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ABSTRACT

Intensional HTML addresses the problem of providing a multi-versioned Web site,
without the penalties usually associated with large-scale copying and modification of
pages (the usual approach). IHTML uses two key ideas. First, the server uses a best-
fit algorithm to find the appropriate file when some version of a page is requested. If
the exact version requested is not present, the closest match is nsed. Second, anchors
are interpreted as being generic (or intensional, as we will say): an anchor does not
link to a particular page, but to a family of versions of a page.

The first version of [HTML demonstrated that the idea can work, but was difficult to
use. IHTML 2 addresses most of the limitations, resulting in a system which ordinary
users can use successfully. Reliability and performance are improved, the syntax is

cleaned up, and several new features are added.
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1. Introduction

Intensional HTML (IHTML) was developed to reduce the effort required to develop
multi-versioned Web sites. Wadge, et al. argue convincingly in [1] that multi-
versioned sites are useful: site developers may wish to present multiple versions of
their information for many reasons: multiple languages, expertise levels, levels of
subscription (for paid sites), geographic location, and so on. However, there are diffi-
culties with maintaining several versions of a site. Different versions quickly diverge
in more than the appropriate ways, as fixes are made to one version but not another.
As new ways that a site can vary are required (what we will call dimensions), the
number of versions which must be maintained may increase dramatically, making the
maintenance problem that much worse. The consequence of these problems is that
very few multi-versioned sites exist.

Intensional HTML solves the problem by allowing the site developer to ensure
that only those parts of a page which actually vary from version to version are distinct.
Content that is the same from version to version uses the same source, so changes can
be made once to affect all versions to which they are applicable. Two key ideas make
it all possible. First, the server uses a best fit algorithm to find the page requested by a
client: if no version of the requested page is labelled with the exact version requested,
the version which most closely matches is used. For this reason, the site developer
need not provide separate sources for every possible version of a page, only for those
which vary meaningfully. For example, suppose a page is purely graphical: clearly,
there is no need for French and English versions. The server will pick the same source
file in either case. Second, parts of a page may be included from separate files, and
those inclusions use the same best fit algorithm. The idea is to include those parts
of a page which vary in dimensions that the whole page need not vary in, thereby
eliminating duplication of information. Content which really does vary from version

to version, of course, must exist in all those versions. The usual technique is to




have one version of the main page, which includes, say, a header, body, and footer.
The body may vary in the language dimension, but need not vary in the background
colour dimension. The header might vary in the background colour dimension, but
not language; it might also vary in other dimensions used to set page characteristics.
Note that if the header is standardized from page to page, many pages can share
(include) the same source file. The footer may vary in yet another dimension: say,
the link map dimension, which controls which links are available at the bottom of the
page. Included fragments may also include subfragments, of course, with no limit on
nesting. The key point is that at each level of inclusion (from the main page down),
the best fit algorithm is applied with respect to the requested version of the main
page (possibly modified by the inclusion tag). Even if the page exists in one version
only (as it frequently will), the server will look for included files with the requested
version of the current file, not the actual one that was found. These two ideas, best
fit and inclusion, make it possible to eliminate cloning.

The first implementation of IHTML was a research prototype. It demonstrated
that the theory behind IHTML is viable, but proved difficult to use in practice, for
several reasons. Installation and use required detailed knowledge of the implementa-
tion. Performance was a concern: since it was implemented as a Perl CGI program,
every use required loading Perl, as well as the program itself. The penalty on a busy
server would be severe. Because it was a CGI program, URLs for versioned pages all
began with the same prefix: the path to the CGI program. For these reasons, as well
as some minor implementation reasons, the first version was not widely used.

The objective of IHTML 2 is to provide a stable, usable implementation of
IHTML, as a platform for further work: experimentation in how best to present multi-
versioned information; exploration of what features IHTML should have to make the
site implementer’s job as easy as possible; and, of course, creation of multi-versioned
sites for real-world use. The first two are already happening. The author and others
have worked out some useful techniques for displaying versioned information; in the

course of the above work, the need for new features became apparent. Use of the new




features led to new ideas for presentation, leading to new features, and so on. Thus
far, IHTML 2 has not been used in permanent sites meant for public consumption,
but it appears to have what is needed.

There appears to be very little work going on elsewhere related to multi-ver-
sioned Web sites. Any number of sites exist in different languages, but cloning is
the order of the day, with all the problems mentioned above. Searches of the Web
revealed one site in which Welsh and English versions of several pages were provided,
with a very rudimentary best fit technique [2]. It uses two Internet hostnames for
one machine, one “Welsh” name and one “English” name. The Apache server has
different configuration files for the two hostnames, with instructions in each of them
to fall back to the other if the page is not found on the requested server. Since
the client still sees the original hostname, any relative URLs are still relative to the
original server, thereby preserving the user’s original choice of Welsh or English. This

idea is conceptually very similar to IHT'ML, but of course extremely limited.

1.1 Terminology

Most of the terminology in this document is quite standard. A few terms are

used in particular ways, though, and should be made explicit.

o A site implementer or site developer is a person who is creating a suite of WWW

pages, but (typically) does not administer the HTTP server itself.

e The site administrator is the person responsible for maintaining the HTTP

server.

e A customer is a person browsing a site. The word user refers to the site imple-

menter, unless otherwise stated.

e A client is a Web browser (i.e. software, rather than a person).

A server is an HT'TP server program.




e A component or element is part of a Web page. It might be included text, an
image, a script, or anything else which can be included in a page. IHTML pages

tend to be made up of more components than normal HTML pages.

e The abbreviation IHTML itself is used in two ways. References to “THTML”
alone usunally refer to the whole IHTML system, including server software, utility
programs, and all. For example, “IHTML supports versioned CGI programs.”
“IHTML” may also refer specifically to HTML pages augmented with IHTML
extensions: “IHTML pages (or components of pages) may include the ISELECT
tag.” This does not imply that, say, a versioned CGI program may include

ISELECT. Which meaning is intended should be clear from context.

1.2 Overview of Chapters

Chapter 2 provides some background information which puts this work in con-
text: intensional logic, intensional programming, versioning systems, the World Wide
Web, and IHTML 1 are described briefly. Chapter 3 is a complete description of
IHTML 2: what it does, why it does it, and how it is different from the original. Chap-
ter 4 describes the design and implementation. Chapter 5 summarizes several other
Web technologies and how IHTML relates to them: CGI programming, JavaScript
(and ECMAScript), the Extensible Markup Language, the Extensible Style Language,
Cascading Style Sheets, and the Document Object Model. Several avenues for future
work are described in chapter 6; IHTML 2 is by no means the final word in inten-
sional Web development. Some conclusions are presented in chapter 7, including some
discussion of whether IHTML 2 is in fact usable by ordinary mortals.

Appendix A is a complete reference manual for IHTML 2. Note that there
is some overlap between chapters 3 and 4 on the one hand, and Appendix A on
the other, so that Appendix A will be useful without the entire body of this thesis
accompanying it. Appendix B summarizes the arithmetic coding technique for text

compression. Although it is not a central part of this work, it is sufficiently interesting




(and so little known) that it deserves inclusion. Appendix C collects the complete set

of rules for the version algebra into one place, for easier reference.
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2. Background

2.1 Intensional Logic

Intensional logic is the formal underpinning of the version system supported by
Intensional HTML, so its origins and main ideas will be described briefly. Rudolph
Carnap, in Meaning and Necessity [3] among other publications, addressed the prob-
lem of formalizing natural languages. He observed that many (perhaps most) natural
language expressions are not statements in the logical sense: they do not have truth
values in and of themselves. They require a context in order to have a truth value
assigned. For example, the truth or falsity of the sentence “It is raining” depends
on the time and location of the utterance. Prior attempts to formalize this kind of
expression involved reformulating them systematically to expressions like “At time T
and location X, it is raining”, with specific values inserted for T' and X. The difficulty
with this approach is that it entails denying that many perfectly ordinary expressions
mean something in and of themselves. Carnap preferred to recognize that although
“It is raining” does not have a single truth value, there is a unifying concept under-

lying all statements of the form “At time T and location X, it is raining”. He called

that unifying concept an intension.

Others formalized Carnap’s work. Bar-Hillel described inderical expressions, in
the paper of that name [4]. Kripke, Montague, Scott and others went on to formalize
these concepts further, moving somewhat away from the original notion of formal-
izing natural language in the process [5, 6]. Kripke, in particular, defined a formal
semantics for modal and intensional logics in terms of an accessibility relation [7];
Kripke semantics have become the standard for describing the semantics of inten-
sional logics ([8], pages 413-414). The result is a wide variety of formal systems,
ranging from very the general dimensional logic with explicit indices defined by Scott
to the very restricted modal logic consisting of first-order predicate logic extended

with the necessity operator ([9], chapter 1).




The notion of possible worlds, attributed to Leibniz by Chellas ([9], page 3),
Honderich ([10], page 707) and others, is a useful framework for giving semantics
to intensional logic. Any state of affairs (i.e. assignment of truth values to state-
ments) which is self-consistent is a possible world. Many variants of intensional logic
have been described using possible-worlds semantics. Classical modal logic considers
whether a statement is true in all possible worlds, some but not all, or none. Formal-
ization of this classification of statements typically uses intensional operators such as
“007: given an expression A, OA means “A is true in all possible worlds”. Chellas, in
(9], part 1, gives details. Alternatively, a temporal logic may be defined by ordering
the set of possible worlds by time and considering O to be “true in all future worlds”.
Goldblatt describes several such logics in [11], chapter 8. More generally, we may
consider a partial ordering of possible worlds by some arbitrary accessibility relation,
with OA meaning “true in all accessible worlds”.

For Intensional HTML, the set of possible worlds is the set of possible versions
of pages or parts of a page, for some particular site. The accessibility operator is
“C”, which we read as “refines to”: A C B means that version B is a refinement of
A. The refinement operator defines a directed, acyclic graph of possible worlds, i.e.
versions, which will be used to find the closest match to a version. The refinement

operator will be described in detail in Sections 2.3, 2.5, and 3.1.

2.2 Intensional Programming

Intensional programming arose out of the recognition by Faustini and Wadge
that the programming language Lucid could be given a formal semantics using inten-
sional logic [12], although it was originally viewed as a dataflow language [13]. Lucid
uses a very general intensional model, as opposed to the more restricted forms of
modal logic. Its possible worlds are points in a programmer-defined multidimensional
space, where each dimension is indexed by the non-negative integers. It has several
intensional operators, allowing access to the value at the next index in a dimension,

the previous index, all indices meeting some criteria, and so on. There is not a direct




evolutionary link from Lucid to IHTML, but they are based on the same formal sys-
tem, and the same notion of demand-driven multidimensional processing. The next

section describes in part the somewhat serendipitous path that led to IHTML.

2.3 Version Control

In the process of implementing a Lucid interpreter, Plaice and Wadge found
that they needed a source code version control system with more flexibility than
the existing tools such as SCCS [14] and RCS [15]. They needed variant control as
well as revision control, and a convenient means for merging development streams.
Sloth, Lemur', and Marmoset were developed to fill this need [16, 17]. They are
successive refinements of the basic idea of combining versioned modules using a best-
fit approach to software configuration (i.e. pick the version of each module which
best approximates the requested version of the whole system).

It was only after these tools were in use that the developers realized that they,
too, could be modeled as intensional systems, with the set of possible worlds being

the set of possible versions. In [17], they define the following language for versions:

Vos= 8| N | 2| ViV

V&V |V +V (2.1)
N w='n| Na (2.2)

where “c” is the least element, or most generic version, n is a non-negative integer,
“%7 is a subversion operator, “&” is the greatest lower bound, “+” is the least up-
per bound, and “.” indicates numeric subversions. For example, mac+english+3.1
might describe one version of a particular software product; unix+2.5 might describe
another.

These tools incorporate a variety of ideas relevant to version control, but two in

particular are used almost without change in IHTML: the notion of a set of versions

of a file, and the use of a refinement ordering on versions in a best-fit approach to

Lemur was implemented by the author.




select the appropriate version when constructing a complete system. The application

of these ideas to IHTML is described in Section 2.5.

2.4 The World Wide Web

Although the World Wide Web really needs no introduction, a brief description
here will help in placing the subsequent description of Intensional HTML in con-
text. Broadly speaking, then, the Web may be considered a world-wide collection
of documents, with globally unique names, a standardized protocol for access, and

standard markup tags for rendering. More specifically, the Web includes the following

components:

e Documents identified by globally unique addresses. They may be text, marked
up with hypertext markup language (HTML) or not, graphics, sounds, pro-
grams (applets), or almost anything else which can be described with a MIME
(multipurpose internet mail extension) type. HTML documents in particular
may include anchors which, upon command, direct the user to another (pre-

sumably related) document.

e A standard addressing scheme for documents: the uniform resource locator
(URL). This scheme achieves global uniqueness by including the internet address

of the machine providing the document, which is already globally unique.

e A standard protocol, the hypertext transfer protocol (HTTP), for retrieving the
above documents. This works on a fairly ordinary client-server model, with
server processes listening on well-known port numbers for connections from

client processes.

e HTTP servers running on the computers which providle WWW documents,

delivering documents to clients anywhere in the internet, on request.

e WWW browsers, which request documents from the servers, and render them

according to the HTML tags they contain (if they are HTML text), or by other
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= |
HTTP| | Protocol —
e
browser software The Internet Repository of
(HTML rendering) HTTP Server Versioned Pages
User (Intensional HTML)

Figure 2.1: The World Wide Web and Intensional HTML’s place in it
means, according to their MIME types.

Figure 2.1 shows the relationships among these components, and Intensional HTML’s
place in the Web. The important point is that it fits into the existing structure without
changes to anything other than the versioned documents and the HTTP server itself.
Consequently, Intensional HTML can be offered by a site without any change to
anything outside of the site administrator’s control.

Wadge and Yoder point out in [18] that the Web itself may be considered an
intensional programming system. The set of all WWW documents is an intensional
“uber-document”, with URLs as the indices identifying the extensions (i.e. particular
Web pages). HTML links, of course, are trans-version links to transport the user from
one extension to another. Using this model, the version of an intensional page is a sub-
version of the version denoted by the URL. From the immediate, practical perspective
of providing multi-versioned sites, it may not make a difference. However, it is worth

noting that the two notions of intension with respect to the Web can mesh sensibly.

2.5 Intensional HTML
That things frequently exist in many different versions is, the author hopes,
uncontroversial. Wadge et. al. argue in [1] that the problem is particularly acute

with respect to Web pages. People may browse one’s site from anywhere in the world,
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so support for multiple languages is vital. Different browsers have different graphics
capabilities, bandwidth limitations, etc.. so their restrictions should be respected.
Different kinds of information may be appropriate for different users (e.g. beginner,
normal, expert). A site may have levels of subscription: free, normal, full access. The
list goes on. Beyond these considerations, the information offered by the site might
itself be intrinsically versioned: it might pertain to different flavours of some topic,
whether that is cars, computers, or cooking. The site itself may evolve through time.
Whatever the reason, a good site is likely to need multiple versions.

The quick and easy way to present a multi-versioned site is to clone some original
version, then make the necessary changes. Although it may seem to work in the
short term, this approach quickly leads to trouble. It becomes impossible in practice
to maintain the site in any consistent way. The maintenance problem has been
documented extensively in the software development world, as can be seen from the
number of publications addressing the problem ([14], [15], and many others). The
same issues confront the Web site developer.

The solution is to ensure that there is only one copy of the parts that pages
have in common, whether that is the overall format of a page, an image. a link, or
some fragment of text. However, standard HTML does not support this approach.
Consider a site with beginner, normal, and expert versions. Links from a particular
version of each page should lead to the same version of other pages, and so on.
Suppose a customer browses the site, choosing the expert level. Links she sees on
a given page are then links to the expert version of other pages, and so on. Now
consider a page which, by chance, presents exactly the same information for all three
versions. The site implementer must provide three versions of this page, despite the
identical content, so that links to other pages will lead to the correct versions of those
pages. Similar analogies can be made for multi-language slide shows, and so on. Some
savings may be made by careful use of the server-side include feature offered by some
Web servers, but much duplication cannot be eliminated in this way.

Intensional HTML solves the problem with two innovations. The first is that
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site implementers need not provide source files for every possible version of a page
(or component of a page). If the requested version is not available, the server uses a
best fit matching algorithm to find an appropriate page. With regard to the identical-
content page described in the previous paragraph, if the site implementer provides
a single, vanilla (i.e. default) version of the page, it will be chosen no matter what
version is requested (beginner, expert, etc.). The second is that links, inclusions, and
so on in pages are considered to be intensional: they are links to families of versions,
not to particular source files. Which page is reached via a link (or which component
is included) depends on the requested version (henceforth usually referred to as the
current version) of the page being viewed, as well as the attributes in the tag. Again

with respect to the previous example, a link such as
<A HREF="carburators.html">carburation</A>

on the vanilla-only page is a link to the same version of carburators.html as was
requested for the current page. Our expert customer finds that this link reaches the
expert's page on carburation. Other customers, browsing the site in beginner mode,
find that it reaches the beginner’s introduction to carburation, and so on. Note that
they all see the same source file, not a clone.

In the example above, the benefit of IHTML may not be especially apparent.
A single page is reduced from three versions to one. However, the benefits increase
significantly as the number of dimensions (and variants within a dimension) increases.
Suppose there were five levels of expertise, three possible langnages, four subscription
levels.... Reducing a page (or part of a page) to one or a few versions could save
considerable effort.

As mentioned in section 2.4, Figure 2.1 shows that IHTML requires no change
to the HT'TP protocol, or the software on the client’s side. Intensional HT'ML pages
are translated to standard HTML before being sent to the browser. This is an es-
sential feature; there are too many browsers, outside the control of site developers,

to require specialized software. Although most browsers allow plug-in modules for
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user-developed extensions, the plug-in interfaces are limited to handling new MIME

types, and even then in relatively restricted ways [19].

2.5.1 Versions

IHTML 1 extends the version language given in Section 2.3 by adding explicit
dimensions. Experimentation revealed that it might be convenient to distinguish, say,
French cooking and the French language. A version is now a disjunction of dimension
specifiers:

V'ie=¢ | D:V + V! (2.3)

where V' is as in Section 2.3, and the D are dimension names.

2.5.2 The Best Fit Algorithm

If it were necessary to create IHTML source for every possible version, there
would be little benefit to be had from IHTML. To avoid this problem, IHTML sup-
ports a notion of best fif. If the requested version of a component does not exist,
the server software considers other versions, looking for one which could be refined
to the requested version, and which is closer to the requested one than any other
existing version (i.e. any other existing version which refines to the requested version
also refines to this one). If such a version exists, it is used in place of the requested
version. If not, it is an error.

The refinement ordering for versions in IHTML 1 is fully described in [16] and
[20]. The IHTML 2 set is fully described in Section 3.1.1. The basic idea is that

versions are ordered by the refinement operator C, with rules such as

V €¢ V+V', and (2.4)
VCEW, VICW —» V4V CW (2.5)

The complete set of rules defines a partial order for versions. Given a requested

version R, and a set of existing versions, the best fit is the unique version V" such that
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V' C R and for all other existing versions W, W C V or W € R. If there is no best
fit, it is an error. This definition is exactly the best fit used in the software versioning
systems described in Section 2.3.

Once the best fit version is found (supposing there is one), it is translated to
HTML before being sent to the client. This step is essentially the same in IHTML 1
and IHTML 2; see Section 4.3 for details.

One key point is that, for purposes of translating IHTML to HTML, the com-
ponent is treated as if it were the requested version. Intensional links and includes in
particular are transformed to links to the requested version of the new page, not to
the version of the component which was actually used. For example, if the requested
version of a page is foxtrot:oscar+alpha:delta, but the best fit is vanilla, links in
that page will still be converted to links to the foxtrot:oscar+alpha:delta version
of the target pages. If it were done otherwise, then a page which existed only in the
vanilla version would always include links to the vanilla versions of other pages, which

is exactly what we would like to avoid.

2.5.3 Trans-version Links and Includes

The intensional behaviour of links and includes is described above. Although the
default behaviour (using the current version) is usually appropriate, it is sometimes
necessary to create links to other versions of a page or site (since there is no other way
for customers to request arbitrary versions of a page). Trans-version links reach other
versions of the same or different pages; trans-version includes include other versions
of components of a page.

In IHTML 1, trans-version links and includes are specified by adding dimension-
value pairs to tags. For example, the following anchor creates a link to the French

version of a page:
<A HREF="clouseau.html" language=french>The Inspector</A>

Dimensions which are not mentioned are unchanged. See Section 2.5.5 for a discussion

of this syntax.




2.5.4 Other Features

IHTML 1 provides other features, such as versioned inclusion of images, and
aggregation. Images are treated much the way links are: the URL in the tag is
modified to include the appropriate version code. Aggregation consists of including
all relevant versions of a component, rather than just the best fit. It is used for
creating lists of things in a flexible way, and so on. Its original motivation was to
provide a mechanism for representing information flexibly: levels of detail, expertise

level, and so on. Its form was suggested by schraefel (see [21, 22] for details).

2.5.5 Limitations

IHTML 1 demonstrates the power of Intensional HTML, but more work is
needed for the system to be usable in real-world situations, by ordinary users. It
is not possible to create versioned links to pages in separate version spaces, or links
to particular versions of pages, ignoring the current version. Adding new versions
requires changes to the configuration of the IHTML software. Aggregation provides
no convenient means of ordering aggregated items. Construction of a versioned site
requires detailed knowledge of the implementation of the software. Performance is
sometimes an issue, since every page must be translated by a Perl CGI program.
There are problems with simultaneous access by multiple users. The following few

sections describe some of these difficulties in more detail.

Version Encoding IHTML 1 encodes versions as small integers, using an index file
to map numbers to actual versions. The benefits of this approach are short version
strings, and compact storage of versions (since each textual version is stored only
once, and versions which share components can share space as well).

However, there are drawbacks. Since different sites will have different index
files, there is no obvious way to create a link from one versioned site to another. This
is a non-trivial obstacle to widespread use of IHTML. Also, the index file itself is a

single point of failure for a site. Versioned files stored on disk are named with version
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codes rather than explicit versions. If the index file is lost or corrupted, there is no
way to reconstruct version information, except manual inspection of individual files
and hand-reconstruction of the index file. Also, the index file is modified by the server
software when a versioned file is served; mutual exclusion for several server processes

is both necessary and difficult to implement correctly.

IHTML Syntax The syntax of IHTML 1 has some drawbacks. The most impor-
tant is that the server-side software must know the set of dimension names in advance.

Consider a typical trans-version link:
<a href="zork.html" language=french target=top>Zork!</a>

The software must treat the language attribute as specifying a dimension index, but
href and target as standard HTML attributes. Since HTML-processing software is
required to accept and ignore attributes and tags that are not recognized (for forward
compatibility), there is no a priori way to distinguish between a dimension name and
an unrecognized attribute. (The software cannot use a fixed list of tag and attribute
names and assume everything else is a dimension, because it will treat unrecognized
attributes as dimensions.) Aside from the necessity for the server administrator to
configure the set of legal dimensions, this syntax makes it impossible to create a link
to a different site, with a different set of dimensions (even if the version encoding
allowed it). Even worse, suppose the next version of HTML, whatever it is, includes
an optional language attribute in the A tag?

A less severe but still notable problem is that there is no way to create a link
that disregards the current version completely, specifying the target version exactly.
The only possibility is to specify the index of every dimension (which in turn is only
possible because the set of dimensions is configured at the server level). However,
suppose one wants to return to the completely vanilla version. There is no way in

IHTML 1 to specify that a dimension’s index should be set to vanilla.
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Aggregates IHTML 1 provides a form of aggregation, by including every version of
a component that can refine to the requested version. The drawback is that there is
no ordering on the results. It is unlikely that an arbitrary ordering is acceptable, for
most purposes. The quick solution is to provide a seript which orders the elements.
However, it is unfortunate to require ordinary site developers to write programs to

implement aggregates.

Site Construction Construction of IHTML 1 pages requires knowledge of the
implementation of the server-side software. The developer must create appropriately
named directories, and create the versioned files within them. In particular, she or
he must determine the encoding of each version, using software utilities to read and
update the index file manually. For a prototype such techniques are fine, but they

are not acceptable for general use.

URL Format All IHTML files in IHTML 1 are processed by a CGI seript when
they are requested by a client, to translate them from IHTML to HTML. It was
unavoidable in IHTML 1, since one of the design criteria was that it should use
unmodified HTTP server software. A side effect is that all anchors to IHTML files
must include the path to the CGI script. The result is that IHTML is very visible
to the browser of an intensional site: every URL starts with the same path to the
IHTML-to-HTML translation program. Althogh not a serious flaw, it is a little

unfortunate.
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3. Practical IHTML

Several features of IHTML 2 improve the usability of IHTML. The approach to ver-
sioning allows relative and absolute trans-version links, includes, and so on. Links
to pages using other version spaces are straightforward. There is no single point of
failure for all version information in a site. There is no need to configure the server
software with the set of allowable dimension names. In addition to changes in the
version system, it provides a variety of new features: selective inclusion of text in a
page, based on the requested version; dimensional variables which allow one dimen-
sion to use values from another dimension; the ability to create links to pages using

different version spaces; and convenient tools for creating intensional WWW sites.

3.1 Versions and Version Modifiers

Each IHTML 2 site has a version space in which its pages exist. A version space
is a set of dimensions, with a set of indices for each dimension. Each dimension’s index
set includes a unique vanilla value (usually written “2”), which is treated specially
when comparing versions. A version is a point in this dimensional space.

Versions are written as a disjunction (using the symbol “+7) of dimension spec-
ifiers, where each dimension specifier names a dimension and (optionally) an index in

that dimension. The following grammar describes the syntax of versions:

V u= e|D:I|D:e|V+V (3.1)
=T (3.2)
I 5= TN (3.3)

where N is a non-negative integer, and T is a token (a sequence of one or more
characters from the set of letters, numbers, and “_"). Since it is not, generally, possible

to type £, an omitted dimension index will be interpreted as ¢ for that dimension.
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An empty string (£ by itself in the above grammar) is the vanilla version, that is, the
one that is vanilla in all dimensions. Examples of versions are:
language:french+graphics:hires

revision:3+platform:sparc+debugging:2
zorkl:zork2+zork3:zork4+zork5:

and so on. Note the missing index values in a few places: their absence is interpreted

as . Note also that dimensions which are not mentioned in a version string are

assumed to be vanilla.

The + operator is idempotent, commutative, and has ¢ as its identity:

V+V =V (3.4)
V+W = W+V (3.5)
V4e = V (3.6)

In some contexts, it is appropriate to describe, not a version, but a version
modifier, that is, a modification of the current version (applicable only in contexts in
which there is a current version). In particular, we will want to be able to override
specific dimension values while leaving the remainder unchanged. The syntax for a

version modifier is very similar to that of a version:

V = ¢|D:1|D:e|V,V (3.7)
D =T (3.8)
L e BN (3.9)

Note the comma, used to construct a list of dimension specifiers. In this case, each
specified dimension will have the given value, but unspecified dimensions remain
unchanged. For this reason, a dimension specification of D : ¢ is not the same as
omitting the dimension. D : ¢ in a version modifier sets a particular dimension’s

index explicitly to vanilla; omitting it leaves its current value unchanged. This is the
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key difference between a version and a version modifier. Version modfiers are only
meaningful in a context with a current version (as with dimension variables), that is,

in an IHTML page.

The version language described here differs from that of IHTML 1 in two sig-

nificant ways:

e There is no notion of a subversion, as Yildirim has. There is no fundamental
reason for omitting it; a later version of IHTML will probably include it. It was
left out largely because it appeared well-understood and the effort involved in

implementing it was better spent exploring new ideas.

e ITHTML 1 has no explicit notion of the difference between a version and a version
modifier. All version specifications are assumed to be relative to the current
version. One consequence of this approach is that there is no way to refer to a
specific version of a page or component of a page, without respect to the current
version. Another (related) consequence is that it is impossible to include a link

to a page in a different version space.

The IHTML syntax for versions and version modifiers in tags which support

versioning (A, IMG, !'--#INCLUDE, and so on) is
<tag ...VERSION=version ...>

for an absolute version,
<tag ...VMOD=version-modifier ...>

for a version modifier, or standard HTML tag syntax for a tag referring to the same

version as the current page. Details on IHTML syntax are found in Appendix A.

3.1.1 Version Comparison

Finding the best fit for a requested version, given a set of existing versions of

a component, implies the existence of some kind of ordering of versions. A partial
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order is given by the refinement relation “C", read as “refines to” or “is more generic

than”, defined by the following rules:

e C V (3.10)

V ¢ V+V' (3.11)
VCW,VCW = V+VCW (3.12)
N, <N; — D:N; C D:N,, for integers Ny, N, (3.13)

Based on the above rules, the best-fit problem may be stated as follows: Given a
requested version R of a particular IHTML component, and a set V' of versions of the
component which actually exist, the best-fit version is the unique v € V such that:
v C R, and Yw € V such that w # v, w € R or w C v. There may be no best fit:
there may be no v C R, or there may be multiple v C R, but v;  v;, and v; € v;. In
other words, there may be no versions which refine to R, or the set of versions which
refine to R may not have a unique maximum element.

For example, suppose the requested version were a:b+c:3. If that exact version
existed, it would be used. If it did not, but a:b+c:2 did, that would be used. If no
version existed which had values for both the a and ¢ dimensions, but one for a:b
existed, it would be used. However, if versions a:b and c:2 existed, there would be
no unique best fit. Figure 3.1 shows two possible version spaces, with the maximum
elements C R circled. The left diagram, having a unique maximum element, has a
solution to the best-fit problem. The right diagram has no solution, since a:b C R,
and c:2 C R, but a:b € c:2and c:2 € a:b.

3.1.1.1 Canonical Form
To make comparison of versions straightforward, we define a canonical form.
This is a simplified form of Yildirim’s canonical form (simpler because the version

space for IHTML 2 does not include subversions). The rules for conversion to canon-

ical form are:
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3 0:4
ab 62 d:z

¢l

vanilla vanilla

Figure 3.1: Finding the best fit for version a:b+c:3

e all dimensional variables must be resolved (see Section 3.6),
e all vanilla dimensions are removed, and
e non-vanilla dimensions are ordered alphabetically, by dimension name.

For example, the canonical form for version zork:moria+thing:+alpha:bravo is

alpha:bravo+zork:moria.

3.1.1.2 Comparison Algorithm
Given the version ordering rules, the rule for comparison of versions is straight-
forward:

D02%+D12V1+...QEQZW,Q+E12W1+.,. (314)

if and only if for each D;, either V; = ¢ or D; = E; for some j, and in that case
DV CBrW;

Algorithmically, we can take advantage of the canonical form to compare two
versions in time proportional to the number of non-vanilla dimensions. For two ver-
sions V' and W, the algorithm returns one of four values: LESSTHAN, GREATERTHAN,
EQUAL, and INCOMPARABLE, indicating that V.C W, W C V.,V =W, or V ¢ W
and W & V| respectively. The algorithm goes through the dimensions alphabetically,
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checking which of the following four cases applies. For dimension D and indices v

from V, and w from W (v or w may well be ¢):
1. v # £, w # £, v # w, and one or both is non-numeric,
2 u=w
3. D:vC D:w,and v # w , or
4 D:wCD:wv,andv#w.

If an instance of case 1 is seen, V' and W are known to be incomparable without
further testing. If case 2 is seen, skip to the next dimension. If an instance of case 3
is seen (but no instances of case 4 have been seen), make a note of it and continue
to the next dimension. Likewise, if an instance of case 4 is (but no instances of
case 3 have been seen), make a note of it and continue. If cases 3 and 4 have been
encountered (for different dimensions, obviously), stop immediately: V' and W are
incomparable. After all dimensions have been checked, if neither case 3 or case 4 has
been seen, the versions are equal. If case 3 has been seen, then VV C W. Otherwise,
W C V. (We know that both have not been seen, because we would have halted

immediately in that case.)

3.2 Version Representation in URLs and Files

One important design criterion for IHTML is that the versions in URLs be
encoded, so that browsing users cannot request arbitrary versions, but only those
allowed by the site implementer. IHTML 1 encoded versions as integers, with a

central index file to map integers to versions. This approach has several limitations:

e It is slow, since the map file must be loaded and parsed on every HTTP re-
quest, and possibly modified and saved as well. (Caching the map would entail

modifying the server software, which [HTML 1 was intended to avoid.)
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e It is dangerous, since loss of the map file results in loss of all version information
for the site (physical pages and components are identified by their encoded

version integers, not the textual versions).
e It is not clear how to create links to sites that use different version spaces.

e There are synchronization concerns, since many instances of the server process

could require read/write access to the file at one time.

The one benefit of this approach is that version codes in URLs are short (typically 2

or at most 3 digits).
The IHTML 2 approach is to encode the entire version in filenames, URLs, and
anywhere else they are needed. The drawback is that URLs may include long, peculiar

strings if the required version is complex. However, there are significant advantages:
e There is no single point of failure (no version file to be corrupted).

e There are no synchronization problems (no version file to get read/write access

to).

e It is possible to encode versions for arbitrary version spaces, so one can include

links to other versioned sites.
e There is little or no performance penalty.
e The implementation is considerably simpler.

The complexity of filenames and URLs is not a significant problem, since utility
programs are provided which prevent the user from having to type the encodings of

versions; all the user ever needs to see is the normal textual versions.

3.2.1 Version Encoding

Version encoding occurs in four steps: conversion to a canonical form, represen-

tation as a character string, compression, and conversion of the compressed (binary)
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form to printable ASCII text (so it can be used in URLSs, filenames, etc.). The canon-
ical form is described in Section 3.1.1.1. Representation as a string is straightforward.
The last two steps are described in Appendix B. Briefly, the compression step uses
arithmetic coding to convert the version string to a compressed binary form, and the
conversion to printable form is similar to traditional Unix wuencoding. The key fea-
ture is that the encoding contains all the information present in the original version
expression.
Here are some examples of encoded versions:

Version Encoding

lang:english+graphics:hires M11DnCg034qS j6vu8Jz-NgGa
zorkl:zork2+zork3: aXHTPmoM8b-JIBLNyRjDLIdc

vanilla aai

3.2.2 Versions in URLs

URLs of versioned objects (pages, images, or whatever) are like normal URLs,
but with a version code inserted between the filename and the suffix of the object.
For example, if aXHTPmoM8b-JIeai is the encoding of version zork1:zork2 (which it

is), then the zork1:zork?2 version of the page identified by URL

http://www.moria.com/rogue.html

http://www.moria.com/rogue.aXHTPmoM8b-JIeai.html .

Since all objects specifiable by URLs have a suffix identifying their type, this position
seems reasonable. The IHTML server looks for URLs with version codes as described,
and handles them as versioned objects. URLs without such version codes are handled
as if they were requests for the vanilla version.

Note that it is not possible, via this scheme, to refer to versioned directories. The
difficulty is where to put the version code. One possibility is to represent versioned
directories as something like ... /dirname.vcode, but this has not been implemented.

IHTML 2 does not support versioned directories in any way.
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3.2.3 Storing Versioned Objects on Disk

Versioned objects such as pages, images, or parts of pages (components) are
represented as directories, named as the object itself would be named. For example,
the intensional page zork.html is represented as a directory named . ../zork.html.
The physical versions are files in the directory; the vanilla version of this page would
be .../zork.html/aai.html (since aai is the encoded form of vanilla). Two points
are important: first, the name of the file contains all information necessary to recover
version information, so there is no single point of failure; second, the site implementer
need never be aware of the directory structure, or the version encodings. This second

point is made possible by the site implementation utilities described in Section 3.7.

3.3 Default URLSs

Standard HTML provides anchor tags to create links to other pages, but it is
rare (and peculiar) to provide a link to the current page (unless it is to another part of
the page). In IHTML, trans-version links to the current page are commonly used to
alter the version of the page being viewed. Since it is such a common usage, [HTML 2
does not require a HREF attribute in anchor tags. If omitted, it defaults to the current
page. In this way, link tables which provide a standard set of links for many pages in
a site may be created.

For example, suppose a site varied in the background, graphics, and language
dimensions. The following fragment of IHTML could be included in all pages in the
site (say, as the last element of the page), to provide a consistent set of links to
other versions of the site. Since the anchors don’t specify the URL, it will default to
the current page, whatever that might be. If the set of links should change, it need
only be changed in one place, even though it is used in many different pages. This
fragment itself would (most likely) vary in the language dimension, but would not

need to vary in the background or graphics dimensions.

<hr>
Background: <a vmod="background:blue">blue</a> |
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<a vmod="background:green'">green</a> |
<a vmod="background:red">red</a> |
<a vmod="background:yellow">yellow</a> |
<a vmod="background:black">black</a> |
<a vmod="background:">default</a>
<br>
Graphics: <a vmod="graphics:none">none</a> |
<a vmod="graphics:small">small</a> |
<a vmod="graphics:large'>large</a> |
<a vmod="graphics:">default</a>
<br>
Language: <a vmod="language:english">English</a> |
<a vmod="language:french">French</a> |
<a vmod="language:turkish">Turkish</a> |
<a vmod="language:swahili">Swahili</a> |
<a vmod="language:'">default</a>

When included at the end of an IHTML page, it would create a set of links something

like the following;:

Background: blue | green | red [ yellow | black [ default
Graphics: none | small | large | default
Language: English | French | Turkish | Swahili | default

If included on many pages, it would allow the user to change the version of the current

page according to a standard set of choices.

3.4 Absolute Version Specifications

Under normal circumstances, a trans-version anchor or inclusion is interpreted
as being relative to the current version of the page in which the link exists. Any
dimensions specified in the link augment the current dimension, rather than replacing
it. It may, however, occasionally be useful to provide a link to a specific version of
a page, regardless of the current version of the referring page. One example is a
link to the vanilla version of a page. Another is a link to some version of a page at
another intensional site. [HTML 2 supports absolute (as opposed to relative) version

specifiers, in addition to version modifiers, for these purposes.
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For example, the following anchors lead to the vanilla version of the current
page, and the evil:empire version of the off-site page, regardless of the version of

the current page:

<a href="zork.html" version="">Back to Vanilla</a>
<a href="http://www.microsoft.com/"

version="evil:empire">Abandon Hope, All Ye...</a>

3.5 Selective Inclusion of Text

Proliferation of small files is a frequent occurrence in IHTML 1. For example,
one common dimension in which a site might vary is background colour. The approach
used to implement this effect in IHTML 1 is to include at the top of each file a com-
ponent which sets the background colour, which (naturally) varies in the background
dimension. No other components need vary in this dimension. Once the user picks,
say, the background:green version of the site, this dimension is propagated through
links, includes, ete. in the usual way. The background.html component itself is com-
posed of several small files, one per index (i.e. colour) in the background dimension.

It turns out that this general idea occurs frequently in IHTML sites. It works,
but it is somewhat tedious to create the many small (frequently 1 line) files that are
necessary. IHTML 2 provides a selective inclusion feature very much like a switch

statement in the C programming language. Its syntax is as follows:

<ISELECT>
<ICASE VERSION=v1>...teztl...[</ICASE>]
<ICASE VERSION=v2>...tezt2...[</ICASE>]
<ICASE VERSION=v3>...text3...[</ICASE>]

</ISELECT>

In general, the output includes the tezt; corresponding with the first v; such that v; C

V', where V is the current version. Note that the trailing </ICASE> tags are optional.
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If they are omitted, the output includes the following case(s) until a </ICASE> is
encountered, or the closing </ISELECT> is reached. This is analogous to the fall-
through behaviour of a case without a closing break in a C switch statement. An
<ICASE> with no version specified defaults to vanilla, and will therefore always be
selected, if no previous case was chosen. Note that the first vanilla case makes all
following cases inaccessible.

Consider the “background” example. Using the ISELECT approach. the back-
ground.html component, instead of consisting of many small files, would be a single

(vanilla) file containing the following ISELECT statement: .J
<ISELECT> l

<ICASE VERSION="background:blue"><BODY BGCOLOR="blue'"></ICASE>

<ICASE VERSION="background:red"><BODY BGCOLOR="red"></ICASE>
<ICASE VERSION="background:green"><BODY BGCOLOR="green'></ICASE>
<ICASE VERSION="background:zork"><BODY BGCOLOR="zork"></ICASE>
<ICASE><BODY BGCOLOR="black"></ICASE>

</ISELECT>

A similar structure called ICOLLECT includes every case which refines to the
current version, i.e. all text; such that v; C V. The syntax is essentially the same

as that of ISELECT: just substitute COLLECT for SELECT. With ICOLLECT,

though, a vanilla case does not block subsequent cases, since more than one may be

chosen. :
ISELECT and ISELECT originally arose as a replacement for the aggregation ‘

feature of IHTML 1. Wadge, schraefel, and Driessen came up with the notion in

unpublished conversations; the author refined the notion somewhat and implemented

it.

3.6 Dimension Variables

It is sometimes useful to use the current index of one dimension as a dimension

name or index in a version or version modifier. For example, suppose one wanted
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the ability to set the “visited link colour” of a page to the same as the current
“unvisited link colour”. A link such as the following would do the job, assuming the

two dimensions were named vlc and ulc, and all the necessary includes were defined:
<A VMOD="vlc:$ulc">set link colour</A>

The following example shows the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>