : a ->Db -> Type where

X = X
the (3 = 3) Refl
: 3 =3
the (2 + 2 = 4) Refl
14 =4
the ("xxx" = "xxx") Refl
"xxx" = "xxx"

the (True = True) Refl

: True = True
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Idris> the (1 = 0) Refl
(input):1:5:When checking argument value
to function Prelude.Basics.the:
Type mismatch between
0 = 0 (Type of Refl)

and
1 = 0 (Expected type)
Specifically:
Type mismatch between
0
and
1
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Mpumep: BTOpas peanusauusa checkEqNat

checkEgNat : (numl : Nat) -> (num2 : Nat) ->
Maybe (numl = num?2)

checkEqNat Z Z =Just Refl
checkEqNat Z (S k) = Nothing
checkEqNat (S k) Z = Nothing
checkEgNat (S k) (S j) =
case checkEqNat k j of
Nothing => Nothing
Just eq => Just (cong eq)
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dyHKunA cong

cong : {f :a->b} > x=y) >fx==Ffy
cong Refl = Refl
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Mpumep: unknnyeckui caBur BekTopa

rotate : Vect n a -> Vect n a
rotate [] = []
rotate (x :: xs8) = xs ++ [x]
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Linknnyeckunii caBur BeKTOpa u KOHCTPYKUUs rewrite/in

import Data.Vect

rotate : Vect n a -> Vect n a

rotate [] = []
rotate (x :: xs) = rotateProof (xs ++ [x])

where
rotateProof : Vect (len + 1) a -> Vect (S len) a

rotateProof {len} xs =
rewrite plusCommutative 1 len in xs

e rewrite/in NepenncLIBaeT TUM LEM C MOMOLLLIO PaBEHCTBA

e plusCommutative — 370 pyHKLMS N3 CTaHAAPTHOM

bnbnnoTekn
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KOMMyTaTl/I BHOCTb CJ10>XK€eHWnsA




plus_commutes_
plus_commutes_
plus_commutes_

plus_commutes_

plus_commutes_
plus_commutes_

plus_commutes
plus_commutes
plus_commutes

B. H. Bparunesckuii (mexmat FODY)

Z : (n : Nat) -> plus Z n = plus n Z
Z Z = Refl
Z (S k)=

rewrite plus_commutes_Z k in Refl

S : (k : Nat) -> (n : Nat)
-> S (plus n k) = plus n (S k)
S k Z = Refl
Sk (Sj) =
rewrite plus_commutes_S k j in Refl

(m, n : Nat) ->m+n=mn+nm
Z n = plus_commutes_Z n
(8 k) n=
rewrite plus_commutes k n in
plus_commutes_S k n
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CeoiictBa plus B cTaHaapTHoii bubnnoreke

Idris> :apropos plus
Prelude.Nat.plus : Nat -> Nat -> Nat

Add two natural numbers.

Prelude.Nat.plusOneSucc : (right : Nat)
-> fromInteger 1 + right = S right

Prelude.Nat.plusSuccRightSucc : (left : Nat)
-> (right : Nat) -> S (left + right) = left + S right

Prelude.Nat.plusZeroRightNeutral : (left : Nat)
-> left + fromInteger 0 = left
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DyHKUMA sym

Sym : X =y ->y =X
sym Refl = Refl

prop : (n, k¥ : Nat) ->n + S k = S (n+k)
prop n k = sym (plusSuccRightSucc n k)
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MNMycToiA Tun n paspewnmMocTb




MycToii TN n Bbipa>keHne oTpuLAHUA

data Void : Type where

Bbicka3biBaHne A Tun A
— WNCTUHHO AnbO NOXHO — Hacenéu nubo Her
—-A A— L

not2eq3 : (2 = 3) -> Void
f Refl impossible

Not : Type -> Type
Not a = a -> Void
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PaspewmnmocTs (decidability)

Onpegenexvne (Teopusi anropuTmos)
CBOICTBO Ha3bIBAETCS paspeLlMbIM, EC/IN CYLLECTBYET BCErAa
3aBEpPLUANOLLMNIACS aNropuTM, ONPEeeN oA, BEIMOJHSETCS OHO

NN HET.
Onpepenenue (Idris)

data Dec : (prop : Type) -> Type where
Yes : (prf : prop) -> Dec prop
No : (contra : prop -> Void) -> Dec prop
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Mpumep: paspewnmMocTb paBeHCTBA HATYypasibHbIX Yucen

checkEqNatWeak : (numl : Nat) -> (num2 : Nat)
-> Maybe (numl = num2)

checkEgNat : (numl : Nat) -> (num2 : Nat)
-> Dec (numl = num?2)
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zeroNotSucc : (0 = S k) -> Void
zeroNotSucc Refl impossible

succNotZero : (S k = 0) -> Void
succNotZero Refl impossible

noRec : (contra : (k = j) -> Void) -> (S k = S j) -> Void
noRec contra Refl = contra Refl

checkEqNat : (numl : Nat) -> (num2 : Nat) -> Dec (numl = num?2)
checkEqNat Z Z = Yes Refl
checkEqNat Z (S k) = No zeroNotSucc
checkEqNat (S k) Z = No succNotZero
checkEgNat (S k) (S j) =
case checkEqNat k j of

(Yes prf) => Yes (cong prf)

(No contra) => No (noRec contra)
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Nutepdeiic DecEq

interface DecEq ty where
decEq : (vall : ty) -> (val2 : ty)
-> Dec (vall = val2)

VimeroTcsa peannsaunn ons bonbnHCTBA CTaHAAQPTHBIX TUNOB
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Mpumep: ewé oaHa peanusauyunsa exactlLength

exactLength' : (len : Nat) -> (input : Vect m a)
-> Maybe (Vect len a)
exactLength' {m} len input =
case decEq m len of
Yes Refl => Just input
No contra => Nothing
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OTHoOweHne NMPpUMHaAANEXHOCTN




3apava: yganeHue anemeHTa BeKTopa

3apaua
IEI,F:)H BEKTOP N 3HAYEHNE COAEPXKALLIETroCA B HEM 3JIEMEHTA. Vp,afll/ITb

nepBOE BXOXAEHUE OTOro 3J1IEMEHTA.
removeElem : DecEq a => a -> Vect (S n) a -> Vect n a

removeElem' : DecEq a => a -> Vect (S n) a
-> Maybe (Vect n a)

removeElem'' : DecEq a => a -> Vect (S n) a
-> (p ** Vect p a)

removeElem''' : DecEq a => (v : a)
-> (xs : Vect (S n) a)
-> Elem v xs -> Vect n a
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OTHoweHune NPpUHAANEeXXHOCTU 3J1eMeHTa BeKTOopy

data Elem : a -> Vect k a -> Type where
Here : Elem x (x :: xs)
There : (later : Elem x xs) -> Elem x (y :: xs)

hasOne : Elem 1 [1,2,3]
hasOne = Here

hasFalse : Elem False [True, True, Falsel
hasFalse = There (There Here)

hasZero : Elem 0 [1,2,3]
hasZero = There (There (There ?hasZero_rhs2))

B. H. Bparunesckuii (mexmat FODY) MporpaMmmMmupoBaHue ¢ 3aBUCUMbIMU TUNamMu Ha ssbike ldris 26/35



Peanusayua n ncnonb3osaxHue removeElem

removeElem : DecEq a => (v : a) -> (xs : Vect (S n) a)
-> Elem v xs -> Vect n a

removeElem v (v :: ys) Here = ys

removeElem {n = Z} _ _ (There _) impossible

removeElem {n = (S k)} v (y :: ys) (There later) =
y :: removeElem v ys later

Idris> removeElem 3 [1,3,2] (There Here)
[1, 2] : Vect 2 Integer
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ABTOMaTM4eCcKuii NOUCK AoKa3aTesibCTBa

removeElem_auto : DecEq a => (v : a)

-> (xs : Vect (S n) a)

-> {auto prf : Elem v xs} -> Vect n a
removeElem_auto v xs {prf} = removeElem v xs prf

Idris> removeElem_auto 3 [1,3,2]
[1, 2] : Vect 2 Integer
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Pa3peLLIVIMOCTb OTHOLWUEeHNA NpUHaAONeXHOCTun

not_in_nil : Elem v [] -> Void
not_in_nil Here impossible
not_in_nil (There _) impossible

not_in_tail : (contra : (v = x) -> Void)
-> (contral : Elem v xs -> Void)
-> Elem v (x :: xs) -> Void
not_in_tail contra contral Here = contra Refl
not_in_tail contra contral (There later) =

contral later
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isElem : DecEq a => (v : a) -> (xs : Vect n a)
-> Dec (Elem v xs)
isElem v [] = No not_in_nil
isElem v (x :: xs) =
case decEq v x of
Yes Refl => Yes Here
No contra =>
case isElem v xs of
Yes prf => Yes (There prf)
No contral => No (not_in_tail
contra contral)
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OTHoOweHne nopsanka




data LTE : (n, m : Nat) -> Type where
LTEZero : LTE Z right
LTESucc : LTE left right -> LTE (S left) (S right)

GTE : Nat -> Nat -> Type
GTE left right = LTE right left

LT : Nat -> Nat -> Type
LT left right = LTE (S left) right

GT : Nat -> Nat -> Type
GT left right = LT right left

isLTE : (m, n : Nat) -> Dec (m "LTE  n)
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Mpumep pokasaTenbcTBa CBOWCTBA OTHOLUEHUSI NOPSAKa

-- if not(x <= y) then (x > y)
not_lte__gt : Not (x "LTE® y) -> x “GT  y
not_lte__gt {x = Z} {y} contra = void (contra LTEZero)
not_lte__gt {x = (S k)} {y = Z} contra =
LTESucc LTEZero
not_lte__gt {x = (S k)} {y = (S j)} contra =
LTESucc (not_lte__gt (\pf => contra (LTESucc pf)))
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Mpumep: ynopsagoveHHOCTb 3/1eMEeHTOB BeKTopa

data Sorted : (xs : Vect n Nat) -> Type where
SortedEmpty : Sorted []
SortedOne : (x : Nat) -> Sorted [x]
SortedMany : (x : Nat) -> (y : Nat) ->
Sorted (y :: zs) -> (x LTE" y) ->
Sorted (x :: y :: zs)

sortedVecl12 : Sorted [1,2]
sortedVecl2 = SortedMany 1 2 (SortedOne 2)
(LTESucc LTEZero)

sortedVec012 : Sorted [0,1,2]
sortedVec012 = SortedMany _ _ sortedVecl2 LTEZero
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PaspewnnmocTb cBoiicTBa ynopsgoy4eHHOCTH

isSorted : (xs : Vect n Nat) -> Dec (Sorted xs)
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[§ Brady, Edwin (Mapr, 2017). Type-Driven Development with Idris.
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@ Theorem Proving. URL: http://docs.idris-
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