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! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! S2 : T2 ... ! ! Nn : Sn

! ! <C N 1 N2 ... N n > : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (#i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! <C p M 1 M 2 ... M n > : (Pattern T)

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! <C pp ppi > i : (PPPattern T " i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! <C dp dp1 dp2 ... dpn > : T
T-InductiveDataPattern

Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T)

V (! , , M ) = !

V (! , <C p 1 p2 á á á> ) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á
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Function V returns bindings from variable names to their types.

V (Γ, ) =ϵ

V (Γ, $x) ={(x : T )} when Γ ⊢ $x : (Pattern T)

V (Γ, ,M) =ϵ

V (Γ, ⟨C p1 p2 · · · ⟩) =V (Γ, p1) ++ V (Γ++ V (Γ, p1), p2) ++ · · ·

VPP (Γ, $) =ϵ

VPP (Γ, ,$x) ={(x : (Pattern T))} when Γ ⊢ $x : (PPPattern T)

VPP (Γ, ⟨C pp1 pp2 · · · ⟩) =VPP (Γ, pp1) ++ VPP (Γ, pp2) ++ · · ·

VDP (Γ, $x) ={(x : T )} when Γ ⊢ $x : (PDPattern T)

VDP (Γ, ⟨C dp1 dp2 · · · ⟩) =VDP (Γ, dp1) ++ VDP (Γ, dp2) ++ · · ·

Function W and X returns a series of types.

W (Γ, ,$x) =ϵ

W (Γ, $) =(Matcher T) when Γ ⊢ $ : (PPPattern T)

W (Γ, ⟨C pp1 pp2 · · · ⟩) =W (Γ, pp1) W (Γ, pp2) · · ·

X(Γ, ,$x) =ϵ

X(Γ, $) =T when Γ ⊢ $ : (PPPattern T)

X(Γ, ⟨C pp1 pp2 · · · ⟩) =X(Γ, pp1) X(Γ, pp2) · · ·

FAQ

• Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

ϵ ⊢ "Hello" : String
T-Str {x : Integer} ⊢ "World!" : String

T-Str

ϵ ⊢ true : Bool
T-Bool

ϵ ⊢ 10 : Integer
T-Num

ϵ ⊢ 20 : Integer
T-Num

ϵ ⊢ (if true 10 20) : Integer
T-If

...
{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

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

{b.+ : [Integer Integer] → Integer}++ {x : a} ⊢ (b.+ x 10) : b
T-App

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

· · · ⊢ b.+ : [Integer Integer] → Integer
T-Var · · · ⊢ x : a

T-Var · · · ⊢ 10 : Integer
T-Num

{b.+ : [Integer Integer] → Integer}++ {x : a} ⊢ (b.+ x 10) : b
T-App

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

· · · ⊢ b.+ : [Integer Integer] → Integer
T-Var · · · ⊢ x : Integer

T-Var · · · ⊢ 10 : Integer
T-Num

{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

3
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Type System for Egison

Akira KAWATA

November 16, 2018

Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.

Expressions

M, N ::= x | c | s | b | n variables and constants

| (if M M M )

| (lambda [$ x $y ...] M ) abstraction

| ( M M ... ) application

| [ M ... ] tuple

| { M ... } collection

| !C M ... " inductive data

| something something matcher

| (match-all M M [ p M ])

| (matcher { ! ...} )

Patterns

p ::= wildcard

| $x pattern variable

| , M value pattern

| !Cp p ..." inductive pattern

Matcher Clauses

! ::= [ pp M { [ dp M ] } ]

Primitive Pattern Patterns

pp ::= $ pattern hole

| ,$ x value-pattern pattern

| !Cpp pp ..." inductive-pattern pattern

Primitive Data Patterns

dp ::= $x primitive pattern variable

| !Cdp dp ..." inductive-data pattern

Types

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

| T # T

| [ T T ...]

| { T }

| (Pattern T )

| (PPPattern T T)

| (PDPattern T)

| (Matcher T )

Contexts

� ::= $ | �, x : T

Typing

1



Type System for Egison

Akira KAWATA

November 16, 2018

Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.

Expressions

M, N ::= x | c | s | b | n variables and constants

| (if M M M )

| (lambda [$ x $y ...] M ) abstraction

| ( M M ... ) application

| [ M ... ] tuple

| { M ... } collection

| !C M ... " inductive data

| something something matcher

| (match-all M M [ p M ])

| (matcher { ! ...} )

Patterns

p ::= wildcard

| $x pattern variable

| , M value pattern

| !Cp p ..." inductive pattern

Matcher Clauses

! ::= [ pp M { [ dp M ] } ]

Primitive Pattern Patterns

pp ::= $ pattern hole

| ,$ x value-pattern pattern

| !Cpp pp ..." inductive-pattern pattern

Primitive Data Patterns

dp ::= $x primitive pattern variable

| !Cdp dp ..." inductive-data pattern

Types

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

| T # T

| [ T T ...]

| { T }

| (Pattern T )

| (PPPattern T T)

| (PDPattern T)

| (Matcher T )

Contexts

! ::= $ | ! , x : T

Typing

1

������������ ���	���


����

�������� ��



Type System for Egison

Akira KAWATA

November 16, 2018

Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.

Expressions

M, N ::= x | c | s | b | n variables and constants

| (if M M M )

| (lambda [$ x $y ...] M ) abstraction

| ( M M ... ) application

| [ M ... ] tuple

| { M ... } collection

| !C M ... " inductive data

| something something matcher

| (match-all M M [ p M ])

| (matcher { ! ...} )

Patterns

p ::= wildcard

| $x pattern variable

| , M value pattern

| !Cp p ..." inductive pattern

Matcher Clauses

! ::= [ pp M { [ dp M ] } ]

Primitive Pattern Patterns

pp ::= $ pattern hole

| ,$ x value-pattern pattern

| !Cpp pp ..." inductive-pattern pattern

Primitive Data Patterns

dp ::= $x primitive pattern variable

| !Cdp dp ..." inductive-data pattern

Types

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

| T # T

| [ T T ...]

| { T }

| (Pattern T )

| (PPPattern T T)

| (PDPattern T)

| (Matcher T )

Contexts

! ::= $ | ! , x : T

Typing

1

������������ ���	���


����

������ ��



Type System for Egison

Akira KAWATA

November 16, 2018

Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.

Expressions

M,N ::= x | c | s | b | n variables and constants

| (if M M M)

| (lambda [$x $y ...] M) abstraction

| (M M ...) application

| [M ...] tuple

| {M ...} collection

| hC M ...i inductive data

| something something matcher

| (match-all M M [p M])

| (matcher {� ...})
Patterns

p ::= wildcard

| $x pattern variable

| ,M value pattern

| hCp p ...i inductive pattern

Matcher Clauses

� ::= [pp M {[dp M]}]
Primitive Pattern Patterns

pp ::= $ pattern hole

| ,$x value-pattern pattern

| hCpp pp ...i inductive-pattern pattern

Primitive Data Patterns

dp ::= $x primitive pattern variable

| hCdp dp ...i inductive-data pattern

Types

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

| [T T ...]

| {T}
| (Pattern T)

| (PPPattern T T)

| (PDPattern T)

| (Matcher T)

Contexts

� ::= ; | �, x : T

Typing

1

�������	�


��

���� �



Type System for Egison

Akira KAWATA

November 16, 2018

Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.

Expressions

M,N ::= x | c | s | b | n variables and constants

| (if M M M)

| (lambda [$x $y ...] M) abstraction

| (M M ...) application

| [M ...] tuple

| {M ...} collection

| hC M ...i inductive data

| something something matcher

| (match-all M M [p M])

| (matcher {� ...})
Patterns

p ::= wildcard

| $x pattern variable

| ,M value pattern

| hCp p ...i inductive pattern

Matcher Clauses

� ::= [pp M {[dp M]}]
Primitive Pattern Patterns

pp ::= $ pattern hole

| ,$x value-pattern pattern

| hCpp pp ...i inductive-pattern pattern

Primitive Data Patterns

dp ::= $x primitive pattern variable

| hCdp dp ...i inductive-data pattern

Types

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

| [T T ...]

| {T}
| (Pattern T)

| (PPPattern T T)

| (PDPattern T)

| (Matcher T)

Contexts

� ::= ; | �, x : T

Typing

1

�������	�


��

���
�



Type System for Egison

Akira KAWATA

November 16, 2018

Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.

Expressions

M, N ::= x | c | s | b | n variables and constants

| (if M M M )

| (lambda [$ x $y ...] M ) abstraction

| ( M M ... ) application

| [ M ... ] tuple

| { M ... } collection

| !C M ... " inductive data

| something something matcher

| (match-all M M [ p M ])

| (matcher { ! ...} )

Patterns

p ::= wildcard

| $x pattern variable

| , M value pattern

| !Cp p ..." inductive pattern

Matcher Clauses

! ::= [ pp M { [ dp M ] } ]

Primitive Pattern Patterns

pp ::= $ pattern hole

| ,$ x value-pattern pattern

| !Cpp pp ..." inductive-pattern pattern

Primitive Data Patterns

dp ::= $x primitive pattern variable

| !Cdp dp ..." inductive-data pattern

Types

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

| T # T

| [ T T ...]

| { T }

| (Pattern T )

| (PPPattern T T)

| (PDPattern T)

| (Matcher T )

Contexts

! ::= $ | ! , x : T

Typing

1

������������ ���	���


����

��������

��



Type System for Egison

Akira KAWATA

November 16, 2018

Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.

Expressions

M,N ::= x | c | s | b | n variables and constants

| (if M M M)

| (lambda [$x $y ...] M) abstraction

| (M M ...) application

| [M ...] tuple

| {M ...} collection

| hC M ...i inductive data

| something something matcher

| (match-all M M [p M])

| (matcher {� ...})
Patterns

p ::= wildcard

| $x pattern variable

| ,M value pattern

| hCp p ...i inductive pattern

Matcher Clauses

� ::= [pp M {[dp M]}]
Primitive Pattern Patterns

pp ::= $ pattern hole

| ,$x value-pattern pattern

| hCpp pp ...i inductive-pattern pattern

Primitive Data Patterns

dp ::= $x primitive pattern variable

| hCdp dp ...i inductive-data pattern

Types

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

| [T T ...]

| {T}
| (Pattern T)

| (PPPattern T T)

| (PDPattern T)

| (Matcher T)

Contexts

� ::= ; | �, x : T

Typing

1

�������	�


��

�����	�

�



Type System for Egison

Akira KAWATA

November 16, 2018

Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.

Expressions

M, N ::= x | c | s | b | n variables and constants

| (if M M M )

| (lambda [$x $y ...] M ) abstraction

| (M M ... ) application

| [M ... ] tuple

| {M ... } collection

| hC M ... i inductive data

| something something matcher

| (match-all M M [p M ])

| (matcher {� ...})
Patterns

p ::= wildcard

| $x pattern variable

| ,M value pattern

| hCp p ...i inductive pattern

Matcher Clauses

� ::= [pp M {[dp M ]}]
Primitive Pattern Patterns

pp ::= $ pattern hole

| ,$x value-pattern pattern

| hCpp pp ...i inductive-pattern pattern

Primitive Data Patterns

dp ::= $x primitive pattern variable

| hCdp dp ...i inductive-data pattern

Types

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

| [T T ...]

| {T}
| (Pattern T)

| (PPPattern T T)

| (PDPattern T)

| (Matcher T)

Contexts

! ::= ; | ! , x : T

Typing

1

�������	�


����

�����	�	��������

�



Type System for Egison

Akira KAWATA

November 16, 2018

Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.

Expressions

M, N ::= x | c | s | b | n variables and constants

| (if M M M )

| (lambda [$ x $y ...] M ) abstraction

| ( M M ... ) application

| [ M ... ] tuple

| { M ... } collection

| !C M ... " inductive data

| something something matcher

| (match-all M M [ p M ])

| (matcher { ! ...} )

Patterns

p ::= wildcard

| $x pattern variable

| , M value pattern

| !Cp p ..." inductive pattern

Matcher Clauses

! ::= [ pp M { [ dp M ] } ]

Primitive Pattern Patterns

pp ::= $ pattern hole

| ,$ x value-pattern pattern

| !Cpp pp ..." inductive-pattern pattern

Primitive Data Patterns

dp ::= $x primitive pattern variable

| !Cdp dp ..." inductive-data pattern

Types

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

| T # T

| [ T T ...]

| { T }

| (Pattern T )

| (PPPattern T T)

| (PDPattern T)

| (Matcher T )

Contexts

! ::= $ | ! , x : T

Typing

1

������������ ���	���


��

�
������������
	�����
	�

��



Type System for Egison

Akira KAWATA

November 16, 2018

Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.

Expressions

M, N ::= x | c | s | b | n variables and constants

| (if M M M )

| (lambda [$ x $y ...] M ) abstraction

| ( M M ... ) application

| [ M ... ] tuple

| { M ... } collection

| !C M ... " inductive data

| something something matcher

| (match-all M M [ p M ])

| (matcher { ! ...} )

Patterns

p ::= wildcard

| $x pattern variable

| , M value pattern

| !Cp p ..." inductive pattern

Matcher Clauses

! ::= [ pp M { [ dp M ] } ]

Primitive Pattern Patterns

pp ::= $ pattern hole

| ,$ x value-pattern pattern

| !Cpp pp ..." inductive-pattern pattern

Primitive Data Patterns

dp ::= $x primitive pattern variable

| !Cdp dp ..." inductive-data pattern

Types

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

| T # T

| [ T T ...]

| { T }

| (Pattern T )

| (PPPattern T T)

| (PDPattern T)

| (Matcher T )

Contexts

! ::= $ | ! , x : T

Typing

1
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Syntax

c is a character.
s is a string.
n is a number.
b is a boolian.
C is a constructor of an inductive data.
Cp is a constructor of an inductive pattern.
Cdp is a constructor of an inductive data pattern.
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! , x : T, " ! x : T
T-Var

! ! s : String
T-Str

! ! n : Integer
T-Num

! ! b : Bool
T-Bool

! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! N2 : S2 ... ! ! Nn : Sn

! ! # C N1 N2 ... N n $ : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (%i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! # Cp M 1 M 2 ... M n $ : (Pattern T )

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! # Cpp ppi $i : (PPPattern T # i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! # Cdp dp1 dp2 ... dpn $ : T
T-InductiveDataPattern

2
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Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )

V (! , , M ) = !

V (! , "C p1 p2 á á á#) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

VP P (! , $) = !

VP P (! , ,$ x) = { (x : (Pattern T ) )} when ! ! $x : (PPPattern T)

VP P (! , "C pp1 pp2 á á á#) = VP P (! , pp1) ++ VP P (! , pp2) ++ á á á

VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! true : Bool T-Bool ! 10 : Integer T-Num ! 20 : Integer T-Num

! (if true 10 20) : Integer T-If
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! , x : T, " ! x : T
T-Var

! ! s : String
T-Str

! ! n : Integer
T-Num

! ! b : Bool
T-Bool

! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! N2 : S2 ... ! ! Nn : Sn

! ! # C N1 N2 ... N n $ : T
T-InductiveData
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! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)
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! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (%i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! # Cp M 1 M 2 ... M n $ : (Pattern T )

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! # Cpp ppi $i : (PPPattern T # i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! # Cdp dp1 dp2 ... dpn $ : T
T-InductiveDataPattern

2
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Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )

V (! , , M ) = !

V (! , "C p1 p2 á á á#) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

VP P (! , $) = !

VP P (! , ,$ x) = { (x : (Pattern T ) )} when ! ! $x : (PPPattern T)

VP P (! , "C pp1 pp2 á á á#) = VP P (! , pp1) ++ VP P (! , pp2) ++ á á á

VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If

3
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Typing

! , x : T, " ! x : T
T-Var

! ! s : String
T-Str

! ! n : Integer
T-Num

! ! b : Bool
T-Bool

! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! N2 : S2 ... ! ! Nn : Sn

! ! # C N1 N2 ... N n $ : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (%i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! # Cp M 1 M 2 ... M n $ : (Pattern T )

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! # Cpp ppi $i : (PPPattern T # i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! # Cdp dp1 dp2 ... dpn $ : T
T-InductiveDataPattern

2

Typing

! , x : T, " ! x : T
T-Var

! ! s : String
T-Str

! ! n : Integer
T-Num

! ! b : Bool
T-Bool

! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! N2 : S2 ... ! ! Nn : Sn

! ! # C N1 N2 ... N n $ : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (%i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! # Cp M 1 M 2 ... M n $ : (Pattern T )

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! # Cpp ppi $i : (PPPattern T # i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! # Cdp dp1 dp2 ... dpn $ : T
T-InductiveDataPattern

2
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Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )

V (! , , M ) = !

V (! , "C p1 p2 á á á#) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

VP P (! , $) = !

VP P (! , ,$ x) = { (x : (Pattern T ) )} when ! ! $x : (PPPattern T)

VP P (! , "C pp1 pp2 á á á#) = VP P (! , pp1) ++ VP P (! , pp2) ++ á á á

VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If

...
{ 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

3
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! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! S2 : T2 ... ! ! Nn : Sn

! ! <C N 1 N2 ... N n > : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (#i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! <C p M 1 M 2 ... M n > : (Pattern T)

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! <C pp ppi > i : (PPPattern T " i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! <C dp dp1 dp2 ... dpn > : T
T-InductiveDataPattern

Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T)

V (! , , M ) = !

V (! , <C p 1 p2 á á á> ) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

2
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! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! S2 : T2 ... ! ! Nn : Sn

! ! <C N 1 N2 ... N n > : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (#i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! <C p M 1 M 2 ... M n > : (Pattern T)

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! <C pp ppi > i : (PPPattern T " i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! <C dp dp1 dp2 ... dpn > : T
T-InductiveDataPattern

Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T)

V (! , , M ) = !

V (! , <C p 1 p2 á á á> ) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

2
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! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! S2 : T2 ... ! ! Nn : Sn

! ! <C N 1 N2 ... N n > : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (#i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! <C p M 1 M 2 ... M n > : (Pattern T)

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! <C pp ppi > i : (PPPattern T " i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! <C dp dp1 dp2 ... dpn > : T
T-InductiveDataPattern

Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T)

V (! , , M ) = !

V (! , <C p 1 p2 á á á> ) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á
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! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! S2 : T2 ... ! ! Nn : Sn

! ! <C N 1 N2 ... N n > : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (#i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! <C p M 1 M 2 ... M n > : (Pattern T)

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! <C pp ppi > i : (PPPattern T " i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! <C dp dp1 dp2 ... dpn > : T
T-InductiveDataPattern

Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T)

V (! , , M ) = !

V (! , <C p 1 p2 á á á> ) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á
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Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )

V (! , , M ) = !

V (! , "C p1 p2 á á á#) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

VP P (! , $) = !

VP P (! , ,$ x) = { (x : (Pattern T ) )} when ! ! $x : (PPPattern T)

VP P (! , "C pp1 pp2 á á á#) = VP P (! , pp1) ++ VP P (! , pp2) ++ á á á

VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If

...
{ 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
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! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! S2 : T2 ... ! ! Nn : Sn

! ! <C N 1 N2 ... N n > : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (#i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! <C p M 1 M 2 ... M n > : (Pattern T)

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! <C pp ppi > i : (PPPattern T " i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! <C dp dp1 dp2 ... dpn > : T
T-InductiveDataPattern

Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T)

V (! , , M ) = !

V (! , <C p 1 p2 á á á> ) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á
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VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If

...
{ 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

3

Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )

V (! , , M ) = !

V (! , "C p1 p2 á á á#) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

VP P (! , $) = !

VP P (! , ,$ x) = { (x : (Pattern T ) )} when ! ! $x : (PPPattern T)

VP P (! , "C pp1 pp2 á á á#) = VP P (! , pp1) ++ VP P (! , pp2) ++ á á á

VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If

...
{ 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

{ x : Integer , y : Integer }

3
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! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! S2 : T2 ... ! ! Nn : Sn

! ! <C N 1 N2 ... N n > : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (#i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! <C p M 1 M 2 ... M n > : (Pattern T)

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! <C pp ppi > i : (PPPattern T " i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! <C dp dp1 dp2 ... dpn > : T
T-InductiveDataPattern

Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T)

V (! , , M ) = !

V (! , <C p 1 p2 á á á> ) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

2

! ! M 1 : Bool ! ! M 2 : T ! ! M 3 : T
! ! (if M 1 M 2 M 3) : T

T-If

! ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
! ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

! ! M : [ S1 S2 á á áSn ] " T ! ! N1 : S1 ! ! S2 : T2 á á á ! ! Nn : Sn

! ! ( M N 1 N2 á á áNn ) : T
T-App

! ! M 1 : T1 ! ! M 2 : T2 á á á! ! M n : Tn

! ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

! ! M 1 : T ! ! M 2 : T ... ! ! M n : T
! ! { M 1 M 2 ... M n } : { T }

T-Collection

! ! C : [ S1 S2 ...Sn ] " T ! ! N1 : S1 ! ! S2 : T2 ... ! ! Nn : Sn

! ! <C N 1 N2 ... N n > : T
T-InductiveData

! ! M 1 : T1 ! ! M 2 : (Matcher T1) ! ! p : (Pattern T1) ! ++ V (! , p) ! M 3 : T3

! ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

! ! something : (Matcher T )
T-Something

! ! ppi : (PPPattern T [ Sk ] k ) ! ! M i : (Matcher [ Sk ] k )
! ! dpij : (PDPattern T) ! ++ VP P (! , ppi ) ++ VDP (! , dpi ) ! N ij : { [ Sk ] k } (#i, j )

! ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

! ! : (Pattern T )
T-Wildcard

! ! $x : (Pattern T)
T-PatternVariable

! ! M : T
! ! , M : (Pattern T )

T-ValuePattern

! ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
! ! M 1 : (Pattern S1) ! ++ V (! , M 1) ! M 2 : (Pattern S2)
! ++ V (! , M 1) ++ V (( ! ++ V (! , M 1)) , M 2) ! M 3 : (Pattern S3)

á á á ! ++ V (! , M 1) ++ á á á++ V (! ++ V (! , M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
! ! <C p M 1 M 2 ... M n > : (Pattern T)

T-InductivePattern

Primitive pattern pattern:

! ! $ : (PPPattern T [ T ])
T-PatternHole

! ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

! ! Cpp : [ T1 T2 ...Tn ] " T ! ! ppi : (PPPattern Ti Si )
! ! <C pp ppi > i : (PPPattern T " i Si )

T-InductivePatternPattern

Primitive data pattern:

! ! $x : (PDPattern T)
T-PrimitivePatternVariable

! ! Cdp : [ S1 S2 ...Sn ] " T ! ! dp1 : S1 ! ! dp2 : S2 ... ! ! dpn : Sn

! ! <C dp dp1 dp2 ... dpn > : T
T-InductiveDataPattern

Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T)

V (! , , M ) = !

V (! , <C p 1 p2 á á á> ) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

2
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� ! M 1 : Bool � ! M 2 : T � ! M 3 : T
� ! (if M 1 M 2 M 3) : T

T-If

� ++ { x1 : S1, x2 : S2, ...xn : Sn } ! M : T
� ! (lambda [$ x1 $x2 ... $xn ] M ) : [ S1, S2, ...] " T

T-Abs

� ! M : [ S1 S2 á á áSn ] " T � ! N1 : S1 � ! S2 : T2 á á á � ! Nn : Sn

� ! ( M N 1 N2 á á áNn ) : T
T-App

� ! M 1 : T1 � ! M 2 : T2 á á á� ! M n : Tn

� ! [ M 1 M 2 ... M n ] : [ T1 T2 ... Tn ]
T-Tuple

� ! M 1 : T � ! M 2 : T ... � ! M n : T
� ! { M 1 M 2 ... M n } : { T }

T-Collection

� ! C : [ S1 S2 ...Sn ] " T � ! N1 : S1 � ! S2 : T2 ... � ! Nn : Sn

� ! <C N 1 N2 ... N n > : T
T-InductiveData

� ! M 1 : T1 � ! M 2 : (Matcher T1) � ! p : (Pattern T1) � ++ V (�, p) ! M 3 : T3

� ! (match-all M 1 M 2 [ p M 3]) : { T3}
T-MatchAll

� ! something : (Matcher T )
T-Something

� ! ppi : (PPPattern T [ Sk ] k ) � ! M i : (Matcher [ Sk ] k )
� ! dpij : (PDPattern T) � ++ VP P (�, ppi ) ++ VDP (�, dpi ) ! N ij : { [ Sk ] k } (#i, j )

� ! (matcher [ ppi M i [ dpij N ij ] j ] i ) : (Matcher T )
T-Matcher

Pattern:

� ! : (Pattern T )
T-Wildcard

� ! $x : (Pattern T)
T-PatternVariable

� ! M : T
� ! , M : (Pattern T )

T-ValuePattern

� ! Cp : [(Pattern S1) (Pattern S2) á á á(Pattern Sn )] " (Pattern T )
� ! M 1 : (Pattern S1) � ++ V (�, M 1) ! M 2 : (Pattern S2)
� ++ V (�, M 1) ++ V ((� ++ V (�, M 1)) , M 2) ! M 3 : (Pattern S3)

á á á � ++ V (�, M 1) ++ á á á++ V (� ++ V (�, M 1) ++ á á á, M n ! 1) ! M n : (Pattern Sn )
� ! <C p M 1 M 2 ... M n > : (Pattern T)

T-InductivePattern

Primitive pattern pattern:

� ! $ : (PPPattern T [ T ])
T-PatternHole

� ! ,$ x : (PPPattern T [])
T-ValuePatternPattern

� ! Cpp : [ T1 T2 ...Tn ] " T � ! ppi : (PPPattern Ti Si )
� ! <C pp ppi > i : (PPPattern T ⌃i Si )

T-InductivePatternPattern

Primitive data pattern:

� ! $x : (PDPattern T)
T-PrimitivePatternVariable

� ! Cdp : [ S1 S2 ...Sn ] " T � ! dp1 : S1 � ! dp2 : S2 ... � ! dpn : Sn

� ! <C dp dp1 dp2 ... dpn > : T
T-InductiveDataPattern

Function V returns bindings from variable names to their types.

V (�, ) = !

V (�, $x) = { (x : T )} when � ! $x : (Pattern T)

V (�, , M ) = !

V (�, <C p 1 p2 á á á> ) = V (�, p1) ++ V (� ++ V (�, p1), p2) ++ á á á
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Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )

V (! , , M ) = !

V (! , "C p1 p2 á á á#) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

VP P (! , $) = !

VP P (! , ,$ x) = { (x : (Pattern T ) )} when ! ! $x : (PPPattern T)

VP P (! , "C pp1 pp2 á á á#) = VP P (! , pp1) ++ VP P (! , pp2) ++ á á á

VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If

...
{ 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

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

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : a T-Var á á á! 10 : Integer T-Num

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : Integer T-Var á á á! 10 : Integer T-Num

{ 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

3
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Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )

V (! , , M ) = !

V (! , "C p1 p2 á á á#) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

VP P (! , $) = !

VP P (! , ,$ x) = { (x : (Pattern T ) )} when ! ! $x : (PPPattern T)

VP P (! , "C pp1 pp2 á á á#) = VP P (! , pp1) ++ VP P (! , pp2) ++ á á á

VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If

...
{ 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

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

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : a T-Var á á á! 10 : Integer T-Num

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : Integer T-Var á á á! 10 : Integer T-Num

{ 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

3
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Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )

V (! , , M ) = !

V (! , "C p1 p2 á á á#) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

VP P (! , $) = !

VP P (! , ,$ x) = { (x : (Pattern T ) )} when ! ! $x : (PPPattern T)

VP P (! , "C pp1 pp2 á á á#) = VP P (! , pp1) ++ VP P (! , pp2) ++ á á á

VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If

...
{ 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

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

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : a T-Var á á á! 10 : Integer T-Num

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : Integer T-Var á á á! 10 : Integer T-Num

{ 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
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Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )

V (! , , M ) = !

V (! , "C p1 p2 á á á#) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

VP P (! , $) = !

VP P (! , ,$ x) = { (x : (Pattern T ) )} when ! ! $x : (PPPattern T)

VP P (! , "C pp1 pp2 á á á#) = VP P (! , pp1) ++ VP P (! , pp2) ++ á á á

VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If

...
{ 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

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

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : a T-Var á á á! 10 : Integer T-Num

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : Integer T-Var á á á! 10 : Integer T-Num

{ 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
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Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )

V (! , , M ) = !

V (! , "C p1 p2 á á á#) = V (! , p1) ++ V (! ++ V (! , p1), p2) ++ á á á

VP P (! , $) = !

VP P (! , ,$ x) = { (x : (Pattern T ) )} when ! ! $x : (PPPattern T)

VP P (! , "C pp1 pp2 á á á#) = VP P (! , pp1) ++ VP P (! , pp2) ++ á á á

VDP (! , $x) = { (x : T )} when ! ! $x : (PDPattern T)

VDP (! , "C dp1 dp2 á á á#) = VDP (! , dp1) ++ VDP (! , dp2) ++ á á á

Function W and X returns a series of types.

W (! , ,$ x) = !

W (! , $) = (Matcher T ) when ! ! $ : (PPPattern T)

W (! , "C pp1 pp2 á á á#) = W (! , pp1) W (! , pp2) á á á

X (! , ,$ x) = !

X (! , $) = T when ! ! $ : (PPPattern T)

X (! , "C pp1 pp2 á á á#) = X (! , pp1) X (! , pp2) á á á

FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.

Example

! ! "Hello" : String T-Str { x : Integer } ! "World!" : String
T-Str

! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If

...
{ 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

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

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : a T-Var á á á! 10 : Integer T-Num

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : Integer T-Var á á á! 10 : Integer T-Num

{ 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
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Function V returns bindings from variable names to their types.

V (! , ) = !

V (! , $x) = { (x : T )} when ! ! $x : (Pattern T )
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Function W and X returns a series of types.
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X (! , $) = T when ! ! $ : (PPPattern T)
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FAQ

¥ Is there type polymorphism in Egison type system?
Let polymorphism exists in the implementation of type checker. But it was omitted to simplify this handout.
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! ! true : Bool T-Bool ! ! 10 : Integer T-Num ! ! 20 : Integer T-Num

! ! (if true 10 20) : Integer T-If
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{ 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

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

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

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

á á á! b.+ : [Integer Integer] $ Integer T-Var á á á! x : a T-Var á á á! 10 : Integer T-Num

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