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1 Introduction

Functional languages are nice supports to
build prototypes. Strong polymorphic typ-
ing ([11]) provides genericity and program-
ming security. User definable types permit
to design complex and readable data struc-
tures and again, programming security is en-
hanced. Pattern-matching definitions of func-
tions are a concise and readable way to express
algorithms. It is thus possible, in the process
of designing prototype languages, to describe
their abstract syntax by means of structured
types and to write semantic functions such as
compilers and program transformers. How-
ever, defining a concrete syntax for a proto-
type language is far from being a trivial task
(especially when that language is often evolv-
ing), and is rarely integrated to functional lan-
guages. Parser generators have a quite crude

syntax and are usually completely indepen-
dent from our favorite functional language.
Particularly from the typing point of view, we
cannot ask a parser generator to integrate our
favorite language type system.

We propose in this paper an extension of
an ML dialect to treat parser definitions.
The key point of the extension is the ad-
junction of stream expressions and patterns
with the possibility of matching actual streams
against these patterns. This particular form
of pattern-matching is implemented using syn-
tax analysis techniques and the functions us-
ing this pattern-matching virtually build an-
notated parse trees and return the computed
value of their attributes. We call them parsers.

Parametric parsers (we call them higher-
order parsers) may be defined in this frame-
work. They permit modular design of gram-
mars.

Writing a (pretty) printer for a language
may also be difficult. Formatting primitives
may be gathered in a “language of boxes” as
in PPML ([13]) which provides considerable
help. However, it is useful to notice that when
a parser for a language has been written in a
high-level language, a pretty-printer for that
language is very easy to write because the



structures of parsing and printing algorithms
may be very similar in the cases where the out-
put of pretty-printer must be a valid input to
the corresponding parser.

A simplified version of these features has
been implemented in CAML ([13]) and a sys-
tem of macros for ML is described as an ap-
plication.

In section 2 we give the syntax of the new
features together with examples. Typing rules
for stream expressions and parsers are given
in section 3 and an informal semantics of
parsers is given in section 4. Implementation
of macros is described in section 5. The cur-
rent implementation of parsers in CAML is
briefly described in section 6 where the history
of “object languages” manipulation in CAML
is recalled. The printer definition feature, con-
ceptually simpler, will not be fully developed
here; it has also been integrated to the CAML
system ([8]).

2 Syntax

We extend the kernel of an ML dialect by al-
lowing parser and printer definitions. Both
definition styles are statically typechecked and
then parsers are analyzed by a parser genera-
tor and compiled as usual function definitions.
Printers behave as usual function definitions.

2.1 The kernel of the language

The considered language possesses (basic or
functional) constants as numbers, addition,
etc, a conditional and pattern-matching ab-
stractions. This last feature presupposes the
existence of structured types. For simplicity,
we will only assume the existence of a (sum)
type for lists and a (product) type for pairs.

We give in figure 1 the syntax of this part of
the language in a BNF style.

The syntactic category <Basic constants>
corresponds to numbers, boolean values (de-
noted by true and false) and strings (such
as "foo"). Predefined functional constants are
addition, multiplication and subtraction de-
noted respectively by the infix symbols “+”,
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“*” and “-” and string concatenation

Function bodies have one or more cases and
local declarations may be multiple and recur-
sive. Variable names are usual identifiers and
are introduced by their binding occurrence in a
local declaration or in a pattern of an abstrac-
tion. The syntax of patterns is given in figure
2. In both expressions and patterns, paren-
theses may be used freely for disambiguating
purposes.

We often note [ey;...;e,] the expression
e1::...1:en::[1. We also use (* and *) as
comment delimitors.

We suppose that the language has a call-by-
value semantics. We have done no special ef-
fort about evaluation strategies, but we believe
that this work could fit well with lazy evalua-
tion because we consider streams as values!.

2.2 Extension to Parsers and

Printers

The key point of the extension is the intro-
duction of a new kind of structured values
and patterns together with a special seman-
tics for both matching against these patterns
and value construction.

These expressions and patterns have a spe-
cial syntax because they represent segments

1 Actually, stream construction would be more rea-
sonable when submitted to lazy evaluation.



<Bzpr> 1= < DBasic constants>

|  <Punctional constants>

|  <Ezpr> , <Ezpr> Pairs

| 0O Empty list

|  <Ezpr> :: <Ezpr> Non empty lists

|  <Identifier>

|  <Ezpr> <Ezpr> Applications

|  <FEzpr> <Infizx operator> < Ezpr> Application of an infix function

| function < Pattern> -> <FEzpr> Pattern-matching abstractions

| <Pattern> -> <FErxpr>

| if <FEzpr> then <Fzpr> else <FEzpr> Conditional expressions

| let [rec] <Identifier> = <Ezpr> Local [recursive] declarations
and <Identifier> = <FEzpr>
in <Frpr>
Figure 1: The syntax of expressions in the kernel language

< Pattern> 1=  <Basic constanis>

(]
< Pattern> ::

< Pattern> , <Pattern>

< Pattern>
<Identifier> < Pattern>
< Pattern> as <Identifier>

Wild card

Pairs

Empty list

Non empty list

Other structured patterns

Figure 2: The syntax of patterns in the kernel language

of streams. We first extend the syntax of ex-
pressions as shown in figure 3. Patterns ap-
pearing in the left hand side of an arrow “->”
in a parser body are restricted to be stream
patterns (either empty or not) defined in fig-
ure 4, and these are the only possible occur-
rences of stream patterns (in particular, no
usual function may attempt to match its ar-
guments against a stream pattern).

We do not extend the syntax of pat-
terns, but we define a new syntactic category
<Stream pattern> given in figure 4.

In the following, we will only consider
parsers working on streams whose elements
belong to a particular type lexeme defined
below. These elements correspond to termi-
nals and the associated input (obtained from
a character stream) is given as a comment in
the definition. Typing is described in section
3.

It is theoretically possible to define lex-
ical analysers using the notation of parser
definitions? ([3]). However, for efficiency pur-

2We give in appendix an example of parser defini-



<FEzpr>

| [<>] Empty stream
| [< <Stream component> ...; <Stream component> >] Non empty stream
| parse <Stream pattern> -> <Ezpr> Parser body

|  <Stream pattern> —> <FErpr>

<Stream component> = <Ezpr> Substream
|  ’<Ezpr> Stream element

Figure 3: Syntax of expression extended to streams and parsers

<Stream pattern> .= [<>]
|  [< <Stream pattern component> ...; <Stream paltern compongni> >]
<Stream pattern component> =  <FErpr> <lIdenlifier>
| ’<Pattern>

Figure 4: Syntax of stream patterns

poses, it is preferable to have a special nota- | Rfquote (% U>>U %)
tion for lexical analysers definitions. Because

of lack of space, we do not introduce here such

a notation. 2.3 Examples

type lexeme = In the examples, we write the type of each

Nun of num (* Humbers ) function as a comment. We first define a
| Bool of bool (x "true" or "false" ) printer for lists of numbers by using a prede-
| Ident of string (* Identifiers *) fined function pnum which builds a stream of
| Star % ::*:: *) character strings from its numeric argument.
: lel;fp E: ,,;,, :; (* print_num_list : num list - string stream *)
| Comma CRRES let print_num_list =
| Semic (% "3 %) let rec pns = function
| Lsqb G %) [ = T<>]
| Rsgb (* "] %) | [n] -> [< pnum n >]
| Lpar (% "(" %) | n::L -> [< pnum n; ’";"; pns L >]
| Rpar (% ") %) in function L -> [< ’"["; pns L; *"]" >]
| Liquote (% << %) in print_num_list [1;2;3]

tion where the lexical part is handled by a parser. Intuitively, print_num_list builds a



stream whose elements are character strings.
Stream elements are expressions preceded by
the “*” character, other stream components
are substreams which are expanded inside the
stream being built.

We may also define a parser for a list of num-
bers (as "[1;2;3]1"):

(* parse_num_list :
let parse_num_list =

let rec pns = parse
[< "Num n >] -> [n]
| [< ’Num n; ’Semic; pns 1 >] -> n::1
in parse [< ’Lsqgb; ’Rsqb> >] -> []
| [< ’Lsqb; pns L; ’Rsqb >] -> L

in ...

The parse_num_list function must be seen as
matching a stream segment composed of ele-
ments of type lexeme. Such elements stand for
terminals and represent respectively numbers,
semicolons, left and right square brackets.

When applied to a stream, parse_num_list
will match its first element against Lsgb. In
case of failure, the whole function call fails.
Otherwise, if the second element is matched
by Rsqgb, then the first rule is chosen and the
empty list [] is returned as result. If the sec-
ond element is not Rsgb, then the pns function
matches it against the pattern Num n, binding
the identifier n to the numeric value held by
the constructor Num. Then the next element
of the stream is matched against Semic, and
so on. When the recursive call of pns returns
a list of numbers, the identifier 1 gets bound
to the list and n::1 is returned. The variable
L then gets bound to n: :1 which becomes the
result of the whole parser call. If one of the
matches above fails, the parser call fails.

Expressions appearing in stream patterns
denote thus calls to matching functions on the
current stream argument, and the variable fol-
lowing them gets bound to their result; pat-

terns preceded by the “’” character are used

to match stream elements (terminals).

The next example generalizes the above
parser for lists of numbers to arbitrary lists by
having a non terminal as formal parameter.

(* star : (lexeme stream - a)

-+ lexeme stream - a list *)

lexeme stream - num list bt star = function p ->

let rec pns =

parse [< p x >] -> [x] (* a singleton

| [< p x; ’Semic; pns L >] -> x::L
in parse [< ’Lsgb; ’Rsqb> >] -> []
| [< ’Lsgb; pns L; ’Rsgb >] -> L

in ...

It takes a parser as argument and iterates that
parser on its stream argument. For example,
the partial application:

star (parse [< ’Num n >] -> n)
: lexeme stream - num list

recognizes sequences of numbers such as
“[1;2;3]” (and returns lists of numbers).

Notice that it is also possible to define
parsers whose semantic actions contain formal
parameters.

3 Typing

In this section, we will assign types to parsers
and printers. We assume given the typing
rules for expressions and patterns of the kernel
language. Typing rules are classically written
as inference rules. Rules for expressions allow
the deduction of a type for a given expression
under some set of hypotheses. Rules for pat-
terns build a set of hypotheses (i.e. a typing
environment) from a pattern under some set
of hypotheses. We will only extend these sets
of rules in order to assign types to parser and
printer definitions.

*)
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Figure 5: Typing stream expressions
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Figure 6: Typing stream patterns

We first assign types to stream expressions.
Streams belong to the type stream. We build
typing environments from stream patterns,
and then we will be ready to assign types to
parsers bodies.

3.1 Stream Expressions

Let us recall that stream expressions represent
either the empty stream or a stream built up
from some ML expressions. The typing rules
that we need extend the relation gy, for typ-
ing ML expressions; they are given at figure 5.
The relation hgyp, uses an auxiliary relation

Fsec which assigns a type to components of
stream expressions (elements or substreams).

Rules (1) and (2) assign types to stream
expressions and auxiliary rules (3) and (4)
give types to stream components (either sub-
streams or stream elements). It is thus possi-
ble to build (homogeneous) streams whose el-
ements belong to an arbitrary type. Polymor-
phic formatting tools could also be integrated
to the concrete syntax of streams: they should
be interpreted by output routines on streams.
This has been implemented in the CAML sys-
tem ([13], [8]) but will not be described here.
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Figure 7: Typing parser bodies

3.2 Stream Patterns

We define in figure 6 a new relation
Fspat analoguous to the relation hpy building
typing environments and checking the type of
patterns. The meaning of “I') Alspasp : 77
could be expressed as: “under the set of hy-
potheses I', the stream pattern sp has type 7
and produces the typing environment A”. The
meaning of “I', Abp,ip @ 77 is “under the set
of hypotheses I', the pattern p has type 7 and
produces the typing environment A”.

The relation kpa; uses the auxiliary rela-
tion Fgpc which assigns types to components
of stream patterns.

Note that stream patterns must be linear:
every variable bound by a (stream) pattern
must occur only once in the whole (stream)
pattern. The “U” operator denotes set union
and “N” set intersection. For a given set of
hypotheses A, A denotes the set of identifiers
to which A gives a type.

Notice also that the typing of a pattern com-
ponent e p (rule (8)) differs from a typing rule
for application. The expression e will be ap-
plied to the actual stream argument, and the
variable pattern p will be bound to the result
of this application.

3.3 Parsers and Printers

It is now trivial to assign types to printer
and parser bodies since they must be typed
as function bodies. There is no special rule
for printers since they are only introduced by

stream expressions. We note 'y the set of hy-
potheses obtained from I' by removing all type
assumptions on identifiers belonging to the set
V. The rule for parser bodies is given in figure
7. In order to type a parser body, each stream
pattern sp; produces a typing environment A;
which is used to assign a type 7; to the corre-
sponding expression e;. As in function bodies,
all the ; are unified producing a type 7 and
the type of the parser body is the functional
type o stream — 7, where o stream is the
common type of the sp;’s.

3.4 Example

We refer here to the example given in section
2.3. We may verify the correctness of the types
of the star function and of its partial applica-
tion to a parser of numbers.

Another application of star is such that:

parse_list_gen

(parse_list_gen (parse [< ’Num n >] -> n))

: lexeme stream - (num list) list

A slightly complex example where different
non terminals possess different types could

be:

(* num_or_bool : lexeme stream -> num *)

let num_or_bool =

(* pnum : lexeme stream —-> num *)
let pnum = parse [< Num n >] -> n
(* pbool : lexeme stream -> bool *)



and pbool = parse [< ’Bool b >] -> b

in
parse [< pnum n; pbool b >]
-> if b then n else -n

4 Semantics

In this section, we outline the semantics of
parser definitions. Actually, the precise se-
mantics (eliminating classical non determin-
ism of syntax analysis) can only be given when
a particular parsing technique has been cho-
sen.

Two semantic points should be precised:
the first one concerns the matching of ac-
tual streams by stream patterns and the sec-
ond concerns the values returned by a parser.
In this section, we try to relate the pattern-
matching of streams to context-free grammars.
This does not constitute an operational se-
mantics (which depends on parsing and parser
generation techniques). These grammar spec-
ifications may then be seen as attribute gram-
mars when semantic actions are added. The
value returned by a parser call is thus the value
of the synthetized attribute of the root node
of (one of) the parse tree(s) produced.

From Parser Definitions to
Grammar Specifications

4.1

We give only the intuition allowing to see a
parser body as a context-free grammar specifi-
cation. More information about classical pars-
ing techniques and their implementation may
be found in [3]. Unlike grammar specifications,
we have a notion of scope and auxiliary parsers
may have to be renamed in order to be put all
in the same scope.

We may thus transform the definition or
parse_num_list (which we recall here):

(* parse_num_list :
let parse_num_list =

let rec pns = parse
[< "Num n >] -> [n]
| [< ’Num n; ’Semic; pns 1 >] -> n::1
in parse [< ’Lsgb; ’Rsqb> >] -> []
| [< ’Lsgb; pns L; ’Rsgb >] -> L

into the grammar specification:

parse_num_list - Lsqgb Rsqgb
parse_num_list - Lsqgb pns Rsqgb
pns - Num

pns - Num Semic pns

where Num, Semic, Lsqb and Rsgb are termi-
nals while other identifiers are non-terminals.
Renaming occurs when a local declaration is
hidden by another one.

We need also to give names to anonymous
parsers. So:

let p = parse
[< ’Num n; (parse ’Comma -> ()
| ’Semic -> ()) _ >] —>

translates into:

p - Num aux
aux - Comma

aux - Semic

where aux is a new non-terminal name. In or-
der to generate the context-free grammar spec-
ification from a parser definition, it is neces-
sary to reduce expressions appearing in stream
patterns until parser names or parser bodies
are obtained. This reduction may be realized
by the usual semantic rules of functional lan-
guages. Here is an example needing such a
transformation:

lexeme stream - num list *)

n



(* p_bools_or_nums
lexeme stream » (num list) *)
let p_bools_or_nums =
let rec star = function p ->
(parse [< >] -> []
| [< p x; (star p) L >] -> x::L)
in parse [< ’Lsqgb; (star (parse [< ’Num n
->n)) L;
’Rsgb >] -> L
’Lsqgb;
(star (parse [< ’Bool b >] ->
if b then 1 else 0))
’Rsgb >] -> L

I [

This definition translates into the grammar
specification:

p_bools_or_nums -+ Lsqgb star_num Rsgb
p_bools_or_nums -+ Lsqgb star_aux Rsgb
star_num -

star_num - Num star_num

aux - Bool

star_aux -

star_aux - aux star_aux

where aux and star_aux are new non-terminal
names.

The semantics of a higher-order parser tak-
ing a parser as argument could be written as
a parameterized context-free grammar specifi-
cation.

4.2 Semantic Actions At-

tributes

as

So far, we forgot the values returned by
parsers. Once the context-free grammar spec-
ification is generated, we must add semantic
actions to the grammar specification and clas-
sical methods can be used to synthetize ML
expressions associated to parse trees from an-
notated parse trees ([3]).

In some usages of parsers (cf. section 5),
there may be also an interaction between the
context calling a parser in order to select a par-
ticular parse tree. For example, a type-checker
could eliminate parse trees whose synthetized
attribute value is not matched by the type ex-
ylected at that occurrence ([1]).

4.3 Operational Semantics and
Compilation issues

L;

The choice between deterministic and non de-
terministic parsing techniques influence the
evaluation of semantic actions. With deter-
ministic techniques, a semantic action may be
executed as soon as the rule reduction occurs,
whereas execution of semantic actions has to
be delayed until a particular parse tree has
been selected in the non deterministic case.

Code generation for parsers (consisting for
example in building a parsing table) should oc-
cur at compile time. Nevertheless, in presence
of unknown non terminals, incomplete parsing
tables should be generated, and missing in-
formation should be provided by application
of higher-order parsers to a specific parser.
When arbitrary expressions are used as non
terminals, the situation is even more compli-
cated: when the parser is called, then this kind
of non terminals must be evaluated to parsers
in order to provide information to the parser.
At first sight, parsers must be represented in
a special way in order to be distinguished of
usual functions: type information is not suf-
ficient. Non terminals which are not parsers
(i.e. which do not attempt to match their ar-
gument) such as:

function (s : lexeme stream) -> 1

should be treated as semantic actions.

In case of first-order parser definition, classi-
cal parser generation techniques may be used,



producing parsing tables which may be inter-
preted by a parsing engine. In CAML, we have
chosen to analyze parser definitions through
the Yacc ([9]) parser generator, imposing some
restrictions on the parsers definable in the lan-

guage.

At our knowledge, none of the classical
parser generation techniques considers the
problem of unknown non terminals. The prob-
lem consists in generating an incomplete de-
scription of a parsing table for a higher-order
parser which will be completed by the appli-
cation to its arguments.

This should be related to incremental parser
generation techniques which have been pro-
posed in [7].  These techniques rely on
Tomita’s pseudo-parallel LR parsing algo-
rithm ([12]). Tt seems also possible to relate
the problem of unknown non terminals to the
work on the parsing of incomplete sentences
described in [10]. Both works use sophisti-
cated techniques to optimize sharing of com-
mon substructures of parse trees built in par-
allel. A description of such techniques with
complexity results may be found in [4].

5 Macro Expressions and
Macro Evaluation

In this section, we consider extensions of the
ML parser itself by user-defined parsers. This
constitutes an application of the integration of
parser definition in functional languages.

We will assume the existence of a type dyn
of values of dynamic type (the disjoint union
of all possible types). More information about
dynamic types may be found in [2] and [13]).

5.1 Parsers producing ML pro-

grams

It is often desirable to give a concrete syntax
to objects of a specific structured type. As
an example, consider the CAML type defini-
tion for abstract syntax trees for arithmetic
expressions:

type aexpr =
Constant of num
| Addition of (aexpr * aexpr)
| Multiplication of (aexpr * aexpr)

Instead of typing in:

Addition (Constant 1, Constant 2)

we would like to write something like:

1+2

maybe after telling the toplevel parser that an-
other parser has to be called. Assuming that
we have defined a parser for arithmetic expres-
sions, this is possible in CAML by writing:

<< 142 >>

where “<<” and “>>” have to be read as french
quotation marks.

We define the parser pexpr for arithmetic
expressions by:

(* pexpr : lexeme stream - aexpr *)
let rec pexpr =
parse [< ’Num n >] -> n

| [< ’Lpar; pexpr e; ’Rpar >] -> e

| [< pexpr el; ’Star; pexpr e2 >]
=> Mult(el,e2)
| [< pexpr el; ’Plus; pexpr e2 >]

-> Add(el,e?2)

Note that the underlying grammar is ambigu-
ous but this does not matter for our purpose.



We now define a function pexpr_to_ML call-
ing that parser and transforming the result
into a value of type ML in order to form a legal
piece of abstract syntax. Before doing this, we
must define a constructor called MLquote of
type (dyn = ML). So the definition of the type
ML looks like:

type ML = ..
| MLquote of dyn

Typechecking and compiling MLquote expres-
sions are trivial tasks since their type and
value are hidden inside a dynamic value. The
definition of pexpr_to_ML is thus:

(* pexpr_to_ML : iostream - ML *)
let pexpr_to_ML = function

str -> MLquote (dynamic (pexpr str))

Its type is lexeme stream - ML. The user now
may put it in a special system reference in or-
der that the toplevel parser will be able to find
it.

Let us now take a look at the ML toplevel
parser. We only give here the rules concerning
calls to user-defined parsers:

let rec parse_ML =
let rec parse_MLdecl = ...

and parse_MLexpr
parse ...
| [< ’Lfquote; (default_parser()) e;
"Rfquote >] -> e

where the evaluation of default_parser()
looks in the system reference containing the
default user-defined parser and returns it.

We also would like to be able to write things
like:

let el <<1+2>> and e2 = <<3+4>>

in <<#tel + #e2>>

or:

function <<#el + #e2>> -> "addition"
| <<itel * #e2>> -> "multiplication"

where the expressions immediately following
“#” are ML expressions and not expressions
belonging to the arithmetic language. In
other words, since the language of arith-
metic expressions may be considered as an
object language, we want “escapes” to its
metalanguage.  The “#” character desig-
nates such an escape. It is similar to com-
mas used in Lisp in the scope of a “back-
quote” character. In this case, the phrase
<<1+2>> does not represent the constant value
Add(Const 1, Const 2) but the ML program
building this value. More precisely, the result
returned by pexpr_to_ML is the abstract syn-
tax tree of “Add (Const 1, Comnst 2)”.

We must define a parser returning programs
for arithmetic expressions instead of values
by:

(* pexpr : lexeme stream - ML *)
let rec pexpr

parse [< Num n >] -> MLnum_const n
| [
| [

I [

’Sharp; parse_MLexprO e >] -> e
’Lpar; pexpr e; ’Rpar >] -> e
pexpr el; ’Star; pexpr e2 >]
-> MLapply (MLvar "Mult",
MLpair (el,e2))
’Plus;
pexpr e2 >]
-> MLapply (MLvar "Add",
MLpair (el,e2))

pexpr el;

The parser parse_MLexprO recognizes either
atomic expressions (as numbers, identifiers,
boolean values ...) or completely parenthe-
sized ML expressions.



The pexpr parsing function may be called
by the toplevel parser since it already produces
abstract syntax trees for ML expressions.

5.2 Macros

Since we are able to use any parser and to
make it available as a macro-syntax facility
(i.e. between “<<” and “>>”), we may also
do it for the ML toplevel parser itself.

Suppose that the default grammar is the one
of ML itself. The following declaration binds
the identifier MAX to the syntaz of 256 of type
ML:

let MAX = <<256>>

We may add a special rule to the ML parser
of expressions:

and parse_MLexpr0 =
parse ...
| [< ’Sharp; parse_MLexpr0 e >]
-> some code evaluating e

This rule says “after the keyword ‘#’, recog-
nize an atomic ML expression; then evaluate
it, make sure it is of type ML, and return it
as result”. This rule is recursively available
in other rules for ML expressions, declarations
etc, so it specifies general macro calls. It is
of course possible to add similar rules every-
where a macro (with maybe a type such as, for
example, MLdecl for declarations) is desirable.

If the declaration of the macro MAX has been
made at toplevel, we may parse:

. if x = #MAX then ... else ...
exactly as:
. if x = 256 then ... else ...

If we have a version of the ML parser which
produces programs building abstract syntax
trees instead of directly their values, we might
also define macro functions.

6 Implementation

Parser and printer definitions have been par-
tially implemented in CAML. Instead of hav-
ing anonymous or local parsers, we have parser
declarations only as a toplevel syntactic con-
struct. It is also currently impossible to define
higher-order parsers.

Parser definitions are statically type-
checked, and compilation goes through the
Yacc ([9]) parser generator which produces
parsing tables sent as arguments to a unique

parsing system function.

6.1 History

Object languages manipulation has quite a
long history in ML from earlier versions of
ML available at INRIA to recent versions of
CAML. The first integration to an ML sys-
tem has been realized by P. Lechenadec at IN-
RIA ([6]). At this time, the implementation
was already borrowed from D. MacQueen’s
interface between Lisp and Yacc adapted to
Le_Lisp by G. Berry. The ML version has then
been ported to CAML by F. Dupont and A.
Suarez. The author’s work started by giving
a better syntax to grammar specifications and
adding a static typechecker to parser defini-
tions. Macros came for free as soon as evalua-
tion functions were made available.

6.2 Current implementation

The current implementation of parser defi-
nitions possesses two distinct syntactic con-



structs for parsers producing ML programs
and parsers producing values. Although it is
not as powerful as the features described in
this paper, it is still useful and produces effi-
cient parsers. The CAML toplevel parser itself
has been defined in this way.

The compilation of parsing functions relies
on the Yacc parser generator ([9]). Yacc pro-
duces deterministic LALR(1) parsers which
enable semantic actions to be executed as soon
as a grammar rule is reduced.

There is no lexical analyser definition facil-
ity in the current implementation. There is
only one lexical analyser in CAML; it takes as
parameter a set of keywords which is specific
to each grammar.

Using input/output features of CAML to-
gether with (system or user-defined) evalua-
tion functions, it is very easy for the user to
write toplevel loops reading from standard in-
put or from files.

The CAML toplevel may know several user-
defined parsers (producing values of type ML):
the “<< ...>>” has been extended to “<:
parser name < ...>>” in order to call a spe-
cific parser.

Calls to other parsers from a specific parsers
are possible through semantic actions. The
advantage is that grammar specifications are
analysed separately and parsing functions pro-
duced are efficient.

The possibility to define parsers in CAML
is widely used. As non trivial examples (ex-
cepted CAML parsers themselves), the SAM
compiler generator ([14]) and the Calculus of
Constructions proof system ([5]) use inten-
sively these features.

The style of recursive definitions working on
patterns written in concrete syntax is partic-
ularly readable; for example, consider a com-
piling function written as:

let rec pascal_compiler = function
<<if #test then #statl else #stat2>>
-> (pascal_compiler test)
@[Branch (compile_stat statl,
compile_stat stat2)]
| <<while #ttest do #stat>> -> ...

It 1s more readable than the version manipu-
lating explicit abstract syntax trees, and thus
easier to maintain.

We did not emphasize on printer specifica-
tions. In fact, they are defined, typed and
compiled as usual functions. In CAML, a
syntax similar to the one of stream expres-
sions is implemented. This syntax is enriched
by boxes, breaks and indentation annotations
making pretty-printers fairly easy to write

([13], [8)).

6.3 Future Work

Much work remains to be done in order to
give an efficient compilation to higher-order
parsers. An operational semantics of stream
expressions and parser definitions would rep-
resent an important step in this direction.

A possible extension of this work is to pro-
vide a Typol-like ([14]) facility in order to pro-
gram the semantic treatments of object for-
malisms. It would then be possible for the
user to relate the semantic and syntactical as-
pects of any object language and to program,
for example, the disambiguating role of typing
over parsing, obtaining results similar to those

of [1].

7 Related Works

Recent related works have been done at
Chalmers University of Goteborg ([1]). Al-

though powerful parsing techniques are used,



parsers produced are not made available to the
user. Furthermore, the user cannot choose its
semantic actions.

We still believe that it is interesting to
have parsers as ML values together with the
possibility of parameterizing parsers. The
macro-syntax technique given at section 5 pro-
vides the same possibilities as syntax exten-
sions described in [1] and interaction between
the type-checker and parsers could be added
as done in [1] in case of usage of a non-
deterministic parsing technique.

8 Conclusion

We have proposed an integration of parser def-
initions into functional languages. We have
given a syntactic extension of usual ML syn-
tax. It provides the ability to define stat-
ically typechecked parsing functions of arbi-
trary order of functionality. The type-checking
of parser definitions has been described and
an informal non deterministic semantics was
given. Macro-syntax facilities consistent with
ML type discipline were obtained as applica-
tions.
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Appendix

We give as appendix the complete specifica-
tion of a parser for pure lambda expressions.



For simplicity, we allow only mono-character
identifiers. We define two functions: a sim-
ple lexical analyser (defined as a parser) and
a parser for streams of lexemes. We note con-
stant characters by ‘a‘, ‘b¢ etc.

(* Lexical part *)
type lexeme =
Ident of char | Lambda | Dot | Lpar | Rpar

(* spaces : char stream = unit *)

let rec spaces =

parse [< ¢ ¢; spaces _ >] -> ()
| [< ¢ t¢; spaces _ >] -> ()
| [< ¢ n¢; spaces _ >] -> ()
| [<> -> 0O
(* lexm : char stream -+ lexeme *)
let lexm =
parse [< ‘a‘ >] -> Ident ‘a‘
...
| [« ¢Z¢ >] =-> Ident ‘Z¢
| [< “.¢>] =-> Dot
| [< ¢(¢ >] -> Lpar
| [< )¢ >] -> Rpar
| [< ¢ ¢ >] -> Lambda

(* lex : char stream = lexeme stream *)
let rec lex =
parse [< spaces _; lexm 1; lex s >] -> [< ’1; s >]

(* Syntactic part *)

type lambda_term = Var of char

| Abs of (char * lambda_term)

| App of (lambda_term * lambda_term)

(* plambda : lexeme stream - lambda_term *)

let rec plambda =

parse [< ’Lambda; ’Ident v; ’Dot; plambda M >]
-> Abs(v,M)

| [< plapp M >] -> M

and plapp =
parse [< plapp M; plambdaO N >] -> App(M,N)
| [< plambdaO M >] -> M

and plambda0 = parse [< ’Ident v >] -> Var v
| [< ’Lpar; plambda M; ’Rpar >] -> M



