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Abstract

A collection of Scheme software for web author-
ing and programming is described. The software is
called LAML. The paper gives a cohesive overview
of LAML with emphasis on the lessons learned dur-
ing its development. Both the LAML libraries, the
document styles, the tools, and the LAML system
as such are discussed. At the end of the paper we
assess the use of Scheme for web authoring and pro-
gramming purposes.

1 Introduction

In this paper we will describe LAML and its devel-
opment. LAML represents a suite of software for
web programming in Scheme.

LAML means Lisp Abstracted Markup Language.
The name refers to the idea of forming abstractions
in Lisp that mimic the elements of HTML [3] and
XML [2].

In a number of other papers we have described
some of the individual parts and tools of LAML
[18, 20, 22, 19, 26, 27, 25]. In this paper we will
give a transverse and more coherent description of
the LAML software with emphasis on the lessons
learned during the development process, which has
lasted more than four years until now.

The work on LAML was initiated from a curiosity
of applying Lisp for CGI programming purposes [6].
Both Common Lisp, Scheme, and Emacs Lisp were
considered as candidate languages. We ended up
using Scheme. In the conclusion of the paper we
will reflect on this choice.

In the rest of the paper we will go through the
individual LAML libraries, document styles, and
tools. We will also describe the LAML distribution
and the LAML installation procedure. Interleaved
with the descriptions we will summarize the expe-
riences we have collected in terms of a number of
emphasized lessons.

2 LAML Libraries

The LAML libraries organize collections of defini-
tions, some of which are generally useful, and others
that are only relevant for more specialized purposes.

We have chosen to develop a general function li-

brary with a number of different extensions to the
Scheme language. Many of the functions are func-
tions that work on strings and lists, and functions
that extract components of file paths. Somehow it
feels wrong to re-program such functions for LAML,
because several existing Scheme libraries already in-
clude a number of them. However, by including a
general library in LAML we have managed to keep
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(define (font size color x)

(let ((ss (string-append "size = " (convert-size size)))

(cs (string-append "color = "

quote-string (apply rgb-string color) quote-string)))

(string-append "<font " ss " " cs ">" (as-string x) "</font>")))

Figure 1: An example of function from the very early HTML mirror.

LAML running on most existing Scheme Systems
without concerns of ‘third party’ libraries such as
SLIB [9] and the PLT libraries [4] (see also section
7).

Lesson 1. LAML includes a general library of
list and string functions (among others) primarily
because Scheme is not standardized with compre-
hensive libraries.

The library for reading and writing of text files

makes it possible to read a text file into a string and
vice versa. Selective reading (based on a notion of
marks) is also supported. The time library provides
conversion functions for ‘Unix time’ (the number of
seconds elapsed since January 1, 1970, 00:00:00).
The color library supports functions that generates
the hexadecimal RGB color number (which is used
by HTML and CSS) from various decimal represen-
tations in different structures. The text collection

and skipping library is the basis of several parsing
tools, which play an important role both, not least
internally for LAML (see section 5.3).

The HTML mirror library encodes a modelling of
HTML in Scheme, and it supports the generation
of HTML fragments from Scheme programs. This
library and its descendants are described in some
details in section 3.

The CGI libraries support CGI programming in
Scheme. This involves URL encoding and decod-

ing of characters in the so-called search part of an
URL. The search part of an URL is the part follow-
ing the question mark of an URL, and it represents
‘URL parameters’. We use association lists (lists of
keyword values cons pairs) as a natural Lisp rep-
resentation of these data. Similarly a decoding of
form input using the POST method is supported by
LAML.

The LAML CGI libraries also supports decoding
of so-called multipart encoded data, which is used
for uploading of files. The decoding of this format
is more difficult to deal with than simple URL de-
coding. The reason is that fields are separated by
unique markers which need to be identified while
scanning trough a stream of data. An uploaded file
can be written into the web server’s file system as
a side effect of multipart decoding.

The LAML CGI libraries offer a simple and
straightforward support of CGI programming in
Scheme at a relatively low level. As a contrast, it
would be possible to build CGI support in Scheme
at a higher level, similar to Meijer’s CGI library in
Haskell [13]. The LAML CGI libraries are mature
in the sense that they are the corner stones of sev-
eral educational tools, which have been in real use
for several years (see section 6).

Lesson 2. The LAML libraries have been devel-
oped to stay independent of specific and other non-
standard Scheme libraries. The libraries have been
designed conservatively, only demanding an R4RS
Scheme system and a few non-standard and well-
documented compatibility functions which access
system resources.

3 HTML Mirrors in Scheme

Although the starting point of LAML was a number
of libraries for server side programming using CGI,
it soon became clear that especially the HTML li-
brary was useful for authoring of static web content
as well. We use the term programmatic authoring

for such endeavors [25]. The original HTML library
(now called the ad hoc HTML library) was hand
made and incomplete compared with the vocabu-
lary of HTML4. Functions were introduced when
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Figure 2: Three generations of the HTML mirrors in Scheme.

needed, with more or less arbitrary signatures (and
often a fixed number of parameters). The function
font in figure 1 is a good representative.

First of all the font function does not cover the
generality of the font element (in terms of the avail-
able HTML attributes). This will easily lead to an
almost endless number of variants of the function.
Second, the textual contents of the font function
need to be string appended to a single string, caus-
ing a lot of explicit string concatenation. Third, the
use of string concatenation calls for heavy garbage
collection when forming a large document.

Lesson 3. The mirror functions need to cover
the full generality of corresponding markup ele-
ments. Also, the mirror functions must accept
multiple expressions of string types the values of
which should be implicitly concatenated by the
mirror functions.

It soon became clear that a more systematic ap-
proach was needed. We have developed three gen-
erations of HTML libraries, the properties of which
are summarized in figure 2. The use of these HTML
libraries are described in other papers [25, 27, 26]
and the interested readers should consult one of
these for details ([26] is preferable). Here we will
only give a brief account.

We use the metaphor of mirroring the markup

language in the programming language. As an essen-

tial observation, the idea of mirroring makes HTML
available as individual, named functions each with
a very flexible parameter profile. The following ex-
pression

(a ’href "http://www.x.y"

"X" "and"

’target "new" (em "Y"))

which is rendered as

<a href = "http://www.x.y" target = "new">

X and <em>Y</em>

</a>

serves as an example. The rather flexible parameter
conventions of the mirror are described in details
elsewhere [26, 27].

We find it important to represent the HTML mir-
ror as functions, and not as macros. The reason
is that macros cannot be passed as parameters to
higher-order functions nor returned as the result
from such functions. Using the LAML approach,
HTML is available as first class objects “in the cen-
ter” of the programming language.

Some authors do not think it is feasible to rep-
resent the textual content of a programmatic web
document as quoted strings. The argument is that
it is too complicated to split and join strings in or-
der to embed a substring into a new element. We
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have developed a set of Emacs editor commands
which takes care of string splitting and embedding.
The inverse commands are also supported.

Lesson 4. The textual content of a web doc-
ument can be represented as quoted strings pro-
vided that the editing environment supports spe-
cialized commands to split, join, embed and un-
embed substrings.

The latest and most sophisticated HTML li-
braries in LAML are exact mirrors of a particu-
lar version of HTML or XHTML, with full knowl-
edge of the attributes and the document content
model (grammar) [27, 26]. The parameter profiles
of the functions generalize the syntactic conventions
of HTML, and they allow the Scheme programmer
to work with first class attribute lists and contents
list. As an example, the expression

(let ((contents-list (list "and" "Y"))

(attr-list

(list ’href "http://www.x.y"

’target "new")))

(a "X" contents-list attr-list))

is rendered as an HTML fragment which is identical
to the one shown above.

Equally important, a validation process goes on
behind the scene while synthesizing the HTML
structures. The mirror functions work in terms of
syntax trees as a contrast to use of simple string
concatenation.

The set of HTML mirror functions does not make
up an embedded language [1] in the sense that we
need to write an new interpreter for it. Rather,
the HTML vocabulary can be used side by side
with all other Scheme functions. We have demon-
strated that higher-order functions together with
the HTML mirror functions form a very useful part-
nership [26]. As a simple example, the expression

(ol (map li "i1" "i2" "i3"))

is rendered as

<ol>

<li>i1</li> <li>i2</li> <li>i3</li>

</ol>

Other examples (in the domain of table composi-
tion) are discussed in [26].

Lesson 5. The use of functions instead of macros
is useful to provide for higher-order functional pro-
gramming in the web domain. The mirror func-
tions do not form a ‘closed embedded language’
in Scheme. Rather, the mirror manifests itself as
individual functions.

The HTML mirror functions relies on ‘dynamic
typing’ and inhomogeneous lists. With dynamic
typing we identify the types of data at run time,
and we use this type information to determine the
meaning of the mirror functions.

The use of dynamic typing in Scheme is less safe
than static typing, as used in many other functional
programming languages. In some situations run-
time errors are caused by the fact that we rely on
dynamic typing. On the other hand, much of the
flexibility of the mirrors is due to the quite relaxed
use of types in Scheme. In many situations it has
been possible to issue useful and domain specific er-
ror messages, as opposed to generic error messages
as generated by the type checker of the compiler.

Lesson 6. The dynamic typing in Scheme has
been important for the definition of the HTML
mirror functions in LAML. Explicitly programmed
error checking makes it possible to issue domain-
specific error messages.

There is a relatively large body of literature about
HTML modelling, type checking, and document
validation using functional programming languages
[32, 13, 14, 15, 30, 8, 33]. Most of the literature is
related to Haskell. The reader should consult [26]
for a detailed comparison of LAML with the related
work referred above.

4 LAML Document Styles

We have used the various HTML libraries as the
primitive building blocks to form domain specific

languages, primarily for construction of educational
materials. In the early attempts we formed a col-
lection of functions with fixed, positional parame-
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(manual-section

(section-title "Section 1")

(section-body "Text of first section")

)

(manual-page ’f

(title "f")

(form

’(f a b)

)

(description "Description of function f")

(parameters

(parameter "a" "Explanation of a")

(parameter "b" "Explanation of g")

)

(pre-condition "What to ensure before f is called")

(misc "What else to to say about f")

)

(make-manual)

Figure 3: An example of manual-section and manual-page clauses.

ter profiles, hereby replicating the problems iden-
tified with the early HTML libraries (see section
3). More recently we have introduced the idea of
XML-in-LAML [27] with which we can automati-
cally generate a generalized XML mirror in Scheme
from an XML document type definition (DTD).
Like the latest generation of the HTML mirrors,
such XML mirrors are validating in relation to the
DTDs. Most validation predicates can be created
automatically from the DTD. Some content mod-
els, however, still demand explicitly programmed
validation predicates. As an illustration, we had to
write 4 validation predicates for XHTML1.0 strict
[3].

Lesson 7. It is straightforward to form domain
specific languages by means of a set of functional
abstractions. The use of fixed, positional param-
eters in such abstractions makes them hard to
maintain. The introduction of the XML conven-
tions in Scheme via XML-in-LAML contributes
with comprehensive error checking, and validation
of the documents. This kind of checking adds
much value to the domain specific languages of
LAML.

We will now describe and discuss the major do-
main specific languages in the LAML package. We
call these document styles.

4.1 The manual document style

The manual document style is used to document
the programmatic interfaces of libraries and docu-
ment styles. The manual document style is used
in concert with the SchemeDoc tool (see section
5.1) which is able to extract interface documenta-
tion from comments of Scheme source files.

Figure 3 shows a small example of a LAML man-
ual document. manual-section and manual-page

collect and add the manual information to a list
structure, which is rendered as HTML by the pro-
cedure make-manual.

A manual is rendered as a number of parts: (1)
An introduction, (2) an overview of the manual sec-
tions, (3) an alphabetically sorted table of the in-
terface definitions in manual, and (4) a sectioned
listing of the manual entries in the same order as
encountered in the manual document source (or in
the order encountered by SchemeDoc in the Scheme
source).
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The individual manual clauses are defined by
functions, many of which take a fixed number of
parameters. In a forthcoming version of LAML the
manual facility will be improved by an XML-in-
LAML interface, based on an XML document type
definition of the manual language.

4.2 The questionnaire document

style

The questionnaire document style is a simple lan-
guage which allows us to ask questions via web
forms. The questionnaire document style is backed
by a generic web server program, which accepts and
organizes answers as files in a given directory struc-
ture.

Lesson 8. The questionnaire document styles
makes it easy to manage questionnaires on the
web. We use the questionnaire facility to har-
vest a few basic facts about people who download
LAML. A number of educational applications are
also in use.

4.3 LENO

The Lecture Notes document style—LENO—is the
most substantial domain specific language devel-
oped within the LAML software package. During
more than four years LENO has been developed
hand in hand with various web-based teaching ma-
terials (on object-oriented programming in Java,
and functional programming in Scheme). LENO
is currently backed by more than 10.000 lines of
Scheme program.

As a basic feature, LENO supports multiple views
of a teaching material (slide view, annotated slide
view, an aggregated view, and a so-called thematic
view). It is possible to incorporate a sound track,
which plays under control of an automatically pro-
gressing slide show. The interested reader is re-
ferred to separate papers about LENO for more
information about the functionality of the system
[22, 23].

LENO was originally crafted with an ad hoc syn-
tax, using functions with simple and more or less
arbitrary parameter profiles. More recently we have

re-enginered LENO to comply with XML, using the
XML-in-LAML facility. With this, the LENO in-
terface is automatically derived from an XML DTD
(currently consisting of 76 different elements). With
this interface we also achieved document checking
and error reporting, via the XML validation. We
only had to hand write 3 validation predicates - 60
predicates were automatically synthesized from the
DTD (and the remaining 13 elements are so-called
empty elements). The DTD also contributes with
attribute and content model documentation, which
is merged with the LENO manual document (made
by the manual document style). In that way the
LENO manual is updated each time we change the
underlying DTD.

In order to stay backward compatible with ex-
isting LENO source documents we both support
the original syntax and the XML-in-LAML syntax.
This has been done by a systematic conversion of
‘new element structures’ to ‘old element structures’
(at the level of the internal document representa-
tions). We also support proper XML syntax at a
more experimental level. It will be possible to op-
erate LENO from XML, but the XML author will
not be able to take advantage of the programmatic
flexibility offered by LAML. The most sophisticated
aspects of LENO will, however, also in the future
rely on Scheme stuff.

Lesson 9. The LENO system has been used to
produce substantial and successful teaching mate-
rials over a long period of time. The programmatic
authoring approach has been the key to successful
management of complex materials in several edi-
tions, with multiple overlapping views, and with
heavy linking, both internally and to various ex-
ternal information sources.

5 LAML tools

In this section we will describe the most important
LAML tools, each of which automate a well-defined
task related to web work in Scheme. SchemeDoc is
described first, next comes the Scheme Elucidator,
various parsers and pretty printers, and finally the
LAML Bibtex tool.
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;; Return a value from an alist which corresponds to key.

;; In case the key does not exist in the alist, a fatal error will occur.

;; .parameter key is a symbol.

;; .parameter a-list an association list with symbols as keys.

;; .returns the first value of key in a-list.

;; .misc Uses the function assq (based on eq? for key comparisons) internally.

;; .internal-references "similar function" "defaulted-get"

(define (get key a-list)

...)

Figure 4: An example of a Scheme function which is documented by a two semicolon comment with internal

tagging.

5.1 The SchemeDoc tool

The SchemeDoc tool extracts certain comments
from a Scheme source file to a list structure. The list
can be presented as a web page by the make-manual
procedure of the manual document style (see section
4.1). Taken together, SchemeDoc and the manual
document style are similar to the JavaDoc tool [5],
which is used to produce interface documentation
of classes in Java.

Comments in Scheme source files are classified
by the number of semicolons applied in front of the
text of the comment. ‘One semicolon comments’
are ignored by the tool. ‘Two semicolon comments’
in front of a define form is used for interface docu-
mentation of the definition. ‘Three semicolon com-
ments’ are used to start a new logical section of
definitions, and ‘four semicolon comments’ serve
as an introduction (abstract) to a manual. There
should only be a single ‘four semicolor comment’ in
a Scheme source file, which should be located in the
beginning of the file.

HTML markup can be used within the comments
for simple typographical and linking purposes. In
addition the SchemeDoc tool supports a special
markup notation, which allows us in a more struc-
tural fashion to define the characteristics of a defini-
tion. Figure 4 shows an example. Besides the docu-
mentation tags shown in the example we support a
form, pre-condition, example, and a reference

tag.

Lesson 10. The programmatic interface of
all LAML libraries and most document styles
and tools are documented by use of SchemeDoc.
The proximity between the actual pieces of pro-
gram and the documentation promotes the con-
sistency between the documentation and the pro-
gram. SchemeDoc has been an essential tool
for the description and dissemination of factual
knowledge about LAML.

5.2 The Scheme Elucidator

The Scheme Elucidator is a tool that allows a pro-
grammer to write about a program in such a way
that the writing is in close (navigational) proximity
with the program. The Scheme elucidator can be
used to maintain the understanding of a program at
an internal level. As such it complements Scheme-
Doc and the Manual document style which produce
program interface documentation. Elucidative pro-
gramming is related to and inspired from Literate
Programming [11, 10].

An elucidative program is presented in a two
framed setup in a web browser. In one frame an
augmented version of the program is shown (hold-
ing many internal links and links to the documen-
tation). In the other frame the documentation is
presented. The documentation can be authored
programmatically in a LAML context, or it can be
written in a special purpose markup language (de-
signed with terseness and ease of use in mind). The
processing of the elucidator (setup and parameters)
is controlled by a LAML script.
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The Scheme elucidator has been described in sev-
eral papers [21, 20, 19, 31] and we will therefore not
describe the tool in additional details in this pa-
per. There also exists an elucidator for Java [28]
which is programmed in Java, and as such it does
not depend on LAML.

We have used the Scheme elucidator to maintain
the understanding of critical and complex parts of
the LAML software (among these, the elucidator it-
self). The tool has also been used for educational
program explanations [29]. We are also using the
elucidator as the delivery vehicle for the LAML tu-
torial [24] which currently is in progress. In the fu-
ture, the LAML tutorial will be an integral part of
the LAML distribution. We found that the Scheme
elucidator is superior to other kinds of media, be-
cause of the extensive linking (in the program, be-
tween the documentation and the program, between
the program and the Scheme report, and between
the program and SchemeDoc interface documenta-
tion).

Lesson 11. The Scheme Elucidator is useful
whenever there is a need to write about a pro-

gram. The Scheme Elucidator provides extensive
linking between the program and documentation
(in a broad sense). Opposite to literate program-
ming tools, the Elucidator does not require the
program to be written in any special format. We
have found that the Scheme Elucidator is partic-
ularly useful for Scheme program tutorials.

5.3 Parsers and pretty printers

The LAML system includes parsers for HTML,
XML, and XML DTDs. The HTML and XML
parsers are utilities which are only loosely related
to LAML.

The DTD parser plays an important internal role
in the creation of the HTML and XML mirrors. As
already described in section 3 and 4 we parse the
DTDs, expand parameter entities, and produce list
representations of the DTDs. The information is
used to automatically generate the mirrors, includ-
ing most of the validation predicates. (Some of the
complicated content models cannot yet be handled

by the DTD parser).

It should be noticed that the HTML and XML
parsers are not yet of product quality. Among other
things, the handling of white space needs to be re-
thought. The DTD parser is complete enough to
parse and handle the HTML4.1 DTD, the XHTML
DTDs, and the DTD of LENO. We plan to refine
it slightly such that it covers all XML DTD con-
structs. Currently the DTD is for internal use only.
This implies that the DTD parser is not part of the
LAML distribution. The availability of DTD infor-
mation as Lisp list data structures has proven useful
for many different purposes.

All the parsers in LAML depend on the text text

collection and skipping library (see section 2). This
is a library which reads text from an open input
stream through a look ahead buffer. Using this
buffer it is possible to ask for the characters which
are ahead relative to the current position of the in-
put stream. It is also possible to unread characters.
A number of high level reading primitives makes
it relatively easy to parse XML, HTML and DTD
files.

The HTML pretty printer plays a role in the ren-
dering of LAML syntax trees. In most situations
LAML users do not care about the HTML target
code. In the situations where the HTML target
code should be read by humans, it is possible for
the author to produce pretty printed HTML code
directly from LAML.

Lesson 12. The DTD parser and the HTML
pretty printer play important roles for LAML com-
ponents. The remaining parsers and pretty print-
ers are useful as utilities for web programming pur-
poses and beyond. The text collection and skip-
ping library has proven its value in all the LAML
parsers that have been written.

5.4 The LAML Bibtex tool

LAML provides a Bibtex [12] parser which converts
a Bibtex file to a Lisp data structure. Like the other
parsers described in section 5.3 the Bibtex parser re-
lies on the text collection and skipping library. The
parsed format is an association list of key value pairs
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(symbols and strings respectively). The Bibtex tool
also provides a Bibtex rendering facility in HTML.

We have used the Bibtex tool to facilitate the
creation of publication lists in CVs. In addition, we
have written several papers in HTML and XHTML
with use of ad hoc LAML abstractions in the style
of Latex, and with use of the LAML Bibtex tool to
produce citations and the bibliography itself. In the
future we may develop this to an XML-in-LAML
complying document style.

Lesson 13. LAML can be used to make good use
of existing structured data, such as Bibtex files.
The availability of Bibtex records as a Lisp data
structure makes it even more attractive to invest
time and efforts in maintaining a good collection
of bibliographic data.

6 Server based LAML systems

The CGI libraries of LAML have been used to
produce several server based systems, mostly for
educational purposes. All of these actually loads
laml.scm (see section 7), the necessary libraries
(the CGI libraries, a HTML mirror library, and
others) and the specific application program. The
server based systems use the Apache web server on
Solaris with PLT MzScheme.

The largest server based system built with LAML
is a distance education environment known as IDA-

FUS. The system supports the dialogue between
teachers, supervisors, and students in the setting of
problem-based distance learning. The student and
teacher interfaces are fully web based, and users of
IDAFUS can customize the system in many ways.
The system has been in use since 1999 serving sev-
eral hundreds teachers and students (among which
125 have been active enough to profile the system
to their own preferences).

Another successful server based web system is the
interactive LAML calendar system, which features a
multi-month calendar with morning and afternoon
appointments. The calendar allows the user to have
at least six months on screen at a time. The calen-
dars are generated as static HTML files. The LAML
calendar supports a rich CGI-based user interface of

the calendar maker, featuring a possibility of calen-
dar merging. The merging of the calendars can be
automated by means of a UNIX cron job which re-
generates the calendars up to four times each day.
Currently there are 44 active calendars (calendars
that have been updated the last 30 days), among
these semester calendars for a number of educations
in the Computer Science Department at Aalborg
University. The LAML calendar service is available
from the LAML home page [17].

Lesson 14. Despite heavy loading of Scheme
source files, the LAML CGI programs performs
good enough to be useful for most practical pur-
poses. As a limitation, which prevents scaling, we
have until now stored application data on many
small files (not in databases).

A group of master thesis students currently de-
velop an Apache module for LAML, called SLAML
[7]. Using preloading of common LAML libraries
in the server they are able to reduce the execution
times by approximately 50 percents for most of the
CGI programs in IDAFUS. However, for programs
which read many small data files the improvements
are smaller.

7 The LAML System and its

distribution

In order to use LAML it must be properly in-
stalled. The installation process runs a Scheme
program which generates a number of files within
the distribution. The installation process is based
on properties defined in an association list called
configuration, which must contain information
about the location of LAML, which Scheme en-
gine to use, the platform and operating system, and
the location of the Emacs and the LAML startup
files. In addition, the LAML installation process
supports updating of the Emacs init file, .emacs.

LAML files can be executed in three different
ways. First, it is possible to execute the file via
a laml command in the operating system. Second,
it is possible to use the laml procedure in a Scheme
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system (a ‘Scheme prompt’). Third, a LAML file
can be executed from Emacs via an Emacs LAML
mode. The latter method is the most flexible and
the most well-developed mode of activation. In any
case, LAML needs some context information in or-
der to execute. The context information consist of
the name of the LAML source file and the full direc-
tory path to the source file. The context informa-
tion is used to name and place the resulting HTML
files. The three different modes of LAML activation
are responsible of capturing and passing the context
information to the underlying Scheme program.

In an installed LAML system the file laml.scm

plays an important role, both for generation
of static HTML files and for server based CGI
applications. The file defines a number of funda-
mental LAML functions and procedures, among
those the laml procedure mentioned above.
It also loads a selected Scheme compatibility

file and the general LAML library (see section
2). The Scheme compatibility file depends on
both the platform, the operating system, and
the Scheme system. The Scheme compatibility
file must define the functions current-time,
sort-list, file-exists?, delete-file,
directory-exists?, and copy-file. Preferably,
the procedures make-directory-in-directory,
mail (a mail sending procedure), directory-list,
and get-env (access to OS environment variables)
should also be defined. Finally, the compatibility
file should define procedures that extracts and
sets the LAML context information. All LAML
programs can be executed in a standard R4RS
compliant Scheme engine with use of a proper
compatibility library.

New versions of LAML are distributed approxi-
mately twice a year. A LAML distribution comes in
two different variants: The full distribution which
includes all relevant documentation, and a much
smaller slim distribution which relies on documen-
tation from the LAML web site.

The LAML distributions are extracted automat-
ically from the development version by means of an
Emacs utility called SDC (selective directory copy-
ing). SDC could be based on Scheme as well, but
Emacs was chosen because the file system can be

accessed more easily from Emacs Lisp than from
Scheme. SDC copies a directory structure under
control of SDC files, in which we can specify the set
of files in the full and the slim distributions.

Lesson 15. The LAML installation process calls
for execution of a Scheme program which reads a
configuration description. This process demands
some basic understanding of what it takes to run a
Scheme program, and as such it is less user friendly
than a typical Windows installation programs. We
have stressed the fact that LAML is independent
of both platform, operating system, and Scheme
engine. In order to accommodate the needs of dif-
ferent users, we provide a wide range of possible
modes of LAML activation.

8 Conclusions

It is hardly surprising that Scheme can be used for
programming of web server solutions via the CGI.
More interesting, we have found that it is attractive
to use Scheme for elaboration of more static web
materials. We call the discipline involved for pro-

grammatic authoring. In this paper we have given
an overview of the suite of LAML software, and we
have described its development over the last four
years.

We have written a number of server-based sys-
tems with CGI, but the LAML distributions are
primarily oriented towards domain-specific web lan-
guages and tools for generation of static web con-
tent. The programmatic approach is useful for
power users who want to use the ultimate (concep-
tual) tool to deal with complexity: Programmed
abstractions.

Lesson 16. In the discipline of programmatic au-
thoring the power of Scheme is available anywhere

in a document, and at any time during a web de-

velopment process.

One of the main weaknesses of Scheme, as experi-
enced during the development of LAML, is the lack
of standard access to system resources. In that re-
spect Scheme falls short of contemporary languages
(such as Java) and compared with functional pro-
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gramming languages such as ML and Haskell, both
of which have quite extensive standard libraries.
Even the most simple manipulation of files in the
operating system forces the Scheme programmer to
use libraries that depend on a particular Scheme
implementation. Also, access to databases is tricky
and difficult.

As another weakness, the flat name space of a
Scheme program (without support of a standard
module concept) makes it difficult to manage large
scale software development in Scheme. Every now
and then, name clashes between different parts of
libraries and applications are experienced.

In relation to LAML, the the first mentioned
weakness has forced us to operate with a compat-

ibility library, which must be implemented on the
ground of procedures that depend on a particular
implementation of Scheme. We would recommend
that the Scheme community agrees on a Standard
Scheme Library, in the same vein as the Scheme
language is regulated through the Revised Reports
[1].

As mentioned in the introduction, we have con-
sidered both Common Lisp, Emacs Lisp, and
Scheme as possible vehicles for web programming
and authoring in Lisp. Appart from the prob-
lems with access to standard system resources (see
above) Scheme has proven to be a very good foun-
dation of a Lisp Abstracted Markup Language

(LAML). Both Common Lisp and Emacs Lisp—
regarded as systems—are quite difficult to approach
due their size. In addition, Scheme is widely avail-
able in many different implementations on all plat-
forms.

Lesson 17. Scheme has been used with success for
both dynamic and static web programming pur-
poses in LAML. However, we would welcome a
Standard Scheme Library and a Scheme module
concept in the future evolution of the language.

As mentioned earlier in the paper, LAML is avail-
able as free software (under the GNU general public
license) from the LAML home page [17].
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