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Chapter 1

Introduction

1.1 An Historical Aside

Towards the end of the Nineteeth Century, what is today described as “Clas-
sical Physics”, seemingly explained the world in totality, providing powerful
predictive models for describing physical pheomena.

Two phenomena, however, caused a great deal of consternation in the com-
munity of physicists. Both the ‘Photoelectric Effect’ and the so-called ‘Black
Body Radiation” problem seemed to not to be explained satifactorily by ex-
isting theories concerning the propogation of electromagnetic radiation (i.e.
light). The wave theory of propogation did not appear to explain the results
of the two experiments in an adequate way.

The ensuing argument over the nature of light polarised into two camps; those
who supported the wave model, the properties of which were most notably
formalised by Maxwell, and those who proposed that light was particular
in nature. This second camp formed as a result of the work of Planck’s
work on black body radiation ! , Einstein’s work on the Photoelectric Effect
[Einstein1905] and de Broglie amongst others.

The supporters of the wave model pointed to the vast body of empirical
evidence that not only supported the model but in some cases was actually

la black body is both a perfect emitter and absorber of radiation
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predicted by it. Even Max Planck himself had great trouble in believing his
own quantum theory in the face of the large body of evidence in support
of the wave model. In reply, the supporters of the particle model needed
only to cite the two cases described above as evidence that that wave model
could not satisfactorily explain all physical phenomena and was, therefore,
somehow deficient.

After much disagreement it came to be realised both models could be used at
various times and that also there was a theoretical basis for both models to
co-exist quite happily, partly as a result of the work of those such Bohr and
Schrodinger. In the words of Richard Feynman; [Feynman1964],

“Today, we understand better that what counts are the equations
themselves and not the model used to get them. We may only
question whether the equations are true or false. ”

At this stage, this particular course of events may not appear especially
relevant. As we shall see, however, the idea of two apparently different models
being used to describe the same phenomenon is one that holds a great deal
of appeal for contemporary work in the field of Web Engineering

1.2 What Is Web Engineering?

At the present time, Software Engineering models have been successfully?
used to describe both the process and product of engineering software sys-
tems.

Web Engineering is a relatively new computing discipline, identified in an
attempt to solve the problems of designing usable and maintainable web
systems. Many of the major works in the area are only about five or six years
old and many of the most useful contemporary ones two years old or less.
The main reason for this has been the prodigious, visible and rapid evolution
of the web. The seemingly breakneck speed of evolution of new technologies
and tools to enable web-based working and developement is constantly adding
to the complexity of creating such systems. The methods of creating such

2the degree of this success is an issue to be considered elsewhere
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systems appear to require more than the methods that Software Engineering
alone can provide.

Some, such as Boldryreff and Warren, suggested that the issue of whether web
systems are software is immaterial. The important issue is that such systems
are observed to behave in similar ways to software systems, whose behaviour
is already relatively well-known. For this reason, the same measurements
may be also applicable in these cases [WebSEM2000].

Such an approach is consistent with the philosophy of the Lord Kelvin
[Kelvin1891], who insisted that the ability to measure is a neccessary con-
dition for understanding a system or phenomenon, although there are some
who believe that accurate and objective measurement is not possible within
software [Lewis2001].

The ability to be measured, although necessary, is not in itself a sufficient
condition to provide full understanding of any process. For this reason, the
construction of some model that may in part explain behaviour quantified by
mesurement is essential to understanding. This model need not be complete,
as it may be superceded by others. Although many would like to treat
webware as either a software or a document system, it is not unreasonable to
believe that it may be, like the quantum models before it, a hybrid that can
borrow from whatever models seem appropriate at the time. The reasons
for this thinking will be discussed later, when the nature of web systems is
dicussed.

The problem of choosing a suitable model has more than a little resonance
with the problem faced by the physicists investigating the behaviour of light
at the turn of the Twentieth Century. As Feynman so accurately observes,
however, in the end, the model is not the end in itself, merely a means to it.

1.3 Why Do We Need Web Engineering?

The aim of this document is to bring together and discuss current work in
a number of related fields pertaining to the deisgn and maintenance of web-
based systems. For convenience, during the course of this paper, the term
webware will sometimes be used as a generic description for such projects.
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When Tim Berners-Lee [Berners-Lee2000] developed the World Wide Web,
he devised HT'ML as a relatively easy way of presenting content. This ease
was one of the web’s great strengths, being more than partially responsible
for the rapid growth in use: almost anyone could create web pages. To do
this, Berners-Lee also created one of the web’s principal weaknesses; it was
easy to create faulty web pages. The early web was made up of predominantly
small sites, so the problem of engineering was not a significant one. As usage
of the web exploded, though, the size of sites grew extermely rapidly and the
problems associated with large sites being updated by multiple users began
to be noticed.

The growth in the size of web projects is leading to what some are calling
a ‘web crisis’ [Zelnick1998], in much the same way that the spiralling size
and cost of software systems in the late 1960s and early 1970s led to what
was called the ‘software crisis’. This situation led to the models developed
to produce robust, well-engineered systems, such as the rise of Structured
Analysis and Structured Design as well as Object-Oriented techniques.

The creation of web projects has been done using a variety of ad hoc methods
(such as techniques for site navigation mapping). Part of the reason for this
for this lack of rigour is that there is no agreement on a single definitive
description of the nature of web site as, let alone how to produce one in an
ordered way. This presents web developers with a problem; how to collect
meaningful metrics for a system that is difficult to model consistently. The
prosed research projects hopes to demonstrate that objective metrics for web
systems can be obtained and that they can be a good indicator of the quality
3 of a web site.

1.4 Format of this Document

The body of the document begins with chapter 2, which will first consider the
nature of the web and its relationship with more conventional software and
document systems. To do this, the properties of both documents and software
themselves must be examined. By the end of the chapter the relationship
between documents, software and webware will have been established.

3what this ‘quality’ is will be discussed later
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Chapter 3 will the survey the field of the new area of web engineering, pro-
viding a working taxonomy of current research directions. Much of the work
surveyed is relatively recent (i.e. within the last 5 years), although some
major works in the area, such as those by Douglas Englebart and Vannevar
Bush, are up to 60 years old.

Chapter 4 then goes on to discuss how the work done so far in the web
engineering field may allow consideration of what types of metric could be
devised later during the PhD project. To help do this, some background
about the use of metrics and their application within software engineering
will be introduced, before widen dicussion of potential applications in the
web context are considered.

The research proposal will be presented in Chapter 5, where the initial form
of the PhD thesis will be presented. Chapter 6 provides a summary of the
work outlined within this document.
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Chapter 2

The Nature of Web Systems

“Ceci n’est pas un pipe”
- René Magritte (1926)

2.1 Introduction

The World Wide Web has now been in exisitence for a little under eleven
years 1. In that time, the size of the web (and the Internet in general) has
increased hugely. As result, the creation of first web documents and then
fully connected systems has had to evolve rapidly also. This has involved a
great deal of work on the part of developers to ‘scale’ their systems. This
has, though, been done a relatively unscientific way. Part of the problem is
that no real agreement exists as to what kind of system a web site is.

This chapter aims to describe briefly the nature of both software and dcou-
ment systems and then to describe web systems in relation to them. To do
this, the nature of software and documents themselves must be considered,
as well as how such systems are engineered.

!The W3C web site http://www.w3c.org/History.html) notes that the official release
of the CERN web server tool place on May 17 1991

7
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2.2 The Origin of Software Engineering

Almost from the very beginning of the computer age, it has been apparent
to practitioners that software was not a manufactured good, but an engi-
neered item. However, as distinct from other complex (usually physical)
engineered systems, software is highly mutable and subject to rapid and
significant change during its lifecycle. The term “ Software Engineering”,
describing software and the process used to create it appears to have first
been used at the NATO Software Engineering Conference, held at Garmisch,
Germany in October 1968. The Garmisch conference provided the first public
acknowledgement of an impending ”software crisis”. [Djikstral972]

In the early days of programming, programs had to be hand-written for
specific machines and tasks because of different programming environments
and operating systems. Even today, in the era of object orientation and so-
called code re-use, large portions of computer programs are still written on
an individual, bespoke basis. To help us arrive at a meaningful definition of
what we call software, we need to consider two things:

1. the evolution of software as an engineered entity

2. the differing conceptual models that describe such artefacts and their
production.

These definitions need to be arrived at if any meaningful discussion of the
difference between software and the web is to be considered at all. A fuller
dicussion of the evolulution of software is provided in Appendix A

2.3 The Form and Function of Software

Roger Pressman [Pressman2000] describes software as an “information trans-
former”. As a useful starting point, Pressman’s definition of software can be
presented in the following way:

Software -
Any system or agent (whether singular or composite) that acts
to transform information from one state into another.
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Somerville’s definition of software is similar but includes not only program
code, but also any documents or configuration information associated with
it [Somerville1989].

Such definitions are open to many interpretations. They could, conceivably,
define systems that would not normally considered to be software, such as
mechanical or even to physical systems that serve to transform information.
Clearly then, a software system can be described as a complex entity con-
taining both code and non-code components.

2.3.1 Validity of Software

In a “traditional” software system, the process of compilation occurs in three
stages discussed by [Bennett1996]:

1. Lexical Analysis determines whether correct the 'words‘ have been
used. In other words, whether the language used is correct.

2. Syntactical Analysis determines whether words are arranged in a
way consistent within some prescribed grammar. For a piece of software
source code this prescribed grammar may be in form of a language
specification or of a DTD or schema for a document.

3. Semantic Analysis attempts to produce meaningful constructions
from syntactically analysed structures produced in previous stage.
There is no guarantee that a pass on syntactical analysis will produce
code that will satisfy a semantic analysis, in much same way as a gram-
matically sound piece of prose may make no sense.

The Java and Perl programs shown in Figures 2.3.1 and 2.3.1 perform similar
tasks similar but have different outcomes. The former will not compile but
the latter will execute, although possibly with unpredictable consequences be-
cause the variable $third is undefined. Although neither of these programs
is strictly valid (undefined variables exist in both) they are both syntacti-
cally correct. In other words both programs are not valid but they are well
formed. The only difference is one of implementation, the treatment of errors
in semantic analyis.
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public class Test

{
int first=1;
int second=2;
int theAnswer = first + second + third;
System.out.print ("The answer is: " + theAnswer + "\n");
}

Figure 2.1: A well formed but invalid Java program

#!/usr/bin/perl

$first=1;
$second=2;

$theAnswer = $first + $second + $third;
print "The answer is: $theAnswer\n";

Figure 2.2: A well formed but invalid Perl script

These illustrations are given to show that the property of correctness within a
‘program’ is mutable. This is an issue that provides a connection to document
and web systems, as we shall soon see.

We can then describe a web system as a composite software entity and also
a document system. The documents therein are also software. We can see
this by considering the following model.

2.3.2 A Conceptual Model for Software

The bare description of software does not describe such a system in an entirely
satisfactory way. Figure 2.3.2 shows a representation of a layered process
desbribing the interactions between each stage of an artefact’s development
cycle. Each stage, is reached by creating an item which is a representation,
in an alternative form, of the item preceding it. We can visualise this system
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rather like the layers of an onion. Each layer wraps and encapsulates the one
below it.

1. Design Conceptual Space. This contains an abstract space corresponding to
a design addressing a particular problem domain.

2. Program Conceptual Space. The expression of the design space in a machine
understandable form.

3. Artefactual Context. The context chosen for the execution of the program-
matic representation to produce the final artefact. This may be, like Java,
bytecode; a directly executable item of object code or even transient outputs
like webpages or scripts.

Figure 2.3: A Software Onion

Software is generally written to be built and executed within a certain envi-
ronment, either on a real or a virtual machine. This is simply a specialisation
of a more general principle: software is highly contextually dependent. A
Bourne Shell script outside of a Bourne shell in which to run it is merely a
text file or, more accurately, a document..

Each successive shell (or skin) of the onion is simply a representation (or
contextualisation) of the one surrounding it. The move from each space to
the next is accomplished by one (or more) transforming processes. It may
be helpful to consider two examples to illustrate this process:
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1. A UML design document to map a solution to a problem may be rep-
resented as a computer program using an appropriate language (C++
or Java, for example). This process may use either some sort of CASE
tool to help generate skeleton code or may be entirely hand-edited. The
source code might then be compiled or interpretation (for instance by
use of the gee compiler in a Linux environment) to produce final, ex-
ecutable code This code would only be meaningful as executable code
in that particular context, such as Java bytecode within a Java Virtual
Machine (JVM).

2. A DTD or schema for an XML document type can be used to model the
underlying structure of a set of data. This may describe the structure
of some real world entity like a technical manual, for example. This
XML entity may then be compiled by a browser interpreting the entity,
dynamically linking presentational style information and outputting
the transformed entity in some form. This would only be possible in a
context where the DTD or schema was understood by the interpreting
agent (i.e. the agent could interpret XML/SGML data).

The second scenario suggests that in certain contexts a document can be
considered in the same way as a piece of software. In this case, it is only
distinguished by the method of transformation from programmatic to arte-
factual context (i.e. a browser acting as an interpreter, having inputs and
output in a visual form).

At this point, the distinction between software and web systems is becom-
ing increasingly blurred. This is not entirely bad. Although a simplistic
classification of web systems as software may not be appropriate, it may be
possible to apply a more dualisitc model, as discussed in the introduction to
this paper, to extract useful properites of webware that can be observed and
measured.

2.4 The Form and Function of Documents

The SGML specification document [ISO8879] provides the following two def-
initions within its glossary:
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e Document : A collection of information that is processed as a unit.
A document is classified as being of a particular document type.

e Document Type : A class of documents having similar characteris-
tics; for example, journal article, technical manual or memo.

The first of these definitions describes the salient characteristics of a docu-
ment. The definition is a very broad one and could encompass a very wide
range of entities. The key words to understand within the definition are,
however, collection and unit. The former implies that a document can be a
composite entity, consisting of a number of parts. The latter implies a sense
of ordering or structure which can be used to describe the whole.

The second definition states that documents may be classified depending
upon features or properties that a particular class of documents may have.
The definition further implies a type or commonality classes of documents
and that this can be represented in an ordered and reproducible way.

Documents may take many forms, both electronic and not. For the purposes
of this document however, discussion will be restricted to documents that
are represented and transferred in electronic formats.

2.4.1 Collections of Documents

It is more usual for documents in areas other than hypermedia to be self-
contained but also to reference other documents, and in addition share com-
mon elements by means of inclusion,generally by bibliographies and footnote
systems. The problems of consistent addressing and referencing are interest-
ing within themselves but will not be discussed within this document except
in their most general sense. This issue is already addressed within web hy-
permedia by use of URI system.

Hypermedia documents (more often called “nodes” by hypermedia practi-
tioners), however, have associative relationships (links) between them which
enable users to move freely between nodes. It is possible to consider such
a number of nodes as comprising a single interconnected, composite, dis-
tributed document entity. Even then it is difficult to ascertain the extent or
boundaries of such composite entities as Warren has discussed [Warren2001b].
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This relationship between nodes or groups of nodes has been examined in
work done in the area of hypermedia research. Such node systems can also
be considered in an object-oriented way.

2.4.2 Mark-Up Languages

Documents can be constructed using what is known as a mark-up language.
Such a language is used to identify and show elements of document structure
within the document itself. The term was first used by Charles Goldfarb
during the development of GML, the embryonic mark-up language developed
by IBM in late 1960s.

Bryan[Bryan1997] states that any device that stores formatted text for later
retrieval and use must use some form of mark-up to do so. This category
therefore includes program source code. The mark-up may only be machine
readable in some cases however. In general terms the following types of
document exist:

e Unformatted Text

The simplest form of document is the unformatted, raw text docu-
ment, The data contained inside is not subject to any formal structure
although it is actually to provide a (trivial) DTD for such a document.
It can also be argued that,without such a DTD, a document would,
in fact, conform to a notional type definition, especially in the case of
natural language documents. This notional definition would have to
be determined by the reader for the document to have any meaning,
however.

e Specific Mark-Up

Specific mark-up is used in systems such as PostScript or RTF pro-
cessing in word Processors like Microsoft Word or Corel WordPerfect.
The mark-up is usually application or task specific and is not designed
to be transferable between environments or applications. This can also
include styles such as delimiter separated lists, where each field’s mean-
ing may only be known by the parsing application. As such, specific
mark-ups are commonly used in typesetting systems, where the major
degree of formatting control is exterted by the machine.
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e Generic Mark-Up

One of the stated goals of generic mark-ups is to allow encoded infor-
mation to be exchanged within a number of environments and to allow
the resultant documents to be viewed and edited by both machines and
people. Generalised mark-ups are commonly stored in plain text files,
making them highly portable between systems, as tools to convert text
file formats are effectively universal. ¥TEX is an exception to the spe-
cific mark-up situation that usually occurs with typesetting languages.
The mark-up used in the TEX family is actually generic and is easily
transformable into HTML or PDF, for example. 2

The description of generic mark-up documents is further divided in two ways,
Presentational and Logical;

e Presentational Structure describes how a document will appear
when used. It is specifically concerned with the description of visual
elements and how a document will appear when viewed. As far as ver-
sion 3.2, HTML had begun to evolve along this route. HTML 4 and
its variants attempts to reverse this trend.

e Logical Structure is more concerned with the layout of document in
terms, not of its visual appearance, but how it may be interpreted by
machines or how its meaning may be interpreted by a human user.

The move to develop generic mark-ups began in the late 1960s as a result of

first Gencode, and later GML (both at IBM), led by Goldfarb [Goldfarb1970)]

Marking-up can take a number of forms and could be done both by machines
and by human authors. This does not however, strictly speaking, have to be
case, although one of stated aims of SGML standard was to create document
mark-ups that were both human readable and editable . For instance, HTML
is easily written and read by both human and mechanical readers but a
Microsoft Word document (to choose an arbitrary example) is not. In that
case, the underlying structure is not obviously apparent to a document author
although such a structure does exist.

2Many of these tools are part of the standard TEX distributions
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A document is marked up by means of “tagging”. and this tagging may (or
may not) be human readable. Data within the document are enclosed by tags
to describe elements. The tag itself is enclosed by delimiters and the choice
of such delimiters is arbitrary. An example of HTTML mark-up, showing the
nesting of elements and the use of tagging can be seen in Figure 2.4.2.

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0 Transitional//EN">

<HTML>

<HEAD>

<META HTTP-EQUIV="Content-Type"
CONTENT="text/html; CHARSET=iso-8859-1">

<TITLE>An Example of HTML</TITLE>

</HEAD>

<BODY>

<H1>An HTML Document</H1>

<P>This is an example of an HTML document.</P>
</BODY>

</HTML>

Figure 2.4: An example of SGML style mark-up in HTML

The particular style shown has become increasingly popular because of the
rise in use of mark-up languages like HTML and XML. Both mark-ups are
descended from the SGML standard that Goldfarb defined. Elements do not
have to be atomic and can contain others, although this is dependent upon
the mark-up language used and the DTD (q.v) that defines it.

2.4.3 Validity of Documents

Stated simply, a valid document is one that conforms to its associated Doc-
ument Type Definition (DTD). However, it is apparent on the Web at large
that a great number of documents are not strictly valid HTML but are still
viewable by a range of user agents. Clearly, validity alone is not a complete
description of a document’s ‘correctness’.

Documents may also be well-formed. A well-formed document is one that
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conforms to a grammar defined by DTD. By definition a valid document
is also well formed. However, a well-formed document may also contain
elements or attributes not defined within the DTD. Typically, in an HTML
context, such items not within a DTD will be ignored but the document
will still be processed if it is structured correctly (i.e. they are syntactically
correct). This provides a connection to software systems. The Perl program
shown above in Figure 2.3.1 is, as stated previously, invalid but it s well-
formed. This comparision is valid even though an HTML document does not
look ike a ‘program’ as such.

For mainly historical reasons, HTML browsers tend to be “sloppy” when
parsing. to allow user agents to display nodes in at least some form, however
ugly, and not to burden end users with error messages. Browsers such as
W3C’s Arena and Amaya browsers have broken with this convention and do
allow users to view errors in badly-formed HTML, if they so wish.

In web browsers, display of HIML is done in three stages:

1. Retrieval, where document is fetched, whether from network or from
a local source.

2. Parsing, where the document is read and composed into a document
tree, containing document elements. Whether this parsing is done by
a validating parser or not is an issue of implementation. This stage
resembles software compiliation.

3. Rendering, where the parsed tree is passed to a formatting agent
for display. This stage more closely resembles linking, where external
resources (such as images and external scripts) are retrieved and form
part of the ‘execution’ of the resource.

The sloppy parsing of HITML was a key reason for its rapid take-up by am-
ateur users, allowing badly formed mark-up to be written and displayed.
However, XML or SGML parsers are usually built to require validity 3 Syn-
tactic and semantic errors are reported, especially because, in many cases,
visual rendering is not required, as many mark-ups are not intended directly

3In the case of some XML parsers, the absence of a DTD is permitted, meaning that
well-formed strucutres are permitted because strict validity cannot be determined
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to be display languages. In XML this job should be done by formatting
systems such as XSL (eXtensible Style Language).

Authors have long spoken about the process of ‘programming’ in HTML.
At this stage is may be instructive to consider mark-up languages such as
HTML as a type of declarative programming language. There is more than
a little justification for thinking in this way, given the work by Eisenstadt
& Brayshaw |[Eisenstadt1988| that provides a connection between declara-
tive and object-oriented programming. This is a viewpoint that corresponds
with that of Michael Buckland [Buckland1997], who also makes comparisons
between documents and ‘objects’ in a general sense. This relationship is
even more specific in the use of HI'ML because of the existence of the Doc-
ument Object Model (DOM) [W3C2001a], allowing developers to exercise a
great deal of control over documents using scripting techniques. It is possi-
ble, using Javascript, to write and alter HTML documents ‘on the fly’, in a
programmatic way. The fact that HTML has no control structures or data
flow does not necessarily prevent it from being a purely declarative program-
ming language, especially when one considers the type of programs written
in a language like Prolog where the focus is on the relationships between
predicates (or in the case of HTML, elements).

2.5 The Web - A Hybrid System

We have already seen that current thinking on the issue of web engineering
roughly polarises into two points of view; one, that the web is simply another
type of software and should be considered as such, the other that thw web
is a complex heterogeneous system and new approaches must be found to
describe it. The former is evident in the discussion within workshops such as
WSE2001 [WSE2001] while the second is more common in the work of those
like Deshpande and Hansen [Deshpande2001].

In essence, the software process can be distilled to a transformative process
(as seen in Figure 7), changing information from one form into another by
the use of some agent. This can be seen to happen during the parsing of a
document, if we interpret the definition given in 2.4 correctly and treat the
language specification as a largely notional DTD. This is easy to do, given
the structure of specification languages like the Backus-Naur Form (BNF)
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[ISO14977] and its descendants. In effect, software source code is a human-
readable representation of the machine-readable artefact in document form *.
This is a major reason why HT'MIL documents, being generalised mark-ups,
can be more comparable to software than other (more specific) mark-ups.
Generally, although mark-ups are human-readable they are commonly ma-
chine generated and used for the purposes of data transformation. Although
the use of tool-based generation of HIML takes place, much of it is still
produced or tuned by hand. This factor alone is a significant one.

*“Program’’

Conceptual Compilation
Space

Figure 2.5: Generic Software Transform Model

Source code is indeed processed as a unit (by a compiler) to produce an arte-
fact, whether it is transient (interpreted) or tangible (compiled). Transient
items may also include web systems, where pages are generated as a result of
a transformative process (parsing and rendering). This being the case, the
question of whether web systems are classifiable as software can be raised.

If we consider a browser to be a transformative agent, we can also consider
the types of linking within web systems and relate them to common software.

Figure 7 shows the relationship between source documents and the artefacts
they represent. There will be at least some mirrorring of higher level structure

Jelliffe [Jelliffe1998b| also provides a mapping in this respect, putting forward
the opinion that user interfaces are also documents, because especially in
the online context, users don’t just read documents - they interact with
them. Further, the process of Ul design should always be done with an

4The W3C'’s specification for XML [XML2000] states that the formal grammar can be
written in an extnded BNF form
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Software System

System of Artefacts

Figure 2.6: Generic Software Transform Model applied to Software Systems

appreciation of the users who will use such a system. Techniques such as
Eztreme Programming (XP) [Maurer2002] attempt to add this approach to
the engineering of projects. It is perhaps not surprising that XP has found
acceptance in web development communities for this very reason.

2.5.1 Linking in Webware, Software and Documents

Linkage, the defined association between nodes within a web system, can be
classified broadly in one of two ways, in a similar way to software systems:

1. Dynamic
Items such as the IMG element in HTML or the use of LINK to retrieve
externally linked stylesheets can be classified as dynamic linkages. The
resource is requested and (possibly) retrieved at run-time®. They are

Shere, we define ‘run-time’ as the time of viewing at the user agent
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System of related mark-up documents
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System of related artefacts (webpages)

Figure 2.7: Generic Software Transform Model Applied to Mark-up Systems

held separately from the calling node until the time they are requested.

2. Static
Static linkages occur when external elements are linked before before
run-time ¢ The principle mechanism for this in the WWW context is
the use of of server-parsed documents or server-side scripting. This
mechanism effectively acts as a static linker.

We can further characterise two subtypes of dynamic link available to the
end user:

1. Elective
These links are elective for the user, such as A HREF (typical links)
or AREA HREF (used in image maps) in as much as users can choose

6This can be thought of as ‘compile-time’ linkage
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whether these links are followed at the time of viewing and navigation
paths can be followed directly.

2. Non-elective

Links of this type (such as LINK,BASE or SCRIPT elements) are struc-
tural and describe externally linked objects to the node. Such links are
usually used to contextualise and orientate links and resources rela-
tive to the chosen node (BASE and LINK) or to link to embedded
or external content (e.g. SCRIPT, which can utilise externally stored
script content). Items such as IMG elements can also be placed within
this category as the ability of a user agent about whether to render
externally linked items is one of user agent configuration (usually an
implementation issue or customisable by the user at ‘run-time’).

It can be argued that even the so-called strucrural links have an element of
electivity. An end-user can choose to disable functions of the client to disable
these features. However, such functionality is not within the control or scope
of the document, merely an implementation issue connected with the user
agent and its configuration.

Warren [Warren2001b] proposes that Lehman’s laws of software evolution
miss an important category of maintenance, that of speculative maintenance.
However, he does not specify how this property manifests itself in a soft-
ware context. In hypermedia systems, URLs, being pointers can sometimes
“break”. The prevalence of the HT'TP 404 response code and the use of URL
redirection demonstrate this. Warren proposes that speculative maintenance
can be perfomed on web systems by link checking, a form of pre-emptive
maintenace to prevent ‘link rot’.

The problem of speculative maintenance does also exist for software systems,
although not in a such an obvious way as most details of linkage are hidden
from the end user.

Consider a software system that makes use of dynamically linked libraries
(i.e. the library code is located and executed at run-time). In the C lan-
guage, for example, the library code could be referenced by using a function
prototype declared as extern. The calling code would then be directed to

look in a known list of locations until it finds a match. This match order is
determined by environment variables (such as PATH in DOS or LD_PATH
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in some variants of Unix). If a linked library is missing or damaged then
execution will be impaired or perhaps even impossible.

This is a very similar situation that which one finds in web based systems
and, in fact, tools now exist within operating systems now which server to
perform a relatively limited form of speculative maintenance to make sure
such libraries are both present and current. Some of these features can be
found in Microsoft Windows XP, released in 2001 [MS2002].

It is, therefore, possible to consider external function prototypes and URLs
to be equivalent, as they both identify named external resources. Internal
anchors are a special case of this, in essence being recursive calls to the same
resource, merely choosing a separate entry point.

2.5.2 Summary

In this chapter we have discussed the nature of web systems, documents and
software. It can be seen that each of them is a system that requires sound
principles of engineering and management to produce an artefact that can
be described as 'good’ in some way (the ways of determining this quality are
discussed in Chapter 4).

Broadly, both web and software systems are documents in nature. Each is
a human readable representation of a system at a particular level. Tradi-
tional notions of software, especially considering here the works of Wirth
[Wirth1976] and Kowalski [Kowalskil979] expect a separation between con-
tent (data) and program (logic or control). In the case of mark-up systems,
this is not the case: data and ‘program’ are part of a single entity; the node.

Software and mark-ups (especially HTML and some of its XML based re-
laives) share common notions of re-use and modular design, evident in the
parallels drawn in dynamic and static linking.
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Chapter 3

Web Engineering

“If it looks like a duck, walks like a duck, and quacks
like a duck, it’s a duck.”

- proverb

3.1 Introduction

The discipline of “Web Engineering” is a relatively new one. The term seems
not to have been in (wide) use before 1998 and the 9th ACM Conference
on Hypertext and Hypermedia [Bieber1998|, although Murugesan claims to
have used the term as early as 1997[WebE2001]. This is in contrast to the
more general area of hypermedia engineering, which had been defined at least
as far back as the early 1990s. A similar term “Web Document Engineering”
had been used earlier, in 1996 by Bebo White of SLAC (q.v) in a session at
the 5th World Wide Web Conference in 1996[White1996].!

Given the relative immaturity of the area of web engineering, much of the
early literature consists mainly of position papers and overviews of the prob-
lem domain of engineering quality in web projects. Many of these papers
also describe issues of macroscopic structure, the need for component re-
use and process engineering and the problems of mapping the limits of web

IThis conference was held in May of 1996, in Paris, France. The conference programme
is available on-line at: http://wwwbconf.inria.fr/

25
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sites. Other early works such as Powell [Powell1998a] acknowledge the rapidly
changing nature of web projects and attempt to codify some ground rules for
working on such projects.

As an aid to understanding the need for more structured methods for the
creation of web projects, it is, perhaps, useful to refer to Powell, who divides
the evolution of web applications into a number of generations, illustrated in
Figure 10.

First Generation

Text driven,
simple

!

Second Generation

Mainly text driven,
simple CGl,
use of helper apps

!

Third Generation

Presentationally driven

l

Fourth Generation

Presentation important
functionality demanded
(plug-in technologies)

|

Fifth Generation

Developer-centred,
well-engineered
application-driven

Figure 3.1: Evolution of Web Projects

The generations can be explained in the following way:
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. The first generation predates the development of the Mosaic browser

and inline images. Browsers of this nature were text-based systems.
Mark-up existed purely to define content, not its presentation. The
first example of this type was the initial site at CERN in Switzerland
(http://info.cern.ch/), the first public web server.

. The second generation, like the first, was simple, mainly consisting of

static webpages and very basic CGI processes. These initial projects
were usually ad hoc and lowly budgeted. Extra functions were generally
provided by the use of helper applications that needed to be configured
at the client.

. In the third generation, begun by the release of Netscape Navigator,

presentational issues assumed greater importance. As Powell observes,
many third generation sites were driven more by appearance than us-
ability. This was an opinion shared by Jakob Nielsen in his regular
surveys of web usability.

. In the fourth generation, users became used to “pretty” sites and de-

manded more functionality. This was provided by additional content,
the use of multimedia and technologies such as Java to provide interac-
tivity and increased functionality. Much of this was (and is) provided
by ‘plug-in’ technologies or the use or scripting and other client side
technologies.

. The web now appears to be entering a fifth generation. This generation

is driven, not by user requirements but by those of developers. The
growing size and complexity of web systems and the tasks they are
being designed to perform is the cause of this evolution. Part of this is
a perceived need to provide component based services (using J2EE or
NET, for example)

Powell refers to this most recent generation, describing it as ‘Software Cen-
tred Web Site Development’, making direct comparisons with software de-
velopment while acknowledging differences, most particularly in terms of
timescales and lifecycles. Once again, there is a return to using markup
purely to define content, separating it from presentation, especially now
through the burgeoning use of XML and its applications. Berners-Lee talks
about this at some length in his book ‘Weaving The Web’ [Berners-Lee2000).
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This change is as a result of the growing need for interoperability between
systems as Internet platforms become more fragmented 2. The size of sites
also forces developers to implement this type of more regular design.

In this chapter we examine the nascent discipline of Web Engineering and
attempt to place frame it in terms of its relationship to its close relative,
Software Engineering.

3.2 Recent Work in Web Engineering

Warren et al. [Warren2001al, in a paper presented at WSE2001, have already
proposed a basis for understanding and classifying research being done on
engineering and metrics for the World Wide Web. According to them, much
of the current work in web engineering is based around three major areas,
viz.:

1. Software Metrics

The area of software quality measurement is an enormous one. A com-
prehensive review is well beyond the terms of this document. Readers
are advised to refer to the work of both Pressman (q.v.) and Somerville
[Somerville1989] for an introduction to the area of software metrics. In
his paper, In the WSE2001 paper, Warren describes the use of sys-
tems such as GQM (Goal-Question-Metric) [Berghout1999] to define
general principles for creation of metrics . The application of this has
been principally in software systems and the possibility exists that at
least, some of these can be extended to the web. There is an underly-
ing assumption that web systems can be described as ‘software-like’ in
nature. This is by no means obvious.

2. Hypertext
Web systems are generally seen to be specialisms of more general hy-
pertext systems. Current work in this area may have impact on the
more specialist one. Of particular interest are applications and metrics
derived from the use of methods such as OOHDM [Schwabel1995] and

2The increasing number of versions of the Windows platform as well as the number of
-not always-compatible Unix variants is evidence of this
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RMM [Isakowitz1995], the most common in use. This is in addition to
the original works of Hatzimanikatis et al [Hatz1995]. and Botafogo et
al. [Botafogo1992], which attempted to address the problem of defin-
ing metrics for idealised hypermedia systems. This area also describes
document engineering, which can, with some justification, be described
as a subset of hypermedia engineering in general. Latterly, the work
of Mendes et al. [Mendes2001] attempts to define and measure metrics
by means of case studies in hypermedia development.

3. Human Computer Interaction

A great deal of work has been done in the area of HCI on the web,
especially (although not exclusively) by Jakob Nielsen, who has a long
history in the investigation of usability engineering. Some may argue
that any study of engineering for the web must give great consideration
to user interaction because of the highly user-centric nature of any
systems developed. This is a valid observation, but not necessarily of
direct concern when considering the production of systems in the first
instance, for example. Although this field is without doubt of interest
it will not be discussed at any further length in this document.

It appears that little thought is being given at present to the issues of con-
sidering mark-up based systems in much the same way as one would consider
programs. In fact, as recently as 1996, authors such as Stross [Stross1996]
could say with some confidence:

“A web is a publication, not a piece of software.”

This view is one that is quite clearly becoming outdated. especially when
one considers the opinions of the WebSEM project (q.v) a mere four years
later [WebSEM2000]. Web projects are growing rapidly, both in size and
complexity. This can be seen in two ways:

1. The number of 'pages’ on the web is rising very rapidly, faster than
the number of web users indicated by recent surveys. Google estimates
this figure at 1,610,476,000 ‘pages’ at November 16 2001. This figure
has grown by around 60% in less than a year. By February 2002, this
figure had risen to over two billion. Nielsen estimated that there were
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around 100 million web sites in January 2000. This number would rise
to 25 million by the end of that year and then further to around 100
million by the end of 2002. Conversely, Internet usage in the UK at
least had fallen very slightly in mid 2001, according to a recent survey
by the UK Office of Telecommunications (Oftel) [Oftel2001]. It appears
that internet usage, in the short term at least appears to be reaching a
plateau, but the number of pages on the web is growing at great speed.

2. The number and scope of content development and delivery tools for
the web is growing extremely rapidly and significant communities are
rising up to exploit them (e.g., PHP, ASP, ColdFusion, SourceForge,
Zope etc.)

The process of producing such systems, marrying the disparate technolo-
gies they use and for measuring their quality is becoming rapidly ever more
complex. Already there is an appreciation that this increase in the size and
complexity of web projects is a burgeoning problem. A so-called “web cri-
sis” [Zelnick1998], mirroring the “software crisis” that was seen in software
in the 1970s and 1980s. The concerns of practitioners of that time, such as
Djikstra, Parnas and Wirth, calling for increased refinement, modularisation
and re-use are finding resonance with current web developers. Many of the
overview and position documents identify this parallel between current web
development and earlier software engineering.

3.2.1 The Web Engineering Problem Domain

As has previously been alluded to, managing the production and mainte-
nance of web systems is a non-trivial task, analogous to the management
of software systems. This issue is explored in early work by Murugesan et
al. [Murugesan1999|, defining the problem domain of web engineering. The
theme is continued by Deshpande and Hansen [Deshpande2001]. Both works
make a distinction between ‘traditional” software and web-based systems.
These differences amount to a combination of three main factors;

1. The importance of the user interface - more so than ‘usual’ software.

2. High Network Overhead - web systems are network intensive in general.
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3. Heterogeneous components - web projects are likely to comprise mark-
up, program code and other types of content, typically multimedia.

Each of these can be seen in other types of software development but a combi-
nation of these factors, as well as hugely compressed lifecycles for developing
such projects, sets them apart.
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Figure 3.2: An Overview of Web Engineering Literature

These works put the case that web engineering is a discipline of itself and
should be treated as such, separately from software engineering. To illustrate
how the areas within Web Engineering are connected to other disciplines, a
broad illustration of the area is presented in Figure 3.2.1.

Importantly, Roger Pressman, in an article entitled “What a Tangled Web
We Weave” [Pressman2000b] uses the phrase “software-related” to describe
what he calls “WebApps” (what this paper describes as 'webware’).

The implication of this article is that he does not see webware systems as
purely software systems. This is an issue that the Warren WSE2001 paper
also addresses, stating that the “software-like” nature of web systems has
yet to be established fully. Sensibly, Pressman contends, like others in the
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area, that a disciplined engineering approach is essential for the creation an
maintenance of useful web systems.

To define ‘disciplined’ he cites the following criteria:

1. Problem solving
2. Good Design
3. Thorough Testing

4. Maintenance

He clearly equates these with the well-established criteria applied in soft-
ware enginering. Pressman is not the only person to make this connection
between software and the web, although differences do appear in the degree
of the comparisons that are made. Powell (q.v.) also asserts that such ap-
proaches are preferable to the use of the more prevalent RAD [Boehm1997]
3 in web environments. Although RAD is seen as useful because of its use
of prototyping (seen as especially useful for interface design), as a method it
is wasteful and, judging by the current state of many sites, does not result
in well-engineered systems [Powell1998b]. He concludes that this is because
many web practitioners are not conversant with more structured engineering
methods.

Warren et al. speculate that webware may be only one of a family of more
generally engineered artefacts. Engineered items are created using a struc-
tured method, such as the waterfall method in software engineering amongst
others [Pressman2000c]. Any general method for the engineering of artefacts
follows the same basic steps, whatever the artefact may be. These steps are:

1. Analyse - Define the problem domain and evaluate current approaches
where appropriate.

2. Design - Provide one (or more) possible solutions to the problem along
with a rationale for choosing the preferred solution.

3. Build - Construct the system defined by the preferred solution using
the most appropriate methods and tools available.

3A similar idea is also found in the practice of ‘Extreme Programming’
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4. Test - Ensure that the construction phase of the project satisfies design
criteria and is fit for the purpose of its construction.

5. Maintain - Once the construction has reached the required standard
and is deemed complete (or a stable configuration agreed), ensure that
it continues to meet the required operational standards set and to repair
and enhance it if necessary.

Clearly a web system (like software) is subject to all of these and is clearly an
engineered system of some type when constructed in an ordered way. This
is extended in software engineering by the Sprial [Boehm1988| and Waterfall
models (and its variants) . Much of the work by the authors in this field
are merely restatements of this seemingly facile assertion. Best practice in
the area , defined by the huge number of HIML Authoring texts, largely
conforms to these general principles, confirmed by the work of authors such
as Powell. The early chapters of Jakob Nielsen’s Designing Web Usability
[Nielsen2000] concur with much of this thinking. Nielsen firmly places himself
in the camp who believe in the use of engineering principles, although he
also stresses the importance of creativity and inspiration. Even within this
context however, the value of user-centred design is emphasised and the need
for sound principles of design is established.

3.2.2 Foundations of Web Engineering

As has been established, much of the earliest work in the field only goes as
far as calling for a methodical approach in the development of web projects.
Work in the OOHDM and RMM systems have tried to establish more regular
processes to describe the production process in general hypermedia systems.
Such an approach is, however, complicated by the fact that web projects
may not, as discussed earlier, be like traditional software. There are special
problems to be faced because web systems are heavily loaded toward end-user
functionality, use elements that cannot easily (if at all) be described in a way
satisfactory to traditional software engineering and are subject to lifecycles
generally dissimilar from more conventional software projects.

The area of hypermedia has been extant for a great number of years. It is
commonly acknowledged that the defining work is that of Vannevar Bush,
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whose article “As We May Think”, published in 1945 describes a prototypi-
cal hypermedia system. Nelson, who is believed to have first used the term
‘hypertext’ [Nelson1965] and Englebart, who demonstrated a working hyper-
media system (Augment) in the late 1960s, also made huge contributions to
the development of hypermedia. Conklin [Conkin1987| provides an introduc-
tion to the area of hypermedia a little before the first papers published by
Botafogo, Rivlin and Sheiderman.

Much work however has been done on the organisation of hyperdocuments.
Much of this later work sprang from two major sources; the work of Botafogo,
Rivlin and Shneiderman [Botafogo1992] and work of Hatzimanikatis, Tsalidis
and Christodoulakis [Hatz1995]. The thrust of both sets of work was not
concentrated on Web documents because, at this time of the writing of the
earlier document the web had only been a public entity for about a year.
Take-up of web services, although rapid, had not reached sufficient levels to
warrant special treatment.

Apart from the consideration of the web as a hypermedia system, others,
such as Bray [Brayl1996] and Pitkow [Pitkow1995], attempted to consider
engineering problems concerned with the web in other ways. Pitkow was,
for example, far more concerned about underlying network performance and
how to optimise internet systems in this way. Bray’s concerns seemed to be
more about mapping the extent and scope of web sites, a handy precursor
to the work of those like Warren.

3.3 The Evolution and Form of Web Sites

The linear development of web systems, in which there is some considerable
overlap between generations, was greatly affected by browser development.
This developement went hand in hand with the evolution of the HT'ML mark-
up ‘language’ itself [W3C2001c] and related technologies such as XML. The
general progression has been from static document-based systems to dynamic
systems of much more complexity, including elements of document systems,
software and other, less easily classified components.

Much current work on the engineering of web systems concentrates upon
navigational issues (e.g Ricca and Tonella [Ricca2000a],[Ricca2000b]. This
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is largely in line with the often cited Botafogo and Hatzimanikatis papers
that also concentrate on ‘global’ structures and metrics, giving little if any
consideration to the node level measures that both papers do identify as an
issue.

Booch [Booch2000], Hassan [Hassan2001a] and Hassan & Holt [Hassan2001b]
also discuss the macroscopic structure of web systems. In Hassan’s case
this is mainly out of a concern to be able to reverse engineer web system
architecture. The representations they provide for the modelling of such
systems are shown in figures 3.3 and 3.3

Web
Browser

Application
Server

DATA

Web
Server

External
Systems

Figure 3.3: Booch - Diagrammatic Representation of a Web System

Web < Web |, Application Application
Browser | Server | Server Page
(Vlirggge;,c) ( Pvgggs ) (Objects) (Databases)

Figure 3.4: Hassan - Diagrammatic Representation of a Web System

In both cases, the architecture is essentially three-tiered, comprising a browser
(end user), Web Server (middleware system) and Application Server.

Fine detail within these systems differ but Booch alone directly illustrates the
filesystem level as an important component. Booch’s analysis goes a little
further by classifying the right-hand side of the diagram as more in keeping
with more traditional client-server systems, while the left-hand side details
the more newer web-based extensions to the process, an evolution from more
traditional software. The elements of the user interface and network are
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added at this point, concurring with other analyses of the properties of web
projects.

3.3.1 “Web Engineering is Not Software Engineering”

Warren, in his work (especially [Warren2001b]), suggests that web sites obey
Lehman’s Laws of Software Evolution, but also that web systems require
one type of maintenance that is not extant in standard software, speculative
maintenance. Powell too spends a great deal of time considering the web in
terms of software engineering [Powell1998¢|. Part of this consideration is a
list of properties of a well-engineered web site he provides:

1. Correctness - The site performs its specified functions and does so as
if error free. Correctness is a difficult quality to specifiy entriely: sites
that may appear to be correct may contain incorrect (invalid or badly
formed) components.

2. Testablity - The site can have functionality and usability tested as
thoroughly as possible, preferably with test data and test scenarios for
sites containing interactive components.

3. Maintainability - Making changes to the site should be as easy as
possible, including the ability to make small changes or even to add or
delete entire sections easily.

4. Scalablity - The site is able to support increases in the number of
users. The site should also be able to be ported to other servers easily,
for the purpose of mirroring or clustering, for example.

5. Reusability - The site should be copmponent-based where possible,
allowing developers to re-use similar code in other projects or to incor-
porate code from other sources into the current one.

6. Robustness - The site should be able to be used by users with the
confidence that services will be available and properly functioning. This
applies not only to interface issues, but also those of bandwidth, server
uptime and properly functioning back-end components.]
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7. Readability - Source files and resources used to build site components
should be perspicuous for developers, once again adinig maintainability.
Many of the issues involved, such as commenting and formatting of
source code are those that apply in ‘traditional’ programming.

8. Well-Documented - Well-documented sites aid maintainability, in
that the project history is there for future maintainers to see and con-
sult when needed. The importance of on-line help for users as sites
expand should also not be underestimated.

9. Appropriately Presented - The function and target audience of the
site should be key considerations for developers when developing inter-
face components.

These qualities are more specific restatements of Pressman’s application of
sound engineering principles. The first six items certainly describe the quality
of the product in engineering terms. Two of the final three items also define
the quality of the systems for its developers, alluding the more inclusive
concept of habitability (q.v.) of a system for all of its users. The very
last items refers to user interface creation and branding within commercial
projects.

Powell does however state, quite categorically, that web and software en-
gineering are different. This is a direct contradiction of the WebSEM
project [WebSEM2000], which stated that that webs were, effectively, soft-
ware. This is partly as a result of the more document and content-focused
nature of many sites and also because of the culture of the developer base.
With a large emphasis upon user interface, the aesthetics of the system take
a much more prominent role. However, as we discuss in Chapter 2, there is
some common ground to be seen in these principles with areas such as Doc-
ument Engineering, where the problem of organised structured documents
has been considered as part of other work in the field of SGML,by Rezgui
and Debras for example [Rezguil995].
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3.4 Webware, Software, Documents
and Hypermedia

As has been discussed earlier, most of the earlier literature (and much of
the later lierature too) identifies clear parallels between web and software
systems. Even considering the work of people like Booch, Pressman that we
have already discussed, there is little at present to connect the two areas in
any significant way. Little progress has seemingly been made since the first
publications in the late 1990s.

3.4.1 Webware as Software

The programmes for the major software evolution conference ISPSE / IW-
PSE * have contained nothing specifically related to web evolution in the
recent past, while the ICSM conference incorporates the WSE workshop on
web evolution. Generally, the software evolution community appears to be
paying liittle attrention to the specific problem of web evolution.

The work of Boldyreff and at the Research Institute in Software Engineering
(RISE) in Durham in the UK, amongst others, does try to place Web engi-
neering within a wider software engineering context. RISE has, in the past,
and is continuing today, to do a great deal of research in the area of software
metrics, but most particularly in the field of software systems evolution and
in the field of web maintenance, evolution and metrics (viz WWWMaint,
the WWW Maintenance project and WebSEM-Web Site Evaluation Met-
rics, in conjunction with CIC Scarborough) [RISE2001]. Much of this work
has connections with the work of Lehman and his laws of software evolu-
tion ([Lehman1985], [Lehman1999] inter alia), which is a starting point for
some of Warren’s work [Warren2001b|, [Warren1999]. There are also con-
nections to more general software evolution, apparent in the work of Glover
[Glover2001], also working at Durham, who describes the improvement of
software systems to allow easier maintenance. In fact, in the project home
page of the WebSEM project [WebSEM2000] the following quote appears to
confirm their opinion;

4the International Symposium / Workshop on Principles of Software Evolution
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“We have shown that websites behave according to many of the
same rules as software (to all intents and purposes, a website is
(sic) software).”

Defining the evolution of web systems in this way seems only to manage to
describe web systems purely in software terms. Given some of the emerging
properties of document systems, and the way in which they (both documents
and their properties) are being considered by those who create them, this is
not likely to provide satisfactory answers to the problem of the nature of the
web.

To some degree Warren’s work shares some of these concerns, although his
paper presented at WSE2001 [Warren2001a] does admit the possibility that
web and software systems may be members of a higher level family of engi-
neered artefacts. This is likely to be a rich area of exploration in the near
future.

3.4.2 Webware as Software-Like Systems

Many software engineers have found themselves commenting on the produc-
tion of web-based systems, including Pressman [Pressman2000a], Boldyreff
& Lavery. There seems to be a belief in these quarters that web engineering
is merely a specialised case of engineering a software system.

Pressman acknowledges that major differences exist between “traditional”
software engineering projects and web engineering [Pressman2000b]. Most
of these are connected with software lifecycle, where many theories about
software evolution can be greatly twisted. Lehman’s laws of software eevo-
lutionare applicable but the lifecycle of a web project is likely to be highly
compressed and discontinuous. This can lead to differences in engineering
approach in web systems.

The work of people such as Hassan and Holt [Hassan2001a], [Hassan2001b] as
well as commentaries by Booch [Booch2000] amongst others point to an inter-
esting middle ground: WebApps (as Pressman calls them) are like software
systems but are also heterogeneous, containing different types of components
and need to be largely platform independent. Pressman also identifies some
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characteristics of WebApps that make them distinct from so-called “tradi-
tional 7 software.

e Firstly, development lifecycles for WebApps tend to be shorter 5.

e Secondly,security is a major consideration when using a web based
application.

e Thirdly, the user interface and aesthetics are given a much higher prior-
ity largely because of their greater role. Unlike software projects (with
the possible exception of hypermedia projects), web projects are largely
much more content driven.

3.4.3 Webware and Document Engineering

The use of the term “document engineering” as applied to the World Wide
Web is also a relatively new one. The need to create ordered and well-made
documents seems to have been a key issue when the first mark-ups were
defined in the mid-1970s. An important part of the development of mark-up
languages was a recognition that many different types of data may need to
be represented (in some cases) or referenced, where representation was not
possible ®. Indeed, Rick Jelliffe [Jelliffe1998] identifies this feature as a highly
important one in any mark-up language. Earlier browsers used the helper
application to access the data referenced by HTML documents in the usual
way.

The rise in the use of XML and also in the use of technologies such as XSLT
has resulted in improved engineering of systems because the construction of
such items has required them to be done in a more regular, modular way.
The recognition of the need for engineering principles to be applied to web
documents was noted in a session at WWW6 in 1995 by Bebo White of SLAC
(Stanford Linear Accelerator) 7 In this session at the conference he defines
a ‘Web document’ as a collection of linked ‘Web Pages’. He also goes on to

5Discontinuity notwithstanding

6The SGML standard makes provision for utilising data that the author does not wish
to be, or cannot be, marked up

“SLAC ran the first non-European web server, going oon-linel2 December 1991, ac-
cording to http://www.w3c.org/History.html
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define the term ‘Web Document Engineering’ a precursor to the more generic
term ‘Web Engineering’ coined around two to three years later.

White’s definition of web documents harks back to some of the earliest work
in hypermedia by those such as Bush [Bush1945] and Whorf [Whorf1956],
who can characterise systems in terms of associations between entities within
them. Clearly, such entities are linked - creating a definition of a hypermedia
system. In Bush’s Memex system, these links were entirely personal in cre-
ation, while Englebart, for instance, found this problematic, believing that
limited human cognitive abilites required the imposition of hierarchies and
abstractions to allow data to be processed more efficiently [Englebart1961].
This creation of hierarchy may itself be a useful measure of site quality.

Although little published work seems to exist in this specific area at present
there is a definite increase in interest, resulting in the creation of a new forum,
the ACM Symposium on Document Engineering [ACMSDE2001], held in At-
lanta, USA in November 2001. Unfortunately, the proceedings of this con-
ference were not available at the time of writing although they are expected
in the very near future. The call for papers to this conference acknowledges
that, ‘documents’ are no longer static, physical entities’. It continues, to
provide this instructive definition of a document from a more contemporary
viewpoint:

“A document is a representation of information that is de-
signed to be read or played back by a person. It may be pre-
sented on paper, on a screen, or played through a speaker and its
underlying representation may be in any form and include data
from any medium. A document may be stored in final presen-
tation form or it may be generated on-the-fly, undergoing sub-
stantial transformations in the process. A document may include
extensive hyperlinks and be part of a large web of information.
Furthermore, apparently independent documents may be com-
posed, so that a web of information may itself be considered a
document.”

This may seem to illustrate the major connection between webware and soft-
ware in a traditional sense; In the source state, both webware and software
are human readable systems, designed to be read by its inhabitants (to use
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Christopher Alexander’s terminology again); developers. Thus, there can be
no doubting that, in the source state, software projects are also document
systems. This, once again, reinforces the idea that web and software systems
may be part of a more general family of artefacts.

3.4.4 Webware and Hypermedia Systems

Lowe and Hall, during the course of a survey of web engineering practice,
found little, if any, evidence of well-defined metrics extant in the more general
area of hypermedia. Given the amount of work done in the hypermedia field,
this is somewhat surprising. It is, however an area of burgeoning interest
in the software engineering sphere as even more traditional texts such as
Pressman’s [Pressman2000] now make reference to engineering quality in
webware, even though it may only be at a superficial level.

Work by Boldyreff and associates does address this to some small degree but
almost purely from the perspective of software engineers. Little attention
seems to be being paid to the uncomfortable (for software engineers) issue
of how non-software components are engineered and their roles within wider
systems. For a web project this is a major issue, both in terms of product
and process.

Even some of the most recent work (such as that of Ricca and Tonella)
seems to concentrate on the macroscopic structures within web hypermedia.
Little seems to be being written about the previously mentioned relationship
between mark-up languages and what Wirth describes as, “formal notations”
[Wirth1977] rather than programming languages per se. It appears that
little progress has been made from previously mentioned papers published
in 1992 by Botafogo et al. and in 1995 by Hatzimanikatis et al. where
idealised hypermedia systems are modelled, mainly to analyse navigation
and movement through them.

This emphasis upon large scale structure influences work on usability issues
[Nielsen2001],[Krug2000]. None of them sufficiently describe the problem of
the creation and maintenance of web systems from the point of view of the
developer. Work in large scale hypermedia appears to be like macroeconomic
theory: it may help to explain large scale phenomena like inflation or inter-
est rates but does not, for instance, seem to explain the operation of smaller
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systems such as the markets for certain products. In a similar sense, expla-
nations of global navigation do not describe behaviour inside nodes within
that system. As Deshpande and Hansen discuss (q.v), this may be an issue
that is uppermost in the engineering of web systems.

3.5 Mark-up as a Programming Paradigm

The architect Christopher Alexander describes the concept of “inhabitabil-
ity” in an architectural system. He asserts that those who finally use the
structure are not, in fact, its only users. Even those who build and maintain
such systems also need to use it in some way. Good architecture also takes
account of the needs of these users. Thus, the engineering quality of a web
system affects not only its end users but also those who ‘inhabit’ the code
while writing, testing and maintaining it. In building such systems the needs
of the developer must also be given appropriate weight.

This is a subject spoken about by the programmer Richard Gabriel in his
book ‘Patterns of Software’, [Gabriel1996|. The importance of building code
that is easy for developers to ‘inhabit’ is an established one for normal soft-
ware systems. Software metrics attempt to quantify the factors that devel-
opers feel to be important indicators of code’s complexity compared to its
ease of use.

Although not widely accepted and controversial, there are those who classify
HTML (and markups generally) as VHLLs (Very High Level Languages) in
much the same way that a language such as SQL might be [Frostburg2000].
Even Lowe and Hall, as discussed previously, make at least some connection.
Open as this point is to argument, it has not prevented some from attempt-
ing to provide more conventional measurements for HIML. Capers Johnes
[Johnes2001] provides figures for function points within HTML, classifying it
as a Very High Level Language in a similar grouping to languages like Perl
and Python.

Such languages are more naturalistic for programmers (and non-programmers)
and are generally more declarative in nature. A cursory examination of in-
troductions to HT'ML and web authoring introduce users to “programming
in HTML”, showing that there is a widly held perception that construction
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of HTML is a programming task of some kind, although it is not immedi-
ately clear what kind that may be. It is puzzling as to why this impression
of writing HTML as programming is not more evident in literature about
hypermedia authoring.

More contentiously, such languages may also be more suited to visual pro-
gramming methods. They are also generally highly limited in scope and are
not useful for general purpose activity, as are many lower level languages.
Previous internal discussion papers [Stephens2001al, [Stephens2001b] have
proposed similar ideas to explain why some types of software metric may be
appropriate for measuring quality in web hypertext systems.

3.6 Summary

Most of the work so far in the field of Web Engineering has focused on only
a few specific areas. This is perhaps not so surprising, given the highly
disparate nature of web systems and the inherent difficulties in trying to tie
them together cogently.

In the web’s infancy, the major research concerns centred around the topol-
ogy of the web and delivery of services. The engineering quality of the sites
themselves were not considered formally. Early webmasters developed sup-
port networks, used ad hoc engineering methods and passed them on as
best practice. Thoughts about the engineering quality of web systems only
started to become a pressing issue as the size of projects started to bal-
loon. Indeed, the suggestion that Lehman’s Laws of Software Evolution
[Lehman1985] could also apply to web systems is an indicator that some sort
of relationship exists between the two systems and, that being the case, some
of the quantiative methods used in software engineering could be applied to
the web.

The time when such ad hoc methods could be relied upon as a method of
ensuring quality has now passed: the size of web projects necessitates group
working and production of such systems on a large scale.

Now that the engineered quality of web systems is being more actively con-
sidered the work divides into several relatively distinct areas, each flawed in
some small way as part of a larger picture.
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One of these areas is ‘Idealised Hypermedia’, as seen in the work of Hatzi-
manikatis et al, Shneiderman et al and latterly with Ricca & Tonella. Each
of them concentrates mainly on hypermedia systems at the global level, only
focussing on those metrics. Node-based measures are hardly considered at
all.

Others, like Boldyreff, for example, seem to consider web systems simply as
adjuncts to software systems. This attitude persists because, seemingly, only
the software components of such systems are being considered and not the
mark-ups contained at the node level. The role and nature of markup itself
seems to have been largely forgotten or relegated to a level of little impor-
tance in the wider scheme of web systems development, possibly beacause the
production mark-up it is not considered as a type of software development.

Document engineers, if the evidence of recent activity is to be believed, are
beginning to re-evaluate the function and role of documents. There is a grow-
ing appreciation that documents are now no longer static entities. There is
seemingly no acknowledgement, however, that the construction of a docu-
ment system has some visible similarities to the construction of software
systems.

Given the discussion in Chapter 2 ( which re-iterate material included in Ap-
pendices A and B), that suggest that web systems are, like software systems,
instances of a more general type of engineering principle, a case can certainly
be made for placing web engineering as a companion to software engineering.
This is an approach taken by the work of Powell which was discussed earlier
in this chapter. They are not the same, simply becasue webware and software
are not the same, merely similar.

As a result of conventional thinking that software and webware are essentially
the same, there appears to be little or no work of a more ‘holistic’ nature
with regard to web engineering. Such a hybrid approach, mixing program-
ming paradigms with the creative process of content creation, would seem
to be a necessity given the web’s rapid evolution and its need to be a truly
heterogeneous cross-platform environment. Once the relationship between
software and document system is more clear, the application of appropriate
metrics can be considered afresh.
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Chapter 4

The Use of Metrics

“What is not measurable, make measurable”

- attributed to Galileo Galiles

4.1 Introduction

The application of software measurement is now an established and useful
discipline within Computer Science. It was the Lord Kelvin [Kelvin1891] who
most famously insisted that the ability to measure is a neccessary® condition
for understanding a system or phenomenon,

There are those, however, who do still assert that accurate and objective
measurement is not possible within software because software metrics are
essentially subjective in nature [Lewis2001]. Given the extensive body of
work in the area of software metrics, this is clearly a minority view. Early
work such as Boehm’s COCOMO [Boehm1981] model does, however, admit
that such models are mere estimates of complex systems and processes and
that process metrics are at best what can be described as ‘best guesses’.

Ibut not a sufficient one, as we have already discussed in Chapter 1

47
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4.2 The Process of Measurement

Metrics are abstractions that ascribe values to properties of systems. A met-
ric may be composed of one or more measures, which provide a quantification
of some properity of the system. This property may be measured either di-
rectly or indirectly to provide the measure. The TEEE Standard Glossary of
Software Engineering [IEEE1993] defines a metric as,

“a quantitative measure of the degree to which a system, compo-
nent, or process possesses a given attribute.”

Measurement occurs when one or more measures are taken. Metrics are
then calculated by interpreting those mesaurements in some way, usually by
summation or some other statisitcal technique. The impllication is that a
metric is most often an indirect quantifier of some attribute. These metrics
will then be used as indicators to determine the quality of an engineered
product.

Measurement is used to allow us to quantify the properties of attributes that
we view around us in the world. The process of measurement assigns some
values to those attributes. Clearly, the types of measure that can be made fall
into a number of different categories, although they can be roughly classified
in the following ways:

1. nominal, in which entities within a classification are merely labelled.
No furher comparison or ordering is possible, like biological taxonomy.

2. ordinal, in which an ordering of entities is possible but the ranking
represents only the order of sequencing, such as placings in a race.

3. interval, where the differences between entities can be assigned but the
magnitude of the measures themsleves cannot. Consider, for instance,
the temeratures 20 and 40 degrees Celsius. It is then meaningful to talk
about a temperature difference of 20 degrees. This does not, however,
mean that the latter is twice as hot as the former (whatever we choose
‘hot” to mean).
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4. ratio, where the comparative size of objects can be quantified, such
as length, where it is meaningful to use measures and say that, for
example, one object is twice as long as another.

5. absolute, where entites are enumerated, such as frequency counts.

A general approach for developing appropriate software metrics 2 is known as
the GQM (Goal-Question-Metric) paradigm. In GQM, developed by Victor
Basili and associates at the University of Maryland in the USA [Basili1984],
metrics are developed using an essentially inductive process in three stages;

1. Goal
The major goals and targets of the project are listed.

2. Question The major goals re examined and framed in such a way as
to determine whether the identified goals are being met.

3. Metric The metrics that must be collected to properly answer the
questions proposed at the Question stage are identified.

4.3 Metrics Within Software Systems

As Pressman [Pressman2000d] remarks, software presents its own measure-
ment, problems, with major disagreements as to what to measure and how
to do it. Part of this problem is that software systems, unlike structures
like bridges or buildings, for example, are not physical structures and direct
measures of physical properties are often easier to make and to visualise.

4.3.1 Types of Software Metric

There are essentially two types of software metric; process and product re-
lated. Process metrics are, as one might expect, concerned with the efficiency
of the process used to produce a system while product metrics are more con-
cerned with the properties of the item produced as a result of that process.

2or any metrics, in fact
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The properties of the product are more likely to be directly measureable,
while those of the process are more likely to be indirect (although cost and
effort are the major exceptions).

The measures that make up these metrics can be of two broad types; direct
and indirect. Direct measures can be made (for want of a better word)
directly upon a system. Direct measures include physical properties such as
size, execution speed or defects. These are objective mesurements and are
more likely to be atomic. Indirect mesurements are ususally composite and
measure some less tangible propertie of a system, such as its reliability or
maintainability. At this point, soime of these measurements may be said to
be more subjective as there may be disagreement over whether the composite
nature of the metric models the property fully.

4.3.2 The Evolution of Software Metrics

The earliest models (COCOMO [Boehm1981], Function Points [Albrecht1979]
and SLIM [Puttnam1978] ) define (production) effort as functions whose in-
dependent variables are taken form a pool of possible measures, such as size,
level of re-use and developer ability. These functions have a pre-defined
structure with co-efficients determined by numerical analysis methods and
retro-fitting from empirical data (regression). The goal of these models was
to measure cost and effort measures for software projects. Hence, the earliest
metrics were process oriented. Issues of product quality had been touched on
as issues connected with the early days of structured design but quanifying
these qualities was not widespread.

In tandem with these measures of process effort, methods of more reliably
defining the quality of the products under development were also necessary.
Boehm'’s model tied both product and process measurements together. Mc-
Call’s FCM model [McCall1977] attempted to achieve this, athough Press-
man argues that many of the factors suggested by McCall are only subjec-
tively measureable [Pressman2000¢].

Many of the measures in these earlier metrics commonly made size a key
determinant of complexity. Albrecht’s Function Point (FP) model (later
extended), however, disputed this and attempted to use measures that more
accurately reflected the functionality of the systems and its interfaces to the
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external world. According to Pressman [Pressman2000f], function points are
counted in five domains ?;

o Number of User Inputs, counting each user input that provides distinct
data to the application.

o Number of User Qutputs, counting each user output that provides in-
formation to the user, such as confirmations, errors or reports

o Number of User Inquiries, counting immediate repsonses to any input
in the form of ouptut.

o Number of files, counting the number of data files used by the applica-
tion.

o Number of External Interfaces, counting the number of interfaces via
which data can be trasmitted to other systems (eg: network connec-
tions, disks etc.).

These items are then assigned complexity values for weighting purposes and
a set of complexity adjustment values are applied. Such measure can then
be used in a similar way to LOC measures to judge complexity. A weakness
of the Function Point method, however, was that it was designed to accom-
modate business logic and systems. To remedy this, a superset of function
points exists, known as Feature Points [Jones1991]. The use of Function and
Feature Points can be said to provide programming language-independent
methods of measure the ‘utility* of software. It can also be counter-argued
the the metrics obtained are less reliable as some subjective evaluation is
required to compile them.

Object-Oriented Metrics

The use of metrics for Object-Oriented systems followed a broadly similar
pattern of earlier metrics for structured systems. They were primarily process
oriented with a concentration on size as the determinant of complexity. This
arose mainly as a result of the work of Pleeger and Palmer [Pfleeger1989],

3although he does state that this picture is simplified somewhat
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[Pfleeger1990]. Later metrics proposed by Chidamber and Kemerer (the CK
Metrics suite) [Chidamber1994], however, addressed specific issues of object-
orientation more specifically, such as the depth of inmheritance tree, as well
as other structural attributes.

Berard [Berard1995] defines five properties that can applied specifically to
object-oriented systems;

e Localization(sic), describing how closely an object is related to the oth-
ers around it.

e Fncapsulation, which describes how a class encompasses the properties
and methods of the object on which it is modelled.

e Information Hiding, which is related related to abstraction. The inter-
nal operations of components are hidden from others that do not need
to use it.

e Inheritance, allowing the properties of an object to be propagated to
others.

o Abstraction, allowing the developer to concentrate on functionality at
the appropriate level.

Whitmire [Whitmire1997] outlines nine properties that exist in object-oriented
systems. Some of these are related the basic properties outlined by Berard
but other e xtend the model. Further metrics exist, such as those proposed
by Lorenz and Kidd [Lorenz1994]. These are mainly concerned with items
such as class size and issues of inheritance.

For web systems, some of these metrics may prove fruitful at a future point,
as it is possible to model web systems in an object-oriented fashion.

4.4 Metrics Within Document Systems

Many metrics associated with documents are primariliy concerned with their
validity and conformance with associated DTDs or Schemas (in some cases
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with XML). It can be argued that metrics applicable to hypermedia describe a
specialised document class and that many of these metrics are more generally
applicable to the base class itself.

Sametinger has approached the issue of measuring and quantifying document
systems in work done to better engineer documentation for object-oriented
software projects [Sametinger1994|. The structure proposed for such docu-
mentation is itself object-oriented, with the same rules governing relation-
ships as that in the software it documents. This allows document metrics to
be derived from the software engineering domain to such systems.

Jelliffe [Jelliffe1998a] remarks that most engineering of documents is con-
cerned with re-use of DTD and modularising design. In this sense, many
of the concerns are ones shared with software engineering. For this reason,
common metrics associated with modularity, coupling and cohesion are also
possible to apply to document systems.

The issue of markup quality is now starting to become more widely discussed,
as the introduction of journals such as the MIT Markup Languages Theory
and Practice journal illustrates. As the introduction to the first edition of
this journal states, however, many of the practices and metrics are ephemeral
or so dissipated as to be impossible to collate [MITML1999].

In more specialised terms however, a larger base of metrics is extant within
hypermedia, We must, therefore, also consider whether hypermedia metrics
are applicable to webware. As Hall and Lowe comment, however, metrics
in the area of hypermedia are not common|[Lowe1999a], Mendes, Mosley and
Counsell’s paper, published in IEEE Multimedia in Summer 2001 [Mendes2001|
attempts to address this situation by attempting to use some existing metrics
to provide a starting point for the production of meaningful metrics. This is
partially successtul but does not attempt to consider the role of programming
in the engineering process.

Work on hypermedia metrics has fallen into two broad cateogries; global
(site) and local (node) metrics. Much of the current work in web engineering
takes its starting point as the work of Botafogo et al. and Hatzimanikatis
et al. The major issue here however, is that much of the work done is
concerned with global metrics, with little or no thought being given to the
nodes themselves. This is hardly surprising given the origin of this work is
in idealised hypermedia systems. For this reason some, such as Warren and
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Boldyreff ([Warren1999| inter alia), have attempted to place the collection of
metrics for web systems into a more software-centred context.

Much current work in hypermedia engineering is focused on the application
of the major design methods, Schwabe and Rossi’s OOHDM [Schwabe1995]
and Isakowitz, Stohr and Balasubramanian’s RMM [Isakowitz1995]. Broadly
speaking these two methods are similar in nature although it can be ar-
gued that RMM is slightly more user-centric due to its explicit definition of
construction and run-time testing stages. As mentioned earlier, the object-
oriented nature of these systems suggests that they would be a fertile ground
for the application of some types of object-oriented software metrics. Puz-
zlingly, this seems not to have happened to any great degree.

The use of the term ‘programming language’ when applied to HTML/XML
etc. seems to be applied erratically in literature surrounding the subject.
Hall and Lowe do appear to link mark-ups and programming languages to-
gether when they discuss the ‘Publishing Model’ for hypermedia develop-
ment [Lowel999b| but, as discussed earlier, there is a view that developing
web content is not a programming activity [Stross1996]. This lack of con-
census about the nature of web systems obviously presents a problem when
considering what kind of metrics are applicable for the web context.

4.5 Metrics Within Web Systems

As has been previously mentioned, web projects appear to be undergoing
some type of development crisis. There are distinct parallels with software
projects of the late 1960s and early 1970s. The discipline of Software Engi-
neering was defined to help address some of these development issues, sign-
posted by such papers as Djikstra’s deprecation of the GOTO statement in
languages of the time [Djikstral968] and the work of Parnas [Parnas1972] and
Wirth [Wirth1971] in calling for more structure, modularisation and re-use.
These are issues that are rising up again in the creation of web systems

Traditional software product metrics are broadly comprised of size metrics,
complexity metrics and density of comment. KEach of these can be mea-
sured in a variety of ways. Object-oriented metrics are primarily applied
to classes, message passing, coupling, cohesion and inheritance. Many class
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based metrics measure the complexity of a class by considering its constituent
methods. Traditional metrics can be applied in these cases. Little of impor-
tance appears to have been done to produce a mapping basis for metrics
between object-oriented systems and node-based hypermedia systems, al-
though object-oriented development methods do exist within hypermedia.

Metrics applicable to the web can be placed into three broad categories, each
containing some overlap with the others:

e Development Metrics are those concerned with the creation of HTML
and other mark-ups, the topology of the hypermedia navigation space
and the creation of other components, whether they are programmatic
like Java applets or servlets, script based like Javascript or PHP or of
other types, such as SVG, Flash, RealMedia etc. These are the already
discussed node and global metrics.

e Deployment Metrics are concerned with how the engineered items
are placed into the server environment and how they interact with other
services, such as databases and mail transport, for instance. This is,
in part, addressed in the work of those like Pitkow, Bray and similar.
This is a major part of engineering a web project, much more so than
many in ‘traditional’ software enginering, given the non-deterministic
nature of internet performance. Some may class these as ‘operational
issues’ and not of relevance to the engineering of the initial system.
These may also be classified as global metrics.

e Delivery Metrics are those measures which are applicable to the final
delivery of the artefact mainly characterised by usability and end-user
prperformanceetrics. The principal work in this field has been done
by Nielsen and associates amongst others and will not be dealt with
further.

It is a misapprehension to believe that any of these fields are totally distinct
from one another. Measures taken to address issues in one area may have
significant impacts in either or both of the others. This may go some way
to refuting the argument that deployment metrics are not relevant. At this
stage, however, the areas of delivery metrics and delpoyment will be glossed
over to some degree, leaving developemnt metrics to be discussed at this
point.
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Unlike conventional software systems, web systems, with their dualisitc na-
ture present significant problems for those wishing to use software engineering
techniques to measure web site quality. An example of this is the use of LOC
metrics to mesure complexity within software systems. In these situations,
the number of lines of code is used as a direct measure of the complexity of
the source. For document systems and particularly for the web, this is not
necessarily a valid assumption.

4.5.1 An Example of a Potential Web Metric

To ilustrate some potential differences between software and web metrics, let
us consider the proble of measuring the ‘complexity’ of a web document

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0 Transitional//EN">
<HTML>

<HEAD>

<TITLE>A Simple document</TITLE>

</HEAD>

<BODY>

<PRE>

Lorem ipsum dolor sit amet, consectetuer adipiscing elit,
sed diam nonummy nibh euismod tincidunt ut laoreet dolore
magna aliquam erat volutpat...and so on for several thousand
lines...

</PRE>

</BODY>

</HTML>

Figure 4.1: A large but simple HTML document

The file shown in figure 4.5.1 could potentially be several thousand lines
long but it is still, in essence, a very simple document with a shallow parse
tree. Compare this with the code fragment in 4.5.1. The HTML in this
fragment is clearly more complex and would involve more maintenace. It is
however, considerably smaller in size than the simpler example. Clearly, a
raw size metric will not sufficiently describe the complexity of web documents.
Of more interest are two things; first, the relative amount of markup the



4.5. METRICS WITHIN WEB SYSTEMS o7

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0 Transitional//EN">
<HTML><HEAD>
<LINK REL="stylesheet" TYPE="text/css" HREF="style/style.css">
<TITLE>A Simple document</TITLE>
</HEAD><BODY><DIV ALIGN="CENTER">
<0OBJECT CODEBASE="/" WIDTH="100%" HEIGHT="100%" ID="logo">
<PARAM NAME="SRC" VALUE="flash/flash_movie.swf">
<PARAM NAME="LOOP" VALUE="false">
<PARAM NAME="SCALE" VALUE="exactfit">
<EMBED SRC="f1ash/gesta1t_movie.swf“
TYPE="application/x-shockwave-flash"
WIDTH="100%" HEIGHT="100%"
LOOP="false" SCALE="exactfit">
</EMBED>
</0BJECT></DIV></B0ODY>
</HTML>

Figure 4.2: A smaller but more complex HTML document

document contains and second, the complexity of the attributes present that
can alter the behaviour of the elements. These are issues that the SGML
community have already considered to some degree [NOC1997]

More appropriate measures for static HTML or XML could be propsed as an
example; the Specific Element Density (SED) and Attribute Density (AD),
of either documents/nodes or entire sites. The former metric represents the
density of markup elements per markup node, while the latter represents the
number of attributes per tag per page node. The density is normalised to
attempt to make the density measure an accurate determinant regardless of
absolute size. If we use the symbols E to represent node element count, T the
node token count, A the node attribute count and n the number of nodes.
These equations are shown in (4.1) for SED and (4.2) for AD

1 Bl
SED = - — 4.1
ni=Ti (4.1)
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The element density of the node is defined in terms of two variables; the
element count and token count. The element count is the number of delimted
markup elements (not including closing tages (such as </a>, etc), while the
token count can be defined as any word within text content or whitspace
separated item within the document, i.e. the textual information content.

In the above example (Figure 4.5.1), the amount of text is large and the
number of tags small in comparision, giving a more realisitic view of a docu-
ment’s complexity. These figures could also be collected from each individual
node to give distributions of density across nodes in a site.

These properties may be the major differentiating factor between mark-ups
and more conventional types of software. In conventional systems there is a
distinction between program and data, following the Wirth model. Markups
have more in common with the Kowalski model for Logic Programming
[Kowalskil979], although in the case of mark-ups, both logic and data are
contained within the node structure and are not separated.

4.6 Summary

Software metrics are used to quantify the attibutes of systems and are made
up of either singular or composite measures. Paradigms such as GQM
can be used to derive metrics. Metrics, once obtained, fall into two broad
cateogories:

1. Product Metrics, which measure quanifiable attributes of the product
itself, such as size or structure. These metrics tend to be more direct
in nature than measures of effort.

2. Process Metrics, which measure development effort and the quality
of the methods used to develop the product, including items such as
development effort estimates.

The process of metric collection (and the underlying reasons for the choice
of some of these metrics) is now, about 30 years on, relatively mature and
well-understood. Common measures of software product quality include size
metrics (such as LOC), complexity metrics and measures of modularity and
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re-use. Some metrics are unavoidably subjective and this leads some to
question whether software metrics are inherently unreliable.

Document metrics too are well-established, given the relative maturity of
standards such as SGML. Many of the metrics concerned with documents

are structural and discuss items such as resource re-use and generalisation of
DTDs.

Web systems are less well-understood and this problem makes it difficult
to agree upon common measures and metrics to measure quality. However,
some of the metrics applied to both software systems and documents could
be applicable in the web context, while others, such as size metrics, may
have to be remodelled. This problem arises because, unlike usual software,
mark-ups are composite objects containing both logic and data.
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Chapter 5

The Research Proposal

Thus far, this document has concentrated upon more abstract underpinnings
for the nature of software, documents and webware in particular. These
underpinnings do not necessarily suggest an obvious route for the evolution
of the PhD project. This chapter will be used to outline this evolution,
to explain in more depth about the nature of the ongoing project and to
construct the research proposal for the PhD itself.

5.1 Definition of Thesis

At the present time, many heuristics exist for determining the engineered
quality of a web system, built up over the (short) lifetime of the web and
passed on as examples of ‘best practice’. These practices occur commonly
in the huge volume of works in the contemporary market place that concern
themselves with web design and 'programming’ in HTML.

Metrics can be a useful determinant of web site quality and could be used
to quantify the degree to which these examples of best practice are effective.
Here we define quality as the ability of the site to evolve under the control of
developers, allowing maintenance and evolution to take place in an efficient
way L.

Lthis is separate from, but not mutualy exclusive to, concerns about usability
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It is possible to construct objective metrics to measure quality. although
presently few, if any, objective metrics exist to fully determine the engineering
quality of a web system, although it appears that current mesurements either
are not focused in this area [Pitkow1995] or are ineffectual for this purpose.

Many mesurements are biased towrds idealised hypermedia systems, where
much research as been done by the likes of Hatzimanikatis et al. [Hatz1995],
Botafogo et al. [Botafogo1992] and their successors; usability ([Nielsen2000]
etc.) or towards more general topography [Brayl1996] and evolution of the
macroscopic web or even the topography ands evolution of particular sites
[Warren2001b)]

Metrics may be derived from exisitng metrics and measurements applied to
software and documents, because web sites are, in fact, related to both of
these classes. New metrics may have to be formulated in addition, although
we should be aware that some elements of ‘quality’, such as aesthetics, are
subjective not necessariliy measureable, indeed to quote Einstein,

“Not everything that can be counted counts, and not everything
that counts can be counted.”

The evolution of such metrics will be a reliable indicator of the engineering
quality of the system and can also be used to illustrate the evolution of web
systems. This should allow us to see if web sites do, in fact, obey Lehman’s
Laws of Software Evolution, as Warren believes in his work [Warren2001b].

5.2 The Research Programme

5.2.1 Overview

The arc of the research programme is covered in greater detail in Appendix
C but is presented in brief summary here for the convenience of the reader.

The end of the PhD project is set for December 2004. In this space of the 34
months from this milestone the following tasks must be completed to allow
successful submission of the PhD thesis:
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e Prosecution of full-scale questionnaire study.
e Choice of candidate metrics.
e Construction of a metric harvester to collect the chosen metric data.

e Testing of the harvesting tool. Testing of the tool is envisaged to be
completed by December 2002, allowing deployemnt to begin in the first
quarter of 2003.

e Selection of candidate sample sites. This stage will take place in parallel
with the development and testing of the harvest tool. The nature of the
tool may be a constraint on the types of site that can be used within
the study.

o Deployment of tool, where the tool is rolled out to the candidate sites
and data is collected, possibly over a period of months. It is envisaged
that this stage will be ready to begin by January 2003.

e Collection of results, to be completed by project month 40 (April 2004),
although the primary deadline falls at month 36 (December 2003). The
extra four month has been added to create a buffer in the event of
problems being encountered.

o Analysis of results. including evaluation.

o Writing up of the thesis submission. This process is likely to start
running (thinly) from the start of the final year of the project, stepping
up within the final 4-6 months before completion.

5.2.2 Definition of Metrics

Once the relationship between software, documents and webware has been
postulated, the use of a wide range of metrics can then be considered. The
major task will be to examine the metrics available and to choose relvant
measure for webware sysetms. A group of candidate metrics will be developed
to measure characterisitcs of the web system. Possible metrics could (but
may not) include markup density(as previously discussed as an example in
Chapter 4), document size (LOC or other appropriate measure), modularity,
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reuse of elements etc. Many of these metrics may have connections to some
of the heuristics developed to produce better web site deisgn. Many of these
heurisitcs are quite widely used 2. Tt should be noticeable at this point
that product metrics are being emphasised. It is envisaged, however, that
appropriate metrics concerning the development process of web sites will have
to be considered as the project demands it.

The work undertaken so far has been to establish a relationship between
software, documents and webware (a hybrid entity). Current work tends to
treat web based systems as a subset of more general software systems. Many
attempts to derive metrics for web systems are predicated upon this assump-
tion. Others, as we have seen, perceive webware as a specialism of more
general hypermedia. Their metrics are predicated upon that assumption.

The previous chapters aimed to show that each of these assumptions have
some validity due to the common heritage for software and documents. Both
of these classes can be related to webware, providing a justification for using
all of these types of metrics within web-based systems.

Further to this, the approach of authors creating web systems can be analysed
to see how different groups approach the process of writing web documents.
A pilot questionnaire to obtain data from a population of web authors ® has
been developed and distributed to a small sample group of 50 authors. Of the
fifty distributed, fifteen (15) were returned. When this study is attempted in
full it is anticipated to Widen the target group to include authors from, non-
computing disciplines. This will, it is hoped, provide a more representative
view across a wider population of web authors of their perceptions of the de-
velopment process. The questionnaire has not been reproduced here, mainly
for reasons of space but also because the questionnaire itself still requires
drafting into a final form.

5.2.3 Construction of Metric Capture Tools

Once a set of candidate metrics has been defined, a tool must be produced to
allow these metrics to be collected at a particular point in time. By necessity,

Zan example of this is the advice to use server side includes (SSI) to generate common

and consistent navigation within web sites
3all of whom are students within CIC
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this tool must reside on the originating server * and must therefore interfere
with normal server use as little as possible. There are two approaches that
could be successful:

1. Construct the tool to use a batch processing method of harvesting data
at given intervals, using a mechanism similar to the Unix crontab. This
may involve little or no loading during normal use but higher loading
while collection takes place.

2. Integrate the tool more closely with the web server by constructing
it as a server module for Apache or Microsoft Internet Information
Server, for example. Data could then be collected in real-time, with
the possibility of continuous but lighter server loading.

Until such time as appropriate metrics are chosen, it is not possible to say
which approach is more desirable for the purposes of this project. Once the
tool is developed, it can be deployed on a range of target sites, providing
ongoing information about their evolution. The metric data thus obtained
can then be analysed to determine whether the use of commonly advocated
heuristics does produce an increase in the engineered quality of web sites and
whether this results in lower amounts of developer effort being expended.
This may also require an action research or diary component for develpers
to record effort for development tasks.

A problem to be considered here is that for the possible cross-section of sites
tested, it will not be feasible to use a control group method to evaulate differ-
ent approaches to a single project. This will be especially true if the projects
chosen are commercially based. Care must therefore be taken to select target
groups of similar size and type to allow as meaninigful a comparison between
differing sets of data to be made.

Limitations

The major limitations of the proposed project are twofold and related:

4the use of techniques like SSI should be transparent to the end user, so measurement
cannot take place at the client side.
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1. Time Constraints
The time available may not allow an exhaustive survey to be carried
out. It is fair to assume that the quality of metric data obtained would
improve with higher sample sizes. Even if a very large survey could
take place, it is doubtful whether all of the data could be fully analysed
within the lifespan of the project.

2. Sample Size
The sample size used (and its composition) is not likely to produce a
suffiicent number of results to allow a definitve evaluation to take place.
At this stage, there is a suggestion that further work could take place
to make a larger and wider survey of large sites in order to test the
choice of metrics further.

These limitations will serve to limit the size of the target group selected
for analysis. Great care must therefore be taken to select sites to illustrate
the range of possible sites and design options avaiable to provide meaningful
measures.

5.2.4 FEvaluation of Metrics

Once a set of candiate metrics has been proposed and employed within the
chosen test environments, their efficacy as performance indicators can be
evaluated. Broadly, they can either be effctive or ineffective. The reasons
for either being the case may reveal more about the properties such systems
during analysis and may allow a refinement of the prosed hybrid model of
web systems.

At this stage, of course, it is not possible to predict how effective candiadte
metrics will be, although it is to be hoped that more will be good indicators
than not.

The collection of sets of static metrics is, in itself, a relatively uninteresting
task. Of much more interest is the evolution of these measures over time to
produce indicators of quality. This will be the main tranche of work used to
support the thesis itself, outlined at the start of this chapter.
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5.3 Summary

The timescales envisaged for the PhD prject are presented in detail in Ap-
pendix C and will not be reiterated here. They are, however, roughly in
accordance with the guidelines suggested by Philips and Pugh for the struc-
ture of PhD projects [Phillips2000b)].

At this point, however, it is apparent that a great deal of thought will required
in the early stages of the report to devise environments to produce high
enough amounts of data of the required quality. The method of collection is
likely to place constraints on what kind of sites can be used in the sample.
It is on this expiremental configuration that the success of the project will
depend.

The thrust of the PhD thesis is to show that indicators derived from the
collected experimental data will demonstrate that web site "quality”, how-
ever we choose to define it during the choice of candidate metrics, can be
measured. Further, these measures can be used to quantify common guide-
lines for ‘good’ design laid out in contemporary literature. The process will
depend to some degree on how different constituencies of developer approach
the problem of webware development. the use of a developer’s questionnaire
may help to provide insight into the way web authors/developers approach
their projects. A questionnaire may also provide some useful quantitative
data about the construction of small to medium-sized projects. This data
will not, it is likely, come from the wider study.

Such evolutionary measures will help web developers to choose techniques to
minimise developemnt effort and produce systems that are well-designed and
easy to maintain and service.

The final aims of this PhD project is to give web developers an opportunity
to echo the works of the object-oriented software developer Scott Whitmire:

“Many of the design decisions for which I had to rely on folklore
and myth can now be made using quantitative data.”
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Chapter 6

Conclusions

6.1 Summary of Progress

The first part of the PhD project has involved the investigation of the nature
of software and web systems. This has now been been done. During the
course of the investigation, a relationship between documents, software and
web artefacts has been propsed that places all three within a more general
class of ephemeral systems capable of being engineered. This is in contrast
with tangible systems that can be engineered, such as physical systems like
bridges, buildlings etc.

Web systems can be considered as both software and document simultane-
ously, while software itself, in the source form, is most certainly a document
system. More contentiously, documents (in the form of mark-ups) can be
said to be a form of programming language.

As Christopher Alexander has posited, however, the importance of good con-
struction for all inhabitants of an engineered system is extremely important.
For ephemeral systems, this manifests itself in the form of engineering meth-
ods that attempt to improve usability (for the end user) and maintainability
(for the developer). Much of the emphasis in web systems has been loaded
toward the end-user in this respect, as demonstrated by the work of Jakob
Nielsen. Although work has been done using design methodololgies such as
RMM and OOHDM, the design of heterogeneous web systems is not compa-
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rable in maturity to that of software, for the obvious reason that is is much
younger.

The view that webware is either a software or document is simply not suffi-
cient describe all ascpets of its behaviour. To this end, the dualistic nature of
webware (as discussed in Chapter 1) has been posited as an explanation for
its properties. The metrics that describe webware will themselves be dualis-
tic, some describing the documentary qualities and others its programmatic
ones.

All of this considered, it is possible to derive metrics that will allow developers
to make reasoned evaluation of web site quality. This is, in fact, what the
first part of the PhD project has been about; establishing a framework for
choosing appropriate metrics for web systems.

6.2 Further Work

The next stage of the PhD project will be to examine the area of metrics
in more detail. This was dicussed in Chapter 5. Such an examination will
allow a group of candidate metrics to be developed. The metrics that will be
considered for the candidate set are likely to be drawn from both document
and software sources, most particularly object-oriented ones.

Once such a candidate list is complete the development, testing and deploy-
ment of a metric capture tool can be prosecuted. This will provide data
over an interval of time yet to be determined, but long enough to give an
indication of the evolution of the web systems selected, especially since web
projects, on the whole, tend to have shorter lifecycles than software projects.

This data will then be analysed, which will form the empirical evidence that
will support the thesis (or not, as the case may be). At this point, because
the metric capture tool and metrics have not been defined, it is not possible
to state exactly what data will be collected, or indeed how, altohugh it is
envisaged that a method of remote capture can be implemented to allow
archiving of the data as it is collected.

The timescales and project plan for the next stage of the project are presented
in Appendix C.



Appendix A

Software Evolution &
Taxonomy

(This appendix is a truncated version of an internal technical paper produced
in March 2001)

A.1 A Software Timeline

Figure A.1 shows the evolution over time of software and software sys-
tems. The diagram aims to highlight significant milestones in software evo-
lution, such as the development of the early languages that provided the
archetype for certain paradigms, for instance Simuila67 for Object Orienta-
tion or Pure Lisp (1958) for functional programming. Sammet [Sammet1972]
[Sammet1976] has carried out fuller surveys of extant programming languages
at various times in the past. These surveys are interesting for historical rea-
sons.

The diagram illustrates the following important milestones:

1. 1947 - The developemnt of the von Neumann computer model which
dominates to this day.

2. 1958 - LISP, the oringinal functional programming language was devel-
oped.
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Figure A.1: A Software Timeline

3. 1960 - ALGOL60 and FORTRAN, the prototypical imperative lan-
guages were released to the world. The language Pascal, developed by
Wirth in 1971, was one of their successors, designed as a language to
encourage the techniques of structured programming. Wirth was a
major proponent of this technique.

4. 1967 - Simula67, the first Object Oriented programming language was
released. This was succeeded by the language Smalltalk in 1972. Its
principal use was in the developement of the Dynabook project at Xerox
PARC [UCNZ1998].

5. 1970 - Codd’s Relational Data Model,the precursor to Object oriented
design and analysis, is first published.
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1972 - Prolog - the first language for logic programming is developed.

1978 - Structured Analysi and Design, the first memthodology to present
a unified model for design and to address analysis issues. This was the
first time the entire software engineering process had a sound theoret-
ical base.

1982 - Foundation of the ANSI SQL committee and development of
SQL, following on from the CODASYL project. The first SQL standard
is published in 1986.

1983 - OO design. The early 1980s saw the first movements in ap-
plying similar rigour to OO systems as to structured ones by people
such as Booch, Rumbaugh, Jacoboson and others Coincided with the
beginnings of developemnt of C++ by Stroustrup.

1985 - C++ released [CPlus2001]. C++ was built by Bjarne Strostrup
on the foundations of C language (released in 1970) and its ancestors.

1995 - Java is released. Java embodied the principle of Write Once Run
Anywhere (WORA). Such an approach was not new, having already
been used in UCSD p-code compilers during the 1980s. The use of
network services and the principle of the applet, does, however, make
it a major milestone in software, particularly in relation to the web.

A.2 A Taxonomy of Software

A.2.

1 The Software ”Family”

Bobrow and Stefik [Bobrow1986] define the following kinds of programming

style:

Procedural programs are algorithmic and generally concerned with data
flow. This form also includes scripting languages and can also include
functional programming.
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Figure A.2: The Software Family

e Object Oriented programs, where code may have algorithmic elements

but there is more concern with mapping software objects to real world
ones where possible.

Declarative prgrams, encapsulating logic and rule based programming.
Declarative systems may also utilise imperative or functional compo-
nents but have much in common with O-O systems.

Constraint Oriented programs. including self-organising systems such
as neural networks and genetic algorithms . Software of this type can
use code generated using any of the other styles for resons which will
be explored later.

Some of the above families are covered in more detail by Bal and Grune
[Bal1994a]. To this list, it is proposed that another category could be added,
given the conceptual space model described for software earlier.

“Semantically” Oriented

here there is no "flow” as such. This style is concerned with the or-
ganisation of information in order to be semantically meaningful. This
form includes mark-up languages and formatting languages such as
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Postscript and TEX. It can be argued, however, that such a paradigm
is merely a variation on a declarative one, with mark-ups being con-
sidered as purely declarative languages. Each element could be said to
describe a clause and the tree derived from parsing maps the relation-
ships between such elements for each document.

Bobrow and Stefik state that a style is simply a way of organising programs
based on a conceptual programming model and an associated language to
make the programming style clear [Bobrow1986].

Each style in this sense is interpreted as equally valid and indeed, each par-
ticular style has applications and context in which they may be most suc-
cessfully used. This goes part of the way to describing the onion-skin model
described earlier.

A.2.2 Imperative Programming

One interpretation of the idea of transformation is that software involves a
functional or algorithmic process. This is a key element of views of soft-
ware such as Structured Analysis [DeMarcol979] that treats the information
transformation process as a flow of data through a number of functional
components. It corresponds with the view taken by Functional Program-
ming (q.v.), albeit in a slightly different way, This also corresponds with our
starting definition as we can define the application of functional components
of a software process in well-understood manner.

For instance, consider a tranfsormation of the form, transofrmaing an inital
set x into a final set y:

y = f(z)

We can consider a software process to describe a flow through a number of
such operations that could be applied sequentially, viz.

This representation, however, could be interpreted in two different ways: im-
peratively, by being able to create assignments at each intermediate stage
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Lo = fa(x)
Jar1(Tar1) = for1(falza))

Yy = fnfn—l---fa—l-lfa(x)

Figure A.3: Functional consideration of an algorithmic process

of evaluation and functionally by considering the whole without these in-
termediate actions. In this context, imperative systems may also encounter
problems because of evaluation order: this is a problem that would not occur
in the functional context.

A.2.3 Algorithms

In many views of programming and software production until the introduc-
tion of logic programming (q.v.), the role of the algorithm is of vital impor-
tance. Knuth [Knuth1969], states five properties that define an algorithm:

1.

Finiteness
The algorithm has a finite number of iterations or repetitions. That is,
there must be some defined exit condition.

Completeness
The algorithm encapsulates the problem domain completely.

Definiteness
The algorithm encapsulates ONLY the problem domain and does not
focus on irrelevant concerns.

Input
The algorithm requires input conditions or states to work from, or must
be able to define them.

Output
The algorithm should produce discernible results or outputs.
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6. Effectiveness
The algorithm should, in some way, effectively address the domain of
the problem.

It is arguable whether this final item, although extremely desirable is a defin-
ing characteristic of every algorithm. It is possible to define a set of al-
goirthms to solve a particular problem which would have markedly different
levels of effectiveness. Each would, however, still be a “valid” algorithm in
as much as it provides a working solution.

The main implication here again is that software, being algorithmic, is essen-
tially a sequential, deterministic process (specifically in terms of the finiteness
condition). This determinism only applies to the algorithm itself, not to the
results of applying it. In other words, the algorithm maps a set of possible
conditions and outcomes. The results of applying them are not necessarily
known at the time of execution. This, in fact, as discussed later, may be
considered the major difference between imperative (algorithmic) and logic
programming

A.2.4 Object Oriented Systems and Programming

The development of Relational Data Modelling by Codd [Codd1970] and oth-
ers in the early 1970s had successfully introduced the idea of Entity Relation
Modelling as an effective tool for data modelling. In fact, in the abstract
of his 1970 paper, Codd himself proposed that one of the main reasons for
developing his relational model was to hide the underlying structure of data
from the user.

Even in the early 1970s this is a common concern shared with Parnas ideas on
modularisation. The Parnas idea posited that, instead of simply decomposing
programs as subprograms, that each module should have a "responsibility
assignment”. In other words, Parnas was proposing information hiding (along
with Codd) as well as being an early proponent of the abstraction principles
that object orientation would expand upon. Many considered this system to
be a powerful tool for data modelling as it closely mapped with human traits
of characterisation by categorisation. Codd himself recognised this fact.

Structured Analysis integrated ERA to provide a description of the static
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model of the software system. Software practitioners such as Booch, Rum-
baugh and Jacoboson (separately at first, together later in the UML method-
ology [UML1999] as well as Yourdon (again) all saw the promise of using such
a system more prominently in software design. Previously, software systems
had been seen as large entities able to be split into parts and developed sep-
arately to model the flow of data around a system. Each of the components
or modules could manage a part of the flow. This modularisation process
had begun with Wirth, Mills and Parnas, as described earlier.

The O-0O system departed from this and (like the model used for Unix system
commands) postulated that systems were better modelled as smaller, com-
municating independent entities. To use the object oriented phraseology;
such systems should be componentised, cohesive and lowly coupled.

Proponents of O-O claimed that it offered numerous benefits, including:

Code reuse

e Component based systems to allow code ”manufacture”

Modular abstraction

Scalability

These benefits were achieved by use of the fundamental concepts used to
build object-oriented systems:

e Abstraction Following on from the concept of modularity, objects
should connect in well-defined visible ways. Objects need not know
about internal implementation issues within other objects with which
it communicates. In theory this allows reusable components to be built
and allows them to be used to build very large projects more easily. In
other words, objects promote scalability.

e Encapsulation Pbjects should not be thought of as data structures,
to be fully formed an object should also define what actions it can
perform, how it communicates with other objects.

e Polymorphism and Inheritance This is possibly the key feature of
object orientation; objects can form hierarchies and have the ability to
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be classified according to type. New types can be easily derived from
existing ones.

Booch also made the distinction between algorithmic decomposition of the
kind described by Wirth and others and Object decomposition, providing a
level of abstraction in defining the entities participating in a software system.
In many senses, this did indeed echo the entity-based approach to relational
data analysis begun by Codd.

The communicating entities approach had also been used in the idea of
semaphoring between modules in real-time systems, particularly by Ward
and Mellor. This model allowed for large systems to be built more eas-
ily and, according to its supporters has encouraged code reuse and highly
component-based systems.

A.2.5 Alternatives to the Imperative Model

As can be seen from Bobrow and Stefik’s taxonomy, one of the styles of
programming they describe is that of declarative programming. Declarative
programming re-interprets one of the fundamental assumptions made so far
in this discussion of software and software systems: software is essentially an
algorithmically based entity. The early proponents of software design and
programming had thought this way, giving rise to ideas like the flowchart
and later, other analysis tools as has already been mentioned. However, this
is not a wholly valid assumption to make.

Imperative programming works by executing a sequence of defined commands
(be they singular or grouped). Part of this process involves changing the val-
ues of variables within the domain of the program using explicit assignment
operations. One result of this is that the order of command execution within
a program can affect the values of variables in different ways. In effect, the
programmer has to exert some low-level control over the program conceptual
space, explicitly controlling the state of the system in the code.

In declarative programming the possibility of confusion regarding evaluation
order does not happen. Declarative programming was developed to hide
this lower level process away from the programmer. It was seen as both a
source of error in thinking and an incorrect level of abstraction when con-
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sidering software problems, mainly because the act of assignment made eval-
uation an important consideration. Functional programming developed to
allow a propositional calculus to be implemented in a machine environment.
A propositional calculus describes the functional process in more rigorous
mathematical terms.

The nature of this style, lent (and still lends) itself to design using formal
methods which provide a more mathematically rigorous and complete design
framework for such software to operate within. Indeed, the illustration shown
in Figure A.2.2 corresponds more to this view of software than to purely
imperative programming. The programmer thus has little control over the
state of the system once the operational parameters are defined and boundary
conditions specified.

Declarative programming is not new, So-called “Pure” LISP, although not
strictly a purely functional programming language, certainly contained many
such features. It was first introduced in 1958 [MacLennan1990).

“Common” Lisp, introduced later however, contained many imperative pro-
gramming constructs. By the middle of the 1970s, languages such as Lisp and
LOGO [Chakrabary1999] were in widespread use. To abstract the process
of explicit assignment from the programmer the programming environment
itself must be responsible for it. One of the main methods of doing this is by
use of recursion, placing great emphasis on stack operations.

By the early 1980s many were concerned that, to increase computing power,
systems would have to become much more adept at processing in parallel.
To handle this underlying complexity, authors of software should be divorced
from the low-level problems of algorithmic programming as such processes
were prone to error. Kowalski [Kowalskil979] (amongst others), proposed a
fundamental rethink in the way programming was pursued. These systems
relied much more on logical than functional composition, leading to the birth
of logic programming.

Where functional programming removed the need for low level assignment,
logic programming sought to remove the need for functional considerations
entirely. Systems could be devised that would operate under conditions de-
termined only by the relationships between data entities. Systems of this
nature involve the use of a predicate calculus, most famously described in
the first instance by Alonzo Church [Church1936], to represent these relation-
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ships. The engine which evaluates these rules may contain functional (or even
imperative) components at lower levels but seeks to make the programmer
think in purely abstract terms.

Logic Programming relies on the use of the Horn Clause [Bal1994b]. A Horn
Clause is one which states that a particular condition is true if zero or more
other conditions is also true. A further definition is that a horn clause with
no conditions is a fact. Unlike imperative logical evaluations, however, each
of these other conditions could be evaluated in parallel. The goal of the
logic programmer is to reduce a problem domain into a set of horn clauses
which can be evaluated. As a consequence of parallelism, however, logic
programming is non-deterministic in the sense that evaluation orders are not
necessarily known.

Work by Eisenstadt and Brayshaw [Eisenstadt1988] suggested however, that
there was a conceptual link between algorithmic, functional and object-
oriented approaches. A more rigorous discussion of logic programming will
ont be undertaken in this paper

A.2.6 Self-Modifying Systems

Self-modifying systems, which include Genetic Algorithms (GAs) and Neural
Networks), unlike the algorithmic methods described earlier are essentially
non-deterministic. GAs stem form initial work by Holland [Holland1975] but
ideas about evolutionary programming in general can be found as far back
as Fogel [Fogel1966]

A diagrammatic representation of this process is shown in Figure 24 1.

Instead of well-predicted algorithmic systems, the GA system involves the use
of a "fitness function” to determine the evolution of the algorithm. Thus,
a programmer has no control over the algorithm or the system’s state un-
til completion. The fitness function itself does not have to be algorithmic,
rule based or functional tests are also allowed (and in some cases may be
preferable).

The genetic search is an iterative sequence (a generation) through the fol-

!This diagram is adapted from The Genetic Algorithm Toolbox [GAT2001]
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lowing stages:

Fitness assignment

Selection

Replication
e Recombination Crossover

Mutation

Replications that do not meet the speciifed fitness criteria are then discarded.
In theory this produces successive generations of solution that satisfy the
fitness function more closely. The self-modiying system is therefore non-
deterministic. Not only are the outcomes unpredictable but the algorithimns
used to arrive at that outcome are also not known at the outset as these
solutions are generated during the execution cycle.

A more detailed consideration is beyond the scope of this document but
readers are advised to refer to the work of Fogel [Fogell994] for a more
rigorous discussion.



Appendix B

Document Taxonomy and
Characterisation

(This appendix is a truncated version of an internal technical paper produced

in June 2001)

B.1 A Short Taxonomy Of Documents

In order to understand various forms of documents, it is perhaps useful to
provide a short review of such items to better facilitate classification. Graph-
ically, this strucutre is shown in figure B.1. Items at bottom levels are shown
as examples only.

Bryan[Bryan1997] states that any device that stores formatted text for later
retrieval and use must use some form of mark-up to do so. This category
therefore includes program source code. The mark-up may only be machine
readable in some cases however. In general terms the following types of
document exist:

e Unformatted Text
The simplest form of document is the unformatted, raw text docu-
ment, The data contained inside is not subject to any formal structure
although it is actually to provide a (trivial) DTD for such a document.
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Figure B.1: A Taxonomy of Engineered Artefacts

It can also be argued that,without such a DTD, a document would,
in fact, conform to a notional type definition, especially in the case of
natural language documents. This notional definition would have to
be determined by the reader for the document to have any meaning,
however.

e Specific Mark-Up

Specific mark-up is used in systems such as PostScript or RTF pro-
cessing in word Processors like Microsoft Word or Corel WordPerfect.
The mark-up is usually application or task specific and is not designed
to be transferable between environments or applications. This can also
include styles such as delimiter separated lists, where each field’s mean-
ing may only be known by the parsing application. As such, specific
mark-ups are commonly used in typesetting systems, where the major
degree of formatting control is exterted by the machine.

e Generic Mark-Up
One of the stated goals of generic mark-ups is to allow encoded infor-
mation to be exchanged within a number of environments and to allow
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the resultant documents to be viewed and edited by both machines
and people. Generalised mark-ups are commonly stored in plain text
files, making them highly portable systems as tools to convert text file
formats are effectively universal. ETEXis an exception to the specific
mark-up situation that usually occurs with typesetting languages. The
mark-up used in the TEXfamly is actually generic and is easily trans-
formable into HTML or PDF, for example. !

The move to develop generic mark-ups began in the late 1960s as a result of
first Gencode, and later GML (both at IBM), led by Goldfarb [Goldfarb1970]

Such documents do not need to be entirely textual. They are able to contain
references to (or have embedded within them) other objects such as multi-
media content. Implications of this in hypermedia documents are discussed
elsewhere.

B.1.1 The Structure of Mark-Up Documents

The description of generic mark-up documents is generally presented in one
of two ways: Presentational vs. Logical

e Presentational Structure describes how a document will appear
when used. It is specifically concerned with the description of visual
elements and how a document will appear when viewed. As far as ver-
sion 3.2, HTML had begun to evolve along this route. HTML 4 and
its variants attempts to reverse this trend.

e Logical Structure is more concerned with the layout of document in
terms, not of its visual appearance, but how it may be interpreted by
machines or how its meaning may be interpreted by a human user.

Jelliffe prefers to extend the presentational versus logical division into six
sub categories which uses to describe the structure of a document more fully.
These he defines as:

!Many of these tools are part of the standard TEXdistributions
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1. Page Layout, describing the high level visual layout of the document,
as most people would use when working with a desktop publishing
environment.

2. Page Objects, describing individual items within the document such
as images, figures, tables, text blocks, etc.

3. Glyphs, are another visual indicator: the type faces and sizes used for
type within a document.

4. Characters, the meaning associated with a particular glyph [ISO9541],
such as the choice of language, environment or character set.

5. Editorial Structure - word, sentence and language structure within
the document.

6. Topic Structure, the arrangement of content at a higher, conceptual
level.

Jelliffe further states that there is a flow of dependence, progressing in reverse
order up this list. Unlike so-called traditional software, the topic structure
of a document may affect its page layout. For some documents of course,
some of these categories have little or limited meaning. A document made
up solely of a sequence of images may require or exhibit little or no glyph
information, for instance.

The simple linear flow of dependence may not, then, be sufficient to describe
the structure of documents. It is perhaps, more realistic to describe feedback
mechanisms (akin to lifecycle models in software engineering) to model the
document design process and the artefact it produces. This is espcially true
because documents are likely to undergo more constant, greater and varied
re-engineering throughout their lives.

Document mark-up languages can be further classified into another two broad
categories:

e Procedural Mark-up, which describes how a document WILL be
displayed. This is most commonly used in formatting languages such
as PostScript or Word Processing systems (most especially WYSIWYG
ones) or where presentational cues must be adhered to maintain a cor-
rect and consistent visual appearance.
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e Descriptive Mark-up only provides suggestions to a rendering agent
as to how the marked-up document should be displayed (i whatever
context that may be). The user agent does not have to abide by
these instructions, they are merely hints. “Classic” HTML and the
TEXlanguages were designed to work in this way, allowing individual
user agents or rendering agents to decide on the exact presentation
used, either internally or by the introduction of an external entity defin-
ing presentational characteristics. In a web context, this commonly
takes the form of a stylesheet

To illustrate this point, we can consider the example of the typesetting lan-
guage TEX(and its variants,including BTEX). XTEXis described at the web
site of the KTEXproject [LaTEX2000] in the following way:

“ITEXis a document preparation system for high-quality type-
setting. It is most often used for medium-to-large technical or
scientific documents, but it can be used for almost any form of
publishing.

“LaTEXis not a word processor! Instead, LaTeX encourages
authors not to worry too much about the appearance of their
documents, but to concentrate on getting the right content.”

“To produce this in most typesetting or word-processing sys-
tems, the author would have to decide what layout to use, so
would select (say) 18pt Times Roman for the title, 12pt Times
Italic for the name, and so on. This two results: authors wasting
their time with designs, and a lot of badly designed documents!”

The key paragraph is the second. It is an almost complete re-iteration of the
principles of a generic, descriptive mark-up language.

Generic document mark-up is derived from the concept of the physical mark
ups (note the difference in spelling) used by typesetters. Mark up of that
type is used to show compositors the physical layout of manuscripts prior to
printing. Hence it is a physical procedural mark-up.

ETEXis not a hypermedia environment, It does not have the capability to
hyperlink. 2 :it can however,contain embedded links to other resources,

2Extensions are avaialble to embed hyperlinks within documents, to be opened by
external agents, however
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acting like inclusion mechanisms.

B.1.2 Document Type Definitions

The concept of classification is a highly important one. as is apparent from
the earlier definitions of what documents are. The mechanism of the Doc-
ument Type Definition or DTD exists to allow such classification and to
define document structures consistently, The DTD describes what elements
of a particular type a document can contain and further, how the grammar
of aggregations of these elements is defined.

In the area of XML this concept been further extended to allow creation of
XML Schemas [XML2001]. XML Schemas define a DTD using XML syntax
and are themselves XML documents. Proponents of schemas say that they
are easier to build and maintain than the more opaque DTD. They are also
easier to generate and change dynamically.

B.1.3 Document Validity

What constitutes a valid document? Stated simply, a valid document is one
that conforms to its specified DTD. However, it is apparent on Web at large
that a great number of documents are not valid HTML but still manage to
be viewable by a range of user agents. This is not entirely due to user agents
themselves more generous in their document parsing. Clearly, validity is not a
complete description of a document’s ability to be used, or to be “complete”,
in some way.

Documents may also be well formed . A well-formed document is one that
conforms to a grammar defined by DTD. By definition a valid document
is also well formed. However, a well-formed document may also contain
elements or attributes not defined within the DTD. Typically, in an HTML
context, such items not within the DT'D will be ignored but the document will
still be processed if structured correctly i.e.: they are syntactically correct.

For mainly historical reasons, HTML browsers tend to be “sloppy” when
parsing. This is to allow user agents to display nodes in at least some form,
however ugly, and not to burden end users with error messages. Browsers
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such as W3C’s Arena and Amaya browsers do allow users to view errors in
badly-formed HTML if they wish.

In web browsers, display of HTML is done in three stages:

1. Retrieval, where document is fetched, whether from the network or
from a local source.

2. Parsing, where the document is read and arranged into a document
tree containing document elements. Whether this parsing is done by a
validating parser or not is an issue of implementation.

3. Rendering, where the parsed tree is then formatted for display by a
display manager.

Sloppy parsing of HTML was a key reason for its rapid take-up by amateur
users, allowing badly formed mark-up to be written and displayed. However,
an XML or SGML parser is more strictt. Syntactical and semantic errors
are reported, especially because in many cases, visual rendering is not re-
quired. In XML this job should be done by formatting systems such as XSL
(eXtensible Style Language).
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Appendix C

Provisional Timetable for the
PhD Project

C.1 Project Timetable

The end of the PhD project is set for December 2004. In this space of 34
months !, the following tasks must be completed to allow successful submis-

sion:

Prosecution of full-scale questionnaire study, including the collection
and analysis of results. This item is not, strictly speaking essential
to the course of the project but is being done to provide some addi-
tional insight into the web developemnt process by a number different
developer constituencies.

Choice of candidate metrics. This will first entail some investigation of
existing metrics for document, software and hypermedia systems before
choosing the most useful and appropriate ones to use.

Construction of a metric harvester to collect the chosen metric data.

Testing of the harvesting tool. The testing will need to test functionality
and quality of indivivdual components as well as the testing of the

Ithese timescales are fitted to the mode of study: part-time
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prototype system in operation.

e Selection of candidate sample sites. This task is, in itself, a major un-
dertaking because the selected sites must be large enough and evolve
at arate that will provide useflu metric data. Possibilities at this early
stage include certain university sites, possibly useful as they are main-
tained by a wide cross-section of developers. Although this stage is
not illustrated in the chart it occupies the same timeframe in which
development of the harvesting tool stakes place.

e Deployment of tool, where the tool is rolled out to the candidate sites
and data is collected, possibly over a period of months.

e Collection of results, which may be ongoing. ONe possible design goal
for the tool to be constructed is to ollate this metric data at set time
intervals to produce both cumulative and interval indicators.

o Analysis of results. Not only will the results themseleves require anal-
ysis but the choice of analysis metohds must be considered in detail,
requiring some further reading and research. This stage will also include
the evaluation of the analysis, to determine whether the arguments of
the thesis are supported.

o Writing up of the thesis submission. This process is likely to start
running (thinly) from the start of the final year of the project, stepping
up within the final 4-6 months before completion.

The preliminary timeplan for these tasks is shown in the GANTT chart in
Figure 27. Estimates for this chart were prepared using guidelines suggested
by Phillips and Pugh [Phillips2000b], who suggest that the thesis proposal
sholud be formed by appoximately 18 months inot the PhD. Data collection
should start about 24 months, while data collection should be completed at
around month 36-40. On the timescales provided this suggests that experi-
mental work should be completed before April 2004, having started around
January 2003. The plan proposed, at present, is roughly in accordance with
these figures.
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