
Composable and Compilable Macros

Matthew Flatt

University of Utah

1



A Scheme Programmer...
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... Programming in Scheme
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... in Macro-Extended Scheme!
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... Trying to Use a Compiler
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... Accomodating the Compiler
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... Trying a Different Compiler

7



... Trying a Complex Library
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The Trouble with Scripting the Compiler

(load "u.scm")
(eval-when
  (compile load)
  (load "m.scm"))
(load "a.scm")
(load "b.scm")
...

m
(load "ma.scm")
(load "mb.scm")

a

b

u

ma

mb

 = load effect
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The Trouble with Scripting the Compiler

(load "u.scm")
(eval-when
  (compile load)
  (load "m.scm"))
(load "a.scm")
(load "b.scm")
...

m
(load "ma.scm")
(load "mb.scm")

a

b

u

ma

mb

 = dependency
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The Trouble with Scripting the Compiler

(load "u.scm")
(eval-when
  (compile load)
  (load "m.scm"))
(load "a.scm")
(load "b.scm")
...

m
(load "ma.scm")
(load "mb.scm")
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b
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The Trouble with Scripting the Compiler

(load "u.scm")
(eval-when
  (compile load)
  (load "m.scm"))
(load "a.scm")
(load "b.scm")
...

m
(load "ma.scm")
(load "mb.scm")

a

b

u

ma

mb

never loaded
in compile mode
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The Trouble with Scripting the Compiler

(load "u.scm")
(eval-when
  (compile load)
  (load "m.scm"))
(load "a.scm")
(load "b.scm")
...

(load "u.scm")
(load "ma.scm")
(load "mb.scm")

a

b

u

ma

mb
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The Trouble with Scripting the Compiler

(load "u.scm")
(eval-when
  (compile load)
  (load "m.scm"))
(load "a.scm")
(load "b.scm")
...

(load "u.scm")
(load "ma.scm")
(load "mb.scm")

a

b

u

ma

mb

loaded twice
in interactive mode
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Problem

Solution

• Declarative

• Consistent success/failure in all compilation modes

• Supports

lexically scoped macros

macro-defining macros

Example

Experience
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Modules and Macros

(module a
 (define-syntax m ...)
 (define f ...)
 ...)
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Modules and Macros

 = run-time expressions

(module a
 (define-syntax m ...)
 (define f ......)
 ......)
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Modules and Macros

 = compile-time expressions

(module a
 (define-syntax m ......)
 (define f ......)
 ......)
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Modules and Macros

#' in  escapes back to 

(module a
 (define-syntax m ......)
 (define f ......)
 ......)

#'(f ...)(f ...)
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Modules and Macros

(module a
 (define-syntax m ......)
 (define f ......)
 ......)

(module b
 (require "a.scm")

 (define-syntax n ...)
 (define g ...)
 ...)

#'(f ...)(f ...)
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Modules and Macros

(module a
 (define-syntax m ......)
 (define f ......)
 ......)

(module b
 (require "a.scm")

 (define-syntax n ...)
 (define g ......)
 ......)

#'(f ...)(f ...)
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Modules and Macros

(module a
 (define-syntax m ......)
 (define f ......)
 ......)

(module b
 (require "a.scm")

 (define-syntax n ......)
 (define g ......)
 ......)

#'(f ...)(f ...)
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Modules and Macros

(module u
 (define fold ...)
 ...)

(module a
 (define-syntax m ......)
 (define f ......)
 ......)

(module b
 (require "a.scm")
 (require-for-syntax "u.scm")
 (define-syntax n ......)
 (define g ......)
 ......)

#'(f ...)(f ...)
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Modules and Macros

(module u
 (define fold ...)
 ...)

(module a
 (require "u.scm")
 (define-syntax m ......)
 (define f ......)
 ......)

(module b
 (require "a.scm")
 (require-for-syntax "u.scm")
 (define-syntax n ......)
 (define g ......)
 ......)
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Modules and Macros

(module u
 (define fold ...)
 ...)

(module u
 (define fold ...)
 ...)

(module a
 (require "u.scm")
 (define-syntax m ......)
 (define f ......)
 ......)

(module b
 (require "a.scm")
 (require-for-syntax "u.scm")
 (define-syntax n ......)
 (define g ......)
 ......)

different instance
for each phase
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Problem

Solution

Example

• Record matching with static checks

Experience
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Records and Matching

(define-record zebra (weight stripes))
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Records and Matching

(define-record zebra (weight stripes))

(zebra 500 24) ; = a zebra instance
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Records and Matching

(define-record zebra (weight stripes))

(zebra 500 24) ; = a zebra instance
 

(define-record lizard (weight length color))

(lizard 2 5 'green) ; = a lizard instance
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Records and Matching

(define-record zebra (weight stripes))

(zebra 500 24) ; = a zebra instance
 

(define-record lizard (weight length color))

(lizard 2 5 'green) ; = a lizard instance
 

 (record-switch ...
  ((zebra w s) ...)
  ((lizard w l c) ...))
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Records and Matching

(define-record zebra (weight stripes))

(zebra 500 24) ; = a zebra instance
 

(define-record lizard (weight length color))

(lizard 2 5 'green) ; = a lizard instance
 

(define (animal-weight a)
 (record-switch a
  ((zebra w s) w)
  ((lizard w l c) w)))

(animal-weight (zebra 500 24)) ; = 500
(animal-weight (lizard 2 5 'green)) ; = 2
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Records and Matching

(define-record zebra (weight stripes))

(zebra 500 24) ; = a zebra instance
 

(define-record lizard (weight length color))

(lizard 2 5 'green) ; = a lizard instance
 

(define (animal-weight a)
 (record-switch a
  ((zebra w s c) w)   syntax error
  ((lizard w l c) w)))
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Records and Matching

(define-record zebra (weight stripes))

(zebra 500 24) ; = a zebra instance
 

(define-record lizard (weight length color))

(lizard 2 5 'green) ; = a lizard instance
 

(define (animal-weight a)
 (record-switch a
  ((zebra w s c) w)   syntax error
  ((lizard w l c) w)))

compile-time communication
across module boundaries
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Implementing Records

(module record

 (define-syntax define-record
  ...)
 (define-syntax record-switch
  ...))
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Implementing Records

(module record

 (define-syntax define-record
  ...)
 (define-syntax record-switch
  ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))
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Implementing Records

(module record

 (define-syntax define-record
  ...#'(define name (mkrec ...))...)
 (define-syntax record-switch
  ...#'(is-a  name ...) ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))
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Implementing Records

(module record

 (define-syntax define-record
  ...#'(define name (mkrec ...))...)
 (define-syntax record-switch
  ...#'(is-a  name ...) ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

expands to
(define zebra (mkrec ...))
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Implementing Records

(module record

 (define-syntax define-record
  ...#'(define name (mkrec ...))...)
 (define-syntax record-switch
  ...#'(is-a  name ...) ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

expands to
(define zebra (mkrec ...))

expands to
(is-a zebra ...)
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Implementing Records

(module record
 (require "rt.scm")

 (define-syntax define-record
  ...#'(define name (mkrecmkrec ...))...)
 (define-syntax record-switch
  ...#'(is-ais-a  name ...) ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))

expands to
(define zebra (mkrecmkrec ...))

expands to
(is-ais-a zebra ...)
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Implementing Records

(module record
 (require "rt.scm")

 (define-syntax define-record
  ... table ...)
 (define-syntax record-switch
  ... table ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))
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Implementing Records

(module record
 (require "rt.scm")
 (require-for-syntax "ct.scm")
 (define-syntax define-record
  ... tabletable ...)
 (define-syntax record-switch
  ... tabletable ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))

(module ct
 (define table ...)
 ...)

41



Implementing Records

(module record
 (require "rt.scm")
 (require-for-syntax "ct.scm")
 (define-syntax define-record
  ... tabletable ...)
 (define-syntax record-switch
  ... tabletable ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))

(module ct
 (define table ...)
 ...)

adds zebra to table
while expanding
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Implementing Records

(module record
 (require "rt.scm")
 (require-for-syntax "ct.scm")
 (define-syntax define-record
  ... tabletable ...)
 (define-syntax record-switch
  ... tabletable ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))

(module ct
 (define table ...)
 ...)

adds zebra to table
while expanding

finds zebra in table
while expanding
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Implementing Records

(module record
 (require "rt.scm")
 (require-for-syntax "ct.scm")
 (define-syntax define-record
  ...)
 (define-syntax record-switch
  ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))

(module ct
 (define table ...)
 ...)
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Implementing Records

(module record
 (require "rt.scm")
 (require-for-syntax "ct.scm")
 (define-syntax define-record
  ...)
 (define-syntax record-switch
  ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))

(module ct
 (define table ...)
 ...)

(module client
 (require "zoo.scm")
 (record-switch ...
  ((zebra w s) ...)))
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Implementing Records

(module record
 (require "rt.scm")
 (require-for-syntax "ct.scm")
 (define-syntax define-record
  ...)
 (define-syntax record-switch
  ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))

(module ct
 (define table ...)
 ...)

(module client
 (require "zoo.scm")
 (record-switch ...
  ((zebra w s) ...)))cannot find zebra

 in table
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Implementing Records

(module record
 (require "rt.scm")
 (require-for-syntax "ct.scm")
 (define-syntax define-record
  ...#'(for-syntax ...tabletable...)...)
 (define-syntax record-switch
  ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))

(module ct
 (define table ...)
 ...)

(module client
 (require "zoo.scm")
 (record-switch ...
  ((zebra w s) ...)))
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Implementing Records

(module record
 (require "rt.scm")
 (require-for-syntax "ct.scm")
 (define-syntax define-record
  ...#'(for-syntax ...tabletable...)...)
 (define-syntax record-switch
  ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))

(module ct
 (define table ...)
 ...)

(module client
 (require "zoo.scm")
 (record-switch ...
  ((zebra w s) ...)))

now expands to
(for-syntax ...tabletable...)
(define zebra (mkrec ...))
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Implementing Records

(module record
 (require "rt.scm")
 (require-for-syntax "ct.scm")
 (define-syntax define-record
  ...#'(for-syntax ...tabletable...)...)
 (define-syntax record-switch
  ...))

(module zoo
 (require "record.scm")
 (define-record zebra (wgt sc))
 (record-switch ...
  ((zebra w s) ...))

(module rt
 (define mkrec ...)
 (define is-a ...))

(module ct
 (define table ...)
 ...)

(module client
 (require "zoo.scm")
 (record-switch ...
  ((zebra w s) ...)))

now expands to
(for-syntax ...tabletable...)
(define zebra (mkrec ...))

finds zebra
 in table
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Problem

Solution

Example

Experience

• The many languages & compilers of PLT Scheme
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PLT Scheme
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PLT Scheme

DrScheme supports multiple
languages that share libraries

52



PLT Scheme
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PLT Scheme

One compilation mode
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PLT Scheme

Another
compilation mode
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PLT Scheme

Yet another
compilation mode
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PLT Scheme
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Acknowledgements

• Modules

Influenced by practically every implemented module system

• Macros

Long Scheme history

Builds directly on Dybvig-Hieb-Bruggeman (1993)

• Making it work

PLT members
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