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Prelude> :t 10
10 22 Num t => t

Prelude> :t "Hello"
"Hello" :: [Char]

Prelude> :t (\x -> x + 10)
(\x => x + 10) :: Num a => a -> a
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> (print-type-of 10)
10 :: Integer

> (print-type-of "Hello")
"Hello" :: String

> (print-type-of (lambda [$x] (b.+ x 10)))
(lambda [$x] (b.+ x 10)) :: (Integer -> Integer)
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It Myp:Bool I !M2:T 11 Ms:T
I T (f MiMzMg):T

T-If

I # {X1:S1,X2:S2,..Xn :Sp} ! M T T-Abs
1! (lambda [$ X1 $x2 ... $xa] M) :[S1,S2,..] " T
' M:[S1S; 448,] " T I'I'Np:Sy 1'1S:T, 444! ! Ny : S,
' (MNi Nz dadN,) = T

T-App

P M Ty 11 M:T, 444 ! M, : Ty

T-Tuple
U1 [Ms Mz o Mol [T2 T2 o Tl i
P M T P M2:T P M T .
T-Collection
P {My Mz .. M} {T}
11 Ci[S1S .S " T 1'1'N1:St P11 STt NGt Sy T-InductiveData

' <CNi1iNz...Np>:T
!'1 p:(Pattern Ti) L+ V(I ,p! M3:Ts
M1 M2 [p Ms]) :{Ts}

T-Something

11 Mz : (Matcher Ti)
I I (match-all

1l .
P M Ty T-MatchAll

I 1 something : (Matcher T)

! pp:(PPPattem T [SdJk) !! Mi:(Matcher [ S«)
! ! dp; :(PDPattern T) ! # Vep(',pp)# Vor (!.dpi)! Nij :{[Sce} ()L
! (matcher [ ppi Mi [dp; Ni];j]i) : (Matcher T) T-Matcher

1T _:(Pattern T) T-Wildcard

WT-P&temVanable
FEmM:T
11 M :(Pattern T)
11 Cp:[(Pattern S;p) (Pattern Sp) &aaéa(Pattern S,)] “ (Pattern T)
'l My (Pattern S;) I+ V(! ,M1)! My (Pattern S)
P V(I M)+ V(! #+ V(I,M1)),M2)! M3 : (Pattern Sg)
Aaa! 1 44 1 1 A44aM 1 1) ! :
aaal # V(L M)+ aa# v( # V( M)+ aaaMni1)! M, :(Pattern So) o4 ciepaern

T-ValuePattern

'l <Cp M1 My ... Mp> : (Pattern T)
Primitive pattern pattern:

T-PatternHole

!'1 $:(PPPattern T [T])
T-ValuePatternPattern

11 $x:(PPPattern T [])

PP Cp i [TaT2 . Ta] " T !'1 pp : (PPPattern T; Sj)

I T <Cpp pp>; : (PPPattern T ";S) T-InductivePatternPattern
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(lambda [$x] (b.+ x 10)): Integer -> Integer

-+ b.+: [Integer Integer] — Integer 1-Var -+ : Integer 1-Var +++ 10 : Integer E_ZUM
{b.+: [Integer Integer] — Integer} ++ {x : Integer} - (b.+ x 10) : Integer A AP
-ABS

{b.+: [Integer Integer] — Integer} I |(lambda [$x] (b.+ x 10)) : Integer — Integer
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Types
S, T:= X |1 ]|String | Integer | Bool

|T# T
I[TT..]
1{T}
| (Pattern T)
| (PPPattern T T)
| (PDPattern T)
| (Matcher T)



Types
S, T:=X|1]
| T# T
[[TT..]
1{T}
| (Pattern

String

T)

| Integer

| (PPPattern T T)
| (PDPattern T)
| (Matcher T)

| Bool

"Hello"

String




Types

S, T:= X |1]String |
|T# T
I[TT..]
1{T}
| (Pattern T)
| (PPPattern T T)
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| (Matcher T)
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Types

S, T ::= X | I | String | Integer |

T — T
[T T ..]

T}

(Pattern T')
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| (PPPattern T T)
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| (Matcher T)

Bool
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Types 1
S, T =X %iﬁ&uﬁi ing | Integer | Bool
|T—>T (lambda [$x] (b.+ x 10))
(TT ..] :: (Integer -> Integer)
{T'}

(Pattern 7))
(PPPattern T T)
(PDPattern T')
(Matcher T')
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Types

S, T = X .l.I.Stina | Integer | Bool
| T #
[T T ..
1{T}
| (Pattern T)
| (PPPattern T T)
| (PDPattern T)
| (Matcher T)
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Types

S, T ::= X | I | String | Integer | Bool

|T_\"F

szbbvazi
{T}

(Pattern T°)
| (PPPattern T T)
| (PDPattern T)

| (Matcher T)
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Types 15”

S, T =X || |String | Integer | Bool

pair ::
| T —T ([ (Pattern Integer) (Pattern Integer))]
T T ..] -> (Pattern PairII))

T}
(Pattern T)
| (PPPattern T T)
| (PDPattern T)

| (Matcher T)
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S, T:= X |1 ]|String | Integer | Bool
| T# T
[[TT..]

1{T}
| (Pattern —
| (PPPattern T T)

| (PDPattern T)
| (Matcher T)
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S, T:= X |1 ]|String | Integer | Bool
| T# T
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Types
S, T:= X |1 |String |Integer |Bool
| T# T
[T T..]
T}
(Pattern T)

| (PPPattera ™™

| (PDPatter 27 v =

| |(Matcher T)

something ::

(Matcher a)
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Types
S, T

c= X1 | Stnng | integer
|T# T

I[TT..]

1{T}

| (Pattern T)

| (PPPattern T T)

| (PDPattern T)

| (Matcher T)

| Bool

something
(Matcher
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Types

S, T = X |
| T# T
I[TT..]
1{T}
| (Pattern
| (PPPattern
| (PDPattern
| (Matcher T)

| | String | Integer | Bool

51

Pair ::
([Integer Integer] ->

PairII

24
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' 1 M, : Bool T Mo T !!M3:T‘ If
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T-Str

—— T-Str
' I s:String
I
I I "Hello" : String TSt
{x :Integer } ! "World!" : String

T-Str




T-If

| I Mi:Bool ! IMpiT 1! MaiT_
L (f M1 M2 M3) @ T
1 true : Bool | 500 11 10: Integer T-Num 11 20: Integer T-I;Ium
I (if true 10 20) : Integer T-




T-Abs

I +H# {X1:51,X2:S2,.Xn S} ! M I T
] (Iambda [$ X1 $X2 $Xn] M) 1[81,82,...] T

T-Abs

{b.+ : [Integer Integer] $ Integer } + {x :Integer } ! (b.+ x 10) : Integer T-App

{b.+ : [Integer Integer] $ Integer } ! (lambda [$x] (b.+ x 10)) :[Integer] $ Integer T-Abs




T-InductivePattern

'l Cp:[(Pattern  S;) (Pattern  S;) aaa(Pattern  Sp)] " (Pattern T)
'l M, (Pattern S;) '+ V(I ,M1)! M, : (Pattern Sy)
P+ VI, M)+ V(! + V( ,M1)),M2)! M3 : (Pattern S3)

aaa! + V(' ,My)+#+ aa& V(I # V(,Miy)# aaaMn 1)! M : (Pattern Sn)T-InductivePaItern

'l <Cp M1 M3 ... My> : (Pattern  T)
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> (match-all
<PairII 10 20>
(unordered-PairII integer)
[<palirII $x Sy>| x])
{10 20}

Pattern Pairll
30



T-InductivePattern

!
pairPP ::
([ (Pattern PairII) (Pattern PairlII)]
-> (Pattern PairPP))

<pairPP <pairII [$x

-1

<pairII Sy
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{x: Integer }

{x Integer }

{x :Integer ,y : Integer }
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T-Matcher

'l pp : (PPPattern T [ Sk]«k) 'l M; : (Matcher [ Sk]«)

' ! dpy :(PDPattern T) ! # Vee (t,pp)# Voe (1.dp) ! Ny :{[Sc]u}  (#Lj)p 0o o

I 1 (matcher [ ppi M [dp; Nj1;]1i) : (Matcher T)
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(define Sunordered-Pair

(lambda [$a]
(matcher {[<pairII $ $> [a a]
{[<pairII $x $y> {[x y] [y x]}1}1)))
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T-Ab
{b.+ :[Integer Integer] $ Integer } ! (lambda [$x] (b.+ x 10)) :[a$ Db >
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e
‘ (lambda [$x] (b.+ x 10)

{b.+ : [Integer Integer] $ Integer } #+ {x:a}! (b.+ x 10) :b
{b.+ :[Integer Integer] $ Integer } ! (lambda [$x] (b.+ x 10)) :a$ b

T-App
T-Abs
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‘ (lambda [$x] (b.+ x 10)

T-Var T-Var T-Num

aaa b.+ :[Integer Integer] $ Integer aaédx:a aaéa 10 : Integer TA
{b.+ : [Integer Integer] $ Integer } + {x:a}! (b.+ x 10) :b o PP
{b.+ : [Integer Integer] $ Integer } ! (lambda [$x] (b.+ x 10)) :a$ b T-Abs
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aaa b.+ :[Integer Integer] $ Integer aaax [a] aal 10 :Integer TA
{b.+ : [Integer Integer] $ Integer } #+ {x:a}! (b.+ x 10) :[b] o PP
{b.+ : [Integer Integer] $ Integer } ! (lambda [$x] (b.+ x 10)) :a$ b T-Abs
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‘ (lambda [$x] (b.+ x 10)
aaa b.+ : [Integer Integer] $ Integer T-Var aada x : Integer T-Var aaa 10 : Integer T-Num
{b.+ : [Integer Integer] $ Integer } + {x :Integer } ! (b.+ x 10) : Integer T-Ab T-App
-Abs

{b.+ : [Integer Integer] $ Integer } ! (lambda [$x] (b.+ x 10)) :Integer $ Integer
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444 b.+ :[Integer Integer] $ Integer T-Var 444 x : Integer T-Var ‘& 10 : Integer T-Num
{b.+ : [Integer Integer] $ Integer } + {x:Integer } ! (b.+ x 10) : | (eger T-Ab T-App
-Abs

{b.+ : [Integer Integer] $ Integer } ! (lambda [$x] (b.+ x 10)) :Integer $ Integer |
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> (print-type-of (lambda [$x] (b.+ x 10)))

(lambda [$x] (b.+ x 10)) :: (Integer -> Integer)

Y
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> (define-ADT PairII <PairII Integer Integer>)

PairII pairII
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