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(define x ....)
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; ��������������������������
(define x ....)
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; ��������������������������
(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
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(premade-or )(x)(premade-or )

; ��������������������������
(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  )
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(premade-or )(x)(premade-or )

; ��������������������������
(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  .... ) 
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(premade-or )
(x)

(premade-or )

; ��������������������������
(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  .... ) 
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(premade-or )
(or x )(x)

(premade-or )

; ��������������������������
(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  .... ) 
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; ��������������������������
(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  (or  (x)))
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(define x ....)
 
(define (f x)
  (define x ....)

 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  (or  (x)))

  ....)
 
(define y ....)
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(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  (or  (x)))
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(or  ( ))xx

(define-syntax-rule (or a b)
  (let ([x a])

  (if x x b)))

(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  )
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x
x(let ([x ])

  (if x x ( )))

(define-syntax-rule (or a b)
  (let ([x a])

  (if x x b)))

(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  

)
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(define-syntax-rule (or a b)
  (let ([x a])

  (if x x b)))

(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  

)
(let ([x ])
  (if x x ( )))
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(define-syntax-rule (or a b)

  (let ([x a])  (if x x b)))(define x ....)
 
(define-syntax-rule (premade-or e)

  (or x e)) 
(let ([x ....])
  

)
(let ([x ])  (if x x ( )))
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(define-syntax-rule (or a b)
  (let ([x a])

  (if x x b)))

(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  

)
(let ([x ])
  (if x x ( )))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (or y x)))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (or y x)))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (or y x)))
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(define x 1) 
(let ([x x])  (λ (y)  (or y x)))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (or y x)))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (or y x)))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (or y x)))
 
 

�⊆�

����������������⊆������������������

���



x(define x 1)
 
(let ([x x])
  (λ (y)

  (or y x)))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (or y x)))
 
 

�⊆�

�⊆�⊆

���



x

(define x 1)
 
(let ([x x])
  (λ (y)

  (or y x)))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (let ([x y])
  (if x x x))))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (let ([x y])
  (if x x x))))
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(define x 1) 
(let ([x x])  (λ (y)  (let ([x y])  (if x x x))))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (let ([x y])
  (if x x x))))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (let ([x y])
  (if x x x))))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (let ([x y])
  (if x x x))))
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(define x 1)
 
(let ([x x])
  (λ (y)

  (let ([x y])
  (if x x x))))
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(premade-or )(x)

(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  )
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(x)(premade-or )

(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  )

���



(x)(premade-or )

(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  .... ) 
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(premade-or )

(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  .... ) 
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(or x )(x)
(premade-or )

(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  .... ) 
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x

(define x ....)
 
(define-syntax-rule (premade-or e)
  (or x e))
 
(let ([x ....])
  (or  (x)))
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������ ��� (lambda (����) ������) function

� ���� variable

� (������ ������ ...) function call

� (quote �������) literal data

� (let-syntax ([���� ������])
 ������)

macro binding

� (quote-syntax �������) literal syntax
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������ ��� (lambda (����) ������) function

� ���� variable

� (������ ������ ...) function call

� (quote �������) literal data

� (let-syntax ([���� ������])
 ������)

macro binding

� (quote-syntax �������) literal syntax

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

���



������ ��� (lambda (����) ������) function

� ���� variable

� (������ ������ ...) function call

� (quote �������) literal data

� (let-syntax ([���� ������])
 ������)

macro binding

� (quote-syntax �������) literal syntax

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

(one)
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������ ��� (lambda (����) ������) function

� ���� variable

� (������ ������ ...) function call

� (quote �������) literal data

� (let-syntax ([���� ������])
 ������)

macro binding

� (quote-syntax �������) literal syntax

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

(one)

���������� '1
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������ ��� (lambda (����) ������) function

� ���� variable

� (������ ������ ...) function call

� (quote �������) literal data

� (let-syntax ([���� ������])
 ������)

macro binding

� (quote-syntax �������) literal syntax

(let-syntax ([thunk (lambda (stx)
  (list (quote-syntax lambda)

(list (quote-syntax x))
(second stx)))])

  (thunk '1))
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������ ��� (lambda (����) ������) function

� ���� variable

� (������ ������ ...) function call

� (quote �������) literal data

� (let-syntax ([���� ������])
 ������)

macro binding

� (quote-syntax �������) literal syntax

(let-syntax ([thunk (lambda (stx)
  (list (quote-syntax lambda)

(list (quote-syntax x))
(second stx)))])

  (thunk '1))

(thunk '1)
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������ ��� (lambda (����) ������) function

� ���� variable

� (������ ������ ...) function call

� (quote �������) literal data

� (let-syntax ([���� ������])
 ������)

macro binding

� (quote-syntax �������) literal syntax

(let-syntax ([thunk (lambda (stx)
  (list (quote-syntax lambda)

(list (quote-syntax x))
(second stx)))])

  (thunk '1))

(thunk '1)

���������� (lambda (x) '1)
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(struct syntax (e scopes) #:transparent)
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(struct syntax (e scopes) #:transparent)
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(struct syntax (e scopes) #:transparent)

x

(syntax 'x (set))
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(struct syntax (e scopes) #:transparent)

x

(syntax 'x (set sc1))
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�������������������������������������

(struct syntax (e scopes) #:transparent)

x

(syntax 'x (set sc1 sc2))
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�������������������������������������

(struct syntax (e scopes) #:transparent)

(syntax? (syntax 'x (set)))

⇒ #t
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�������������������������������������

(struct syntax (e scopes) #:transparent)

(syntax? 'x)

⇒ #f
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�������������������������������������

(struct syntax (e scopes) #:transparent)

(syntax-e (syntax 'x (set)))

⇒ 'x

���



��������������

�������������������������������������

(struct syntax (e scopes) #:transparent)

(syntax-scopes (syntax 'x (set)))

⇒ (set)

���



��������������

��������������������������������

(define (identifier? s)
  (syntax? s))
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��������������������������������

(define (identifier? s)
  (syntax? s))

(identifier? (syntax 'x (set)))

⇒ #t
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datum->syntax���������������������������������

�����������������������������

(define (datum->syntax v)
  (cond

[(syntax? v) v]
[(symbol? v) (syntax v (set))]
[(list? v) (map datum->syntax v)]
[else v]))
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datum->syntax���������������������������������

�����������������������������

(define (datum->syntax v)
  (cond

[(syntax? v) v]
[(symbol? v) (syntax v (set))]
[(list? v) (map datum->syntax v)]
[else v]))

(datum->syntax 'a)

⇒ (syntax 'a (set))
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datum->syntax���������������������������������

�����������������������������

(define (datum->syntax v)
  (cond

[(syntax? v) v]
[(symbol? v) (syntax v (set))]
[(list? v) (map datum->syntax v)]
[else v]))

(datum->syntax 1)

⇒ 1
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datum->syntax���������������������������������

�����������������������������

(define (datum->syntax v)
  (cond

[(syntax? v) v]
[(symbol? v) (syntax v (set))]
[(list? v) (map datum->syntax v)]
[else v]))

(datum->syntax '(a b c))

⇒ (list (syntax 'a (set))
(syntax 'b (set))
(syntax 'c (set)))
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datum->syntax���������������������������������

�����������������������������

(define (datum->syntax v)
  (cond

[(syntax? v) v]
[(symbol? v) (syntax v (set))]
[(list? v) (map datum->syntax v)]
[else v]))

(datum->syntax (list 'a
(syntax 'b (set sc1))
'c))

⇒ (list (syntax 'a (set))
(syntax 'b (set sc1))
(syntax 'c (set)))
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syntax->datum����������������

�����������������������������

(define (syntax->datum s)
  (cond

[(syntax? s) (syntax-e s)]
[(list? s) (map syntax->datum s)]
[else s]))
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syntax->datum����������������

�����������������������������

(define (syntax->datum s)
  (cond

[(syntax? s) (syntax-e s)]
[(list? s) (map syntax->datum s)]
[else s]))

(syntax->datum (datum->syntax '(a b c)))

⇒ '(a b c)
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���������������������eq?

(struct scope ())
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���������������������eq?

(struct scope ())

(define sc1 (scope))  

(define sc2 (scope))  
 

(eq? sc1 sc2)

⇒ #f
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���������������������eq?

(struct scope ())

(define sc1 (scope))  

(define sc2 (scope))  
 

(eq? sc1 sc1)

⇒ #t
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���������������������eq?

(struct scope ())

(define sc1 (scope))  

(define sc2 (scope))  
 

(set sc1 sc2)  
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�������������������������������������������

(define (add-scope s sc)
  (cond

[(syntax? s)
(syntax (syntax-e s)

(set-add (syntax-scopes s) sc))]
[(list? s)
(map (lambda (e) (add-scope e sc)) s)]

[else s]))
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�������������������������������������������

(define (add-scope s sc)
  (cond

[(syntax? s)
(syntax (syntax-e s)

(set-add (syntax-scopes s) sc))]
[(list? s)
(map (lambda (e) (add-scope e sc)) s)]

[else s]))

x ��� �⇒� x

(add-scope (syntax 'x (set)) sc1)

⇒ (syntax 'x (set sc1))
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�������������������������������������������

(define (add-scope s sc)
  (cond

[(syntax? s)
(syntax (syntax-e s)

(set-add (syntax-scopes s) sc))]
[(list? s)
(map (lambda (e) (add-scope e sc)) s)]

[else s]))

(add-scope (datum->syntax '(x (y))) sc1)

⇒ (list (syntax 'x (set sc1))
(list (syntax 'y (set sc1))))
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�������������������������������������������

(define (add-scope s sc)
  (cond

[(syntax? s)
(syntax (syntax-e s)

(set-add (syntax-scopes s) sc))]
[(list? s)
(map (lambda (e) (add-scope e sc)) s)]

[else s]))
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����������������������������������������������

(define (adjust-scope s sc op)
  (cond

[(syntax? s)
(syntax (syntax-e s)

(op (syntax-scopes s) sc))]
[(list? s)
(map (lambda (e) (adjust-scope e sc op)) s)]

[else s]))
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(define (add-scope s sc)
  (adjust-scope s sc set-add))
 
(define (flip-scope s sc)
  (adjust-scope s sc set-flip))
 
(define (set-flip s e)
  (if (set-member? s e)

(set-remove s e)
(set-add s e)))
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(define (add-scope s sc)
  (adjust-scope s sc set-add))
 
(define (flip-scope s sc)
  (adjust-scope s sc set-flip))
 
(define (set-flip s e)
  (if (set-member? s e)

(set-remove s e)
(set-add s e)))

(add-scope (syntax 'x (set sc1))
sc2)

⇒ (syntax 'x (set sc1 sc2))
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(define (add-scope s sc)
  (adjust-scope s sc set-add))
 
(define (flip-scope s sc)
  (adjust-scope s sc set-flip))
 
(define (set-flip s e)
  (if (set-member? s e)

(set-remove s e)
(set-add s e)))

(add-scope (syntax 'x (set sc1))
sc1)

⇒ (syntax 'x (set sc1))
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(define (add-scope s sc)
  (adjust-scope s sc set-add))
 
(define (flip-scope s sc)
  (adjust-scope s sc set-flip))
 
(define (set-flip s e)
  (if (set-member? s e)

(set-remove s e)
(set-add s e)))

(flip-scope (syntax 'x (set sc1))
sc2)

⇒ (syntax 'x (set sc1 sc2))
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(define (add-scope s sc)
  (adjust-scope s sc set-add))
 
(define (flip-scope s sc)
  (adjust-scope s sc set-flip))
 
(define (set-flip s e)
  (if (set-member? s e)

(set-remove s e)
(set-add s e)))

(flip-scope (syntax 'x (set sc1 sc2))
sc2)

⇒ (syntax 'x (set sc1))
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������������������� � �������������������������������
� ����������������������

(define all-bindings (make-hash))
 
(define (add-binding! id binding)
  (hash-set! all-bindings id binding))
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������������������� � �������������������������������
� ����������������������

(define all-bindings (make-hash))
 
(define (add-binding! id binding)
  (hash-set! all-bindings id binding))

(let ([a '1])
  (let ([z '2])

  ....))

(define loc/a (gensym))

(add-binding! (syntax 'a (set sc1)) loc/a)
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������������������� � �������������������������������
� ����������������������

(define all-bindings (make-hash))
 
(define (add-binding! id binding)
  (hash-set! all-bindings id binding))

(let ([b '1])
  (let ([b '2])

  ....))

(define loc/b-out (gensym))
(define loc/b-in (gensym))

(add-binding! (syntax 'b (set sc1)) loc/b-out)
(add-binding! (syntax 'b (set sc1 sc2)) loc/b-in)
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������������������� � �������������������������������
� ����������������������

(define all-bindings (make-hash))
 
(define (add-binding! id binding)
  (hash-set! all-bindings id binding))

(list
(let ([c '1]) ...)
(let ([c '2]) ...))

 
(define loc/c1 (gensym))
(define loc/c2 (gensym))

(add-binding! (syntax 'c (set sc1)) loc/c1)
(add-binding! (syntax 'c (set sc2)) loc/c2)

���



��������������������

resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))
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resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))

(let ([a '1])
  (let ([z '2])

  ....))

(resolve (syntax 'a (set sc1)))

⇒ loc/a
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resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))

(let ([a '1])
  (let ([z '2])

  ....))

(resolve (syntax 'a (set sc1 sc2)))

⇒ loc/a
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resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))

(let ([a '1])
  (let ([z '2])

  ....))

(resolve (syntax 'a (set sc2)))

⇒ #f
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resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))

(let ([b '1])
  (let ([b '2])

  ....))

(resolve (syntax 'b (set sc1)))

⇒ loc/b-out
���
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resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))

(let ([b '1])
  (let ([b '2])

  ....))

(resolve (syntax 'b (set sc1 sc2)))

⇒ loc/b-in
���
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resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))

(let ([b '1])
  (let ([b '2])

  ....))

(resolve (syntax 'b (set sc2)))

⇒ #f
���
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resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))

(list
(let ([c '1]) ...)
(let ([c '2]) ...))

(resolve (syntax 'c (set sc1)))

⇒ loc/c1
���
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resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))

(list
(let ([c '1]) ...)
(let ([c '2]) ...))

(resolve (syntax 'c (set sc2)))

⇒ loc/c2
���
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resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))

(list
(let ([c '1]) ...)
(let ([c '2]) ...))

(resolve (syntax 'c (set sc1 sc2)))

⇒ error: ambiguous
���
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resolve����������������������������������

(define (resolve id)
  (define candidate-ids

  (find-all-matching-bindings id))
  (cond

[(pair? candidate-ids)
(define max-id
  (argmax (compose set-count syntax-scopes)

candidate-ids))
(check-unambiguous max-id candidate-ids)
(hash-ref all-bindings max-id)]

[else #f]))

 

���
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Helper:���������������������������������������������������

(define (find-all-matching-bindings id)
  (for/list ([c-id (in-hash-keys all-bindings)]

#:when (and (eq? (syntax-e c-id) (syntax-e id))
(subset? (syntax-scopes c-id)

(syntax-scopes id))))
  c-id))
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Helper:���������������������������������������������������

(define (find-all-matching-bindings id)
  (for/list ([c-id (in-hash-keys all-bindings)]

#:when (and (eq? (syntax-e c-id) (syntax-e id))
(subset? (syntax-scopes c-id)

(syntax-scopes id))))
  c-id))(let ([a '1])

  (let ([z '2])
  ....))

(find-all-matching-bindings
(syntax 'a (set sc1)))

⇒ (list (syntax 'a (set sc1)))

���
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Helper:���������������������������������������������������

(define (find-all-matching-bindings id)
  (for/list ([c-id (in-hash-keys all-bindings)]

#:when (and (eq? (syntax-e c-id) (syntax-e id))
(subset? (syntax-scopes c-id)

(syntax-scopes id))))
  c-id))(let ([a '1])

  (let ([z '2])
  ....))

(find-all-matching-bindings
(syntax 'a (set sc2)))

⇒ (list)

���
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Helper:���������������������������������������������������

(define (find-all-matching-bindings id)
  (for/list ([c-id (in-hash-keys all-bindings)]

#:when (and (eq? (syntax-e c-id) (syntax-e id))
(subset? (syntax-scopes c-id)

(syntax-scopes id))))
  c-id))(let ([a '1])

  (let ([z '2])
  ....))

(find-all-matching-bindings
(syntax 'a (set sc1 sc2)))

⇒ (list (syntax 'a (set sc1)))

���
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Helper:���������������������������������������������������

(define (find-all-matching-bindings id)
  (for/list ([c-id (in-hash-keys all-bindings)]

#:when (and (eq? (syntax-e c-id) (syntax-e id))
(subset? (syntax-scopes c-id)

(syntax-scopes id))))
  c-id))(let ([b '1])

  (let ([b '2])
  ....))

(list->set
(find-all-matching-bindings
(syntax 'b (set sc1 sc2))))

⇒ (set (syntax 'b (set sc1))
(syntax 'b (set sc1 sc2)))
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Helper:���������������������������������������������������

(define (find-all-matching-bindings id)
  (for/list ([c-id (in-hash-keys all-bindings)]

#:when (and (eq? (syntax-e c-id) (syntax-e id))
(subset? (syntax-scopes c-id)

(syntax-scopes id))))
  c-id))(list

(let ([c '1]) ...)
(let ([c '2]) ...))

(list->set
(find-all-matching-bindings
(syntax 'c (set sc1 sc2))))

⇒ (set (syntax 'c (set sc1))
(syntax 'c (set sc2)))

���
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Helper:�������������������������������������������������

(define (check-unambiguous max-id candidate-ids)
  (for ([c-id (in-list candidate-ids)])

  (unless (subset? (syntax-scopes c-id)
(syntax-scopes max-id))

  (error "ambiguous:" max-id))))
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Helper:�������������������������������������������������

(define (check-unambiguous max-id candidate-ids)
  (for ([c-id (in-list candidate-ids)])

  (unless (subset? (syntax-scopes c-id)
(syntax-scopes max-id))

  (error "ambiguous:" max-id))))

(check-unambiguous
(syntax 'b (set sc1 sc2))
(list (syntax 'b (set sc1))

(syntax 'b (set sc1 sc2))))
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Helper:�������������������������������������������������

(define (check-unambiguous max-id candidate-ids)
  (for ([c-id (in-list candidate-ids)])

  (unless (subset? (syntax-scopes c-id)
(syntax-scopes max-id))

  (error "ambiguous:" max-id))))

(check-unambiguous
(syntax 'c (set sc2))
(list (syntax 'c (set sc1))

(syntax 'c (set sc2))))

⇒ error: ambiguous

���
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���������������������core-scope

(define core-scope (scope))
 
(define core-forms
  (set 'lambda 'let-syntax 'quote 'quote-syntax))
(define core-primitives
  (set 'datum->syntax 'syntax->datum 'syntax-e

'list 'cons 'first 'second 'rest 'map))
 
(for ([sym (set-union core-forms core-primitives)])
  (add-binding! (syntax sym (set core-scope)) sym))
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���������������������core-scope

(define core-scope (scope))
 
(define core-forms
  (set 'lambda 'let-syntax 'quote 'quote-syntax))
(define core-primitives
  (set 'datum->syntax 'syntax->datum 'syntax-e

'list 'cons 'first 'second 'rest 'map))
 
(for ([sym (set-union core-forms core-primitives)])
  (add-binding! (syntax sym (set core-scope)) sym))

(resolve (datum->syntax 'lambda))

⇒ #f
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���������������������core-scope

(define core-scope (scope))
 
(define core-forms
  (set 'lambda 'let-syntax 'quote 'quote-syntax))
(define core-primitives
  (set 'datum->syntax 'syntax->datum 'syntax-e

'list 'cons 'first 'second 'rest 'map))
 
(for ([sym (set-union core-forms core-primitives)])
  (add-binding! (syntax sym (set core-scope)) sym))

(resolve (add-scope (datum->syntax 'lambda)
core-scope))

⇒ 'lambda
���
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���������������������core-scope

(define core-scope (scope))
 
(define core-forms
  (set 'lambda 'let-syntax 'quote 'quote-syntax))
(define core-primitives
  (set 'datum->syntax 'syntax->datum 'syntax-e

'list 'cons 'first 'second 'rest 'map))
 
(for ([sym (set-union core-forms core-primitives)])
  (add-binding! (syntax sym (set core-scope)) sym))

(resolve (add-scope (datum->syntax 'cons)
core-scope))

⇒ 'cons
���
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(define (introduce s)
  (add-scope s core-scope))

���
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(define (introduce s)
  (add-scope s core-scope))

(introduce
(datum->syntax 'cons))

⇒ (syntax 'cons (set core-scope))
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(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

����������

'1

���



����������������

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

 
(define one-prog
  (introduce

(datum->syntax
'(let-syntax ([one (lambda (stx)

  (quote-syntax '1))])
(one)))))

 

(syntax->datum (expand one-prog))

⇒ '(quote 1)
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(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

 
(define one-prog
  (introduce

(datum->syntax
'(let-syntax ([one (lambda (stx)

  (quote-syntax '1))])
(one)))))

 

(expand one-prog)

⇒ (list (syntax 'quote ....core-scope....) 1)

���
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(list (one) '2)

����������

(list '1 '2)

 

(expand (introduce
(datum->syntax '(list '1 '2))))

⇒ (list
(syntax 'list (set core-scope))
(list (syntax 'quote (set core-scope)) 1)
(list (syntax 'quote (set core-scope)) 2))

���
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(lambda (x) x)

����������

(lambda (x) x)

 

(expand (introduce
(datum->syntax '(lambda (x) x))))

⇒ (list
(syntax 'lambda (set core-scope))
(list (syntax 'x (set core-scope sc1)))
(syntax 'x (set core-scope sc1)))
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�����������������������������������������use����binding

(lambda (x)
  ... x ...)
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�����������������������������������������use����binding

(lambda (x)
  ... x ...)

(resolve x)
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������������������������������������use������������

(lambda (x)
  ....)
x
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������������������������������������use������������

(let-syntax ([m (lambda (stx) ...)])
  ....)
m

Compile-time environment�������������������������
� �������������variable
� ����������������������������

�������



������������������������

(define empty-env (hash))
 
(define (env-extend env key val)
  (hash-set env key val))
 
(define (env-lookup env binding)
  (hash-ref env binding #f))
 
(define variable (gensym 'variable))
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(define empty-env (hash))
 
(define (env-extend env key val)
  (hash-set env key val))
 
(define (env-lookup env binding)
  (hash-ref env binding #f))
 
(define variable (gensym 'variable))

(env-lookup empty-env loc/a)

⇒ #f

���
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(define empty-env (hash))
 
(define (env-extend env key val)
  (hash-set env key val))
 
(define (env-lookup env binding)
  (hash-ref env binding #f))
 
(define variable (gensym 'variable))
(lambda (a)
  ....)

(env-lookup
(env-extend empty-env loc/a variable)
loc/a)

⇒ variable

���
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(define empty-env (hash))
 
(define (env-extend env key val)
  (hash-set env key val))
 
(define (env-lookup env binding)
  (hash-ref env binding #f))
 
(define variable (gensym 'variable))
(let-syntax ([a macro-expr])
  ....)

(env-lookup
(env-extend empty-env loc/a macro-function)
loc/a)

⇒ macro-function

���
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�����expand���������

(define (expand s [env empty-env])
  (cond

[(identifier? s)
; an identifier by itself
(expand-identifier s env)]

[(and (pair? s)
(identifier? (first s)))

; "application" of an identifier; maybe a form
(expand-id-application-form s env)]

[(list? s)
; application of non-identifier
(expand-app s env)]

[else
; anything else: error
(error "bad syntax:" s)]))
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�����expand���������

(define (expand s [env empty-env])
  (cond

[(identifier? s)
; an identifier by itself
(expand-identifier s env)]

[(and (pair? s)
(identifier? (first s)))

; "application" of an identifier; maybe a form
(expand-id-application-form s env)]

[(list? s)
; application of non-identifier
(expand-app s env)]

[else
; anything else: error
(error "bad syntax:" s)]))

x

���
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�����expand���������

(define (expand s [env empty-env])
  (cond

[(identifier? s)
; an identifier by itself
(expand-identifier s env)]

[(and (pair? s)
(identifier? (first s)))

; "application" of an identifier; maybe a form
(expand-id-application-form s env)]

[(list? s)
; application of non-identifier
(expand-app s env)]

[else
; anything else: error
(error "bad syntax:" s)]))

(f '1)
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�����expand���������

(define (expand s [env empty-env])
  (cond

[(identifier? s)
; an identifier by itself
(expand-identifier s env)]

[(and (pair? s)
(identifier? (first s)))

; "application" of an identifier; maybe a form
(expand-id-application-form s env)]

[(list? s)
; application of non-identifier
(expand-app s env)]

[else
; anything else: error
(error "bad syntax:" s)]))

(one)

���
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�����expand���������

(define (expand s [env empty-env])
  (cond

[(identifier? s)
; an identifier by itself
(expand-identifier s env)]

[(and (pair? s)
(identifier? (first s)))

; "application" of an identifier; maybe a form
(expand-id-application-form s env)]

[(list? s)
; application of non-identifier
(expand-app s env)]

[else
; anything else: error
(error "bad syntax:" s)]))

(lambda (x) x)

���



������������������

�����expand���������

(define (expand s [env empty-env])
  (cond

[(identifier? s)
; an identifier by itself
(expand-identifier s env)]

[(and (pair? s)
(identifier? (first s)))

; "application" of an identifier; maybe a form
(expand-id-application-form s env)]

[(list? s)
; application of non-identifier
(expand-app s env)]

[else
; anything else: error
(error "bad syntax:" s)]))

((curried '1) '2)

���
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�����expand���������

(define (expand s [env empty-env])
  (cond

[(identifier? s)
; an identifier by itself
(expand-identifier s env)]

[(and (pair? s)
(identifier? (first s)))

; "application" of an identifier; maybe a form
(expand-id-application-form s env)]

[(list? s)
; application of non-identifier
(expand-app s env)]

[else
; anything else: error
(error "bad syntax:" s)]))

1
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�����expand���������

(define (expand s [env empty-env])
  (cond

[(identifier? s)
; an identifier by itself
(expand-identifier s env)]

[(and (pair? s)
(identifier? (first s)))

; "application" of an identifier; maybe a form
(expand-id-application-form s env)]

[(list? s)
; application of non-identifier
(expand-app s env)]

[else
; anything else: error
(error "bad syntax:" s)]))

���
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�����������������������������

(define (expand-identifier s env)
  (define binding (resolve s))
  (cond

[(not binding) (error "free variable:" s)]
[(set-member? core-primitives binding) s]
[(set-member? core-forms binding) (error "bad syntax:" s)]
[else
(define v (env-lookup env binding))
(cond
[(eq? v variable) s]
[(not v) (error "out of context:" s)]
[else (error "bad syntax:" s)])]))
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�����������������������������

(define (expand-identifier s env)
  (define binding (resolve s))
  (cond

[(not binding) (error "free variable:" s)]
[(set-member? core-primitives binding) s]
[(set-member? core-forms binding) (error "bad syntax:" s)]
[else
(define v (env-lookup env binding))
(cond
[(eq? v variable) s]
[(not v) (error "out of context:" s)]
[else (error "bad syntax:" s)])]))

x
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�����������������������������

(define (expand-identifier s env)
  (define binding (resolve s))
  (cond

[(not binding) (error "free variable:" s)]
[(set-member? core-primitives binding) s]
[(set-member? core-forms binding) (error "bad syntax:" s)]
[else
(define v (env-lookup env binding))
(cond
[(eq? v variable) s]
[(not v) (error "out of context:" s)]
[else (error "bad syntax:" s)])]))

conz
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�����������������������������

(define (expand-identifier s env)
  (define binding (resolve s))
  (cond

[(not binding) (error "free variable:" s)]
[(set-member? core-primitives binding) s]
[(set-member? core-forms binding) (error "bad syntax:" s)]
[else
(define v (env-lookup env binding))
(cond
[(eq? v variable) s]
[(not v) (error "out of context:" s)]
[else (error "bad syntax:" s)])]))

cons

���
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�����������������������������

(define (expand-identifier s env)
  (define binding (resolve s))
  (cond

[(not binding) (error "free variable:" s)]
[(set-member? core-primitives binding) s]
[(set-member? core-forms binding) (error "bad syntax:" s)]
[else
(define v (env-lookup env binding))
(cond
[(eq? v variable) s]
[(not v) (error "out of context:" s)]
[else (error "bad syntax:" s)])]))

lambda
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�����������������������������

(define (expand-identifier s env)
  (define binding (resolve s))
  (cond

[(not binding) (error "free variable:" s)]
[(set-member? core-primitives binding) s]
[(set-member? core-forms binding) (error "bad syntax:" s)]
[else
(define v (env-lookup env binding))
(cond
[(eq? v variable) s]
[(not v) (error "out of context:" s)]
[else (error "bad syntax:" s)])]))

�����������������������
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�����������������������������

(define (expand-identifier s env)
  (define binding (resolve s))
  (cond

[(not binding) (error "free variable:" s)]
[(set-member? core-primitives binding) s]
[(set-member? core-forms binding) (error "bad syntax:" s)]
[else
(define v (env-lookup env binding))
(cond
[(eq? v variable) s]
[(not v) (error "out of context:" s)]
[else (error "bad syntax:" s)])]))

(lambda (x)
  )x
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�����������������������������

(define (expand-identifier s env)
  (define binding (resolve s))
  (cond

[(not binding) (error "free variable:" s)]
[(set-member? core-primitives binding) s]
[(set-member? core-forms binding) (error "bad syntax:" s)]
[else
(define v (env-lookup env binding))
(cond
[(eq? v variable) s]
[(not v) (error "out of context:" s)]
[else (error "bad syntax:" s)])]))

(lambda (x)
  ....)
x

���



������������������

�����������������������������

(define (expand-identifier s env)
  (define binding (resolve s))
  (cond

[(not binding) (error "free variable:" s)]
[(set-member? core-primitives binding) s]
[(set-member? core-forms binding) (error "bad syntax:" s)]
[else
(define v (env-lookup env binding))
(cond
[(eq? v variable) s]
[(not v) (error "out of context:" s)]
[else (error "bad syntax:" s)])]))

one
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�����������������������������

(define (expand-identifier s env)
  (define binding (resolve s))
  (cond

[(not binding) (error "free variable:" s)]
[(set-member? core-primitives binding) s]
[(set-member? core-forms binding) (error "bad syntax:" s)]
[else
(define v (env-lookup env binding))
(cond
[(eq? v variable) s]
[(not v) (error "out of context:" s)]
[else (error "bad syntax:" s)])]))
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���������������������������������������������

(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))
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���������������������������������������������

(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))

(f '1)
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(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))

(one)
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(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))

(lambda (x) x)
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(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))
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(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))
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(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))

's
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(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))

(quote-syntax x)
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(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))
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(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))

(one)
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(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))

(f '1)
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(define (expand-id-application-form s env)
  (define binding (resolve (first s)))
  (case binding

  [(lambda) (expand-lambda s env)]
  [(let-syntax) (expand-let-syntax s env)]
  [(quote) s]
  [(quote-syntax) s]
  [else

(define v (env-lookup env binding))
(cond
[(procedure? v)
; apply a macro, then recur
(expand (apply-transformer v s) env)]

[else
; anything else: a function call
(expand-app s env)])]))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(one)

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(one)
����������������������  '1

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(one)
����������������������  (quote 1)

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(one)
����������������������  (quote 1)

��������������

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(one)
����������������������  (quote 1)

(quote 1)

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(one)
����������������������  (quote 1)

(quote 1)

(quote 1)

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(one)
����������������������  (quote 1)

(quote 1)

 

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(let-syntax ([thunk (lambda (stx)
  (list (quote-syntax lambda)

(list (quote-syntax x))
(second stx)))])

  (thunk x))

���



����������������

�����������������������������������

(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(thunk x)

(let-syntax ([thunk (lambda (stx)
  (list (quote-syntax lambda)

(list (quote-syntax x))
(second stx)))])

  (thunk x))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(thunk x)
�����������������������thunk

(let-syntax ([thunk (lambda (stx)
  (list (quote-syntax lambda)

(list (quote-syntax x))
(second stx)))])

  (thunk x))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(thunk x)
�����������������������thunk

(lambda (x) x)

(let-syntax ([thunk (lambda (stx)
  (list (quote-syntax lambda)

(list (quote-syntax x))
(second stx)))])

  (thunk x))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(thunk x)
�����������������������thunk

(lambda (x) x)

 

(let-syntax ([thunk (lambda (stx)
  (list (quote-syntax lambda)

(list (quote-syntax x))
(second stx)))])

  (thunk x))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(thunk x)
�����������������������thunk

(lambda (x) x)

 
(thunk x)

(let-syntax ([thunk (lambda (stx)
  (list (quote-syntax lambda)

(list (quote-syntax x))
(second stx)))])

  (thunk x))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))

(thunk x)
�����������������������thunk

(lambda (x) x)

 

(lambda (x) x)

(let-syntax ([thunk (lambda (stx)
  (list (quote-syntax lambda)

(list (quote-syntax x))
(second stx)))])

  (thunk x))
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(define (apply-transformer t s)
  ; Create a scope to represent the macro step
  (define intro-scope (scope))
  ; Tentatively add the scope to the input
  (define intro-s (add-scope s intro-scope))
  ; Call the transformer
  (define transformed-s (t intro-s))
  ; Flip intro scope to get final result
  (flip-scope transformed-s intro-scope))
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(define (expand-app s env)
  (map (lambda (sub-s) (expand sub-s env))

s))
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(define (expand-app s env)
  (map (lambda (sub-s) (expand sub-s env))

s))

(f (one))
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(define (expand-app s env)
  (map (lambda (sub-s) (expand sub-s env))

s))

(f (one))

(f '1)
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))

x
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))

x

(f x)
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))

x
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))

������������������������x
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))

������������������������variable
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))

(f x)
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))

(f x)
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))

(f x)(f x)
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(define (expand-lambda s env)
  (match-define `(,lambda-id (,arg-id) ,body) s)
  ; Create a scope for this lambda
  (define sc (scope))
  ; Add new scope to the argument identifier
  (define id (add-scope arg-id sc))
  ; Bind the argument identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Add binding to the environment
  (define body-env (env-extend env binding variable))
  ; Expand the function body after adding the scope
  (define exp-body (expand (add-scope body sc)

body-env))
  ; Rebuild expanded form
  `(,lambda-id (,id) ,exp-body))

(lambda (x) (f x))

(f x)(f x)

(lambda (x) (f x))
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(define (expand-let-syntax s env)
  (match-define `(,let-syntax-id ([,lhs-id ,rhs])

  ,body)
s)

  ; Create a scope for this let-syntax
  (define sc (scope))
  ; Add new scope to the identifier
  (define id (add-scope lhs-id sc))
  ; Bind the identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Evaluate compile-time expressions
  (define rhs-val (eval-for-syntax-binding rhs))
  ; Map binding to its value
  (define body-env (env-extend env binding rhs-val))
  ; Expand body
  (expand (add-scope body sc) body-env))
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(define (expand-let-syntax s env)
  (match-define `(,let-syntax-id ([,lhs-id ,rhs])

  ,body)
s)

  ; Create a scope for this let-syntax
  (define sc (scope))
  ; Add new scope to the identifier
  (define id (add-scope lhs-id sc))
  ; Bind the identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Evaluate compile-time expressions
  (define rhs-val (eval-for-syntax-binding rhs))
  ; Map binding to its value
  (define body-env (env-extend env binding rhs-val))
  ; Expand body
  (expand (add-scope body sc) body-env))

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))
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(define (expand-let-syntax s env)
  (match-define `(,let-syntax-id ([,lhs-id ,rhs])

  ,body)
s)

  ; Create a scope for this let-syntax
  (define sc (scope))
  ; Add new scope to the identifier
  (define id (add-scope lhs-id sc))
  ; Bind the identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Evaluate compile-time expressions
  (define rhs-val (eval-for-syntax-binding rhs))
  ; Map binding to its value
  (define body-env (env-extend env binding rhs-val))
  ; Expand body
  (expand (add-scope body sc) body-env))

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

(lambda (stx)
  (quote-syntax '1))
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(define (expand-let-syntax s env)
  (match-define `(,let-syntax-id ([,lhs-id ,rhs])

  ,body)
s)

  ; Create a scope for this let-syntax
  (define sc (scope))
  ; Add new scope to the identifier
  (define id (add-scope lhs-id sc))
  ; Bind the identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Evaluate compile-time expressions
  (define rhs-val (eval-for-syntax-binding rhs))
  ; Map binding to its value
  (define body-env (env-extend env binding rhs-val))
  ; Expand body
  (expand (add-scope body sc) body-env))

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

(lambda (stx)
  (quote-syntax '1))

�����������
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(define (expand-let-syntax s env)
  (match-define `(,let-syntax-id ([,lhs-id ,rhs])

  ,body)
s)

  ; Create a scope for this let-syntax
  (define sc (scope))
  ; Add new scope to the identifier
  (define id (add-scope lhs-id sc))
  ; Bind the identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Evaluate compile-time expressions
  (define rhs-val (eval-for-syntax-binding rhs))
  ; Map binding to its value
  (define body-env (env-extend env binding rhs-val))
  ; Expand body
  (expand (add-scope body sc) body-env))

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

(lambda (stx)
  (quote-syntax '1))

�����������
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(define (expand-let-syntax s env)
  (match-define `(,let-syntax-id ([,lhs-id ,rhs])

  ,body)
s)

  ; Create a scope for this let-syntax
  (define sc (scope))
  ; Add new scope to the identifier
  (define id (add-scope lhs-id sc))
  ; Bind the identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Evaluate compile-time expressions
  (define rhs-val (eval-for-syntax-binding rhs))
  ; Map binding to its value
  (define body-env (env-extend env binding rhs-val))
  ; Expand body
  (expand (add-scope body sc) body-env))

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

(lambda (stx)
  (quote-syntax '1))
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(define (expand-let-syntax s env)
  (match-define `(,let-syntax-id ([,lhs-id ,rhs])

  ,body)
s)

  ; Create a scope for this let-syntax
  (define sc (scope))
  ; Add new scope to the identifier
  (define id (add-scope lhs-id sc))
  ; Bind the identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Evaluate compile-time expressions
  (define rhs-val (eval-for-syntax-binding rhs))
  ; Map binding to its value
  (define body-env (env-extend env binding rhs-val))
  ; Expand body
  (expand (add-scope body sc) body-env))

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

(lambda (stx)
  (quote-syntax '1))
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(one)
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(define (expand-let-syntax s env)
  (match-define `(,let-syntax-id ([,lhs-id ,rhs])

  ,body)
s)

  ; Create a scope for this let-syntax
  (define sc (scope))
  ; Add new scope to the identifier
  (define id (add-scope lhs-id sc))
  ; Bind the identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Evaluate compile-time expressions
  (define rhs-val (eval-for-syntax-binding rhs))
  ; Map binding to its value
  (define body-env (env-extend env binding rhs-val))
  ; Expand body
  (expand (add-scope body sc) body-env))

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

(lambda (stx)
  (quote-syntax '1))
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(one)
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(define (expand-let-syntax s env)
  (match-define `(,let-syntax-id ([,lhs-id ,rhs])

  ,body)
s)

  ; Create a scope for this let-syntax
  (define sc (scope))
  ; Add new scope to the identifier
  (define id (add-scope lhs-id sc))
  ; Bind the identifier
  (define binding (gensym))
  (add-binding! id binding)
  ; Evaluate compile-time expressions
  (define rhs-val (eval-for-syntax-binding rhs))
  ; Map binding to its value
  (define body-env (env-extend env binding rhs-val))
  ; Expand body
  (expand (add-scope body sc) body-env))

(let-syntax ([one (lambda (stx)
  (quote-syntax '1))])

  (one))

(lambda (stx)
  (quote-syntax '1))
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(one)

(quote 1)
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Helper:���������������������������������

(define (eval-for-syntax-binding rhs)
  (eval-compiled (compile (expand rhs empty-env))))
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Helper:���������������������������������

(define (eval-for-syntax-binding rhs)
  (eval-compiled (compile (expand rhs empty-env))))

(lambda (stx)
  (quote-syntax '1))
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(define (compile s)
  (cond

[(identifier? s) (resolve s)]
[else
(case (and (identifier? (first s)) (resolve (first s)))
  [(lambda)

(match-define `(,lambda-id (,id) ,body) s)
`(lambda (,(resolve id)) ,(compile body))]

  [(quote)
(match-define `(,quote-id ,datum) s)
`(quote ,(syntax->datum datum))]

  [(quote-syntax)
(match-define `(,quote-syntax-id ,datum) s)
`(quote ,datum)]

  [else
; Anything else is a function call
(map compile s)])]))
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(define (compile s)
  (cond

[(identifier? s) (resolve s)]
[else
(case (and (identifier? (first s)) (resolve (first s)))
  [(lambda)

(match-define `(,lambda-id (,id) ,body) s)
`(lambda (,(resolve id)) ,(compile body))]

  [(quote)
(match-define `(,quote-id ,datum) s)
`(quote ,(syntax->datum datum))]

  [(quote-syntax)
(match-define `(,quote-syntax-id ,datum) s)
`(quote ,datum)]

  [else
; Anything else is a function call
(map compile s)])]))

����gensym�������������
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(define (compile s)
  (cond

[(identifier? s) (resolve s)]
[else
(case (and (identifier? (first s)) (resolve (first s)))
  [(lambda)

(match-define `(,lambda-id (,id) ,body) s)
`(lambda (,(resolve id)) ,(compile body))]

  [(quote)
(match-define `(,quote-id ,datum) s)
`(quote ,(syntax->datum datum))]

  [(quote-syntax)
(match-define `(,quote-syntax-id ,datum) s)
`(quote ,datum)]

  [else
; Anything else is a function call
(map compile s)])]))

����������������
quote
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(define (compile s)
  (cond

[(identifier? s) (resolve s)]
[else
(case (and (identifier? (first s)) (resolve (first s)))
  [(lambda)

(match-define `(,lambda-id (,id) ,body) s)
`(lambda (,(resolve id)) ,(compile body))]

  [(quote)
(match-define `(,quote-id ,datum) s)
`(quote ,(syntax->datum datum))]

  [(quote-syntax)
(match-define `(,quote-syntax-id ,datum) s)
`(quote ,datum)]

  [else
; Anything else is a function call
(map compile s)])]))

�������������������
quote-syntax
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(define (compile s)
  (cond

[(identifier? s) (resolve s)]
[else
(case (and (identifier? (first s)) (resolve (first s)))
  [(lambda)

(match-define `(,lambda-id (,id) ,body) s)
`(lambda (,(resolve id)) ,(compile body))]

  [(quote)
(match-define `(,quote-id ,datum) s)
`(quote ,(syntax->datum datum))]

  [(quote-syntax)
(match-define `(,quote-syntax-id ,datum) s)
`(quote ,datum)]

  [else
; Anything else is a function call
(map compile s)])]))
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(define namespace (make-base-namespace))
(eval '(require racket/list) namespace)
 
(namespace-set-variable-value! 'datum->syntax

datum->syntax
#t namespace)

(namespace-set-variable-value! 'syntax->datum
syntax->datum
#t namespace)

(namespace-set-variable-value! 'syntax-e
syntax-e
#t namespace)

 
(define (eval-compiled s)
  (eval s namespace))
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(define namespace (make-base-namespace))
(eval '(require racket/list) namespace)
 
(namespace-set-variable-value! 'datum->syntax

datum->syntax
#t namespace)

(namespace-set-variable-value! 'syntax->datum
syntax->datum
#t namespace)

(namespace-set-variable-value! 'syntax-e
syntax-e
#t namespace)

 
(define (eval-compiled s)
  (eval s namespace))

(lambda (g42) g42)
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https://github.com/mflatt/expander

������ ����������� ����

pico We just built it ~250

nano Implicit quote and multi-arg λ ~300

micro Split into modules ~700

mini Definition contexts ~1,300

demi Modules & phases ~3,000

master Full Racket expander ~20,000�
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Thanks!
���


