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1 Parsing and Specifying Syntax

The syntax/parse library provides a framework for writing macros and processing syntax.
The library provides a powerful language of syntax patterns, used by the pattern-matching
form syntax-parse and the specification form define-syntax-class. Macros that use
syntax-parse automatically generate error messages based on descriptions and messages
embedded in the macro’s syntax patterns.

(require syntax/parse) package: base

1.1 Introduction

This section provides an introduction to writing robust macros with syntax-parse and
syntax classes.

As a running example we use the following task: write a macro named mylet that has the
same syntax and behavior as Racket’s let form. The macro should produce good error
messages when used incorrectly.

Here is the specification of mylet’s syntax:

(mylet ([var-id rhs-expr] ...) body ...+)
(mylet loop-id ([var-id rhs-expr] ...) body ...+)

For simplicity, we handle only the first case for now. We return to the second case later in
the introduction.

The macro can be implemented very simply using define-syntax-rule:

> (define-syntax-rule (mylet ([var rhs] ...) body ...)
((lambda (var ...) body ...) rhs ...))

When used correctly, the macro works, but it behaves very badly in the presence of errors. In
some cases, the macro merely fails with an uninformative error message; in others, it blithely
accepts illegal syntax and passes it along to 1lambda, with strange consequences:

> (mylet ([a 1] [b 2]) (+ a b))
3
> (mylet (b 2) (subl b))
mylet: use does not match pattern: (mylet ((var rhs) ...)
body ...)
in: (mylet (b 2) (subl b))
> (mylet ([1 a]) (addl a))


https://pkgs.racket-lang.org/package/base

lambda: not an identifier, identifier with default, or
keyword
at: 1
in: (lambda (1) (addl a))
> (mylet ([#:x 1] [y 2]1) (*x x y))
eval:1:0: arity mismatch;
the expected number of arguments does not match the given
number
expected: 0 plus an argument with keyword #:x
given: 2
arguments...:
1
2

These examples of illegal syntax are not to suggest that a typical programmer would make
such mistakes attempting to use mylet. At least, not often, not after an initial learning curve.
But macros are also used by inexpert programmers and as targets of other macros (or code
generators), and many macros are far more complex than mylet. Macros must validate
their syntax and report appropriate errors. Furthermore, the macro writer benefits from the
machine-checked specification of syntax in the form of more readable, maintainable code.

We can improve the error behavior of the macro by using syntax-parse. First, we import
syntax-parse into the transformer environment, since we will use it to implement a macro
transformer.

> (require (for-syntax syntax/parse))

The following is the syntax specification above transliterated into a syntax-parse macro
definition. It behaves no better than the version using define-syntax-rule above.

> (define-syntax (mylet stx)
(syntax-parse stx
[(_ ([var-id rhs-expr] ...) body ...+)
#'((lambda (var-id ...) body ...) rhs-expr ...)]))

One minor difference is the use of ...+ in the pattern; ... means match zero or more
repetitions of the preceding pattern; . . .+ means match one or more. Only . . . may be used
in the template, however.

The first step toward validation and high-quality error reporting is annotating each of the
macro’s pattern variables with the syntax class that describes its acceptable syntax. Inmylet,
each variable must be an identifier (id for short) and each right-hand side must be an
expr (expression). An annotated pattern variable is written by concatenating the pattern
variable name, a colon character, and the syntax class name.

For an alternative to
the “colon” syntax,
see the ~var pattern
form.



> (define-syntax (mylet stx)
(syntax-parse stx
[(_ ((var:id rhs:expr) ...) body ...+)
#'((lambda (var ...) body ...) rhs ...)]1))

Note that the syntax class annotations do not appear in the template (i.e., var, not var:id).

The syntax class annotations are checked when we use the macro.

> (mylet ([a 1] [b 2]) (+ a b))
3
> (mylet (["a" 1]) (addl a))
mylet: expected identifier

a[: //a”

in: (mylet (("a" 1)) (addl a))

The expr syntax class does not actually check that the term it matches is a valid expression—
that would require calling that macro expander. Instead, expr just means not a keyword.

> (mylet ([a #:whoops]) 1)
mylet: expected expression

at: #:whoops

in: (mylet ((a #:whoops)) 1)

Also, syntax-parse knows how to report a few kinds of errors without any help:

> (mylet ([a 1 2]) (* a a))
mylet: unexpected term

at: 2

in: (mylet ((a12))(*aa))

There are other kinds of errors, however, that this macro does not handle gracefully:

> (mylet (a 1) (+ a 2))
mylet: bad syntax
in: (mylet (a l) (+a?2))

It’s too much to ask for the macro to respond, “This expression is missing a pair of paren-
theses around (a 1).” The pattern matcher is not that smart. But it can pinpoint the source
of the error: when it encountered a it was expecting what we might call a “binding pair,” but
that term is not in its vocabulary yet.

To allow syntax-parse to synthesize better errors, we must attach descriptions to the pat-
terns we recognize as discrete syntactic categories. One way of doing that is by defining new

syntax classes: Another way is the
“describe pattern
form.



> (define-syntax (mylet stx)

(define-syntax-class binding
#:description "binding pair"
(pattern (var:id rhs:expr)))

(syntax-parse stx
[(_ (b:binding ...) body ...+)
#'((lambda (b.var ...) body ...) b.rhs ...)]1))

Note that we write b.var and b.rhs now. They are the nested attributes formed from the
annotated pattern variable b and the attributes var and rhs of the syntax class binding.

Now the error messages can talk about “binding pairs.”

> (mylet (a 1) (+ a 2))
mylet: expected binding pair
at: a
in: (mylet (al)(+a?2))

Errors are still reported in more specific terms when possible:

> (mylet (["a" 11) (+ a 2))
mylet: expected identifier
at: "a"
in: (mylet (("a" 1)) (+ a 2))
parsing context:
while parsing binding pair
term: ("a" 1)
location: eval:16:0

There is one other constraint on the legal syntax of mylet. The variables bound by the
different binding pairs must be distinct. Otherwise the macro creates an illegal 1ambda
form:

> (mylet ([a 1] [a 2]) (+ a a))
lambda: duplicate argument name

at: a

in: (lambda (a a) (+ a a))

Constraints such as the distinctness requirement are expressed as side conditions, thus:

> (define-syntax (mylet stx)



(define-syntax-class binding
#:description "binding pair"
(pattern (var:id rhs:expr)))

(syntax-parse stx
[(_ (b:binding ...) body ...+)
#:fail-when (check-duplicate-identifier
(syntax->list #'(b.var ...)))
"duplicate variable name"
#'((lambda (b.var ...) body ...) b.rhs ...)]))

> (mylet ([a 1] [a 2]) (+ a a))
mylet: duplicate variable name
at: a

in: (mylet (al)(a2))(+aa))

The #:fail-when keyword is followed by two expressions: the condition and the error
message. When the condition evaluates to anything but #£, the pattern fails. Additionally, if
the condition evaluates to a syntax object, that syntax object is used to pinpoint the cause of
the failure.

Syntax classes can have side conditions, too. Here is the macro rewritten to include another
syntax class representing a “sequence of distinct binding pairs.”

> (define-syntax (mylet stx)

(define-syntax-class binding
#:description "binding pair"
(pattern (var:id rhs:expr)))

(define-syntax-class distinct-bindings

#:description "sequence of distinct binding pairs"

(pattern (b:binding ...)
#:fail-when (check-duplicate-identifier

(syntax->list #'(b.var ...)))
"duplicate variable name"

#:with (var ...) #'(b.var ...)
#:with (rhs ...) #'(b.rhs ...)))

(syntax-parse stx

[(_ bs:distinct-bindings body ...+)
#'((lambda (bs.var ...) body ...) bs.rhs ...)]))

Here we’ve introduced the #:with clause. A #:with clause matches a pattern with a com-
puted term. Here we use it to bind var and rhs as attributes of distinct-bindings.

10



By default, a syntax class only exports its patterns’ pattern variables as attributes, not their
nested attributes.

Alas, so far the macro only implements half of the functionality offered by Racket’s let.
We must add the “named-1et” form. That turns out to be as simple as adding a new clause:

> (define-syntax (mylet stx)

(define-syntax-class binding
#:description "binding pair"
(pattern (var:id rhs:expr)))

(define-syntax-class distinct-bindings

#:description "sequence of distinct binding pairs"

(pattern (b:binding ...)
#:fail-when (check-duplicate-identifier

(syntax->list #'(b.var ...)))
"duplicate variable name"

#:with (var ...) #'(b.var ...)
#:with (rhs ...) #'(b.rhs ...)))

(syntax-parse stx
[(_ bs:distinct-bindings body ...+)
#'((lambda (bs.var ...) body ...) bs.rhs ...)]
[(_ loop:id bs:distinct-bindings body ...+)
#' (letrec ([loop (lambda (bs.var ...) body ...)])
(loop bs.rhs ...))]1))

We are able to reuse the distinct-bindings syntax class, so the addition of the “named-
let” syntax requires only three lines.

But does adding this new case affect syntax-parse’s ability to pinpoint and report errors?

> (mylet ([a 1] [b 2]) (+ a b))
3
> (mylet (["a" 1]) (addl a))
mylet: expected identifier
at: "a"
in: (mylet (("a" 1)) (addl a))
parsing context:
while parsing binding pair
term: ("a" 1)
location: eval:23:0
while parsing sequence of distinct binding pairs
term: (("a" 1))
location: eval:23:0

11

The alternative
would be to
explicitly declare
the attributes of
distinct-bindings
to include the
nested attributes
b.var and b.rhs,
using the
#:attribute
option. Then the
macro would refer
to bs.b.var and
bs.b.rhs.



> (mylet ([a #:whoops]) 1)
mylet: expected expression
at: #:whoops
in: (mylet ((a #:whoops)) 1)
parsing context:
while parsing binding pair
term: (a #:whoops)
location: eval:24:0
while parsing sequence of distinct binding pairs
term: ((a #:whoops))
location: eval:24:0
> (mylet ([a 1 2]) (* a a))
mylet: unexpected term
at: 2
in: (mylet (al2))(*aa))
parsing context:
while parsing binding pair
term: (a l 2)
location: eval:25:0
while parsing sequence of distinct binding pairs
term: ((a l2))
location: eval:25:0
> (mylet (a 1) (+ a 2))
mylet: expected binding pair
at: a
in: (mylet (al)(+a?2))
parsing context:
while parsing sequence of distinct binding pairs
term: (a l)
location: eval:26:0
> (mylet ([a 1] [a 2]) (+ a a))
mylet: duplicate variable name
at: a
in: (mylet ((a 1) (a2))(+aa))
parsing context:
while parsing sequence of distinct binding pairs
term: ((al)(a2))
location: eval:27:0

The error reporting for the original syntax seems intact. We should verify that the named-let
syntax is working, that syntax-parse is not simply ignoring that clause.

> (mylet loop ([a 1] [b 2]) (+ a b))
3

> (mylet loop (["a" 1]) (addl a))
mylet: expected identifier

12



"on

at: "a
in: (mylet loop (("a" 1)) (addl a))
parsing context:
while parsing binding pair
term: ("a" 1)
location: eval:29:0
while parsing sequence of distinct binding pairs
term: (("a" 1))
location: eval:29:0
> (mylet loop ([a #:whoops]) 1)
mylet: expected expression
at: #:whoops
in: (mylet loop ((a #:whoops)) 1)
parsing context:
while parsing binding pair
term: (a #:whoops)
location: eval:30:0
while parsing sequence of distinct binding pairs
term: ((a #:whoops))
location: eval:30:0
> (mylet loop ([a 1 2]) (% a a))
mylet: unexpected term
at: 2
in: (mylet loop ((a l 2)) (*a a))
parsing context:
while parsing binding pair
term: (a l 2)
location: eval:31:0
while parsing sequence of distinct binding pairs
term: ((a l2))
location: eval:31:0
> (mylet loop (a 1) (+ a 2))
mylet: expected binding pair
at: a
in: (mylet loop (a 1) (+a2))
parsing context:
while parsing sequence of distinct binding pairs
term: (a 1)
location: eval:32:0
> (mylet loop ([a 1] [a 2]) (+ a a))
mylet: duplicate variable name
at: a
in: (mylet loop ((a 1) (a2)) (+ aa))
parsing context:
while parsing sequence of distinct binding pairs
term: ((a l)(a2))

13



location: eval:33:0

How does syntax-parse decide which clause the programmer was attempting, so it can
use it as a basis for error reporting? After all, each of the bad uses of the named-let syntax
are also bad uses of the normal syntax, and vice versa. And yet the macro does not produce
errors like “mylet: expected sequence of distinct binding pairs at: 1oop.”

The answer is that syntax-parse records a list of all the potential errors (including ones
like 1oop not matching distinct-binding) along with the progress made before each
error. Only the error with the most progress is reported.

For example, in this bad use of the macro,

> (mylet loop (["a" 1]) (addl a))
mylet: expected identifier
at: "a"
in: (mylet loop (("a" 1)) (addl a))
parsing context:
while parsing binding pair
term: ("a" 1)
location: eval:34:0
while parsing sequence of distinct binding pairs
term: (("a" 1))
location: eval:34:0

there are two potential errors: expected distinct-bindings at loop and expected iden-
tifier at "a". The second error occurs further in the term than the first, so it is reported.

For another example, consider this term:

> (mylet (["a" 1]) (addl a))
mylet: expected identifier
at: "a"
in: (mylet (("a" 1)) (addl a))
parsing context:
while parsing binding pair
term: ("a" 1)
location: eval:35:0
while parsing sequence of distinct binding pairs
term: (("a" 1))
location: eval:35:0

Again, there are two potential errors: expected identifier at (["a" 1]) and expected
identifier at "a". They both occur at the second term (or first argument, if you prefer),
but the second error occurs deeper in the term. Progress is based on a left-to-right traversal
of the syntax.

14



A final example: consider the following:

> (mylet ([a 1] [a 2]) (+ a a))
mylet: duplicate variable name
at: a
in: (mylet ((a 1) (a2)) (+aa))
parsing context:
while parsing sequence of distinct binding pairs
term: ((al)(a2))

location: eval:36:0

There are two errors again: duplicate variable name at ([a 1] [a 2]) and expected iden-
tifier at ([a 1] [a 2]). Note that as far as syntax-parse is concerned, the progress
associated with the duplicate error message is the second term (first argument), not the sec-
ond occurrence of a. That’s because the check is associated with the entire distinct-
bindings pattern. It would seem that both errors have the same progress, and yet only
the first one is reported. The difference between the two is that the first error is from a
post-traversal check, whereas the second is from a normal (i.e., pre-traversal) check. A
post-traversal check is considered to have made more progress than a pre-traversal check of
the same term; indeed, it also has greater progress than any failure within the term.

It is, however, possible for multiple potential errors to occur with the same progress. Here’s
one example:

> (mylet "not-even-close")
mylet: expected identifier or expected sequence of distinct
binding pairs

at: "not-even-close"

in: (mylet "not-even-close")

In this case syntax-parse reports both errors.

Even with all of the annotations we have added to our macro, there are still some misuses
that defy syntax-parse’s error reporting capabilities, such as this example:

> (mylet)
mylet: expected more terms starting with sequence of
distinct binding pairs or identifier

at: ()

within: (mylet)

in: (mylet)

The philosophy behind syntax-parse is that in these situations, a generic error such as
“bad syntax” is justified. The use of mylet here is so far off that the only informative error
message would include a complete recapitulation of the syntax of mylet. That is not the
role of error messages, however; it is the role of documentation.

15



This section has provided an introduction to syntax classes, side conditions, and progress-
ordered error reporting. But syntax-parse has many more features. Continue to the [§1.2]
section for samples of other features in working code, or skip to the subsequent
sections for the complete reference documentation.

1.2 Examples

This section provides an extended introduction to syntax/parse as a series of worked
examples.

1.2.1 Phases and Reusable Syntax Classes

As demonstrated in the [§1.1 “Introduction™ the simplest place to define a syntax class is
within the macro definition that uses it. But that limits the scope of the syntax class to the
one client macro, and it makes for very large macro definitions. Creating reusable syntax
classes requires some awareness of the Racket phase level separation. A syntax class defined
immediately within a module cannot be used by macros in the same module; it is defined at
the wrong phase.

> (module phase-mismatch-mod racket
(require syntax/parse (for-syntax syntax/parse))
(define-syntax-class foo
(pattern (a b ¢)))
(define-syntax (macro stx)
(syntax-parse stx
[(_ f:foo) #'(+ f.a £.b £.c)]1)))
syntax-parse: not defined as syntax class
at: foo
in: (syntax-parse stx ((_ f:foo) (syntax (+ f.a f-b

f€)))

In the module above, the syntax class foo is defined at phase level 0. The reference to
foo within macro, however, is at phase level 1, being the implementation of a macro trans-
former. (Needing to require syntax/parse twice, once normally and once for-syntax is
a common warning sign of phase level incompatibility.)

The phase level mismatch is easily remedied by putting the syntax class definition within a
begin-for-syntax block:

> (module phase-ok-mod racket
(require (for-syntax syntax/parse))
(begin-for-syntax
(define-syntax-class foo

16



(pattern (a b c))))
(define-syntax (macro stx)
(syntax-parse stx
[(_ f:foo) #'(+ f.a £.b £.c)]1)))

In the revised module above, foo is defined at phase 1, so it can be used in the implementa-
tion of the macro.

An alternative to begin-for-syntax is to define the syntax class in a separate module and
require that module for-syntax.

> (module stxclass-mod racket
(require syntax/parse)
(define-syntax-class foo
(pattern (a b ¢)))
(provide foo))
(module macro-mod racket
(require (for-syntax syntax/parse
"stxclass-mod))
(define-syntax (macro stx)
(syntax-parse stx
[(_ £f:foo) #'(+ f.a £.b f.c)]))
(provide macro))
(require 'macro-mod)
(macro (1 2 3))

\2

vV Vv

If a syntax class refers to literal identifiers, or if it computes expressions via syntax tem-
plates, then the module containing the syntax class must generally require for-template
the bindings referred to in the patterns and templates.

> (module arith-keywords-mod racket
(define-syntax plus (syntax-rules ()))
(define-syntax times (syntax-rules ()))
(provide plus times))
> (module arith-stxclass-mod racket
(require syntax/parse
(for-template 'arith-keywords-mod
racket))
(define-syntax-class arith
#:1literals (plus times)
(pattern n:nat
#:with expr #'n)
(pattern (plus a:arith b:arith)
#:with expr #'(+ a.expr b.expr))

17



(pattern (times a:arith b:arith)
#:with expr #'(* a.expr b.expr)))
(provide arith))
> (module arith-macro-mod racket
(require (for-syntax syntax/parse
'arith-stxclass-mod)
'arith-keywords-mod)
(define-syntax (arith-macro stx)
(syntax-parse stx
[(_ ararith)
#'(values 'a.expr a.expr)l))
(provide arith-macro
(all-from-out 'arith-keywords-mod)))
> (require 'arith-macro-mod)
> (arith-macro (plus 1 (times 2 3)))
"(+ 1 (x 2 3))
7

In 'arith-stxclass-mod, the module 'arith-keywords-mod must be required for-
template because the keywords are used in phase-0 expressions. Likewise, the module
racket must be required for-template because the syntax class contains syntax templates
involving + and * (and, in fact, the implicit #%app syntax). All of these identifiers (the
keywords plus and times; the procedures + and *; and the implicit syntax #app) must
be bound at “absolute” phase level 0. Since the module 'arith-stxclass-mod is required
with a phase level offset of 1 (that is, for-syntax), it must compensate with a phase level
offset of -1, or for-template.

1.2.2 Optional Keyword Arguments

This section explains how to write a macro that accepts (simple) optional keyword argu-
ments. We use the example mycond, which is like Racket’s cond except that it takes an
optional keyword argument that controls what happens if none of the clauses match.

Optional keyword arguments are supported via head patterns. Unlike normal patterns, which
match one term, head patterns can match a variable number of subterms in a list. Some
important head-pattern forms are ~“seq, ~“or*, and “optional.

Here’s one way to do it:

> (define-syntax (mycond stx)
(syntax-parse stx
[(mycond (Tor* (“seq #:error-on-fallthrough who:expr)
("seq))
clause ...)

18



(with-syntax ([error? (if (attribute who) #'#t #'#f)]
[who (or (attribute who) #'#£f)])
#' (mycond* error? who clause ...))]))
> (define-syntax mycond*

(syntax-rules ()
[(mycond* error? who [question answer] . clauses)
(if question answer (mycond* error? who . clauses))]
[(mycond* #t who)
(error who "no clauses matched")]
[(mycond* #f _)
(void)1))

We cannot simply write #'who in the macro’s right-hand side, because the who attribute
does not receive a value if the keyword argument is omitted. Instead we must first check the
attribute using (attribute who), which produces #f if matching did not assign a value to
the attribute.

> (mycond [(even? 13) 'blue]
[(odd? 4) 'red])

> (mycond #:error-on-fallthrough 'myfun
[(even? 13) 'blue]
[(odd? 4) 'red])

myfun: no clauses matched

There’s a simpler way of writing the ~or* pattern above:

("optional (“seq #:error-on-fallthrough who:expr))

Optional Arguments with ~7

The =7 template form provides a compact alternative to explicitly testing attribute values.
Here’s one way to do it:

> (define-syntax (mycond stx)
(syntax-parse stx
[(mycond (“optional (“seq #:error-on-fallthrough who:expr))
clause ...)
#' (mycond* (77 (7@ #t who) (7@ #f #f)) clause ...)]))

If who matched, then the ~7 subtemplate splices in the two terms #t who into the enclosing
template (~@ is the template splicing form). Otherwise, it splices in #f #f.

Here’s an alternative definition that re-uses Racket’s cond macro:

> (define-syntax (mycond stx)
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(syntax-parse stx
[(mycond (Toptional (“seq #:error-on-fallthrough who:expr))
clause ...)
#'(cond clause ... (77 [else (error who "no clause
matched")] (7@)))1))

In this version, we optionally insert an else clause at the end to signal the error; otherwise
we use cond’s fall-through behavior (that is, returning (void)).

If the second subtemplate of a =7 template is (~@)—that is, it produces no terms at all—the
second subtemplate can be omitted.

Optional Arguments with define-splicing-syntax-class

Yet another way is to introduce a splicing syntax class, which is like an ordinary syntax class
but for head patterns.

> (define-syntax (mycond stx)

(define-splicing-syntax-class maybe-fallthrough-option
(pattern (“seq #:error-on-fallthrough who:expr)
#:with error? #'#t)
(pattern (“seq)
#:with error? #'#f
#:with who #'#f))

(syntax-parse stx
[(mycond fo:maybe-fallthrough-option clause ...)
#' (mycond* fo.error? fo.who clause ...)]))

Defining a splicing syntax class also makes it easy to eliminate the case analysis we did
before using attribute by defining error? and who as attributes within both of the syntax
class’s variants. This is possible to do in the inline pattern version too, using ~and and
“parse, but it is less convenient. Splicing syntax classes also closely parallel the style of
grammars in macro documentation.

1.2.3 Variants with Uniform Meanings

Syntax classes not only validate syntax, they also extract some measure of meaning from it.
From the perspective of meaning, there are essentially two kinds of syntax class. In the first,
all of the syntax class’s variants have the same kind of meaning. In the second, variants may
have different kinds of meaning. This section discusses the first kind, syntax classes with
uniform meanings. The next section discusses|S1.2.4 “Variants with Varied Meanings’}|
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If all of a syntax class’s variants express the same kind of information, that information can
be cleanly represented via attributes, and it can be concisely processed using ellipses.

One example of a syntax class with uniform meaning: the init-decl syntax of the class
macro. Here is the specification of init-decl:

= id
| (maybe-renamed)
| (maybe-renamed default-expr)

init-decl

maybe-renamed = id
| (internal-id external-id)

The init-decl syntax class has three variants, plus an auxiliary syntax class that has two
variants of its own. But all forms of init-decl ultimately carry just three pieces of infor-
mation: an internal name, an external name, and a default configuration of some sort. The
simpler syntactic variants are just abbreviations for the full information.

The three pieces of information determine the syntax class’s attributes. It is useful to declare
the attributes explicitly using the #:attributes keyword; the declaration acts both as in-
code documentation and as a check on the variants.

(define-syntax-class init-decl
#:attributes (internal external default)

)

Next we fill in the syntactic variants, deferring the computation of the attributes:

(define-syntax-class init-decl
#:attributes (internal external default)
(pattern ?777:id

_)
(pattern (777:maybe-renamed)
_2)
(pattern (777:maybe-renamed 777:expr)

D))

We perform a similar analysis of maybe-renamed:

(define-syntax-class maybe-renamed
#:attributes (internal external)
(pattern 777:id

_2)
(pattern (777:id 777:id)

D))
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Here’s one straightforward way of matching syntactic structure with attributes for maybe-
renamed:

(define-syntax-class maybe-renamed
#:attributes (internal external)
(pattern internal:id

#:with external #'internal)
(pattern (internal:id external:id)))

Given that definition of maybe-renamed, we can fill in most of the definition of init-decl:

(define-syntax-class init-decl
#:attributes (internal external default)
(pattern internal:id
#:with external #'internal
#:with default 777)

(pattern (mr:maybe-renamed)
#:with internal #'mr.internal
#:with external #'mr.external
#:with default 777)

(pattern (mr:maybe-renamed defaultO:expr)
#:with internal #'mr.internal
#:with external #'mr.external
#:with default 777))

At this point we realize we have not decided on a representation for the default configura-
tion. In fact, it is an example of syntax with varied meanings (aka sum or disjoint union).
The following section discusses representation options in greater detail; for the sake of com-
pleteness, we present one of them here.

There are two kinds of default configuration. One indicates that the initialization argument
is optional, with a default value computed from the given expression. The other indicates
that the initialization argument is mandatory. We represent the variants as a (syntax) list
containing the default expression and as the empty (syntax) list, respectively. More precisely:

(define-syntax-class init-decl
#:attributes (internal external default)
(pattern internal:id
#:with external #'internal
#:with default #'())

(pattern (mr:maybe-renamed)
#:with internal #'mr.internal
#:with external #'mr.external
#:with default #'())

(pattern (mr:maybe-renamed defaultO:expr)
#:with internal #'mr.internal
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#:with external #'mr.external
#:with default #'(default0)))

Another way to look at this aspect of syntax class design is as the algebraic factoring of
sums-of-products (concrete syntax variants) into products-of-sums (attributes and abstract
syntax variants). The advantages of the latter form are the “dot” notation for data extrac-
tion, avoiding or reducing additional case analysis, and the ability to concisely manipulate
sequences using ellipses.

1.2.4 Variants with Varied Meanings

As explained in the previous section, the meaning of a syntax class can be uniform, or it
can be varied; that is, different instances of the syntax class can carry different kinds of
information. This section discusses the latter kind of syntax class.

A good example of a syntax class with varied meanings is the for-clause of the for family
of special forms.

= [id seqg-expr]
| [(id ...) seq-expr]
| #:when guard-expr

for-clause

The first two variants carry the same kind of information; both consist of identifiers to bind
and a sequence expression. The third variant, however, means something totally different:
a condition that determines whether to continue the current iteration of the loop, plus a
change in scoping for subsequent seq-exprs. The information of a for-clause must be
represented in a way that a client macro can do further case analysis to distinguish the “bind
variables from a sequence” case from the “skip or continue this iteration and enter a new
scope” case.

This section discusses two ways of representing varied kinds of information.
Syntactic Normalization

One approach is based on the observation that the syntactic variants already constitute a
representation of the information they carry. So why not adapt that representation, removing
redundancies and eliminating simplifying the syntax to make subsequent re-parsing trivial.

(define-splicing-syntax-class for-clause
#:attributes (norm)
(pattern [var:id seq:expr]
#:with norm #'[(var) seql)
(pattern [(var:id ...) seq:expr]
#:with norm #'[(var ...) seq])
(pattern (“seq #:when guard:expr)
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#:with norm #'[#:when guard]))

First, note that since the #:when variant consists of two separate terms, we define for-
clause as a splicing syntax class. Second, that kind of irregularity is just the sort of thing
we’d like to remove so we don’t have to deal with it again later. Thus we represent the
normalized syntax as a single term beginning with either a sequence of identifiers (the first
two cases) or the keyword #:when (the third case). The two normalized cases are easy to
process and easy to tell apart. We have also taken the opportunity to desugar the first case
into the second.

A normalized syntactic representation is most useful when the subsequent case analysis is
performed by syntax-parse or a similar form.

Non-syntax-valued Attributes

When the information carried by the syntax is destined for complicated processing by Racket
code, it is often better to parse it into an intermediate representation using idiomatic Racket
data structures, such as lists, hashes, structs, and even objects.

Thus far we have only used syntax pattern variables and the #:with keyword to bind at-
tributes, and the values of the attributes have always been syntax. To bind attributes to
values other than syntax, use the #:attr keyword.

; A ForClause is either

; - (bind-clause (listof identifier) syntax)
; - (when-clause syntax)

(struct bind-clause (vars seq-expr))

(struct when-clause (guard))

(define-splicing-syntax-class for-clause
#:attributes (ast)
(pattern [var:id seq:expr]
#:attr ast (bind-clause (list #'var) #'seq))
(pattern [(var:id ...) seq:expr]
#:attr ast (bind-clause (syntax->list #'(var ...))
#'seq))
(pattern (“seq #:when guard:expr)
#:attr ast (when-clause #'guard)))

Be careful! If we had used #:with instead of #:attr, a value produced by the right-hand
side would be coerced to a syntax object before being matched against the pattern ast.

Attributes with non-syntax values cannot be used in syntax templates. Use the attribute
form to get the value of an attribute.
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1.2.5 More Keyword Arguments

This section shows how to express the syntax of struct’s optional keyword arguments using
syntax-parse patterns.

The part of struct’s syntax that is difficult to specify is the sequence of struct options. Let’s
get the easy part out of the way first.

> (define-splicing-syntax-class maybe-super
(pattern (“seq super:id))
(pattern (“seq)))
> (define-syntax-class field-option
(pattern #:mutable)
(pattern #:auto))
> (define-syntax-class field
(pattern field:id
#:with (option ...) 'O)
(pattern [field:id option:field-option ...]))

Given those auxiliary syntax classes, here is a first approximation of the main pattern, in-
cluding the struct options:

(struct name:
(Talt (Tseq
("seq

("seq

(Tseq

(Tseq

("seq

("seq

("seq

(Tseq

(Tseq

("seq

("seq

id

super:maybe-super (field:field ...)

#:mutable)

#:super super-expr:expr)
#:inspector inspector:expr)
#:auto-value auto:expr)
#:guard guard:expr)

#:
#
#
#
#
#
#

property prop:expr prop-val:expr)

‘transparent)

:prefab)

:constructor-name constructor-name:id)
:extra-constructor-name extra-constructor-name:id)
:omit-define-syntaxes)

:omit-define-values))

The fact that expr does not match keywords helps in the case where the programmer omits
a keyword’s argument; instead of accepting the next keyword as the argument expression,
syntax-parse reports that an expression was expected.

There are two main problems with the pattern above:

* There’s no way to tell whether a zero-argument keyword like #:mutable was seen.
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* Some options, like # :mutable, should appear at most once.

The first problem can be remedied using ~“and patterns to bind a pattern variable to the
keyword itself, as in this sub-pattern:

("seq (Tand #:mutable mutable-kw))

The second problem can be solved using repetition constraints:

(struct name:id super:maybe-super (field:field ...)
(T"alt (Toptional ("seq (Tand #:mutable mutable-kw)))
(Toptional (“seq #:super super-expr:expr))
(Toptional (“seq #:inspector inspector:expr))
(T“optional (“seq #:auto-value auto:expr))
(Toptional (“seq #:guard guard:expr))
(“seq #:property prop:expr prop-val:expr)
(Toptional (“seq (Tand #:transparent transparent-kw)))
(Toptional (“seq (Tand #:prefab prefab-kw)))
(“optional (“seq #:constructor-name constructor-name:id))
(Toptional
(“seq #:extra-constructor-name extra-constructor-
name:id))
(Toptional
("seq (Tand #:omit-define-syntaxes omit-def-stxs-kw)))
(T“optional (“seq (Tand #:omit-define-values omit-def-vals-
kw))))
)

The ~optional repetition constraint indicates that an alternative can appear at most once.
(There is a “once form that means it must appear exactly once.) In struct’s keyword
options, only #: property may occur any number of times.

There are still some problems, though. Without additional help, “optional does not report
particularly good errors. We must give it the language to use, just as we had to give descrip-
tions to sub-patterns via syntax classes. Also, some related options are mutually exclusive,
such as #: inspector, #:transparent, and #:prefab

(struct name:id super:maybe-super (field:field ...)
(T"alt (Toptional
(Tor* (“seq #:inspector inspector:expr)
("seq (Tand #:transparent transparent-kw))
("seq (Tand #:prefab prefab-kw)))
#:name "#:inspector, #:transparent, or #:prefab option")
(Toptional (“seq (Tand #:mutable mutable-kw))
#:name "#:mutable option")
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(Toptional (“seq #:super super-expr:expr)
#:name "#:super option")
(T“optional (“seq #:auto-value auto:expr)
#:name "#:auto-value option")
(Toptional (“seq #:guard guard:expr)
#:name "#:guard option")
(“seq #:property prop:expr prop-val:expr)
(T“optional (“seq #:constructor-name constructor-name:id)
#:name "#:constructor-name option")
(Toptional
(“seq #:extra-constructor-name extra-constructor-
name:id)
#:name "#:extra-constructor-name option")
(T“optional (“seq (Tand #:omit-define-syntaxes omit-def-
stxs-kw))
#:name "#:omit-define-syntaxes option")
(Toptional (“seq (“and #:omit-define-values omit-def-vals-
kw))
#:name "#:omit-define-values option"))

Here we have grouped the three incompatible options together under a single ~“optional
constraint. That means that at most one of any of those options is allowed. We have given
names to the optional clauses. See “optional for other customization options.

Note that there are other constraints that we have not represented in the pattern. For example,
#:prefab is also incompatible with both #: guard and #: property. Repetition constraints
cannot express arbitrary incompatibility relations. The best way to handle such constraints
is with a side condition using #:fail-when.

1.2.6 Contracts on Macro Sub-expressions

Just as procedures often expect certain kinds of values as arguments, macros often have
expectations about the expressions they are given. And just as procedures express those
expectations via contracts, so can macros, using the expr/c syntax class.

For example, here is a macro myparameterize that behaves like parameterize but en-
forces the parameter? contract on the parameter expressions.

> (define-syntax (myparameterize stx)
(syntax-parse stx
[(_ ((p v:expr) ...) body:expr)
#:declare p (expr/c #'parameter?
#:name "parameter argument")
#' (parameterize ([p.c v] ...) body)1))
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> (myparameterize ([current-input-port
(open-input-string "(1 2 3)")])
(read))
(12 3)
> (myparameterize (['whoops 'something])
'whatever)
myparameterize: contract violation
expected: parameter?
given: 'whoops
in: parameter?
macro argument contract on parameter argument
contract from: 'program
blaming: (quote program)
(assuming the contract is correct)
at: eval:3:0

Important: Make sure when using expr/c to use the c attribute. If the macro above had
used p in the template, the expansion would have used the raw, unchecked expressions. The
expr/c syntax class does not change how pattern variables are bound; it only computes an
attribute that represents the checked expression.

The previous example shows a macro applying a contract on an argument, but a macro can
also apply a contract to an expression that it produces. In that case, it should use #:arg? #f
to indicate that the macro, not the calling context, is responsible for expression produced.

; BUG: rationals not closed under inversion
> (define-syntax (invert stx)
(syntax-parse stx
[(_ e
#:declare e (expr/c #'rational?)
#:with result #'(/ 1 e.c)
#:declare result (expr/c #'rational? #:arg? #f)
#'result.c]l))
> (invert 4)
1/4
> (invert 'abc)
invert: contract violation
expected: rational?
given: 'abc
in: rational?
macro argument contract
contract from: ‘program
blaming: (quote program)
(assuming the contract is correct)
at: eval:6:0
> (invert 0.0)
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invert: contract violation
expected: rational?
given: +inf.0
in: rational?
macro result contract
contract from: ‘program
blaming: (quote program)
(assuming the contract is correct)
at: eval:4:0

The following example shows a macro that uses a contracted expression at a different phase
level. The macro’s ref argument is used as a “compile-time expression”—more precisely,
it is used as an expression at a phase level one higher than the use of the macro itself. That is
because the macro places the expression in the right-hand side of a define-syntax form.
The macro uses expr/c with a #: phase argument to ensure that ref produces an identifier
when used as a compile-time expression.

> (define-syntax (define-alias stx)
(syntax-parse stx
[(_ name:id ref)
#:declare ref (expr/c #'identifier?
#:phase (addl (syntax-local-phase-
level)))
#' (define-syntax name (make-rename-transformer ref.c))]))
> (define-alias plus #'+)
> (define-alias zero 0)
define-alias: contract violation
expected: identifier?
given: 0
in: identifier?
macro argument contract
contract from: 'program
blaming: (quote program)
(assuming the contract is correct)
at: eval:10:0

1.3 Parsing Syntax

This section describes syntax-parse, the syntax/parse library’s facility for parsing syn-
tax. Both syntax-parse and the specification facility, syntax classes, use a common lan-
guage of syntax patterns, which is described in detail in[§1.3 “Syntax Patterns’}

Two parsing forms are provided: syntax-parse and syntax-parser.
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(syntax-parse stx-expr parse-option ... clause ...+)
parse-option :context context-expr

:literals (literal ...)

:datum-literals (datum-literal ...)

:literal-sets (literal-set ...)

:track-literals

:conventions (convention-id ...)

:local-conventions (convention-rule ...)

:disable-colon-notation

HOoH OH H H H HH

= literal-id
| (pattern-id literal-id)
| (pattern-id literal-id #:phase phase-expr)

literal

datum-literal = literal-id
| (pattern-id literal-id)

literal-set = literal-set-id
| (literal-set-id literal-set-option ...)

literal-set-option = #:at context-id
| #:phase phase-expr

clause = (syntax-pattern pattern-directive ... body ...+)

stx-expr : syntax?

(or/c syntax? symbol? #f

text- :
context-expr (1ist/c symbol? syntax?))

phase-expr : (or/c exact-integer? #f)

Evaluates stx-expr, which should produce a syntax object, and matches it against the
clauses in order. If some clause’s pattern matches, its attributes are bound to the corre-
sponding subterms of the syntax object and that clause’s side conditions and expr is evalu-
ated. The result is the result of expr.

Each clause consists of a syntax pattern, an optional sequence of pattern directives, and a
non-empty sequence of body forms.

If the syntax object fails to match any of the patterns (or all matches fail the corresponding
clauses’ side conditions), a syntax error is raised.

The following options are supported:
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#:context context-expr

context-expr : (or/c syntax? symbol? #f
(1ist/c symbol? syntax?))

When present, context-expr is used in reporting parse failures; otherwise
stx-expr is used. If context-expr evaluates to (list who context-
stx), then who appears in the error message as the form raising the error, and
context-stx is used as the term. If context-expr evaluates to a symbol, it is
used as who and stx-expr (the syntax to be destructured) is used as context-
stx. If context-expr evaluates to a syntax object, it is used as context-stx
and who is inferred as with raise-syntax-error.

The current-syntax-context parameter is also set to the syntax object
context-stx.

Examples:

> (syntax-parse #'(a b 3)
[(x:id ...) 'ok])
a: expected identifier
at: 3
in: (ab3)
> (syntax-parse #'(a b 3)
#:context #'(lambda (a b 3) (+ a b))
[(x:id ...) 'ok])
lambda: expected identifier
at: 3
in: (lambda (a b 3) (+ ab))
> (syntax-parse #'(a b 3)
#:context 'check-id-list
[(x:id ...) 'ok]l)
check-id-list: expected identifier
at: 3
in: (ab3)

#:1literals (literal ...)
literal-id

| (pattern-id literal-id)
| (pattern-id literal-id #:phase phase-expr)

literal

phase-expr : (or/c exact-integer? #f)
The #:1literals option specifies identifiers that should be treated as liter-

als rather than pattern variables. An entry in the literals list has two com-
ponents: the identifier used within the pattern to signify the positions to be
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matched (pattern-id), and the identifier expected to occur in those positions
(1iteral-id). If the entry is a single identifier, that identifier is used for both

purposes.

If the #:phase option is given, then the literal is compared at phase phase-
expr. Specifically, the binding of the 1iteral-id at phase phase-expr must
match the input’s binding at phase phase-expr.

In other words, the syntax-patterns are interpreted as if each occurrence of
pattern-id were replaced with the following pattern:

("literal literal-id #:phase phase-expr)

#:datum-literals (datum-literal ...)

datum-literal = literal-id
| (pattern-id literal-id)

Like #:1iterals, but the literals are matched as symbols instead of as identi-
fiers.

In other words, the syntax-patterns are interpreted as if each occurrence of
pattern-id were replaced with the following pattern:

("datum literal-id)

#:1literal-sets (literal-set ...)

literal-set = literal-set-id
| (literal-set-id literal-set-option ...)

literal-set-option = #:at Ictx
| #:phase phase-expr

phase-expr : (or/c exact-integer? #f)

Many literals can be declared at once via one or more literal sets, imported with
the #:1iteral-sets option. See literal sets for more information.

If the #:at keyword is given, the lexical context of the 1ctx term is used to
determine which identifiers in the patterns are treated as literals; this option is
useful primarily for macros that generate syntax-parse expressions.

#:track-literals
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If specified, each final body expression is further constrained to produce a sin-
gle value, which must be a syntax object, and its 'disappeared-use syn-
tax property is automatically extended to include literals matched as part of
pattern-matching. Literals are automatically tracked from uses of #:1iterals,
#:1literal-sets, or "literal, but they can also be manually tracked using
syntax-parse-state-cons!. The property is added or extended in the same
way as a property added by syntax-parse-track-literals.

Due to the way the body forms are wrapped, specifying this option means the
final body form will no longer be in tail position with respect to the enclosing
syntax-parse form.

Added in version 6.90.0.29 of package base.

#:conventions (conventions-id ...)

Imports conventions that give default syntax classes to pattern variables that do
not explicitly specify a syntax class.

#:1local-conventions (convention-rule ...)

Uses the conventions specified. The advantage of #:1local-conventions over
#:conventions is that local conventions can be in the scope of syntax-class
parameter bindings. See the section on conventions for examples.

#:disable-colon-notation

Suppresses the “colon notation” for annotated pattern variables.

Examples:

> (syntax-parse #'(a b c)
[(x:y ...) 'okl)
syntax-parse: not defined as syntax class
at:y
in: (syntax-parse (syntax (a b c)) ((x:y ...) (quote ok)))
> (syntax-parse #'(a b c¢) #:disable-colon-notation
[(x:y ...) 'okl)
'ok

(syntax-parser parse-option ... clause ...+)

Like syntax-parse, but produces a matching procedure. The procedure accepts a single
argument, which should be a syntax object.
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(define/syntax-parse syntax-pattern pattern-directive ... stx-expr)

stx-expr : syntax?

Definition form of syntax-parse. That is, it matches the syntax object result of stx-
expr against syntax-pattern and creates pattern variable definitions for the attributes of
syntax-pattern.

Examples:

> (define/syntax-parse (("seq kw:keyword arg:expr) ...)
#'(#:2 1 #:b 2 #:c 3))

> #' (kv ...)

#<syntax:eval:7:0 (#:a #:b #:c)>

Compare with define/with-syntax, a similar definition form that uses the simpler
syntax-case patterns.

1.4 Specifying Syntax with Syntax Classes

Syntax classes provide an abstraction mechanism for syntax patterns. Built-in syntax classes
are supplied that recognize basic classes such as identifier and keyword. Programmers
can compose basic syntax classes to build specifications of more complex syntax, such as
lists of distinct identifiers and formal arguments with keywords. Macros that manipulate the
same syntactic structures can share syntax class definitions.

(define-syntax-class name-id stxclass-option

stxclass-variant ...+)
(define-syntax-class (name-id . kw-formals) stxclass-option
stxclass-variant ...+)

34



stxclass-option = #:attributes (attr-arity-decl ...)
#:auto-nested-attributes

#:description description-expr

#:opaque

#:commit

#:no-delimit-cut

#:1literals (literal-entry ...)
#:datum-literals (datum-literal-entry ...)
#:1literal-sets (literal-set ...)
#:conventions (convention-id ...)
#:local-conventions (convention-rule ...)
#:disable-colon-notation

attr-arity-decl = attr-name-id
| (attr-name-id depth)

stxclass-variant = (pattern syntax-pattern pattern-directive ...)

description-expr : (or/c string? #f)

Defines name-id as a syntax class, which encapsulates one or more single-term patterns.

A syntax class may have formal parameters, in which case they are bound as variables in
the body. Syntax classes support optional arguments and keyword arguments using the same
syntax as lambda. The body of the syntax-class definition contains a non-empty sequence
of pattern variants.

The following options are supported:

#:attributes (attr-arity-decl ...)

attr-arity-decl = attr-id
| (attr-id depth)

Declares the attributes of the syntax class. An attribute arity declaration con-
sists of the attribute name and optionally its ellipsis depth (zero if not explicitly
specified).

If the attributes are not explicitly listed, they are inferred as the set of all pattern
variables occurring in every variant of the syntax class. Pattern variables that
occur at different ellipsis depths are not included, nor are nested attributes from
annotated pattern variables.

#:auto-nested-attributes
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Deprecated. This option cannot be combined with #:attributes.

Declares the attributes of the syntax class as the set of all pattern variables and
nested attributes from annotated pattern variables occurring in every variant of
the syntax class. Only syntax classes defined strictly before the enclosing syn-
tax class are used to compute the nested attributes; pattern variables annotated
with not-yet-defined syntax classes contribute no nested attributes for export.
Note that with this option, reordering syntax-class definitions may change the
attributes they export.

#:description description-expr

description-expr : (or/c string? #f)

The description argument is evaluated in a scope containing the syntax
class’s parameters. If the result is a string, it is used in error messages involving
the syntax class. For example, if a term is rejected by the syntax class, an error
of the form "expected description" may be synthesized. If the result is #f,
the syntax class is skipped in the search for a description to report.

If the option is not given, the name of the syntax class is used instead.

#:opaque

Indicates that errors should not be reported with respect to the internal structure
of the syntax class.

#:commit

Directs the syntax class to “commit” to the first successful match. When a
variant succeeds, all choice points within the syntax class are discarded. See
also “commit.

#:no-delimit-cut

By default, a cut (*!) within a syntax class only discards choice points within
the syntax class. That is, the body of the syntax class acts as though it is wrapped
ina “delimit-cut form. If #:no-delimit-cut is specified, a cut may affect
choice points of the syntax class’s calling context (another syntax class’s pat-
terns or a syntax-parse form).

It is an error to use both #: commit and #:no-delimit-cut.
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#:1literals (literal-entry ...)

#:datum-literals (datum-literal-entry ...)
#:1literal-sets (literal-set ...)
#:conventions (convention-id ...)

Declares the literals and conventions that apply to the syntax class’s variant pat-
terns and their immediate # : with clauses. Patterns occurring within subexpres-
sions of the syntax class (for example, on the right-hand side of a #: fail-when
clause) are not affected.

#:local-conventions (convention-rule ...)

#:disable-colon-notation

These options have the same meaning as in syntax-parse.

Each variant of a syntax class is specified as a separate pattern-form whose syntax pattern
is a single-term pattern.

(define-splicing-syntax-class name-id stxclass-option

stxclass-variant ...+)
(define-splicing-syntax-class (name-id . kw-formals) stxclass-option
stxclass-variant ...+)

Defines name-id as a splicing syntax class, analogous to a syntax class but encapsulating
head patterns rather than single-term patterns.

The options are the same as for define-syntax-class.

Each variant of a splicing syntax class is specified as a separate pattern-form whose syntax
pattern is a head pattern.
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(pattern syntax-pattern pattern-directive ...)

Used to indicate a variant of a syntax class or splicing syntax class. The variant accepts
syntax matching the given syntax pattern with the accompanying pattern directives.

When used within define-syntax-class, syntax-pattern should be a single-term pat-
tern; within define-splicing-syntax-class, it should be a head pattern.

The attributes of the variant are the attributes of the pattern together with all attributes bound
by #:with clauses, including nested attributes produced by syntax classes associated with
the pattern variables.

this-syntax

When used as an expression within a syntax-class definition or syntax-parse expression,
evaluates to the syntax object or syntax pair being matched.

Examples:

> (define-syntax-class one (pattern _ #:attr s this-syntax))
> (syntax-parse #'(1 2 3) [(1 o:one _) (attribute o.s)])
#<syntax:eval:3:0 2>

> (syntax-parse #'(1 2 3) [(1 . o:one) (attribute o.s)])

' (#<syntax:eval:4:0 2> #<syntax:eval:4:0 3>)

> (define-splicing-syntax-class two (pattern (“seq _ _) #:attr s this-
syntax))

> (syntax-parse #'(1 2 3) [(t:two 3) (attribute t.s)])
#<syntax:eval:6:0 (1 2 3)>

> (syntax-parse #'(1 2 3) [(1 t:two) (attribute t.s)])

' (#<syntax:eval:7:0 2> #<syntax:eval:7:0 3>)

Raises an error when used as an expression outside of a syntax-class definition or syntax-
parse expression.

prop:syntax-class
(struct-type-property/c (or/c identifier?
(-> any/c identifier?)))

A structure type property to identify structure types that act as an alias for a syntax class
or splicing syntax class. The property value must be an identifier or a procedure of one
argument.

When a transformer is bound to an instance of a struct with this property, then it may be used
as a syntax class or splicing syntax class in the same way as the bindings created by define-
syntax-class or define-splicing-syntax-class. If the value of the property is an
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identifier, then it should be bound to a syntax class or splicing syntax class, and the binding
will be treated as an alias for the referenced syntax class. If the value of the property is a
procedure, then it will be applied to the value with the prop:syntax-class property to
obtain an identifier, which will then be used as in the former case.

Examples:

> (begin-for-syntax

(struct expr-and-stxclass (expr-id stxclass-id)
#:property prop:procedure
(lambda (this stx) ((set!-transformer-procedure

(make-variable-like-transformer

(expr-and-stxclass-expr-id this)))

stx))

#:property prop:syntax-class
(lambda (this) (expr-and-stxclass-stxclass-id this))))
> (define-syntax is-id? (expr-and-stxclass #'identifier? #'id))

> (is-id? #'x)

#t

> (syntax-parse #'x
[x:is-1d7 #t]
[ #£1)

#t

Added in version 7.2.0.4 of package base.

1.4.1 Pattern Directives

Both the parsing forms and syntax class definition forms support pattern directives for an-
notating syntax patterns and specifying side conditions. The grammar for pattern directives

follows:

pattern-directive

H OH OH H H H HHHHEHHE

:declare pvar-id stxclass maybe-role
:post action-pattern

:and action-pattern

:with syntax-pattern stx-expr

rattr attr-arity-decl expr

:fail-when condition-expr message-expr
:fail-unless condition-expr message-expr
:when condition-expr

:do [def-or-expr ...]

:undo [def-or-expr ...]
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#:declare pvar-id stxclass maybe-role

stxclass = syntax-class-id
(syntax-class-id arg ...)

maybe-role
| #:role role-expr

Associates pvar-id with a syntax class and possibly a role, equivalent to re-
placing each occurrence of pvar-id in the pattern with (“var pvar-id stx-
class maybe-role). The second form of stxclass allows the use of param-
eterized syntax classes, which cannot be expressed using the “colon” notation.
The args are evaluated in the scope where the pvar-id occurs in the pattern.
Keyword arguments are supported, using the same syntax as in #,app.

If a #:with directive appears between the main pattern (e.g., in a syntax-
parse or define-syntax-class clause) and a #:declare, then only pattern
variables from the #:with pattern may be declared.

Examples:

> (syntax-parse #'P
[x
#:declare x id
#'x])
#<syntax:eval:12:0 P>
> (syntax-parse #'L
[x
#:with y #'x
#:declare x id
#'x])
syntax-parse: identifier in #:declare clause does not appear
in pattern;
this #:declare clause affects only the preceding #:with
pattern
at: x
in: (syntax-parse (syntax L) (x #:with y (syntax x)
#:declare x id (syntax x)))
> (syntax-parse #'T
[x
#:with y #'x
#:declare y id
#'x1)
#<syntax:eval:14:0 T>

#:post action-pattern
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Executes the given action pattern as a “post-traversal check” after matching the
main pattern. That is, the following are equivalent:

main-pattern #:post action-pattern
main-pattern #:and (“post action-pattern)
("and main-pattern ("post action-pattern))

#:and action-pattern

Like #:post except that no “post wrapper is added. That is, the following are
equivalent:

main-pattern #:and action-pattern
("and main-pattern action-pattern)

#:with syntax-pattern stx-expr

Evaluates the stx-expr in the context of all previous attribute bindings and
matches it against the pattern. If the match succeeds, the pattern’s attributes
are added to environment for the evaluation of subsequent side conditions. If
the #:with match fails, the matching process backtracks. Since a syntax object
may match a pattern in several ways, backtracking may cause the same clause
to be tried multiple times before the next clause is reached.

If the value of stx-expr is not a syntax object, it is implicitly converted to a
syntax object. If the the conversion would produce 3D syntax—that is, syntax
that contains unwritable values such as procedures, non-prefab structures, etc—
then an exception is raised instead.

Equivalent to #:post (“parse syntax-pattern stx-expr).

Examples:

> (syntax-parse #'(1 2 3)
[(abc)
#:with rev #'(c b a)
#'rev])
#<syntax:eval:15:0 (3 2 1)>
> (syntax-parse #'(['x "Ex."] ['y "Why?"] ['z "Zee!"])
[([stuff ...] ...)
#:with h #'(hash stuff ... ...)
#'h])
#<syntax:eval:16:0 (hash (quote x) "Ex." (quote y)
"Why?" (quote z) "Zee!")>
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#:attr attr-arity-decl expr

Evaluates the expr in the context of all previous attribute bindings and binds it
to the given attribute. The value of expr need not be, or even contain, syntax—
see attribute for details.

Equivalent to #:and (“bind attr-arity-decl expr).

Examples:

> (syntax-parse #'("do" "mi")
[(a b)
#:attr rev #' (b a)
#'rev])
#<syntax:eval:17:0 ("mi" "do")>
> (syntax-parse #'(1 2)
[(a:number b:number)
#:attr sum (+ (syntax-e #'a) (syntax-e #'b))
(attribute sum)])

The #:attr directive is often used in syntax classes:

Examples:

> (define-syntax-class ab-sum
(pattern (a:number b:number)
#:attr sum (+ (syntax-e #'a) (syntax-e #'b))))
> (syntax-parse #'(1 2)
[x:ab-sum
(attribute x.sum)])

#:fail-when condition-expr message-expr
message-expr : (or/c string? #f)

Evaluates the condition-expr inthe context of all previous attribute bindings.
If the value is any true value (not #£), the matching process backtracks (with the
given message); otherwise, it continues. If the value of the condition expression
is a syntax object, it is indicated as the cause of the error.

If the message-expr produces a string it is used as the failure message; other-
wise the failure is reported in terms of the enclosing descriptions.

Equivalent to #:post (“fail #:when condition-expr message-expr).

Examples:
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> (syntax-parse #'(m 4)
[(m x:number)
#:fail-when (even? (syntax-e #'x))
"expected an odd number"
#'x])
m: expected an odd number
at: (m4)
in: (m4)
> (syntax-parse #'(m 4)
[(m x:number)
#:fail-when (and (even? (syntax-e #'x)) #'x)
"expected an odd number"
#'x])
m: expected an odd number
at: 4
in: (m4)

#:fail-unless condition-expr message-expr
message-expr : (or/c string? #f)

Like #:fail-when with the condition negated.

Equivalent to #:post ("fail #:unless condition-expr message-
expr).

Example:

> (syntax-parse #'(m 5)
[(m x:number)
#:fail-unless (even? (syntax-e #'x))
"expected an even number"
#'x])
m: expected an even number
at: (m5)
in: (m35)

#:when condition-expr

Evaluates the condition-expr in the context of all previous attribute bindings.
If the value is #f, the matching process backtracks. In other words, #:when is
like #:fail-unless without the message argument.

Equivalent to #:post ("fail #:unless condition-expr #f).

Example:
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> (syntax-parse #'(m 5)
[(m x:number)
#:when (even? (syntax-e #'x))
#'x])
m: bad syntax
in: (m5)

#:do [defn-or-expr ...]

Takes a sequence of definitions and expressions, which may be intermixed, and
evaluates them in the scope of all previous attribute bindings. The names bound
by the definitions are in scope in the expressions of subsequent patterns and
clauses.

There is currently no way to bind attributes using a #: do block. It is an error to
shadow an attribute binding with a definition in a #: do block.

Equivalent to #:and (“do defn-or-expr ...).

#:undo [defn-or-expr ...]

Has no effect when initially matched, but if backtracking returns to a point be-
fore the #:undo directive, the defn-or-exprs are executed. See ~“undo for an
example.

Equivalent to #:and (“undo defn-or-expr ...).

#:cut

Eliminates backtracking choice points and commits parsing to the current
branch at the current point.

Equivalent to #:and ~!.

1.4.2 Pattern Variables and Attributes

An attribute is a name bound by a syntax pattern. An attribute can be a pattern variable
itself, or it can be a nested attribute bound by an annotated pattern variable. The name of
a nested attribute is computed by concatenating the pattern variable name with the syntax
class’s exported attribute’s name, separated by a dot (see the example below).

Attributes can be used in three ways: with the attribute form; inside syntax templates via
syntax, quasisyntax, etc; and inside datum templates. Attribute names cannot be used
directly as expressions; that is, attributes are not variables.
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A syntax-valued attribute is an attribute whose value is a syntax object or list of the ap-
propriate ellipsis depth. That is, an attribute with ellipsis depth O is syntax-valued if its
value is syntax?; an attribute with ellipis depth 1 is syntax-valued if its value is (1istof
syntax?); an attribute with ellipsis depth 2 is syntax-valued if its value is (listof
(listof syntax?)); and so on. The value is considered syntax-valued if it contains
promises that when completely forced produces a suitable syntax object or list. Syntax-
valued attributes can be used within syntax, quasisyntax, etc as part of a syntax template.
If an attribute is used inside a syntax template but it is not syntax-valued, an error is signaled.

There are uses for non-syntax-valued attributes. A non-syntax-valued attribute can be used
to return a parsed representation of a subterm or the results of an analysis on the subterm. A
non-syntax-valued attribute must be bound using the #:attr directive or a “bind pattern;
#:with and “parse will convert the right-hand side to a (possibly 3D) syntax object.

Example:

> (define-syntax-class table
(pattern ((key value) ...)
#:attr hashtable
(for/hash ([k (syntax->datum #'(key ...))]
[v (syntax->datum #'(value ...))])
(values k v))
#:attr [sorted-kv 1]

(delay

(printf "sorting!\n")

(sort (syntax->list #'((key value) ...))
<

#:key (lambda (kv) (cadr (syntax-
>datum kv)))))))

The table syntax class provides four attributes: key, value, hashtable, and sorted-kv.
The hashtable attribute has ellipsis depth 0 and the rest have depth 1; key, value, and
sorted-kv are syntax-valued, but hashtable is not. The sorted-kv attribute’s value is a
promise; it will be automatically forced if used in a template.

Syntax-valued attributes can be used in syntax templates:

> (syntax-parse #'((a 3) (b 2) (c 1))
[t:table
#' (t.key ...01)
#<syntax:eval:26:0 (a b c)>
> (syntax-parse #'((a 3) (b 2) (c 1))
[t:table
#'(t.sorted-kv ...)])
sorting!
#<syntax:eval:27:0 ((c 1) (b 2) (a 3))>
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But non-syntax-valued attributes cannot:

> (syntax-parse #'((a 3) (b 2) (c 1))
[t:table
#'t.hashtable])
t.hashtable: attribute contains non-syntax value
value: #hash((a. 3)(b. 2)(c. 1))
in: t.hashtable

The attribute form gets the value of an attribute, whether it is syntax-valued or not.

> (syntax-parse #'((a 1) (b 2) (c 3))
[t:table
(attribute t.hashtable)])
'#hash((a . 1) (b . 2) (c . 3))
> (syntax-parse #'((a 3) (b 2) (c 1))
[t:table
(attribute t.sorted-kv)])
#<promise:sorted-kv326>

Every attribute has an associated ellipsis depth that determines how it can be used in a syntax
template (see the discussion of ellipses in syntax). For a pattern variable, the ellipsis depth
is the number of ellipses the pattern variable “occurs under” in the pattern. An attribute
bound by #:attr has depth 0 unless declared otherwise. For a nested attribute the depth is
the sum of the annotated pattern variable’s depth and the depth of the attribute exported by
the syntax class.

Consider the following code:

(define-syntax-class quark
(pattern (a b ...)))
(syntax-parse some-term
[(x (y:quark ...) ... z:quark)
some-code] )

The syntax class quark exports two attributes: a at depth O and b at depth 1. The syntax-
parse pattern has three pattern variables: x at depth 0, y at depth 2, and z at depth 0. Since y
and z are annotated with the quark syntax class, the pattern also binds the following nested
attributes: y.a at depth 2, y.b at depth 3, z.a at depth 0, and z.b at depth 1.

An attribute’s ellipsis nesting depth is not a guarantee that it is syntax-valued or has any list
structure. In particular, “or* and ~optional patterns may result in attributes with fewer
than expected levels of list nesting, and #:attr and “bind can be used to bind attributes to
arbitrary values.

Example:
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> (syntax-parse #'(a b 3)

o) D)
(attribute x)]1)

[(Cor* (x:id

#f

(attribute attr-id)

Returns the value associated with the attribute named attr-id. If attr-id is not bound as

an attribute, a syntax error is raised.

Attributes and datum

The datum form is another way, in addition to syntax and attribute, of using syntax
pattern variables and attributes. Unlike syntax, datum does not require attributes to be
syntax-valued. Wherever the syntax form would create syntax objects based on its template
(as opposed to reusing syntax objects bound by pattern variables), the datum form creates

plain S-expressions.

Continuing the table example from above, we can use datum with the key attribute as

follows:

> (syntax-parse #'((a 1) (b 2) (c 3))
[t:table (datum (t.key ...))]1)

' (#<syntax:eval:32:0 a> #<syntax:eval:32:0 b> #<syntax:eval:32:0

c>)

A datum template may contain multiple pattern variables combined within some S-

expression structure:

> (syntax-parse #'((a 1) (b 2) (c 3))
[t:table (datum ([t.key t.value] ...))])
' ((#<syntax:eval:33:0 a> #<syntax:eval:33:0 1>)
(#<syntax:eval:33:0 b> #<syntax:eval:33:0 2>)
(#<syntax:eval:33:0 c> #<syntax:eval:33:0 3>))

A datum template can use the “@ and ~ 7 template forms:

> (syntax-parse #'((a 1) (b 2) (c 3))
[t:table (datum (("@ t.key t.value) ...))])

' (#<syntax

#<syntax:
#<syntax:
#<syntax:
#<syntax:
#<syntax:

reval
eval
eval
eval
eval
eval

:34:
:34:
:34:
:34:
:34:
:34:

O O O O O O

a>
1>
b>
2>
c>
3>)
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> (syntax-parse #'((a 56) (b 71) (c 13))
[t:table (datum ((7@ . t.sorted-kv) ...))])
sorting!

' (#<syntax:eval:35:0 c>
#<syntax:eval:35:0 13>
#<syntax:eval:35:0 a>
#<syntax:eval:35:0 56>
#<syntax:eval:35:0 b>
#<syntax:eval:35:0 71>)

> (syntax-parse #'( ((a 1) (b 2) (c 3)) ((d 4) (e 5)))
[(tl:table (Tor* t2:table #:nothing))
(datum (tl.key ... ("7 (7@ t2.key ...))))]1)
' (#<syntax:eval:36:0 a>
#<syntax:eval:36:0 b>
#<syntax:eval:36:0 c>
#<syntax:eval:36:0 d>
#<syntax:eval:36:0 e>)
> (syntax-parse #'( ((a 1) (b 2) (c 3)) #:nothing)
[(t1:table (Tor* t2:table #:nothing))
(datum (tl.key ... (77 (7@ t2.key ...))))])
' (#<syntax:eval:37:0 a> #<syntax:eval:37:0 b> #<syntax:eval:37:0
c>)

However, unlike for syntax, a value of #f only signals a template failure to ~7 if a list is
needed for ellipsis iteration, as in the previous example; it does not cause a failure when it
occurs as a leaf. Contrast the following:

> (syntax-parse #'( ((a 1) (b 2) (c 3)) #:nothing)
[(t1:table (Tor* t2:table #:nothing))
#' (77 t2 skipped)])

#<syntax:eval:38:0 skipped>

> (syntax-parse #'( ((a 1) (b 2) (¢ 3)) #:nothing)
[(tl:table (Tor* t2:table #:nothing))
(datum ("7 t2 skipped))])

#f

The datum form is also useful for accessing non-syntax-valued attributes. Compared to
attribute, datum has the following advantage: The use of ellipses in datum templates
provides a visual reminder of the list structure of their results. For example, if the pattern
is (t:table ...), then both (attribute t.hashtable) and (datum (t.hashtable
...)) produce a (1istof hash?), but the ellipses make it more apparent.

Changed in version 7.8.0.9 of package base: Added support for syntax pattern variables and attributes to datum.
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1.5 Syntax Patterns

The grammar of syntax patterns used by syntax/parse facilities is given in the following
table. There are four main kinds of syntax pattern:

* single-term patterns, abbreviated S-pattern
¢ head patterns, abbreviated H-pattern
« ellipsis-head patterns, abbreviated EH-pattern

* action patterns, abbreviated A-pattern

A fifth kind, list patterns (abbreviated L-pattern), is just a syntactically restricted subset
of single-term patterns.

When a special form in this manual refers to syntax-pattern (eg, the description of the
syntax-parse special form), it means specifically single-term pattern.

S-pattern = pvar-id

| pvar-id:syntax-class-id

| pvar-id:literal-id

| literal-id

| (Cvar® id)

| (“var®" id syntax-class-id maybe-role)
| ("var® id (syntax-class-id arg ...) maybe-role)
| ("literal literal-id maybe-phase)
| atomic-datum

| ("datum datum)

| (H-pattern . S-pattern)

| (A-pattern . S-pattern)

| (EH-pattern ... . S-pattern)
| (H-pattern ...+ . S-pattern)

| (Tand® proper-S/A-pattern ...+)
|

|

|

|

|

|

|

|

|

|

|

(Tor*® S-pattern ...+)

("not S-pattern)

#(pattern-part ...)
#s(prefab-struct-key pattern-part ...)

#&S-pattern

("rest S-pattern)

(“describe® maybe-opaque maybe-role expr S-pattern)
("commit® S-pattern)

("delimit-cut® S-pattern)

("post® S-pattern)

A-pattern
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L-pattern = ()

| (A-pattern . L-pattern)

| (H-pattern . L-pattern)

| (EH-pattern ... . L-pattern)

| (H-pattern ...+ . L-pattern)

| ("rest L-pattern)

H-pattern = pvar-id:splicing-syntax-class-id

| (“var id splicing-syntax-class-id maybe-role)

| (“var® id (splicing-syntax-class-id arg ...)
maybe-role)

| ("seq . L-pattern)

| (“and" proper-H/A-pattern ...+)

| (“or*M H-pattern ...+)

| (~optiona1h H-pattern maybe-optional-option)

| (“describel maybe-opaque maybe-role expr H-pattern)

| (“commit! H-pattern)

| (“delimit-cuth H-pattern)

| (“post" H-patter)

| (“peek H-pattern)

| ("peek-not H-pattern)

| proper-S-pattern

EH-pattern (Talt EH-pattern ...)

(“once H-pattern once-option ...)

|
| (“optional®h H-pattern optional-option ...)
| ("between H min-number max-number between-option)
| H-pattern

A-pattern = 7!

| ("bind [attr-arity-decl expr] ...)

| ("fail maybe-fail-condition maybe-message-expr)
| ("parse S-pattern stx-expr)

| (Tand® A-pattern ...+)

| (T"post? A-pattern)

| ("do defn-or-expr ...)

| ("undo defn-or-expr ...)

proper-S-pattern = a S-pattern thatisnota A-pattern

proper-H-pattern = a H-pattern thatis nota S-pattern

The following pattern keywords can be used in multiple pattern variants:

var
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One of “var®, ~“var®t, or “var!.

“and

One of ~and®, ~and®, or ~and?:

* ~and? if all of the conjuncts are action patterns
« ~and" if any of the conjuncts is a proper head pattern

* ~and® otherwise

or*

One of ~or*® or ~or*!:

o ~or*M if any of the disjuncts is a proper head pattern

¢ ~orx*® otherwise

“or

Behaves like ~or*S, “or*?, or ~alt:

e like “alt if the pattern occurs directly before ellipses (. . .) or immediately within
another “alt pattern

o like ~or*h if any of the disjuncts is a proper head pattern
¢ like “or*® otherwise
The context-sensitive interpretation of ~“or is a design mistake and a common source of

confusion. Use “alt and ~o