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Figure 6: Check Syntax works through macros

ing arrows show how make-home-link and home-link-text are bound, and the red highlighting® on
backgronud-color indicate that this identifier is unbound (in this case, because of a simple typo).
Finally, the ‘rename .. .to’ box shows how users can rename all occurrences of a specific binding in
an S-XML transformation.

5.3 The Stepper

When a programmer embeds a little language within Scheme, the stepper should be transparent with
respect to the macros and libraries introduced by the embedded language. In other words, it must
“step” in a manner that corresponds to the reductions of the embedded language, rather than the
host language.

S-XML embeds several forms within Scheme; each has a natural reduction sequence. The xml
form must simply be transparent; xml values are displayed as such, and computation within these
terms (using the Imx form) are properly embedded. The schema form is trivial, as it contains no
runtime computation. The xml-match form shows steps corresponding to the location of the proper
pattern, and those within the corresponding pattern.

Figure 7, shows a step in the evaluation of a simple HTML construction. The stepper highlights
the reducible subexpression in green, and the resulting subexpression in purple. The call to make-
page-footer is replaced by the body of the procedure, and the value of the argument is substituted in
the bound location in the body.

30n a grayscale printer, this will appear gray.
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Figure 7: The stepper works through macros

5.4 Validity Checking

MrSpidey provides an assertion mechanism to enable programmers to check statically that certain
variables may only be bound to values of a given type. The natural extension of this assertion ability
in the S-XML language is to use the assertion operator for validity checking. In S-XML, a schema
expands into a MrSpidey type definition.

This type definition may then be used to implement S-XML validity checking, as shown in
figure 8. Rather than a body, this article has simply a string. This is illegal, by the schema that
appears above. Therefore, MrSpidey highlights the offending assertion in red. The path from the
string to its use in the xml form is indicated by a series of arrows.

5.5 Plugins

DrScheme’s plugin system also proves useful in the S-XML language embedding. For instance,
the “simple-cgi” plugin permits users to build and test cgi scripts. Using this plugin, programmers
can write programs which interact directly with a web browser, either by using a simple “question
& answer” interface, or by sending a complete HTML form. The S-XML language provides the
needed forms to easily construct these HTML forms.

In figure 9, the simple-cgi Teachpack is used to interact with the user directly. Note that in this
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Figure 8: MrSpidey catches validity errors

case, we may also use the stepper to trace the execution of the script.

6 How It All Works

The extension of DrScheme’s programming tools to S-XML is largely automatic. The key tech-
nologies required are source correlation and rectifiers.

In DrScheme, source elaboration of macros is performed by McMicMac [19]. McMicMac
transforms a source file (a character stream) into an abstract syntax tree. Each term in the tree has a
reference to some position of the source file. These references are preserved by McMicMac’s sub-
sequent macro elaboration, so that each term in the fully elaborated program has a direct reference
to a source location. This elaborated program goes to the evaluator for execution.

As a consequence, the static tools (including the syntax-checker and MrSpidey) operate trans-
parently with respect to macros. These tools draw conclusions about the elaborated program, and
display the results using source-correlation indirection. Hence, they require no modification what-
soever to accommodate the embedded language.

The interpreter and the stepper draw heavily on source correlation as well. However, since these
tools are not static, they must also display the runtime values and expressions of the embedded
language. DrScheme employs rectifiers to perform these back-translations. There are two types of
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Figure 9: Using Plugins to Test CGI Scripts

rectifiers: value rectifiers, and expression rectifiers.

A little language that enriches the value set of the host language must include a way to display its
values to the user. Value rectifiers perform this translation. That is, if the little language introduces
new language forms for the creation of data, the programming tools should display the resulting
values using the same forms that the programmer employed to create the data. In S-XML, the
following interaction* illustrates this:

> (xml (center "page number " (em (Imx (+ 1 2)))))
(xml (center "page number " (em 3)))

Rather than displaying the value in an internal format, the printer uses the concrete syntax asso-
ciated with the little language. Since value rectifiers deal exclusively with runtime values, they
have no need of source correlation. A value rectifier provides a mapping from values to displayed
information.

The second category of rectifier comprises the expression rectifiers. These arise in the operation
of the stepper, which must reconstruct each step within the host language’s evaluator as a step within
the embedded language. In some cases, the elaborated forms may have been partially evaluated.
For instance, the evaluation of the xml-match form may proceed through many reductions. Each

*Value rectifiers are currently implemented for the stepper, but not for the read-eval-print loop.
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of these must be displayed as an xml-match term. Expression rectifiers make heavy use of source
correlation information, as they must reconstruct source terms based upon the history of macro
elaboration imposed upon the source.

For the S-XML language, we have constructed these rectifiers explicitly. Future work includes
generating them automatically from the macros and libraries that make up the language embedding,

7 Related Work

Our work relates to four distinct areas of research. They are, in descending order of relevance: the
construction of programming environments; the embedding of little languages in host languages;
the problem of debugging optimized code; and transformation languages for XML. EMACS is
by far the most prominent effort to produce an extensible and customizable programming envi-
ronment [23]. With a few hundred lines of EMACS code, a programmer can create an EMACS
mode that assists with some syntactic problems (indentation, syntax coloring) or with a read-eval-
print loop (source correlation of run-time environment). But, the EMACS extensions have to be
produced manually; they are not connected or derived from the little language embedding.

Most other work on the construction of programming environments focuses on the creation of
tools from language specifications. For example, Teitelbaum, Reps, and others have created the
Cornell Synthesizer Generator [21], which permits programmers to use attribute grammar technol-
ogy to define syntax-directed editors. The ASF+SDF research effort [16] has similat, but more
comprehensive goals. A programmer who specifies an algebraic-denotational semantics for a little
language can create several interesting tools in this framework. In contrast, our work concentrates
on the pragmatic problem of creating or prototyping language tools rapidly. In particular, we accom-
modate an existing implementation without any modifications. Given that most implementations are
not derived formally, our work has greater potential to be applied to other environments.

Second, our most interesting technical problem concerns the relationship between the execution
of elaborated code and the source text. At first glance, this suggests a commonality between our
work and the work on debugging optimized object code. More specifically, code optimizations are
problematic for debuggers and our algebraic stepper. Both need to cope with code transformations
when they interrupt the execution of a program. Hennessy [11], Adl-Tabatabai and Gross [1],
and Cooper, Kennedy and Torczon [4] describe solutions to the problem of debugging optimized
code. We believe, however, that the two communities apply different techniques for the backwards
translations due to the radically different levels of languages. We are currently studying whether
the techniques carry over from the debugging to the stepping problem and whether the adaptation
of these techniques has any advantages.

Third, although our paper is not about techniques for language embeddings, it heavily draws
on ideas in that area. The history of language embeddings starts with LISP [24] and Mcllroy, who
introduced the notion of macro transformations in 1962 [20]. Over the past decade, the Scheme pro-
gramming language introduced three important innovations in macro systems. First, Kohlbecker, et
al. [17] showed how to render macro expanders hygienic, that is, make them compatible with the lex-
ical structure of a host language. Second, Kohlbecker and Wand introduced the macros-by-example
specification method {18]. Last, but not least, Dybvig, Hieb and Bruggeman [5] implemented the
first source-correlating macro system; our work is based on the more powerful McMicMac program
elaborator[19].
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More recently, other language communities have rediscovered the idea of embedding languages
for reuse. Fairbairn (6], Hudak [12], Wallace and Runciman [26] use Haskell’s infix operators and
higher-order functions to embed little languages,’ including a little language for XML; Kamin and
Harrison [13] are working along similar lines, using SML. More recently, Oleg Kiselyov [15] has
also worked to embed XML within Scheme. All of these efforts focus on embedding techniques;
none has paid attention to the programming environments of little languages.

Fourth, our paper, like that of Wallace and Runciman [26] and Thiemann[25] address the prob-
lem of transforming XML elements. Our solution solves a problem from which both of the other
approaches suffer. Specifically, using S- XML programmers can specify XML trees in a generic
manner yet they still get the benefits of XML validity checking.

8 Conclusion

We must learn to re-use all levels of language technology in the construction of little languages.
The potential benefits are enormous. Shivers [22] reports that his version of AWK, which is more
powerful than the original, is one tenth of the original’s size. A small implementation is also easy
to manage and to change. Hence, an embedded language is easier to extend than a stand-alone
language. An improvement to the host language generally improves the embedded language(s)
immediately. Finally, if one language plays host to several embedded languages, programs in the
latter can easily exchange structured forms of data, e.g., lists, trees, arrays. In contrast, stand-
alone implementations must employ the operating system’s tool box, which often means that “little
language programmers” must write parsers and unparsers.

With this paper we wish to contribute to the argument for language embeddings, and we hope
to direct the attention of researchers to the programming environments of little languages. More
centrally, we illustrate how an embedding also creates a powerful programming environment for
little languages. The construction hinges on three properties of the host language and environment.
First, the host language must have a mechanism for defining new language constructs. Otherwise
the user of a little language must immediately know everything about the host language. Second, the
mechanism must translate instances of the new constructs in such a manner that the tools can report
results in terms of the surface syntax. Finally, the tools must not contain hard-wired assumptions
about the source language.

For our example, we had to add two small functions to two environment tools: one for translating
Scheme values back into S-XML syntax, and another one for reconstructing an S-XML construct
that has a multi-step algebraic reduction semantics. Based on our experience, we conjecture that
this effort can be automated and we plan to tackle the problem in the future.
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