
################################################################################
#                                                                              #
#                                                                              #
#                                                                              #
#                                                                              #
#                                                                              #
#                                    Klister:                                  #
#                      type inference for type−driven macros                   #
#                                                                              #
#                                                                              #
#                                                                              #
#                                                                              #
#                                                                              #
#                                                                              #
#                         presented by Samuel Gélineau                         #
#                      at the COMEPLS Seminar on 2024−09−17                    #
#                                                                              #
#                                                                              #
#                                                                              #
#                                                                              #
#                                                                              #
#                                                                              #
#                                                                              #
################################################################################



# Klister

  1. The goal
  2. Straightforward but incorrect approach
  3. Working but non−confluent approach
  4. The solution



# Klister

> 1. The goal
  2. Straightforward but incorrect approach
  3. Working but non−confluent approach
  4. The solution



# Klister

v 1. The goal
     1.1. Type−inference
     1.2. Late−typed code generation
     1.3. Type−driven code generation
     1.4. Together
  2. Straightforward but incorrect approach
  3. Working but non−confluent approach
  4. The solution



# Klister

  1. The goal
   > 1.1. Type−inference
     1.2. Late−typed code generation
     1.3. Type−driven code generation
     1.4. Together
  2. Straightforward but incorrect approach
  3. Working but non−confluent approach
  4. The solution



#lang "klister.kl"
−− Type−inference                                                                   

−− const : forall a b. a −> b −> a
(define const
  (lambda (r i)
    r))

(example
  const
)
(example
  (const "hello" 42)
)



#lang "klister.kl"
−− Type−inference                                                                   

−− const : forall a. a −> Int −> a
(define const
  (lambda (r i)
    (let [_x (+ i 1)]
      r)))

(example
  const
)
(example
  (const "hello" 42)
)



# Klister

  1. The goal
   > 1.1. Type−inference
     1.2. Late−typed code generation
     1.3. Type−driven code generation
     1.4. Together
  2. Straightforward but incorrect approach
  3. Working but non−confluent approach
  4. The solution



# Klister

  1. The goal
     1.1. Type−inference
   > 1.2. Late−typed code generation
     1.3. Type−driven code generation
     1.4. Together
  2. Straightforward but incorrect approach
  3. Working but non−confluent approach
  4. The solution



#lang "klister.kl"
−−       Late−typed code generation                                                 

−− (const* 3 "hello")
−− =>
−− (const (const (const "hello")))
(define−macro (const* n r)
  (case−integer n
    [zero       (pure r)]
    [(succ n−1) (pure `(const (const* ,n−1 ,r)))]))

(example
  (const* 0 "hello")  −− "hello"
)
(example
  (const* 1 "hello")  −− (const "hello")
)
(example
  (const* 2 "hello")  −− (const (const "hello"))
)



#lang "klister.kl"
−−       Late−typed code generation                                                 

−− (const* 3 "hello")
−− =>
−− (const (const (const "hello")))
(define−macro (const* n r)
  (case−integer n
    [zero       (pure r)]
    [(succ n−1) (pure `(const (const* ,n−1 ,r)))]))

(example
  (const* 0 "hello")  −− "hello"
)                     −−   : String
(example
  (const* 1 "hello")  −− (const "hello")
)                     −−   : (−> Int String)
(example
  (const* 2 "hello")  −− (const (const "hello"))
)                     −−   : (−> Int Int String)



#lang Beluga, Moebius
−−       Late−typed code generation                                                 
−− vs [ Early−typed code generation ]

power : int −> [ x:int |− int ]
power n =
  if n = 0
  then box(x. 1)
  else let box(x. X_TO_THE_N_MINUS_ONE) = power (n − 1)
    in box(x.
         (X_TO_THE_N_MINUS_ONE with x) * x
       )



#lang Beluga, Moebius
−−       Late−typed code generation                                                 
−− vs [ Early−typed code generation ]

power : int −> [ x:int |− int ]
power n =
  if n = 0
  then box(x. 1)
  else let box(x. X_TO_THE_N_MINUS_ONE) = power (n − 1)
    in box(x.
         (X_TO_THE_N_MINUS_ONE with x) ++ x  −− expected string, got int
       )  −− expected [ x:int |− int ], got [ x:int |− string ]



#lang "klister.kl"
−−    [  Late−typed code generation ]                                               
−− vs   Early−typed code generation

−− const : (−> Int Syntax (Macro Syntax))
(define−macro (power n x)
  (case−integer n
    [zero       (pure `1)]
    [(succ n−1) (pure `(*  ,x (power ,n−1 ,x)))]))

(example
  (power 8 2)
)



#lang "klister.kl"
−−    [  Late−typed code generation ]                                               
−− vs   Early−typed code generation

−− power : (−> Int Syntax (Macro Syntax))
(define−macro (power n x)
  (case−integer n
    [zero       (pure `1)]
    [(succ n−1) (pure `(++ ,x (power ,n−1 ,x)))]))  −− typechecks!

(example
  (power 8 2)  −− expected String, got Int
)
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#lang "klister.kl"
−− Type−driven code generation                                                      

−− default : (Macro Syntax)
(define−macro (default)
  (do (t <− (expected−type))
      (type−case t
        [Int      (pure `1)]
        [String   (pure `"!")]
        [(−> a b) (type−case a
                    [Int    (pure `(lambda (x) (+ x 1)))]
                    [String (pure `(lambda (x) (++ x "!")))])])))

(example
  (+ 42 (default))        −− (default)
)                         −−   : Int
(example                  −− (default)
  (++ "hello" (default))  −−   : String
)
(example                  −− (default)
  ((default) 42)          −−   : (−> Int ?1)
)
(example                  −− (default)
  ((default) "hello")     −−   : (−> String ?2)
)



#lang "klister.kl"
−− Type−driven code generation                                                      

−− default : (Macro Syntax)
(define−macro (default)
  (do (t <− (expected−type))
      (type−case t
        [Int      (pure `1)]
        [String   (pure `"!")]
        [(−> a b) (type−case a
                    [Int    (pure `(lambda (x) (+ x 1)))]
                    [String (pure `(lambda (x) (++ x "!")))])])))

(example
  (+ 42 (default))        −− 1
)                         −−   : Int
(example                  −− "hello"
  (++ "hello" (default))  −−   : String
)
(example                  −− (lambda (x) (+ x 1))
  ((default) 42)          −−   : (−> Int ?1)
)
(example                  −− (lambda (x) (++ x "!"))
  ((default) "hello")     −−   : (−> String ?2)
)



#lang "klister.kl"
−− Type−driven code generation                                                      

−− default : (Macro Syntax)
(define−macro (default)
  (do (t <− (expected−type))
      (type−case t
        [Int      (pure `1)]
        [String   (pure `"!")]
        [(−> a b) (type−case a
                    [Int    (pure `(lambda (x) (+ x 1)))]
                    [String (pure `(lambda (x) (++ x "!")))])])))

(example
  (+ 42 (default))        −− 1
)                         −−   : Int
(example                  −− "hello"
  (++ "hello" (default))  −−   : String
)
(example                  −− (lambda (x) (+ x 1))
  ((default) 42)          −−   : (−> Int Int)
)
(example                  −− (lambda (x) (++ x "!"))
  ((default) "hello")     −−   : (−> String String)
)
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#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const* 1 "hello")
   (default)))           −− (default)

(example
  ((default)             −− (default)
   (const* 0 "hello")))  −− (const* 0 "hello")

−−(example
−−  ((default)           −− (default)
−−   (default))          −− (default)
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello")
   (default)))           −− (default)

(example
  ((default)             −− (default)
   (const* 0 "hello")))  −− (const* 0 "hello")

−−(example
−−  ((default)           −− (default)
−−   (default))          −− (default)
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello") : (−> Int String)
   (default)))           −− (default)

(example
  ((default)             −− (default)
   (const* 0 "hello")))  −− (const* 0 "hello")

−−(example
−−  ((default)           −− (default)
−−   (default))          −− (default)
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello") : (−> Int String)
   (default)))           −− (default) : Int

(example
  ((default)             −− (default)
   (const* 0 "hello")))  −− (const* 0 "hello")

−−(example
−−  ((default)           −− (default)
−−   (default))          −− (default)
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello") : (−> Int String)
   (default)))           −− 1 : Int

(example
  ((default)             −− (default)
   (const* 0 "hello")))  −− (const* 0 "hello")

−−(example
−−  ((default)           −− (default)
−−   (default))          −− (default)
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello") : (−> Int String)
   (default)))           −− 1 : Int

(example
  ((default)             −− (default)
   (const* 0 "hello")))  −− "hello"

−−(example
−−  ((default)           −− (default)
−−   (default))          −− (default)
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello") : (−> Int String)
   (default)))           −− 1 : Int

(example
  ((default)             −− (default)
   (const* 0 "hello")))  −− "hello" : String

−−(example
−−  ((default)           −− (default)
−−   (default))          −− (default)
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello") : (−> Int String)
   (default)))           −− 1 : Int

(example
  ((default)             −− (default) : (−> String ?1)
   (const* 0 "hello")))  −− "hello" : String

−−(example
−−  ((default)           −− (default)
−−   (default))          −− (default)
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello") : (−> Int String)
   (default)))           −− 1 : Int

(example
  ((default)             −− (lambda (x) (++ x "!") : (−> String ?1)
   (const* 0 "hello")))  −− "hello" : String

−−(example
−−  ((default)           −− (default)
−−   (default))          −− (default)
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello") : (−> Int String)
   (default)))           −− 1 : Int

(example
  ((default)             −− (lambda (x) (++ x "!") : (−> String String)
   (const* 0 "hello")))  −− "hello" : String

−−(example
−−  ((default)           −− (default)
−−   (default))          −− (default)
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello") : (−> Int String)
   (default)))           −− 1 : Int

(example
  ((default)             −− (lambda (x) (++ x "!") : (−> String String)
   (const* 0 "hello")))  −− "hello" : String

−−(example
−−  ((default)           −− (default) : (−> ?1 ?2)
−−   (default))          −− (default) : ?1
−−)



#lang "klister.kl"
−− Late−typed code generation + Type−driven code generation                         

(example
  ((const* 1 "hello")    −− (const "hello") : (−> Int String)
   (default)))           −− 1 : Int

(example
  ((default)             −− (lambda (x) (++ x "!") : (−> String String)
   (const* 0 "hello")))  −− "hello" : String

−−(example               −− error: type is ambiguous
−−  ((default)           −− (default) : (−> ?1 ?2)
−−   (default))          −− (default) : ?1
−−)
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−− Straightforward approach: expand the macros in the expander phase                

−−   [parser]
−−       v
−−   expander
−−       v
−−  typechecker
−−       v
−− code generator

(example
  ((const* 2 "hello")
   1
   2)
)
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−−       v
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−−       v
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(example
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−− Straightforward approach: expand the macros in the expander phase                

−−    parser
−−       v
−−   expander
−−       v
−− [typechecker]
−−       v
−− code generator

(example
  ((const* 2 "hello")  −− (const (const "hello"))
   1
   2)
)
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−− Straightforward approach: expand the macros in the expander phase                

−−    parser
−−       v
−−   expander
−−       v
−− [typechecker]
−−       v
−− code generator

(example
  ((const* 2 "hello")  −− (const (const "hello"))
   1                   −−   : (−> Int Int String)
   2)  −− : String
)
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−−    parser
−−       v
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−−       v
−−  typechecker
−−       v
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(example
  ((const* 2 "hello")  −− (const (const "hello"))
   1                   −−   : (−> Int Int String)
   2)  −− : String
)
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−− Straightforward approach: expand the macros in the expander phase                

−−    parser
−−       v
−−   expander
−−       v
−−  typechecker
−−       v
−− code generator

(example
  ((const* 2 "hello")  −− (const (const "hello"))
   1                   −−   : (−> Int Int String)
   2)  −− : String
)
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−− Straightforward approach: expand the macros in the expander phase                

−−    parser
−−       v
−−   expander
−−       v
−−  typechecker
−−       v
−− code generator

(example
  ((const* 2 "hello")  −− (const (const "hello"))
   1                   −−   : (−> Int Int String)
   2)  −− : String
)

(example
  (+ 42
     (default))
)



#lang "klister.kl"
−− Straightforward approach: expand the macros in the expander phase                

−−   [parser]
−−       v
−−   expander
−−       v
−−  typechecker
−−       v
−− code generator

(example
  ((const* 2 "hello")  −− (const (const "hello"))
   1                   −−   : (−> Int Int String)
   2)  −− : String
)

(example
  (+ 42
     (default))
)



#lang "klister.kl"
−− Straightforward approach: expand the macros in the expander phase                

−−    parser
−−       v
−−  [expander]
−−       v
−−  typechecker
−−       v
−− code generator

(example
  ((const* 2 "hello")  −− (const (const "hello"))
   1                   −−   : (−> Int Int String)
   2)  −− : String
)

(example
  (+ 42
     (default))
)



#lang "klister.kl"
−− Straightforward approach: expand the macros in the expander phase                

−−    parser
−−       v
−−  [expander]
−−       v
−−  typechecker
−−       v
−− code generator

(example
  ((const* 2 "hello")  −− (const (const "hello"))
   1                   −−   : (−> Int Int String)
   2)  −− : String
)

(example
  (+ 42
     (default))        −− (default)
)



#lang "klister.kl"
−− Type−driven macros need type information!                                        

−−    parser
−−       v
−−  [expander]
−−       v
−−  typechecker
−−       v
−− code generator

(example
  ((const* 2 "hello")  −− (const (const "hello"))
   1                   −−   : (−> Int Int String)
   2)  −− : String
)

(example
  (+ 42
     (default))        −− (default) : ?
)



#lang "klister.kl"
−− Type−check first?                                                                

−−    parser               parser
−−       v                    v
−−   expander            typechecker
−−       v                    v
−−  typechecker           expander
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42
     (default))
)



#lang "klister.kl"
−− Type−check first?                                                                

−−    parser              [parser]
−−       v                    v
−−   expander            typechecker
−−       v                    v
−−  typechecker           expander
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42
     (default))
)



#lang "klister.kl"
−− Type−check first?                                                                

−−    parser               parser
−−       v                    v
−−   expander           [typechecker]
−−       v                    v
−−  typechecker           expander
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42
     (default))
)



#lang "klister.kl"
−− Type−check first?                                                                

−−    parser               parser
−−       v                    v
−−   expander           [typechecker]
−−       v                    v
−−  typechecker           expander
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42                −− + : (−> Int Int Int)
     (default))
)



#lang "klister.kl"
−− Type−check first?                                                                

−−    parser               parser
−−       v                    v
−−   expander           [typechecker]
−−       v                    v
−−  typechecker           expander
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42                −− + : (−> Int Int Int)
     (default))        −− (default) : Int
)



#lang "klister.kl"
−− Type−check first?                                                                

−−    parser               parser
−−       v                    v
−−   expander            typechecker
−−       v                    v
−−  typechecker          [expander]
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42                −− + : (−> Int Int Int)
     (default))        −− (default) : Int
)



#lang "klister.kl"
−− Type−check first?                                                                

−−    parser               parser
−−       v                    v
−−   expander            typechecker
−−       v                    v
−−  typechecker          [expander]
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42                −− + : (−> Int Int Int)
     (default))        −− 1 : Int
)



#lang "klister.kl"
−− Late−typed macros must be type−check after!                                      

−−    parser               parser
−−       v                    v
−−   expander            typechecker
−−       v                    v
−−  typechecker          [expander]
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42                −− + : (−> Int Int Int)
     (default))        −− "!" : Int
)



#lang "klister.kl"
−− Late−typed macros must be type−check after!                                      

−−    parser               parser
−−       v                    v
−−   expander            typechecker
−−       v                    v
−−  typechecker           expander
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42                −− + : (−> Int Int Int)
     (default))        −− "!" : Int
)



#lang "klister.kl"
−− Late−typed macros must be type−check after!                                      

−−    parser              [parser]
−−       v                    v
−−   expander            typechecker
−−       v                    v
−−  typechecker           expander
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42                −− + : (−> Int Int Int)
     (default))        −− "!" : Int
)
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−− Late−typed macros must be type−check after!                                      

−−    parser               parser
−−       v                    v
−−   expander           [typechecker]
−−       v                    v
−−  typechecker           expander
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1
   2)
)

(example
  (+ 42                −− + : (−> Int Int Int)
     (default))        −− "!" : Int
)



#lang "klister.kl"
−− Late−typed macros must be type−check after!                                      

−−    parser               parser
−−       v                    v
−−   expander           [typechecker]
−−       v                    v
−−  typechecker           expander
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")
   1                   −− 1 : Int
   2)                  −− 1 : Int
)

(example
  (+ 42                −− + : (−> Int Int Int)
     (default))        −− "!" : Int
)



#lang "klister.kl"
−− Late−typed macros must be type−check after!                                      

−−    parser               parser
−−       v                    v
−−   expander           [typechecker]
−−       v                    v
−−  typechecker           expander
−−       v                    v
−− code generator       code generator

(example
  ((const* 2 "hello")  −− (const* 2 "hello") : (−> Int Int ?1)
   1                   −− 1 : Int
   2)                  −− 1 : Int
)

(example
  (+ 42                −− + : (−> Int Int Int)
     (default))        −− "!" : Int
)



#lang "klister.kl"
−− The type−checker needs the final code to infer the full type!                    

−−    parser               parser
−−       v                    v
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−− code generator       code generator

(example
  ((const* 2 "hello")
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)

(example
  (+ 42
     (default))
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(example
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(example
  (+ 42
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   2)                  −−  (2 : Int)) : String
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  (+ 42
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)
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(example              −− ((+ : (−> Int Int Int))
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(example
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(example              −− error: type is ambiguous
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−−   (default))       −− (default) : ?1
−−)
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                        −− then argument position   then function position

(example                −−
  ((const* 1 "hello")   −− (const "hello")
   (default))           −− (default) : Int          (default)
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                        −− function position,       argument position,
                        −− then argument position   then function position

(example                −−
  ((const* 1 "hello")   −− (const "hello")
   (default))           −− 1 : Int                  (default)
)
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                        −− function position,       argument position,
                        −− then argument position   then function position

(example                −−                          error: type is ambiguous
  ((const* 1 "hello")   −− (const "hello")
   (default))           −− 1 : Int                  (default) : ?1
)
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                        −− function position,       argument position,
                        −− then argument position   then function position

(example                −−                          error: type is ambiguous
  ((const* 1 "hello")   −− (const "hello")
   (default))           −− 1 : Int                  (default) : ?1
)
(example                −− error: type is ambiguous
  ((default)            −− (default) : (−> ?1 ?2)   (lambda (x) (+ x 1))
   (const* 0 "hello"))  −−                          "hello"
)
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                        −− function position,       argument position,
                        −− then argument position   then function position

(example
  ((const* 1 "hello")   −−                          error: type is ambiguous
   (default))           −−                          (default) : ?1
)
(example                −− error: type is ambiguous
  ((default)            −− (default) : (−> ?1 ?2)
   (const* 0 "hello"))
)
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(example                −− (type−case ?1
  ((const* 1 "hello")   −−   [Int         e1]  −−−/−−>  error: type is ambiguous
   (default))           −−   [(−> Int t2) e2])
)
(example                −− (type−case (−> ?1 ?2)
  ((default)            −−   [Int         e1]  −−−/−−>  error: type is ambiguous
   (const* 0 "hello"))  −−   [(−> Int t2) e2])
)
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