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Abstract.

This paper examines the application of current software emgigeparadigms to the new
Virtual Reality Modelling Language (VRML), a specialisedreh dimensional graphics
language, developed as a companion to the World Wide Web HgpéeMark-up Language

(HTML).

The paper initially presents two hypotheses; 1) Currenivacdt engineering paradigms are not
well suited to VRML development, and, 2) If VRML is te bccepted as a quality medium by

both the computing and business community then such a paradigrexisiis

In order to establish the validity of these two hypotha$e paper details research into the
current methods used by VRML developers, and compareswlibstaree established software
engineering paradigms. From this research the principles om#étkeodology movement are
discussed and their application to the requirements of theviRML media considered. Using
these themes, a paradigm supporting the processes used medatiencof VRML systems is
developed. The derived method is based around a simple devatopoéel that attempts to
cater for the project management, quality assurance, aseftengineering and the graphic art

requirements that must be considered in a project usingLVR

The method as presented is applied to a world building pregemario and illustrated by the
development of a component world. The applicability of the démnwethod is considered in the

light of the scenario VRML development, and the evaluatidgitally discussed.

The paper concludes that the presented hypotheses ateavalithat the derived methodology,
while not perfect, represents a significant improvemetitéccurrent support paradigms for the

VRML development process.
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1 Introduction

“There are those who think that Virtual Reality may be the most important development
since man first chipped flint, and there are those who don't know what it is yet”

Douglas Adams (1991).

In the 1984 novel “Neuromancer”, the science fiction author &illiGibson described a near
future world where humans live, work and play within tingatrix”, a vast network of linked
computers. The matrix forms the backbone of, what Gibson tecytEaispacea virtual space

composed of digitally created artificial realities.

Gibson’s vision of cyberspace relies on the synthesis ofdistinct factors to achieve its
“consensual hallucination”, communications and graphical septation of the cyberspace
environment, objects and inhabitants to create the illusioreality through the distributed

systems that comprise the matrix.

However much Gibson’s futuristic world seemed fantastihéoscience fiction readers of the
mid 80’'s (and even to the present day reader), Gibson predictedadv@nces in
communications and technology that have lead to the realisafiothe Internet as a

communication medium for the common computer user.

Cyberspace is, of course, a work of fiction (although maees of computing and society
have latched on to the phrase), however, Gibson’s vision hasl@dahe impetus for serious
research to be conducted into developing interactive amdbdied digital environments for

both business and pleasure.
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1.1 The Origins of VRML.

The development of the Internet in its many different gusesmatter of historic record but its
phenomenal rise in popularity over the past decade can be pyinaaudl arguably, attributed to
one single factor, the development of tHgper Text Mark-up Languag@HTML) protocol.
Developed by Berners-Lee (1990) as part of an initiativehef European Laboratory for
Particle Physics in Switzerland (CERN) in 1989. HTMlaislescriptive language enabling the

creation of “pages” for the Internet’'s “World Wide Web” \WWV).

The HTML protocol provides a platform independent systemvfdaimg and displaying text and
graphical images accessible via an HTML aware browdwe. pfotocol provides methods for
linking pages together to form a “web” of pages connected by a cottmead (subject matter,
common interest, author's preferences, etc.). Although HT@V& user friendly medium for
disseminating information, a HTML page is essentialljwo dimensional and static medium
for the presentation of information to the web user (althoudfsexjuent revisions of HTML

have added support for two dimensional animation, sound dedrae of interaction).

The discipline of cognitive science defines the human thinkmbdata retention processes as
one of objects, their behaviours, attributes, and intdioel with other objects. While two
dimensional mediums such as text and graphical images prowiden@on interface to the
majority of people for understanding and acquiring infdfomasuch devices are an abstraction
of reality of the subject in hand. The problem of communicaitiegs and concepts that are
intrinsically three dimensional in nature via two dimensil mediums has been addressed in
many different ways by many different ages, from Giotfofsnalisation of perspective in the

15th century to modern day engineering and architectural blteprin

Modern two-dimensional media such as film and television haldeessed the issues of static
information dispersal as the “experience” but have stdt overcome the obstacles of

interaction with the subject matter. The dynamic inttioacwith data and information has

11



arguably not been available to mankind until the advent otdngputer. Indeed the accepted
roots of modern electronic computing, the ENIAC project (amdsdme extent Babbage’'s
mechanical difference engine), lie with the need to simalettkery telemetry from constantly

revised battlefield data.

The possibilities of using the computer to provide a digitafi@atwhere the user could
interactively control a simulated experience was frg@sented by Sutherland in 1965 in his
seminal paper “The Ultimate Display”. Sutherland’s paperil@etais research into a head
mounted output device specifically for the use in interactvtficial environments. “The
Ultimate Display”, and subsequent research and developméme fields of three-dimensional
interactive graphics and their uses, earned Sutherlandlénheftthe “father of virtual reality”.
Although it is noted that it was not until 1983 when Laneually first suggested coined the

terms virtual reality and its common abbreviation VR

Further research and development of the virtual reality medias conducted during the
1970’s, mainly by organisations interested in trainingnid @sualising environments either that
did not exist or where there was a large inherent finhrisla Most notably these “pioneers” of
virtual reality composed of the military, avionics, larggale architectural projects and the
scientific community. These early virtual reality systetended to be bespoke in their nature
and very expensive due to the required computational powersapporting technology

required in the realisation of the interactive environment.

The technological advances of the early 1980’s and the fptiége of computer hardware soon
gave birth to an increasing portfolio of companies offevingyal reality commercially. Initially
restricted to the “traditional” uses of VR, the applicatidnviotual reality technology soon
became applied to such diverse commercial areas such asneedartography, entertainment

and manufacturing.
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Virtual reality’s diverse and adaptable usage was reviewé#tie paper “Practical Applications
of Artificial Reality” co-written by the author in 1994. Tpaper concluded that the wide spread
commercial usage of virtual reality did not exist, itswlarther concluded that the reasons

behind this non-acceptance of the medium were as follows:

1. The medium was “to new” and “unproven” for business to figlglise potential
application areas.

2. There was noommonlanguage to create virtual environments with (such as basic, ¢
or HTML).

3. The software development environments for virtual redidy ¢id exist were based
around individual platforms and required vendor specifionsoft to interpret, display

and interact with the created objects and environments.

The paper considered that until these issues could breszéd the full potential of virtual

reality would not be realised.

While the paper was being written a discussion regardiegdevelopment of a common
language for describing three dimensional objects and enviroemerst being hosted by the
Internet related magazine “WIRED” (1994). In October 1994, aftech debate, a proposal
based on Silicon Graphic “Open Inventor” 3-D metafile fdrmas selected and published as
theVirtual Reality Modelling Languag@/RML) version 1.0 specification (Bell, Behlendof and

Pesce 1994).

The specification was well received by the computing commamt the VRML Architecture
Group (VAG) was formed to moderate and co-ordinate the dawelot of the new language.
The VAG itself has representation from ten 3-D computaplgics leaders most notably IBM,

Silicon Graphics and Sun Microsystems.

13



VRML is seen by its exponents as having the potentialdefiree the graphical representation
of, and access to information in 3-D on the WWW in minghsame way which 2-D HTML has
impacted access to information on the WWW over the pastdde@Rose (1994)). Like HTML,
VRML provides an interpreted, platform independent, language ¢an be viewed by any
VRML compliant browser not specifically tied to one specifiendor. While the use of a
VRML browser does not provide the immersive experience usua$igcated with virtual
reality it provides a desktop view of the virtual environment, comyncalled “window on the

world”.

If the conclusions of the 1994 collaborative paper are correct, WML has the capability for
bringing virtual reality into the main stream market adasa visualisation and information

access tool.

1.2 The Development of Cyberspace Using VRML.

To date the VRML specification has undergone one minor revidoorclarification of some
vagaries in the original specification) and a majorgiewi in June 1996. The VRML version 2
specification includes the provision integration of the Jaegramming language into VRML
files, this inclusion has considerably enhanced the languageaftanguage describing static 3-

D objects to a dynamic and interactive 3-D environment.

The comparative newness of the language suggests the apparesft daekity textbooks that
are available on the subject of VRML (for either of thw tversions). Indeed even the most
casual review of the so-called VRML publications revealg thany of are in fact either

narratives on the Internet, virtual reality or general 3-&pbics.

Online research material via the Internet provides those wangerested in constructing
VRML environments (referred to as worlds) and their compowobjects with a wealth of

examples, tutorials and technical notes on the subject.olbserved, however, that there is
14



distinct lack of anytructuredapproach to the construction of VRML worlds. Indeed, it iedo
that the majority of texts on the subject offer a “code fdd(Manns and Coleman (1996))

style of approach to the development process.

Like HTML, the construction of VRML worlds is accessilite anyone who understands the
format of the language and has a text editor to creatéRNL script. While this accessibility
to the medium is considered as being critical to the ssookthe medium, it may prove to be
its ultimate downfall. It is observed that the rise in popiylaof HTML has increased the
amount of data and traffic on the WWW. However, becélbsanajority of HTML producers
utilise the code and fix approach many of these pages havenptmyed any design principles
or considered human computer interaction factors in ttamnstruction. Such undisciplined
approaches to HTML page construction can lead to the pagerréot understanding the
content, becoming lost within the web, becoming frustratedlaiting an inexorable age for the

page to be downloaded.
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1.3 Introduction Conclusion.

If VRML is really to be the next generation of WWW accass information medium then it is
considered that qualitynustbe of prime concern to the pioneer world builders. Whigsyn
software design methodologies and paradigms exist to suppotiotmatisoftware engineering

their distinct absence from current dissertations ondiael/elopment suggests that either

1. The use of such paradigms by world builders is assunigwuygh this would
preclude the necessity for the much offered code and fix agigroa
2. Or, that the existing methods do not well support VRMLtardessentially graphical

nature of the medium.

The 1994 collaborative paper identified the primary factahefslow uptake of virtual reality
per se as the unwillingness of business to invest in new and unpenratblogy. If this
conclusion is correct then the adoption of the “Heath Robins@ptoach to VRML world
development will not endear the medium further to the comntesag&iomer. It is therefore
considered that if VRML is to be taken as a serious anlityjuaedium for the representation of
data and dissemination of information across the W\W&w ta paradigm for world building, or

rather world engineering must exist.

This report is, therefore based on two simple hypotheses

1. The design requirements of VRML objects and their wordsat well suited to the
existing software engineering paradigms.

2. If VRML is to be a quality communication medium such eg@@m must exist.

The report will examine the existing methods of design &sdss their limitations concerning

the construction of VRML worlds (chapter 2). This reskamil provide the basis of a support
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paradigm for the design needs of the new language (chaptes 3uch the paradigm will be

required to address the following world building aspecté¢RifIL;

1. The construction of worlds and their objects.
2. The manipulation of objects within the world.
3. The planning of object behaviour.

4. The presentation of VRML objects and worlds.

In order to provide holistic support for VRML world design, thethodology will also consider

the following aspects;

1. The role of the world user.
2. The role of the world browser.
3. The specification of worlds.

4. The design of the human computer interface to the world.

The derived paradigm will be presented (chapter 4) and wse@évelop a function VRML

world (chapter 5). The process of developing the world wikhésessed to establish the value of

the method as a future support tool for quality VRML worldige (chapter 6).
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2 Limitations.

“When Columbus was sailing west in his quest for a round earth, he reached a point
where he was hopelessly lost. Legend has it that he gathered all the sailors and
exclaimed ‘We have arrived at uncharted waters much sooner than | had anticipated.
Rejoice!’. This is the current situation with the web.”

John R. Vacca (1996).

The initial research for the project had consisted of vawig texts, journals and papers on the
subjects of 3D graphics, computer data representation doelvieality in order to determine if
any existing paradigms existed for VRML aligned disciplingse need to research the VRML
aligned disciplines, as opposed to VRML itself, became appalue to the lack of available
documentation on VRML world design itself (this it is sudgdss attributed to the relevant
“newness” of the language). The research indicated that wén#he current software
engineering paradigms were being specifically applied to tblelgm domain of the literary
subject (although it is conceded that such paradigms mayhesedl been utilised in whole or

part but their use been unaccredited).

In order to establish the presented hypothesis as flaet®ieed to research and review any
already existing paradigms for VRML world building, and é&x¢ent to which they were being
used by the world building community, was clear. Subsedetiie investigation of possible
VRML world design support methodologies the hypothesis that pbpular software
engineering paradigms do not cater well to the needs of wuitting also requires

substantiation.

It was considered that the investigation of the hypothesiddwmeed to be conducted on two
fronts, at a high level reviewing new VRML related descand at a low level by contacting
world builders themselves to determine their individual appres to world development. In

order to provide a conduit for world builders to express theis and usage of design methods
18



for VRML, postings were made to various VRML\VR news up® on the Internet and a
number of businesses expressing commercial interest in V&Mktruction were contacted to

solicit their opinions.

2.1 Existing VRML Development Approaches

In order to establish the whether or not world buildersewsilising any forms of design

paradigms for VRML world and object creation postingsenmade to the four existing news
groups specifically dealing with VRML discussions. Althougiese news groups had the
potential to solicit replies from a wide range of insteel parties from the VRML community
the response to the posting was poor with a total of egiiteen replies (8 commercial, 10

independent).

The lack of response by the news group participants and tarftéhe news group topics,

suggest the following general observations:

1. World builders do not widely use specific design models RMY construction
(assumption).

2. Commercial world builders are unwilling to discuss in-lkeoudevelopment
paradigms.

3. The technical aspects of VRML are currently being erpland as such the methods
of developing quality VRML worlds and objects are notnigeconsidered as a high

priority by the VRML community at large.

19



The survey identified a number of VRM|,
Figure 1: Analysis of Survey Response.

development approaches currently bei
. . - SGI Workflow Client Dependant Code and Fix
utilised within the world building 11% 6% 2904

community. The results of the survey a

presented in figure 1 opposite.

In House

It is considered that a brief review d 61%

these approaches is necessary to supj

the original hypothesis.

2.1.1 Client Dependant Methodologies.

Two of the commercial respondents indicated that the apptoatie development of VRML

applications depended on the restrictions imposed by the asmoming client.

Although this practice was considered to be the exceptiomdardle by the respondent's
reference was made to a number of contract VRML watthet had been developed as part of
larger software development projects. The addition oMR&L components had to comply
with the software quality plans for the host developmengeptqnotably the use of the 1ISO

9000 and ANSI/IEEE 730-1984/983-1996 standards).

Both of the respondents observed that the “tweaking” of existofgvare engineering
approaches used on such projects was not an optimal solutievetmping VRML worlds and
that whenever possibly an attempt to persuade the cliectnsider in house methodologies
was made. Although the respondents could not comment on #itheroftware engineering
paradigms used or problems encountered with such on the pribje@ts noted that there is a
significant trend towards the requirement by clients dofarm to a recognised standard for

world building.

20



2.1.2 SGI Workflow.

Silicon Graphics Incorporated, one of the “pioneer” companie¥RIfIL, has produced a
document to aid the world builder in the process of devetpp/RML applications. The
document, “Project Workflow” (SGI (1996)), is not largetifiy on one page of A4) but
attempts to encapsulate the considerations that the worldebunust make before the

commencement of a VRML project.

The SGI Workflow approach is therefore not a complete demgadigm, but rather is a profile

of the major milestones that should be reached duringMLVéRevelopment project.

The Workflow approach is

Figure 2: Representation of the SGI Workflow Approach.

presented as a cyclig

development process of fou

/’ Build Objects.
parts each paying attentio \

Project Definition. Animation &
Scripts.

to different aspects of the
. \ Refine & Test for /
development process (usin Target Platform(s)

t]

the Workflow outline this

process is graphically represented in figure 2 opposite).

1. Project Definition.

Workflow advocates the use of story boarding techniques (Co¥\&atkier (1993)) to
visualise the interaction between the world participard amwrld components for
visualising the attributes and content of the world. The praiefinition also requires
that the developer have a clear understanding of both theipamticses of the world

and the platform that the participant will be browsinguloeld from (see 2.3).

2. Build Objects.
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The Workflow process acknowledges that not all of the wobgkcts will need to be
created from scratch but may be reused from other propmatshased or converted to
VRML format from other 3D file formats (such as CAD, geometry modelling

applications).

3. Animation and Scripts.

The addition of animation and behavioural scripts into th&\/Rvorld are methods by
which the participant can interact with the objects of witeual environment. The
VRML version 1 specification provides the world builder whie &bility to create static
3D representations with limited interaction (often nefd to asdead worlds). The
refinements included in VRML version 2, however, include prowidor logic and
behaviour to be attributed to the world components by the danmdge (hence the

common reference to version 2rasvingworlds).

4. Refine and Test for Target Platform(s).

Once the world has been constructed the Workflow sugdestshte project definition
be reviewed to ensure compliance. Furthermore it is recoaedeand that a variety of
platforms (computers, processor types and browsers) be asgwetk the world in

order to maximise the potential audience and optimise thiel werformance.

Those respondents using the Workflow method expressed the aethe¢happroach provided a
sound framework for which to base world development arolirtias noted however that the
model indicated only the major milestones of a world buildirgeat and that this approach

generally required supplementary augmentation at some sfebes.
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2.1.3 The Code and Fix Approach.

The code and fix approach commonly referred to, as “hacking” aedeains a perennial
favourite for software developers. The approach is lsimane, construct the code, test the

code and fix the errors when they occur.

Such an approach does not adhere to strict software engmparadigms but allows the world
developer to interactively create objects. The code andpproach however is of somewhat
dubious use beyond that of experimenting with, and prototypijecis within a very small

development team.

The approach pays little attention to specifying world abgbct requirements, or planning a
world design, these two stages generally being no moreathaantal model of the world in the
world builder's head. The iterative testing regime may ssémactive at first glance, however,
experience has shown that the approach tends to test dikcsgigange in the code and not on

its impact and successful integration with surrounding eodieobjects.

The application of the code and fix approach how ever intuitiveattratctive it may be to both
the novice and experienced world builder, it is suggestedinetkkase world development time

and detract from the overall quality of the world.

Those corespondents advocating the code and fix approach withreut exception, non-
commercial developers without any formal grounding in theaso€ engineering disciplines. It
was noted with some interest that follow up corresponderitetirése world builders indicated
that most had integrated the code and fix approach int@ sorhouse design method. It is
suggested that this change occurred as the respondents becaarfamicar with VRML and

therefore identified a need for a more formal approacharid development.
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2.1.4 In house Design Methods

The greatest number of respondents used “in-house” developn&hodologies for VRML
world construction. It should be noted that not alll@fsie had a formal computing background
the respondent each developing a construction process toesuivim level of VRML ability,

background and requirements.

On analysis it was observed similarities existed betwthese individual approaches. Ignoring

the actual specific mechanics of each of the approacheletedopment process was observed

to broadly follow an iterative life cycle consistingsgven steps.

1. Situation Phase.

All in-house approaches reviewed started with the documemtatithe “situation”, or

more formally the world specification.

The quantity of documentation for the phase produced vaoeda few paragraphs to
a few pages of text, however, each used the situation doatioentor the same
purpose, to enable the developer(s) to retain a cleasnvisi what the world was

required to contain and do.

2. Investigation Phase.

The investigation step of the identified life cycle conceires reusability of existing

VRML objects for inclusion into the world under construction.

The reuse of objects previously created, either by thdvdeveloper or acquired from
other sources (many VRML object repositories existing, Imost providing royalty
free objects) clearly reduce the development time fomitrdd. It was noted, however,
that reusing existing objects carries its own pitfdls, example the world object will

require a specific scale so as not to be out of pldmnwlace in context with its peers.
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Existing VRML objects generally are constructed as singjeab worlds and therefore

require no specific scaling details.

3. Design Brief Phase.

Using the situation specification and pre-designed objects fierimvestigation stage a

Design Brief for the world is constructed.

The Design Brief details the planned structure of the wabishto be constructed to

support the VRML world. Issues such as:

* How the world will be accessed, (directly, by anotheMIRworld or via an
HTML page link).

» The physical support structure for the world (where texfureages, sounds
etc. are stored within the web)

* The platforms to be developed for and tested agaiasbuttined in advance of

the actual production of the world

The Design Brief also
Figure 3: Representation of Basic VRML Hierarchies.

considers the structurg

hlerarchy Of the World Separated Hierarchy Inline Hierarchy

World File Main World
to be developed.

Main Separator

Object 1 Separator.

i Object 2 Separator.
There are two basid Obiect 3 Separator

methods of hierarchy I@I

catered for in VRML,

|Object 1 World| |Object 3 World|

separated and inline (shown in figure 3 opposite)

Of the two hierarchy structures the simplest is the seghtaerarchy, essentially all
objects are contained within the boundary of the world fdeself delimited by the

VRML Separator/Group syntax. This has the advantage of haviitgomplete” world
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for the browser to manipulate. The separated hierarchyhbadrawbacks of large file
sizes (and therefore download times) and requires anyctsbigentified for reuse

during the investigation stage to be reworked to fit iheoworld.

The inline hierarchy utilises the VRML WWWiInline syntax t@&k the objects of the
world into individual singleton object worlds in their owght. These object worlds are
connected to the main world at download. The advantagdsedhline hierarchy are
that it uses the software-engineering concept of modukariyd in world maintenance,
allows existing objects to be fitted into the main wowithout changing the object
itself. The disadvantages of the inline hierarchy, howeser,that the browser is in
effect manipulating may worlds, potentially affectitng tperformance of the world and
requires all object worlds to be present at download tifheéhe object world is

unavailable it simply does not appear.

The individual hierarchies are not mutually exclusive and finthegorrect balance for

the world between the two approaches will minimise the/biaaks of each.

4. Modelling.

Using the information gathered from the previous phases depetbptype objects to

fill in the missing parts of the world.

The advantages of prototyping at this stage are manyAsgerou and Cornford
(1993), Pressman (1994)). The primary function of the Modelling phaegoermit the
world builder to explore various possibilities of the wiwltbrm and content. This is

clearly vital if the developer is using the inline hierarapproach within the world.

It is noted that the developed prototypes need not be coropldetailed in nature and

that the use of modelling tools (of various disciplineaDGools, geometry modellers,
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3D generators etc.) were extensively used by the respondgmtsitace rapid prototype

worlds.

5. Working Drawing.

Having experimented with the form and content for the dvarkolution is selected for
further development. The layout of the world is drawn authe Working Drawing

document.

The Working Drawing document is a synthesis of the prevpbases, it is intended to
reflect a graphical overview of the world, world infotioa such as lighting and view
points, world objects and their placement within the ward any physical restraints

placed on the world by the Design Brief.

It was observed that there was little concordance deivthe respondent as to the
method of actually constructing the working drawing docuneaah using the tools
with which they were most familiar. The physical mediomthe document is not,
therefore, restricted to physical paper, both soft Gomyin one case a representational
mock-up of a room using children’s plastic construction blagkse used to augment

the Working Drawing documentation.

The nature of documenting a 3D representation on a 2D medsondiéfered with the
respondent's background. This varied styles including, imadit technical drawing
styles, single overhead bird's eye view plan, pseudo 3D pking logarithmic paper
and a series of different world views over a numbepades (top, front, side etc.

views).

7. Realisation.
Having established the criteria for the world work the psscof creating the world is

undertaken.
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The Realisation phase draws on all the previous stagesttally build the VRML
world. From the bottom up this takes the Design Brief dadgs the world components
and objects within the physical web structure. Using therkigp Drawing
documentation the objects developed and used by the Modellingnaestigation
phases are used to populate the world in their appropriate .pladétional world
information explored during the Modelling Stage and documentethanWorking

Drawing is added.

It was noted that those respondents developing using the VRNefisation added
object and world behaviour at this point of the life cyties assumed that preliminary
work on behaviour must have been conducted during the Modelligg atal that this
is simple the refinement and integration of object's Webha according to the Situation

specification and Working Drawing

8. Evaluation.
In order to check the “correctness” of the world agaihst groject documentation a

review stage is conducted.

The evaluation stage combines two roles it checks the vegédnst the Situation
specification and permits the review of the Design Breekensure that the world is

compatible with the target platform.

Those respondents developing commercial worlds indicated athahis point the
completed world could be demonstrated to the client for Hemeptance. It was noted
that the finished product seldom matched the exact requirensenexpectations

(arguably due to media hyped misconceptions of virtuatygaf the client.
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When such mismatches occur they can be used to refinduhtasi specification and

embark on another cycle of the development process.

Figure 4, opposite, shows th
Figure 4: Generic Model of “In House” Approaches.

life cycle of the in house

deve|0pment approach’ draw | Design Brief Modelling Working Drawing |

from the common threads o I:,nvesﬁ:lgaﬁon

the reviewed individual
| Situation | Evaluation | Reallisation

Project Inception

approaches to developin

VRML worlds.

Analysis of the four reviewed approaches, client driven,ilaw, code and fix and the generic

in house approach concludes the following:

1. From the empirical evidence gathered by the survey it is concthdedhe first
hypothesis is true. If software-engineering paradigms ekigtat supported VRML
development then there would be no need for Silicon Grappidgication of their
Workflow process (except for kudos). Consequently, world brsldeould not be
developing in house design methods and commercial world buildarkd ot be
attempting to dissuade clients from utilising existing sofenengineering paradigms.
2. Commercial clients require VRML world building to benducted within a frame
work that is indicative of expected quality standardshhsag planning, audits, review
point and documentation. If such a framework incorporatisgpporting development
paradigm does not exist then VRML will no be perceived apality development
medium, proving the second hypothesis. The commercial resptndepéeriences and
the movement of the code and fix practitioners to a more strdotay of development

provide further supporting evidence for the hypothesis.
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The conclusions naturally present the questdty are software engineering paradigms not

being used?
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2.2 Existing Software Engineering Approaches.

The evidence gathered in support of the two hypotheses ieslitdat software-engineering
paradigms are not being utilised for the development of VRIironments. However due to
the relatively small amount of respondents to the reseamsiey it can not be assumed that the

evidence proves the hypothesis.

It is considered that in order to gain further supportt@ hypothesis that various existing
software-engineering paradigms need to be reviewed in codasdertain why they are not
being widely used for VRML design. Clearly the plethora ofapa@ms available to the
software engineer precludes the full investigation of a#isfge approaches. As such three
popular software engineering approaches, the classic, evolutiandrgbject oriented will be

explored and considered as to their suitability for VR8lvelopment paradigms.

2.2.1 The Classic Approach.

The classic or traditional approach is widely recognisdtiesldest and most prolific paradigm
of software engineering (Bischofberger and Pomberger (19908.pfocess was originally
derived from the contemporary manufacturing engineering disciplinethe early 1970’s

(Royce 1970) and rapidly became a formalised model for saftdevelopment.

The model attempts to map th Figure 5: The Classic or “Waterfall” Model.

various aspects of a systel

Requirements

development to a specific phas Definition. _l
System and
within the development life cycle Software Design-_l
Implementation
The number and complexity o and unit‘testing. "l
Integration and

each of these phases vary wide system testing. ‘l

T Operation and
depending on which literary sourc Maintenance.

is referenced resulting in som
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confusion as to the nature of the model (Baker (1996)). The fitendahphases are, however,
generally identified as; requirements analysis and diefimi system and software design,
implementation and unit testing, integration and systetingg operation and maintenance, as

shown in the waterfall model, figure 5 above (Sommerville (1996)).

Each phase of the model identifies a specific deliverdialeforms the input for the next phase
in the sequence. The final stage, maintenance, fdedsfied problems with the derived system

back to the initial stage, thus instigating another developayefe or independent project.

Advocates of the classic approach to software engineering tls¢ waterfall model stress that
the model provides a clearly defined division of the importainiaes within the development
process. The division provides a logical and understandable methddvelopment that
facilitates division of labour and is applicable to any dewelent project regardless of the
scope or size of the problem domain. Equally it couldIbe be argued that this approach to
engineering is stable having been proved during its 20 year séovite industry and that

subsequent paradigms are essentially only refinemeaitaptations of the classical approach.

The classic approach to engineering software systems timngaterfall model has been the
target for much criticism since its formalisation. Thajonity of these criticisms are based on
the linear and sequential nature Avgerou and Cornford (19BRnify three major criticisms

of the classic development life cycle as “fallacies”.

1. The Fallacy of Accurate Specification.

The model assumes that the analysis completed during tineeragnt definition stage
will have been able to identify all of the client's requients. Critics state that this is
highly unlikely, as clients are rarely able to provide anplete specification of
requirements. Even where the analysis of the clierglisir@ments has been thoroughly

examined and identified this only represents a common undersggaofdthe problem
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domain between the client and analyst and does not guarariteal system that will

fulfil all the client's expectations.

2. The Fallacy of Linear Development Sequence.

Software development is seldom a linear process followingquestial flow of

operations. Problems discovered during a phase as a reqwdtofiiate or missing data
from a previous stage may call a halt to development whieerroneous stage is
reviewed and corrected. This potentially could leadextensive rewriting of the
following phase deliverables if the problem has not been @etextt a much earlier

phase.

The boundaries between the different phases are rastalé resulting in a blurring of
the start/end of consecutive phases. This may lead to ttheftnother phase before
the deliverables of the feeder phase have been finalised. & overlap, it is claimed
by critics, will increase the chances of a phase beingagad on without complete

inputs from the previous level (see above).

3. The Fallacy of the Complete System and Maintenanceds.

The model assumes that the finished system will be adaepto the client on delivery
with subsequent modifications being made under a maintenagireer or spawning a

new project. Avgerou and Cornford observe that a clienggrosation may separate
development of new projects from maintenance of existingesystthis leads to a
reduction of the intellectual capital invested in the devaelm process as the
development team are divorced form the maintenance protegsrou and Cornford

further observe that organisations expect to be ablextene the life of a system

through modification, the model does not cater well for sustrategy of evolution.
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Pressman (1996b) also notes that because of the complete aing delivered as a
whole a client must be patient as no working version of ysees will be available

until the operation and maintenance phase of the model.

It is considered that although such criticisms of the @ak=s/elopment life cycle are valid, the
approach has been in existence longer than rival methodscalnas had more opportunity for
critical scrutiny. Further it is observed that the environnientvhich the model was initially

developed, that is the mainframe area of computing, hdiseevith the advent of the desktop
PC and rapid software development tools. It is therefarggested that the software
development community has attempted to bend an acceptabtigpata a different use than

that for which it was intended, effectively putting new wim® seasoned wine skins.

2.2.2 Evolutionary Development Approaches.

The fundamental philosophy to the evolutionary approach is draeweloping a solution,
reviewing the solution and refining the solution. This is gelyeeahieved through the process
decomposing the problem domain into areas of functionaliynbining the requirements,

design, implementation and testing phases

and developing a prototype solution for t Figure 6: The Evolutionary Model

specific area identified (See figure 6).
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Using the unit specification a solution is designed code geaktatsupport the requirements.
Both the developer and client can determine if all idedtifequirements have been met and

propose additional requirements review the realised solution.

If new features are required or identified functionaligs mot been realised the unit is refined

by re-iterating through the cycle. If both the client ale¥eloper are confident in the derived

solution two possible courses of action are availableqis (1975)):

1. Integrate the Prototype.

The ability to integrate the prototype into the systeoper will depend largely on the
functionality and quality inherent in the design procesthdfmodule has been proved
to be stable and designed with integration in mind this mase pittle problems,
however if the prototype has been a “quick and dirty” solutios ity be an unwise
path to take.

2. Discard the Prototype.

Having explored the required functionality to a satdey state the prototype has
effectively outlived its usefulness and is thrown away. e identified requirements
from the prototyping exercise the module can be writtengusoftware engineering

principles for integration into the system.

The distinction between these two routes is subtle but hest@d differing uses. Discard
allows the developer to concentrate the client on poorltiftehrequirements by producing a
rapid succession of prototypes but has the draw back of hewargate a module from scratch.
Integration provides a slower development track as the @mhideveloper “grow” the module

together but results in a module ready to “plug” into théesys

The advocates of the prototyping approaches to software gevehd stress the improvement
of communications between the client and the developer. efi@nced information flow

between these two collaborators has a number of rarnofisat
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1. Risk and uncertainty is reduced as both collaboratmnsdetermine the unspecified
functionality of the system and formulate a solution tlatboth acceptable and
appropriate to both parties.

2. Time and expense of the system development is reducphldems can be resolved
during the prototyping stage. A study by Boehm et al (1975) Hawersthat utilising
the prototyping approach to system development cost 40% ridssequire 45% less
effort. Similar studies by Scott (1978), Berrsiford andthge (1979), Mason and Cary
(1983) and Bonet and Kung (1994) all concur with the Boehm hypothesis a
conclusions although empirical evidence of the savings differ.

3. The client is more likely to accept the finalisedteys evolved by either of the
prototyping approaches because of familiarity to the sysfiéhis principle in effect
reduces the amount of “culture shock” that is attributdadémewness of the system.

4. The costs of all stages are reduced as the cliamesithe development costs in
proportion to the level of interactivity afforded by thppeoach. The temptation to
augment or “gilt edge” the system with redundant or inappatgradditions is
moderated by the participation of the other collaboratdotti collaborators agree then
there is the opportunity to further develop the system.

5. The management of the project is simplified by the tpaniing of the system into
functional modules by applying a "divide and conquer” principlds largued that
decomposing the proposed system enables the estimdtedulieg and budgets to be
identified and assigned at an earlier point in time, teeetritical path analysis, and
risk associated with change in circumstances (such as bodgets, changes in

specification etc.) can be planned for better.

The evolutionary paradigms are not without their problems, haweve

1. The approaches rely on the ability to rapidly produce avaodtprototype if this can

not be realised by the constraints of the developmentrtiesoarces, man power, CASE
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tools, rapid development tools (4th generation tools) or fattylivith such tools then
the benefit of the rapidity is lost to extended developmera. t

2. The evolving system by use of prototypes may lead tsanaterstanding between
the developer and the client. By their nature prototypesmperfect and illustrative,
this may undermine the confidence of the client in the progrers capability as they
may have limited functionality. Conversely a client who toarally changes the
requirements in order to explore the possibilities wititl the developers opportunity to
impart functionality to the prototype.

3. The approach relies heavily on the social engineering and aupatians skills of
all collaborators within the project. It assumes thatdcommon conduit for information
flow between the collaborators is at a level obtainabledwh collaborator. If there is a
mismatch in expressive and comprehensive ability then theofiskisunderstandings
between and repression of one or more collaborators iasente

4. Finally the prototyping approach to evolutionary developmet not be suitable to
one of the collaborators. This is exemplified where thentcis used to a more
traditional approach to system development under a classa@ifall development
regime or requires definitive task be completed in otdefit the software quality

assurance plan, for example.

In order to overcome some of the prototype approach limisitBohem (1988) proposed a new

development model combining the benefits of the classical aoitype approaches, this

model is widely referred to as the “spiral model” of waite development.
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The spiral model (see figure ]

opposite) divides the systen

development project life cycle

into four distinct areas

1. Planning.

Determine

the

objectives, alternativeg

and constraints of 4

proposed system.

2. Risk Analysis.

Figure 7: The Spiral Model.
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Evaluate alternatives. Identify and resolve risks in d@inetpthe proposed system.

3. Engineering.

Develop and, verify a solution for the problem.

4. Evaluation.

Plan the next phase of the system development from the chksponse to work

completed to date.

Starting at the centre of a spiral the areas are movedgih each providing it's deliverable
product as an augmentation to the larger system. As tfezedit areas of development are

moved though the spiral is widened thus iterating throughdhe dreas but building on the

experience of previous iterations thereby working toware@momplete system.

The spiral model is widely taught and recognised as beinmse realistic model of software
development within the context of project management. The ewolafi the system is not
totally reliant on the use of prototyping, which is used ask reduction strategy, and retains

the familiar systematic life cycle of the classicapebach. By it's iterative nature the spiral
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model removes the problems of the linear start/stop developoheht waterfall model by

naturally progressing the development through the stagawtotyping.

2.2.3 Object Oriented Approaches.

The concept of object oriented perception was first mugethé ancient Greek philosophers.
The philosophy reasons that the universe is made up of niigegtothat interact with each
other. Objects can be grouped according to their nataes,®lour, interactive behaviour with
other objects etc. An object either is composed afralrer of subordinate objects each with its
own nature or “properties” or exists as a “primitivddject that can only be used to construct

other objects from.

Descartes, the seventeenth century philosopher observeauthan beings naturally adopt an
object oriented view of the world and in understanding it's ggses, an observation continued
in the research of modern philosophers such as Minsky (E86Rand (1979). The object

oriented approach as a software-engineering paradigm méhisntnatural” affinity to viewing

problems as the key to deriving solutions to complex problemidema

The object oriented model assumes that it is possibde¢ompose the problem domain into a
less complex series of interrelated objects. This decsitipo is afforded by the principles of
abstraction, encapsulation, modularity and hierarchy. Booch (1fe@@jally defines these

principles as,

1. Abstraction.
An abstraction denotes the essential characteristias object that distinguish it from
all other objects and thus provide crisply defined conceptuaidavies, relative to the

perspective viewer.
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2. Encapsulation.

Encapsulation is the process of compartmentalising the eleraean abstraction that
constitute its structure and behaviour. Encapsulation senvesparate the contractual
interface of an abstraction and its implementation.

3. Modularity.

Modularity is the property of a system that has been degsashinto a set of cohesive
and loosely coupled modules.

4. Hierarchy.

Hierarchy is a ranking or ordering of abstractions.

Less formally, abstraction identifies characteristitan object, encapsulation implements those
characteristics, modularity asserts the independence obljeet and hierarchy presents a
framework to manage the objects by. Objects are sedmoldsg both data and behaviour
(properties and methods) and either exist in their own dglatre constructed from a template

archetype object or class, which may in tern utilieeresources of other objects.

By way of example consider the problem ¢£
Figure 8: Objects A, B and C.

realising three objects, A, B, C as shown

figure 8 opposite. Applying the principle o

abstraction the unique characteristics of t /\ ‘

objects are observed as object A is a lal

white square, object B is a medium sized grey triangteabject C is a small black circle.

Utilising the characteristics defining the objects the esscof encapsulation can be applied.
Each of the object characteristics can be categor@bgkct A has a shape (square) a colour
(white) and a size (large). Object B has a shape (tripagtelour (grey) and a size (medium).
Object C has a shape (circle) a colour (black). The rgéegrning the geometry of shape
construction, constraints of size and colour calculationbeaformulated for each of the given

objects. Encapsulation provides a path to data hiding the tbpets remain the same
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externally as defined by their characteristics, a largéevgigjuare, a medium grey triangle and a
small black circle, but each object now has the hiddearnmdtion to recreate it encapsulated in

itself.

Modularity requires that a system be broken down into a&ssesf individual objects. An

object’s quality can be assessed by the degree diidnatindependence it exhibits through its
coupling and cohesiveness. Cohesion is a measure of fualcsioangth of an object, coupling
is the measure of relative independence among other objeots.sdftware engineering

philosophy regards high cohesion and loose coupling to be apliheobjects A, B, and C can
be said to have low cohesion as each performs more thanask in order to be realised,
calculate geometry, calculate scale colour bounded areaofjhets may be considered as
having no coupling as there is no interconnection betweenharefdre no interaction between

these objects.

In order to increase cohesion and establish coupling thapsmation process requires
reviewing. From the presented objects it can be ascedahat there is commonality between
the objects implementation. Each object implements amg#ic calculation a scaling
calculation and a colour calculation. Removing these from lecis it is apparent that the
three objects are in fact one object, shape with theesfngttion or method which displays the
shape and holding the properties of form, scale and colberg&éometry, scaling and colouring
functions can be realised as abstract objects within @ven right interacting with the single
shape object by means of the properties. This single sigget becomes the template or class

for all three instances of shape, objects A, Band C

The new definition of the objects leads to further inforamtby encapsulation, increased
cohesion as the class shape performs only one functiasptéylshape calling on the three new
objects geometry, scale, and colour to realise the disptky therefore becoming coupled (in

this case loosely).
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To realise the objects A, B and C a hierarchy neede testablished in order maintains order
between the different modules of the system. An obfecB(or C) is an instance of type class
shape, in order for the object to be realised the slasge calls upon the three abstract objects
to perform the functions of geometry, scaling and cdlanafrom the object’s held properties.

The hierarchy can therefore b

Figure 9: Module Hierarchy for Objects A, B and C.

constructed as shown in figure

opposite. Note that the view 0 Object View Hidden Information
the objects remains the san Geometry
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view.,

The object oriented model has found favour within the differdivisions of the software
engineering discipline being applied to analysis (OOA), gitegOOD) and programming
(OOP). The approach provides an iterative approach to probllemg Indeed it is considered
by many to be a refinement of the evolutionary approach athdus respectfully suggested
that the basic philosophy underlying the object oriented appraiers to that of evolutionary

approaches clearly identifies it as a unique approadhangimilar implementation.

The approach provides some clear benefits:

1. Modules (collections of objects and classes) candésigned and reviewed

independently of each other.

2. Modules can be reused either within the system orpocated into other systems

(there is no need to reinvent the wheel).
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3. Management of the project becomes simpler as each modulebe created,
validated, maintained and documented individually providing aegegf security and

resource control.

Critics of object oriented approaches determine thréiegs, understandability, applicability

and support methodologies.

1. Understandability.

The software engineering object-oriented paradigm isivels new, being formulated
in the late 1980's. It is argued that such a radical approax matter how intuitive, is
impractical due to the investment (intellectual, finaharad temporal) in “traditional”
engineering processes. To realise the object oriented @bpnmauld require a massive
retraining of software engineers, re development of exisymtesis and fundamental
change to the principles of software engineering it's self.

2. Applicability.

It is observed that not all software-engineering probleamsbe solved using the object-
oriented paradigm. While it is conceded that using an blogented approach may
produce a series of modules it is simpler in some insgaho revert to traditional
engineering practices to connect, control and derive those mpdavhgsproduce a
network of objects when a short segment of “traditiocalle is sufficient?

3. Support Methodologies.

The relative newness of the object-oriented approach,cibnmjectured, means that it is
unproved. Support methodologies proposed by advocates such as Booch\{i#86),
(1996) and others are still in a process of evolving and threreém not be relied on to
produce an accurate refection of the object orientedepsocSuch methodologies are
further criticised for the complexity of notation require@d the construction and

conveyance of system concepts.
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Having reviewed the three software engineering approachasaysis of the question “why

are software engineering approaches not being used?” obsert@othimg conclusions;

1. Software engineering paradigms are not being utilised walelésr VRML world
construction because they are not seen as being applicaléertedium. VRML is not
widely perceived as a programming language rather a methapefherating graphical
images.

2. Limited use of an evolutionary style of development usintppieing techniques is
being employed by at least two of the approaches reviewie: iworld builder survey,
Workflow and the generic In House approaches.

3. The variety of background’'s that compose the VRML wdmlidlding community
(based on evidence from the survey of world builders as degussection 2.1) means
that non computer discipline world builders may have no,ttbe, liexposure to formal
software engineering paradigms, therefore such paradigmstbeing employed.

4. Because VRML is perceived as a grapba and not a programming language there
is a resistance to the use of scientific engineering ptescigs they are seen to restrict
the “natural” artistic ability of the world builder. It ioted that this is not restricted to
VRML world building but is an attitude prevalent within thenguting industry at
large. This is a basic misconception of what a methodologyadjgan or model
represents, a framework to wonkthin as opposed to a structure to slavishly conform

to. (See Fitzgerald (1996) and Wastell (1996))

Comparing the software paradigms reviewed with the responderttisdset is clear there is a
mismatch between the needs of the artist using VRML to sgheir creativity by the medium
of the computer and the software engineer using VRML to aaisgraphically oriented
software solutions. What is required is an approachRMV world building that is acceptable

to world builders ageitherend of the development spectrum.
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2.3 Existing Tool Support for VRML World Building.

The conclusions thus far indicate that although softwareneagng paradigms are not being
used per se as methods for VRML world development, the&kNgar and In House approaches

do utilise the principles of the evolutionary approach by thegss of prototyping.

As previously discussed prototyping is heavily dependent on hitiéy o rapidly produce
system components in order to ascertain their worth. Symt raalisation of a system is
consequently dependent on the level of tool support for the geweld process. It is, therefore,
considered vital to understand and review the tools thalitdéeithe realisation of VRML
worlds. This section intends to present an overview of#meric tools that are available to the

world builder

2.3.1 VRML Browsers and Viewers

The browser application provides the interface between theal warticipant and the VRML
world. In general a browser provides a number of wayshieworld participant of examining
and navigating through the scene presented by the VRMId Vila. The actual implementation
of participant interaction control differs from browserbimwser but it is observed that most
offer similar functionality, such as examine mode (allowing participant to rotate around a
specific world point or object and a fly mode (providing a &l degrees of freedom to move
through the world). Browsers generally include additional rotmtsuch as, walk mode (a
refinement of the fly mode allowing the participant to moveuggh the world on a 2D plane),
seek mode (allowing the participant to select a world poinblgject toward which the

viewpoint is moved).

Browsers have been implemented in one of two forms, aaherstand-alone application (some
times referred to as a VRML viewer) or as a “plug-ilktemsion to another software

application, usually an HTML browser such as Netscape oragoft Internet Explorer.
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Stand-alone viewers are written to be able to retriend, interpret VRML code using the
standard MIME Internet protocol. Stand-alone viewers hla@e@dvantage of being independent
software entities there by allowing selection to be maé/RML version (1 or 2), vendor

specific implementations of protocols interface and $icaneeds.

Plug-in browsers are somewhat simpler working in conjunctith the host program to
retrieve and interpret VRML files. Plug-in browsers hawveaalvantage in the fact that they
allow the integration of both VRML and HTML (and othetdrnet protocols) into one package

using similar protocols.

The selection of browser by type is a matter of perscmaite as both achieve the same result
although it is noted that there are relatively few browsleas implement the whole of the

specification options for either VRML versions 1 or 2.

2.3.2 VRML File Editors.

VRML world files utilise the ASCII character set, hest directly for version 1 files or as a
subset of the UTF-8 character set for version 1.1 and 2 dgedefined by the ISO 10646-
1:1993. In order to create and edit VRML world files any UTFe@gliant text editor available
to the world builder may therefore be used providing thafildhés saved in the UTF-8 format

with the common world extension of .\WRL.

Most operating environments provide such a text editor as gefiNilX VI or sed editors, MS-
DOS edlin or edit, Windows 3x notepad, Windows 95 and NT wor{adng the file as plain

text) etc.

A number of VRML oriented editors are available td #ie world builder with the task of

constructing the world file. These editors provide additionaktionality over standard text
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editors with the inclusion of syntax checking, template ceeiggions and text formatting to

assist in the readability of the code within the environment.

2.3.3 VRML World Editors.

World editors are a logical extension of the text based VRiM editor within the graphical
context of the VRML medium. World editors replace the &xry interface with a graphical
interface allowing the world builder to effectively draw therld and its component objects on

screen.

In general world editors provide the world builder with a klamrld space, a set of primitive
VRML objects and a tool kit of functions such as textmegpping, geometric manipulation and
lighting and camera set-up. Because editing of the worltbiglucted graphically within a
virtual or semi-virtual space the world builder is ableirtonediately assess the impact of
changes to the world scene as they are made. Clearlysthisdistinct advantage over file

editors, which must saved and then view files througloevder in order to assess any change.

It is observed, on the basis of the world editors reviewsat while there are clear benefits
associated with using world editors, rapid assessnfechamges, “intuitive” construction of
objects and worlds, disposable prototype generation ete éne a number of drawbacks. The

notable disadvantages observed are:

1. VRML is not the native file format of such editors witte VRML world being

exported on completion. This precludes the VRML file beusgd for refinement,
rather the saved native format file is edited and re exghofi@s has clear implications
for world component reuse.

2. The process of exporting to a VRML format is generaltproached utilising a
polygon per face strategy. Such a process creates largairmmimised worlds

containing multiple indexed pint and co-ordinate sets that tanger to render than
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simple primitives do and reduce the readability of the &led any subsequent

maintenance by the world builder.

2.3.4 VRML Support in Other Applications.

It is observed that the formalisation of the VRML speation has lead to the acceptance of the
format by non-VRML graphic software developers. As sudm@ber of applications including
CAD software, geometry modellers, 3D design tools and imeaggerers with 3D awareness

contain the option to export their products to VRML format.

While the similar benefits and restrictions to world editapply it does mean that potential
world builders who are familiar with such applications domte to retrain to other packages

with a more direct VRML support.

2.3.5 VRML Converters.

A number of file format converters are available to therld builder. In general these
converters are stand alone software applications whichldtans specific file format to a
VRML compliant file. These include the generic 3D .DFX ATiéd format, the .WAD format
popularised by first person games such as Doom, ray trégnfprmats .POV, .RAW and

.NFF to name but a few.

Arguably, the most useful of these converters is the VRML versida version 2 format
converters. The use of such a converter not only allows the fapgtading” of existing

version 1 .WLD files to the version 2 specification, but gisavides the world builder with the
ability to produce rapid visual prototypes in VRML 1 (a diendanguage than VRML 2) for
client assessment. Such prototype worlds can thenrbaded to the VRML 2 specification for

additional and interactive augmentation.
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The rise of tool support for VRML world building representdoable edged sword. On the one
hand the increased speed that a world can be genaradedewed means that VRML has the
potential to be truly realised as a development medarrmferactive graphical applications. On

the other, the increased access to tools that faciitatkl production emphasises the need for
their use within a frame work to ensure that some formuality assurance can be afforded to
both the commissioning client and the eventual world participsvith power comes

responsibility.

The producers of VRML viewers and browsers further compittais issue. It is observed from
the research conducted into tool support that the implementatiaither of the VRML
standards is not being conducted consistently by browsefogeve. Functionality that may
exist within one browser application may not be preseniptemented differently in another.
Typical inconstancies include, view points change, rendetnagegy differences, a particular
image format may not be valid or not mapped in the sasaener and more dramatically a
world that is fully functional in one browser may not war even download into another.
While it is conceded that many of the VRML browsers revieare so called Beta releases the

different approaches to the same task does little tthaithsk of the world builder.
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2.4 Limitations Research Conclusions.

From the research presented in this chapter it is concthdédhe first of the initial hypothesis
presented in chapter one is true to some extent, curfénas® engineering paradigms are not
well suited to the development of VRML worlds. It isatoncluded that the second hypothesis
that unless some form of recognised method for VRML workkld@ment is not used then
world participants (and commissioning clients) will notvéaconfidence in the quality of

VRML as a medium for the graphical presentation and disseion of information.

It is suggested that underuse of software engineering paradigei8ML world building can
be directly attributed to the different perspectives heldvbat the VRML medium actually

represents by world builders.

1. The artistic omestheticaspect perspective of VRML as a tool to realise aduiin
the medium of the computer.
2. The engineering omethodicalaspect perspective of VRML as a tool to realise

software implementation graphically.

This “gulf of | Figure 10: The VRML Gulf of Misconception.
misconception”  between
L. i i Artistic Aspects Engineering Aspects
the artistic and engineering e —
[ Atist ) ) | Engineering

aspects of VRML world Resources, +——The GuIf of Misconceptiom——> resgurces
building must be addresse

Tools Tools
If the concerns and Artistic Needs VRML " World 3 VRML Engineering

Aesthetic Requiremems/ Needs
expectations of the world ‘ '
.. B

participant are to be r°£36r

Participants
realised successfully (se __ Needs
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figure 10 opposite).
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It is noted that the disparity of the artistic and theahoéical aspects of HTML web page
construction have lead to an increase in the “junk” pages grattlext links that currently litter
the Internet. It is suggested that this phenomena is lglisgttibutable to the increased access to
HTML construction tools by those who lack an appreciatiothese disparate aspects or who

have had no guiding method to address such failings.

It can not be expected (and indeedhbuld not be expected) that the artistic nature of the
VRML medium should be made to conform to a scientific metlgyofor such would
inevitably restrict the graphic artists creative abil®pnversely sound methodical engineering
approaches to world building must not be abandoned for suthnewitably lead to poor

quality of world performance.

In order to bridge this gulf of misconception a synthesishefttvo different aspects that is
acceptable to both the artistic and engineering needs of #iemmes required. It is postulated
that until such a holistic approach is formed encompassiisg te aspects, then the concerns
of the world participant can not be addressed in a full raeaningful way. The much lauded
adage “build and they will come” does not hold true, the goaldR¥IL are not realised, the

“cyberspace” vision fades.
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3 New ldeas.

“The use of 3D (and possibly immersive) interfaces will change the way software
engineering is done, but it's hard to predict at this early stage just what those changes
will be.”

Bernie Roehl (1996).

The preceding chapters have presented and drawn conclimiaws hypotheses regarding the
applicability of existing software-engineering paradigms todéeelopment of quality VRML

worlds. It has been shown through empirical evidence amalysis that such accepted
paradigms are under used and only partially applicable to VRMeElalgment, consequently

the quality of world development using VRML under such paradigrgaestionable.

From the presented evidence and conclusions it is consideedriew methodology for the
creation of worlds that provides a “systematic patterralb actions necessary to provide
adequate confidence that the item or project conformstableshed technical requirements”

(Manns and Coleman (1996)) is required.

If such a method is to be developed it must provide a bridgeebetwhe artisticand

engineering aspects of the VRML medium and reduce the gulfsabnteption identified as a
limiting factor in current world building. Further more sucimathod must provide a structure
for the three core activities of the software developmeojegtr, Development, Management

and Quality Assurance to be conducted within.
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3.1 Requirements of a Methodology.

Before the new methodology can be proposed it is consideredsaegdo understand what
constitutes a “good” methodology. Research indicates three disthobls of thought on this
subject, each concentrating on a particular aspect of methogglotie philosophy (or
Objectives) of a methodology, the content (or Charactes)stif a methodology and the

Expectations of a methodology.

It is observed that within each of the three aspects ihemedegree of overlap between the
issues considered. While each of these aspects adeirvdheir own right, it is suggested that
the evolution of a method from a notional requiremmaostinvolve all three of these aspects if

it is to be of significant worth.

3.1.1 Objectives.

The philosophy of the “methodology movement” (Avgerou & Cornf(i#@93)) requires the
consideration of a number of factors in order to judtify existence of a methodology. Simply
put, the objectives of a methodology are to provide knowledgesthidierstandable, shareable
and logical to derive a solution to a specific problem. dlityectives of a methodology are not
concerned with the actual mechanics of how a solution is dettiveugh the implementation of

the method but rather tipdilosophyof issues concerning the application of a methodology.

Before any work on formulating a new method can be conduttisdimperative that these
concerns are addressed, if they are not then the derivedspravill not be accessible to or
unusable to anyone besides the originator. Asking the followirggtopns can identify such

concerns,

1. Why is the method being developed?

2. How should the method implement the process of develoment
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3. How will the method permit management of the developmenjeqi?
4. How can the processes of the method be represented?

5. What is the best way to pass on or teach the method?

3.1.2 Characteristics.

Having established the driving philosophy behind a methodology a specific analysis of the
factors characterising the methodology can be addreskedmay be seen as a high level view

of the methodologiesechanicglerived by analysis of the methods fundamental objectives.

The implementation of the objectives as characterjstiesrefore, serves to identify and
formulate the boundaries and constraints of the methoMa® (1978) identifies a good

methodology as being characterised by a number of facdoti@vs.

1. It provides concise and complete specification of how itlshoe used (Objective 4
and 5).

2. It utilises an easily understood and graphical notatiore(titae 4 and 5).

3. It is partitioned into individual processes and specificatitiat contribute to the
whole (Objective 2 and 3).

4. It has a structure that allows a smooth and logical pssgn between these
processes (Objective 2).

5. It allows for iteration within the structure so thae threvious process may be
reviewed (Objective 2).

6. It is maintainable allowing for changes within the #jpEtion or process to be made
without impacting on other existing processes (Objective 3).

7. It provides a deliverable at the completion of a procedslabm suggests that this
should be a paper model of the proposed system, clearly mitdern rapid
development tools this would suggest the inclusion of softwastotypes as well
(Objective 3).
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3.1.3 Expectations.

In order to realise the characteristics of the methodolbgynmechanics of each identified
characteristic must be actinide. This refinement of tlagadieristic processes can be seen as the
low-level view of the method’s mechanics, the “nitty gritmplementation of the method, or

to use the military parlance the “melee” of the methodology.

In order for each of the identified processes to bepaabte they must be able to meet a range
of criteria or expectations. This becomes significant rwtiee method becomes decomposed
into a number of components contributing to the whole, as#tbod will be only as stable as

its weakest point. Sommerville (1996) states for a protes®e considered as acceptable the

expectation of a process must satisfy the following

1. It must be understandable providing a clear statemeheaims and boundaries of
the process (Characteristic 1, 2 and 3).

2. It must provide a visible output in a form that can be @ped by both client and
management (Characteristic 7).

3. It must be acceptable (considered suitable) to allgsaimivolved with the project
(developer, project manager, quality assurance managam etc.) (Characteristic 1
and 2).

4. It must make provision for trapping errors before the deldesaare progressed
(Characteristic 4, 5 and 6).

5. It must be maintainable and able to accommodate changgsedification and
requirements (Characteristic 6).

6. It should allow the deliverables to be realised rapidymiBerville notes that this
rapidity of development implies that the process shouldupported be some form of
CASE (Computer Aided Software Engineering) tool or some otbren bf asistative

software this is clearly critical if prototyping is be used (Characteristic 7).
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If this apparent evolution through concept to realisationass, suggested, vital to the
construction of a comprehensive method then clearly an interdmmed issues is formed.
This network can be constructed with the pivotal questionviny the method is required
(Objective 1), if this question can not justify the expenditofreffort required to realise the

method then there is simply no purpose in the constructitireahethod for its own sake.

Assuming that there is justification for a new methodologyntiied by empirical evidence
and analysis of existing paradigms suitably etc, then @stinct issues are raised by the
remaining objectives of the methodology: Implementation, Managg Representation and
Learning. Each of these issues surrounding the justificatiorbe addressed by identifying the
required characteristics of the method and refining thesethey expectations of the

methodology.

Thus it is observed that the construction of the method eaffbrded by a logical building and

refining from first principles addressing all the noteduéss and concerns. This network of

issues is graphically presented in figure 11 below.
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Figure 11: The Network of Interconnecting Methodology Issues.
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Trans-issue concerns.

From the representation of the issues network it is notdttihee trans-issue connections are

made,

1. Management and Implementation issues by the provisions foaéeror trapping

(Expectation 4).

2. Learning and Representation issues by acceptabilitguatability (Expectation 3).
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3. All four issues by the requirement that their proceaseslearly defined in order to

be understood.

It is suggested that if it is possible to identify amttir@ss all of factors contributing to the
method issues then a methodology can be said to impaficgghivalue to the method user. If
however if one or more of these factors can not be addregtie reasonable confidence then
the derived method will not be balanced in one of the isseesand consequently it's value

must be questionable.

3.2 The Philosophy and Derivation of the New Methodology.

Taking the points identified in the previous section andngatine research and conclusions of
chapter two a methodology to support the VRML world building prosepsoposed. In order
for such a methodology to be derived it is considered thabaits must be released otherwise
the method will be incomplete and will be of limited usdhe VRML world builder and not

allow significant quality to be built into the project.

3.2.1 The Primary Objective.

In order to justify the proposed model as being required anpunely an academic exercise the
pivotal question of why the model is required must be aéRégective 1). The answer to this

guestion is provided by the empirical evidence and conclusiomgetbm the previous chapter,

there is no established method for building VRML worlds thaaceptable to the needs of the
aesthetic and methodical aspects of VRML world buildingortier for commercial acceptance
and world participant confidence such a lack of a formethod of VRML world building may

detract from VRML being viewed as a quality medium fdoiimation dissemination.
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3.2.2 Implementation Issues.

From the research conducted into current approaches to piepMRML applications and
software engineering techniques it is considered that anagipmehich is objected oriented,
and allowing iterative refinement be developed. It is preddhat the methodology support the
evolutionary development of a VRML world by the movement throargh between a series of
logical and identified phases or points. In order to prothéemaximum amount of modularity
and flexibility the favoured structure of the VRML worldill utilise the inline hierarchy

strategy (Objective 2).

It is observed that the existing paradigms for softwaveldpment (both formal and VRML In-

House) have a number of common elements:

1. The need for a requirements specification
2. A process for developing the product
3. A point at which the product is realised

4. A phase where an evaluation of the product can be held.

It is further observed that the process of VRML world buatdrequires a similar number of

points to be reached in order to produce the world.

It is noted that the production process, usually charaetebg a coding phase, has two distinct
and separate concerns with regard to the graphical enatirthe VRML language, the

appearanceandbehaviouralaspects of a world and its component objects.

This presents an interesting dilemma as to which okthesducts is required to come first, will
the behaviour modify the appearance of an object or w@lbjppearance of the object define it's
behaviour? Because of the inline structure hierarchy (woridisnwthe world) advocated by the

proposed methodology this problem can be seen as the behavitshiofven object controlling
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the object’s appearance as an inline. This therefore ssggastany single world may comprise
of two distinct worlds, the behaviour world and the appeee world. In order to avoid
confusion as to which of these three possible worldseisg discussed in this paper the term
holding worldwill refer to the object under consideration and the behaviamd appearance

forms for that world will be referred to asde worldsor simply nodes.

It is therefore proposed that the method be broken into digerete operations guoints
Requirement, Appearance development, Behaviour developmealis&ion and Evaluation

(Characteristic 3).
In order to understand these five point’s roles, with regatidet@mplementation of the method,
a clear statement of what is expected to occur atwdrat the domain boundaries are of a

particular point (Expectation 1).

1. Requirement Point.

The starting point of any project requires a processatiigging information about the
desired end product. The development of VRML worlds isxuoetion to this general
observation, it is essential that the purpose and contetheoworld be clearly
expressed, to fail to do so invites errors, misconceptions #@uddr into the

development process.

The Requirement Point provides the mechanism by which weddirements can be
investigated, specified and documented by the developer tlandclient. These
requirements consist of both global issues, lightingeranviewpoints etc. and world

component issues such as object appearance and behaviour.

In addition to the client world requirements there areimber of external factors that
must be taken into account that will have an influencéherdevelopment project. Such

concerns include choice of browser, platform developed on andvailability and use
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of development tools, staffing levels and competence. Tiaesas must be agreed on
or planned for before the project commences if such acedtdn is not conducted then
the created world may have unpredictable results, as notdthpter 2 or the project

time scale and budget may overrun.

The goal of the Requirement Point is to derive as muchiniEton as possible with
regard to the restrictions imposed by the client's etgiiens of the world (its
behaviour and appearance) and the availability of resouccdbet project (tools,

platforms, staff etc.).

2. Behaviour Point.

The Behaviour Point of the method represents the firgteotwo development points

within the model. Behaviour can be expressed as two diffeyans:

1. Staticbehaviour, as supported by VRML 1. This includes built inalvetur
nodes Level of Detail, WWWAnNchor, Switch etc.

2. Dynamic behaviour, as supported by Java under VRML 2. This includes
sound support, object manipulation, movie texture map supportSehsor

nodes etc.

The goal of the Behaviour Point is to realise the optinmatmavioural form of a world

in order to satisfy the behaviour node requirements idedttt the Requirement Point.

3. Appearance Point.

The Appearance Point of the method represents the secahé divo development
points within the model. By its very nature the VRML medigndéfined by the ability

to graphically realise worlds and objects in 3D space.
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The Appearance Point does not purely limit its exploratioihefgraphical possibilities
of the provided primitive shape nodes but presents the world bthidepportunity to
explore possibilities afforded by object manipulation nodeslditfonally the
Appearance Point permits the experimentation with colosigasient and external
image file mapping in order to achieve the desired affemtstie world or world

component.

The goal of the Appearance Point is to realise the optimombination manipulation

and construction of a of a world in order to satisfy dppearance node requirements

identified at the Requirement Point

4. Realisation Point.

The realisation of a world requires the combinatiorth&f two distinct development
points within the project, the behaviour node and the appeanadee The Realisation
Point provides the developer with the opportunity to experimetii thie interaction
between both the object behaviour node and appearance node latlkdewrtteraction

between the world and its objects.

The goal of the Realisation Point is to realise the optimtombination of the

Appearance and Behaviour Point products in order to sdtisfyworld requirements

identified at the Requirement Point.

5. Evaluation Point.

In order to ascertain whether or not the deliverables &gmint have provided enough
product to progress to the next stage. The Evaluation Point psosidé a process by
reviewing the point product against the expected delivefabtéat point. If the criteria

have been successfully met then progress to the nestippiossible. If the evaluation

indicates that the deliverable is incomplete is some way ithaust both be reworked
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and re-evaluated or the missing criteria documented dscompleted before

progression is possible.

The goal of the Evaluation Point is to ensure that queautitl quality of a point product

is sufficient to satisfy the world requirements ideatlfat the Requirement Point in

order to advance the development process.

Having defined the activities and boundaries of eachhef ihdividual five points of the

proposed method in relative isolation a structure that peransmooth progression between

them must be constructed (Characteristic 4).

Traditional development
paradigms advocate the sequen
of progression as requirement
development  (behaviour an
appearance), realisation an
evaluation, however as alread
noted there is a call for evaluatio
at all points of the development

When this is considered in th

Figure 12: The Development Point Linear Cycle

Evaluation

Behaviour

Realisation

light of providing means for trapping errors at the earfessible point within the sequence a

new order of sequence can be derived (Expectation 4). Theewience, therefore, follows the

points: Requirement, Evaluation, Behaviour, Appearance aatidation as shown in figure 12

above.

This sequence may appear to be somewhat presumptuous dswkdoas a single-track

progression of points as it infers that if the requerta can be defined and evaluated as being

correct and complete then subsequent development will ibectalt is also noted that such a
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purely linear sequence does not provide the ability for eacit fotiowing the Evaluation Point

to be assessed as required.

Even if the progression is seen § _. : :
prog { Figure 13: The Development Point Recursive Cycle

being recursive (See figure 1

Realisation

opposite), with the Realisatior

Point deliverable being used g [ Requiremen |

the input for the Requiremen
Point, errors will not be picked ug

until  the Requirement Poini

Behaviour

Evaluation

deliverable has been produce

This increases the potential of incorrect point deditaes being derived from erroneous product

of previous development points.

This patently is an oversight unless it is possible to praatdess to the Evaluation Point from
other points. Such a device to allow this access is padilyessed by the provision for by
iteration between sequential points (CharacteristicC®arly the recursive model as shown in
figure 11 can provide a path for iteration to a previous gmyrtack tracking. This permits the
free movement between the Requirements and Evaluation Pmidighe Evaluation and
Behaviour Points encompassing the evaluation process but psolilei Appearance and

Realisation Points of the development process being evaluated
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In order to realise this need fg ] , ,
Figure 14: Lines of Concern to the Evaluation Point.

error trapping (Expectation 4

Realisation

lines of communication betwee

the Appearance and Realisatig

Points must be provided i
successful evaluation of thq

deliverables for these points c4

Evaluation Behaviour

be assessed.

Placing these additional lines on the recursive model provigegiite augmentation as shown
in figure 14 above. These new lines of communication candreaseadditiondines of concern

to the main process of development.

3.2.3 Management Issues.

Each point of the model must provide devices that enable igfeoinagement of the process
of world building (Objective 3). These devices will encompassews and milestones for the
development project, allow allocation of resources, provideeatation for the project and

support the decision-making processes required of a projectgea

One strategy to achieve the successful management of tthednand ensure that these
requirements are met is to decompose the project ints afday activities (Characteristic 3).
The partitioning of the method for management purposes hasifedilready been realised
by the five points of the model; Requirements, EvaluatioaehaBiour, Appearance and

Realisation derived to support the implementation requirenent

In order to ensure that each of the points provide therestjleével of management support it is

necessary to state what processes are to be incluttexi@bcess point (Expectation 1)
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1. Requirement Point.

The goal of the Requirement Point as stated is to dasveuch information as possible
with regard to the restrictions imposed by the client’s etgi®ns of the world and the

availability of resources to the project.

In order to realise this goal in a managed way theeedkear need to document these
expectations and resources. This requirement can be desednpdo two specific
domains, the documentation of the world requirements anglahaing of resources to

develop the world.

The documentation of the world must include the product ofRbguirement Point

investigation into the customer requirements. As such thisndect is expected too
clearly specify the world constraints, the component ¢tbj@ad the required behaviour
of the world and its objects. Provision should be mad#hé document to allow and
clearly identify additional information to this specifican, as the development is

progressed (Characteristic 6).

As the method advocates the use of the inline structure ofd¢tigrévorlds within the
world) it is necessary to uniquely identify the originedlding world specification
document from the component inline object world documentatitre. droject can
therefore be seen as comprising of a controllitgverse Specification Document
(describing the collection of worlds within the project) lidke aWorld Specification

Documentfor each component world.

This effectively provides a series of “mini” world developrherojects allowing
resource allocation to each to be conducted in a nff@etige way. In order to manage
these mini projects efficiently, however, there must be arating mechanism to

provide the planning of the development process.
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Research into project management processes concludeletipabposed framework is
compatible with current project management techniques andherefore considered
that the planning of the project resources and deliverableserngsonducted within such
existing structures. Such project planning will be refetceds theUniversal Project

Plan within this paper for identification purposes.

2. Evaluation Point.

The goal of the Evaluation Point, as stated, is to enthat quantity and quality of a
point product is sufficient to satisfy the world requiretsendentified at the

Requirement Point in order to progress the developmenégso

In order to satisfy these goals the Evaluation Point muktdaca review of the point
deliverables that enable the manager of the project to matapéyo decision whether
or not to proceed with the development. In order to supperdécision-making process

the review must a present number of questions.

1. Have any prerequisites for the point under evaluation ba@sfactorily
completed?

2. Is there enough information contained within the Univeard World
Specification Documentation to continue the developmeress?

3. Are there enough resources allocated to the point itJitieersal Project
Plan to progress?

4. Have the point deliverables been sufficiently realisedimipprogression to

the next point in the model?

The model therefore provides the following point product evalosati
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1. On Completion of the Requirements Point.

The quality and quantity of the information held in the wénse and World
Specification Documentation must be assessed in orddiot® progression to
the Behaviour Point. The resources allocated to the \Bmiral Point

development must also be assessed in order to ensutiedlatel of allocation
is correct. This effectively covers the management oEweduation Point and

the Behaviour Point.

2. On Commencement of the Appearance Point.

The quality and quantity of the information held in the wénse and World
Specification Documentation must be assessed in ordedldes work to
commence. The resources allocated to the Appearancedeegibpment must

be also assessed in order to ensure that the levidbcditson is correct

3. On Commencement of the Realisation Point.

The quality and quantity of the information held in the wénse and World
Specification Documentation must be assessed in ordedldes work to
commence. The deliverables of the Behaviour and Appearands Ruist also
be assessed in order to ensure that they are complet@agedt to allow the
integration process to commence. The resources allocatttk tRealisation

Point must be reviewed in order to ensure that the tfhadlocation is correct.

If the results of the review indicate that all requiests have been satisfactorily
achieve then progression is possible. If the review inditgtethe requirements have
not been met then further work must be conducted to satisfyrdquirements by

returning to the previous point in the model.
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3. Behaviour Point.

The goal of the Behaviour Point, as stated, is togedhe optimum behavioural form
of a world in order to satisfy the behaviour node requarm identified at the

Requirement Point.

To support this goal any solution or change to a behaviour ravde during the
Behavioural Point development must be recorded in thedABpécification Document
for the world. Such documentation is essential if the dgwveént of the project is to be

auditable and used for estimation metrics in subsequenipgevents.

4. Appearance Point.

The goal of the Appearance Point, as stated, is tseettle optimum combination
manipulation and construction of a of a world in order tesfsathe appearance node

requirements identified at the Requirement Point

To support this goal any solution or change to the appearanceesdeement of a
world made during the Appearance Point development mustdoeded in the World
Specification Document for the corresponding world. Such deatation is essential if
the development of the project is to be auditable and useesfnation metrics in

subsequent developments.

5. Realisation Point.

The goal of the Realisation Point, as stated, is teseetiie optimum combination of the
Appearance and Behaviour Point products in order to sdtisfyworld requirements

identified at the Requirement Point.

In order for the successful management of the RealisBbant to be implemented the
process of combining the behaviour node and appearance node compiaizeatnew

master orholding worldmust be reflected in the World Specification Documérthe
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evaluation process for the Realisation point is succesdfah the Universe
Specification Document must also be updated to refleat the world or world
component has been completed. Such documentation is esgeghgatlevelopment of
the project is to be auditable and used for estimation iceein subsequent

developments.

Once a world has been “signed off” as complete it can bedsad as a object within
its own right and can be considered as available, eithevhiole or its component
nodes, for reuse within the current or subsequent projectsbjeat available for reuse
in this manner contributes to a pool of resources or Workbiree Library that is
available to the development team. Reuse in this manner eedihe potential
duplication of effort within a project and increases thiciehcy of management

planning within the Universal Project Plan.

The need to reflect changes to the Universal and Worldif8a¢ion Documents and the
Universal Project Plan as the Evaluation Point assessmeptforce new requirements to be
discovered and to allow the updates from the Behaviour and ApmeaPoints is made clear
from a management perspective. In order to realise tiesges the model must be revised to

accommodate these additional requirements.

Lines of concern relating to thg Figure 15: Lines of Concern to the Requirement Point.
Evaluation Point process hav
. . Realisation
already been implemented in th
model as shown in figure 14
Requirement Appearance
. : , <

providing all points with an

process for evaluation of poin

product and decision making

. Evaluation Behaviour

support as to the progression
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development.

As there are no direct links between the Requirementd &aththe Behaviour and Appearance
Points, it is necessary to extend new lines of concetineifchanges in the Behavioural and

Appearance Points are to be reflected within the madedhown in figure 15.

The addition of these new lines of concern within the modewallthe maintenance and
development of the Requirements Point product (Charaatesisteflecting the need to provide
the expectation of changes to the client requirement andispgon (Expectation 5). Clearly
this extends the scope and potential for error trappmyfault resolution within the method

(Expectation 4).

It is noted that the evaluation process for the Reais@oint requires the assessment of both
the point deliverables from the Appearance and Behaviourshiaimrder for assessment to be
made. However the possibility those components may have bekd frdm the World
Resource Library, or that the Behaviour Point product matyhave a visual manifestation
within the world (such as ambient sound) must be cateratldodeliverable is to be produced

(Characteristic 7).

If the method is to permit
Figure 16: Line of Concern to the Realisation Point.

reuse strategy and allow for th

Realisation

possibility of disembodied

behavioural nodes to providg

Requirement < Appearance

“visible” output at each discretq
process point (Expectation 2
then lines of concern betwee

Evaluation Behaviour

the Behaviour and Realisatio

Points must be establishec-
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Applying this additional line of concern to the model complétesinterconnection network of

all process as shown in figure 16 (Characteristic 3).

The resulting model permits all points of the model to besgghshrough in a logical and
sequential way by following the circular developmenthp@®bjective 2). As each point is
passed through the exposure to each of the contributing poiatfided by iteration on the
development path for adjacent points and across the lin@snoérn for nonadjacent points is
maximised. This level of exposure permits the refiningegliirements and increases the chance
early error trapping and resolution whilst still allowing press to be made on components by
reuse, prototyping and the inline hierarchy structure stesedihe overall effect of the

development mode is, therefore, a rapid realisation oivtnkel (Expectation 6).

This model represents the simplest possible of intercaonebetween the five identified

development points, the visual form of which is known psratacle

3.2.4 Representational Issues.

The development of VRML worlds under the developing methodhatgeto mirror the way in
which humans derive information about the real world by theotisgental models. As such it
can be considered as a process of exploring the worldopites (a functional process) with
each point allowing the discovery and refinement of thddrand its components (a structural

process) Preece (1996).

If the model is to support the methodology there must exist a n@y@tween structural
progression through the model (how it works) and the fundtipr@cesses or points of the
model (how to use it). As part of the previous sections the rsodel/elopment has been
illustrated by diagrams showing the mapping of various linesoatern to the points on the
development path this provides the representational form fasttbeture of the development

model (Characteristic 1). Each point process has &ep tiscussed providing a clear statement
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of prerequisite, process, sub-process, error path ancerdddle thus providing the functional
aspect of the model. It is however considered necessarydolictate these issues here in order

to provide a clear understanding of each of the models &rpectation 1).

1. Requirement Point.

Prerequisite: The need for developing the world either as a new universe ar a

component world within a project.

Process: The gathering of information regarding what the clieguires and
expects the world to do and represent. This process maghieved by a number of

differing methods.

1. Traditional data gathering exercises such as ietesvi

2. Schematic representation such as ontological layoutadiesg flowcharting,
hierarchy diagrams.

3. The comparison of existing worlds, either form extesaalrces or from the
World Resources Library.

5. The development of illustrative prototype worlds anddavobjects

In addition to this information the Requirement Poinbwa#i the investigation into
project planning issues. These issues will include; thenited time scale of the
project, target platform, software support tools availabkisting VRML and external

files held in the World Resource Library and humanues®allocation.

Sub ProcessesThe connectivity provided by the lines of concern to theaBielir and

Appearance Points permits the forward planning of worldessand planning of the

individual world object components required.
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Such forward planning may result in the development of ildis& prototypes to be
used as prompts for further information gathering from thentland development
team. While it is considered that prototypes developedhis manner should be
discarded, the information gained from their production \ailigment the World

Specification Documentation.

The first draft information for component objects cheréfore be utilised as the initial
World Specification Document for the component world urtderinline structure of

hierarchy being refined during the progression along the deweluppath.

Error Path:  There is no error path for the Requirement Pointhaspbint itself is
concerned with the understanding and communication of the problemirdbetween
all parties involved in the project. If the Requirement Ppnetequisite does not exist

then the world can never be realised.

Deliverable: The Requirement Point product is a collection of infaromaregarding
the worlds to be developed and the resources allocated podjeet in order to achieve

these. This information exists in three possible docusne

1. The Universe Specification Document, which aims to ifjenthe
requirements of the highest level world within the inlimecture hierarchy.

2. The Universal Project Plan, which aims to identifyesources available to
the project and, provisionally, allocate them to the deweéop points within
the project.

3. The World Specification Documents. These documentst@iidentify the
component objects of the world as individual holding worldhiwithe inline

hierarchy and under the control of the Universe Specific&imument.
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These documents must exist for each world createatlar ¢o provide a definitive audit

trail and finalised development documentation.

2. Evaluation Point.

Prerequisite: The Universe Specification Document and the Universgké&trelan.
In addition existing World Specification Documents amguieed for evaluation over the

initial circuit, although their presence is optionalreg project inception.

Process: The Evaluation Point attempts to establish of the quartitquantity of
the reviewed documents in order to make an informed dea@sioo whether the world

under consideration can be advanced to the development stage.

Sub ProcessesThe line of concern to the Appearance Point permitei$sessment of
the documentation to establish the progression and possibleeatagion of the

required appearance node specification for the world.

The line of concern to the Realisation Point permits the sassmt of the
documentation to establish that the world can be rebdiseording to the Universal and
World Specification Documentation. This is conducted byewgirig the documentation
for the behaviour node, which will indicate either a staticdgnamic behavioural
component. The line of concern to the Realisation Point @smits the reviewer to
consider the possibilities of further decomposing the world ruegleluation into a

series of smaller inline worlds within the structuralarehy.

Error Path: If the Evaluation Point review establishes that ther@as enough

information to advance to the development point then thegtrojast be backtracked
to the Requirement Point in order to further clarify thferimation under review. Where
such backtracking occurs the respective documentation mustrimgated as such in

order to provide an accessible audit trail.
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Deliverable: Refined Universe and World Specification Documentatiomgiieur
and appearance nodes). It is also possible that thewegwocess will identify a
mismatch within the allocation of resources to the devedmprpoints thereby also
requiring the updating of the Universal Project Plan to mdbe correct level of
resources are deployed to accommodate such shortfalls. All rdélies successfully
passing the Evaluation Point reviews must be signed of by rdquérsonnel (such as
project manager, development team leader, client etm)dier to provide an accessible

audit trail.

3. Behaviour Point.

Pre Requisite: The Universe and World Specification Documents and thiwddsal

Project Plan. In addition if a behaviour node is to be deeeldor an existing world
from the World Resource Library the VRML world file acript for that object. If no
behaviour is associated with the world the development magrdgressed to the

Appearance Point.

Process: The Behaviour Point aims to allow the creation and exptoraif the
behavioural requirement for the world as detailed in thel\®pecification Document
and compliant to the Universe Specification Documentafldns behaviour may be

implemented as dynamic, static or by combination of thesdorms.

Any new functional requirements or solutions should be doclwedensithin the World
Specification Document even if they are not implementedrgter to provide an

alternative implementation route should the Realisationt Poocess fail.

Sub ProcessesThe line of concern to the Requirement Point permitsribestigation
of the desired behaviour either as a complete behaviouralanaate a series of inline

behaviour nodes based on the information held in the Worldf@péon Document.
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Such investigation may be trialed with either prototype appea nodes or with the
existing world from the World Resource Library by virtuettoé line of concern to the
Realisation Point. Such advance realisation of the behaVioode may establish the
behaviour as being generic and a possible candidate for ioxclugto the World

Resource Library.

Error Path: If the investigation and creation of the behavioural notibbshes that
the desired behaviour cannot be implemented a process ofrdukakg to the
Evaluation Point must be conducted. This is in order tabésh whether the
behavioural information as held within the World Specifmatbocument is incorrect
or missing or whether there has been a misallocation ofune=sm The project
documentation must be annotated to reflect this backtrackrder to provide an

accessible audit trail.

Deliverables: The behavioural node script for the VRML world under conaittean.
This script may have a companion appearance node depending on th@ruetypes
of existing components from the World Resource Librarye ptoject documentation
must be signed off by the required personnel (such as trecprnognager, development

team leader, client etc.) in order to provide an adokesaudit trail.

In addition if the behaviour node is to be considered forugich into the World
Resource Library it must be submitted to the World Resoluilmerian for further
evaluation and documentation to establish compliance withetiee policies in effect
for the organisation. The World Resource Librarianriseanber of staff responsible for
the husbandry and maintenance of the World Resource Lililesy This may be a
nominal role within the team for small-scale VRML develgmts or a dedicated

member of staff for larger projects.

77



4. Appearance Point.

Prerequisite: The Universe and World Specification Documents and thiwddsal
Project Plan. If no visual form is associated with wld the development may be

progressed to the Realisation Point.

Process: The Appearance Point aims to permit the creationexpibration of
the visual form of the world as detailed in the World $mation Document and

compliant to the Universe Specification Documentation.

Any new visual requirements or solutions should be documenitdwh the World
Specification Document even if they are not implementedrgter to provide an

alternative implementation route should the Realisationt Poocess fail.

Sub ProcessesThe line of concern to the Requirement Point permitsnbestigation
of the desired visual form either as a complete appearad®or as a series of inline

appearance nodes based on the information held in the Wistifi§ation Document.

The line of concern to the Evaluation Point allows thermfxd decision to progress the
world on to the Realisation Point to be made. As the@medium of VRML is by its
nature graphical for either of the available specifarei this review is clearly of

paramount importance if the quality of the world i®&omaintained.

Appearance nodes that successfully achieve this second evaloety be considered

as possible candidates for inclusion into the World Resduitrary.

Error Path: If the investigation and creation of the appearance nodaliskts that
the desired visual image cannot be implemented a procebscitracking to the
Evaluation Point via the line of concern must be condudte. is in order to establish

whether the appearance information as held within the W&plktification Document
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is incorrect or missing or whether there has been allouation of resources. The
project documentation must be annotated to reflect tlukttaek in order to provide an

accessible audit trail.

Deliverables: The appearance node script for the VRML world under corzide.
The project documentation must be signed off by the reqyieesonnel (such as the
project manager, development team leader, client etander to provide an accessible

audit trail.

5. Realisation Point.

Pre Requisite: The Universe and World Specification Documents and thiwddsal
Project Plan. In addition to these documents the VRME filescripts that comprise the
world appearance and behavioural nodes. As previously notduobliieg world under
consideration at the Realisation Point may have a behaviodd wode, appearance
world node or a combination of both. It is further notledt tthese world nodes might
themselves be constructed of subordinate holding worlds wiki@ninline hierarchy

structure.

Processes: The Realisation Point aims to successfully assimilthe world
appearance and behaviour nodes in order to permit the craatioexploration of the
holding world as detailed in the World Specification Documeit @@mpliant to the
Universe Specification Documentation. This process cawiéeed as two distinct

operations

1. The internal assimilation of the holding world by thet®fnline component
nodes, subsequent global manipulation of those components amd) testi
ensure compliance to the World Specification Document.

2. The external integration of the holding world as an ininenponent of

another world higher in the hierarchy of the inline structsubsequent global
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manipulation of the world as a component item and testmgensure
compliance to the higher order World Specification Docun@ntJniverse

Specification Document.

Any new world requirements, solutions or interaction essuliscovered by the
assimilation process should be documented within the WBpktification Document
or Universe Specification Document, respectively, in ofdeprovide an accessible
audit trail and provide decision support information should thali&ion Point

process fail.

Sub ProcessesThe line of concern to the Appearance point permits thesiple
refinement of the appearance of the holding world withimdst world by use of level
of detail, delayed loading etc based on the information heldeitworld Specification

Document or Universe Specification Document, respectively

The decision as whether to allow the holding world to beuded in the final universe,
or to continue development of the world by progressiom¢oRequirements point for
rework is afforded by the line of concern to the Evaluatomt. Clearly this additional

review must be held in order to maintain the qualityhefworld.

Error Path: If the assimilation process conducted at the RealisatPoint
establishes that the holding world cannot be implementemtding to the information
presented in the host World Specification Document or thevddsal Specification

Document, respectively a number of choices are presented:

1. If the world under consideration can be partially redlisg any of its
subordinate world nodes then the holding world may be considesedn
exploratory prototype. Such prototypes may be recursivelgegasn to the

Requirement Point to be used to establish further infeomalt is suggested
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that the World Specification for a holding world progresse grototype be
signed off and removed from the mainstream documentation &ochive file
in order that the information contained within the docun®enbt “resurrected”
accidentally. The project documentation must be annotatexkftect this
progression as a prototype in order to close the vertti trail.

2. If the appearance node of the holding world cannot be relisa a process
of backtracking to Appearance Point may be considered im tvddtempt to
rework the appearance node. This process should take intmuracany
additional alternative appearance node implementations asnéated within
the World Specification. The project documentation must beotated to
reflect this backtrack in order to provide an accessibtét trail

3. If the behaviour node of the holding world cannot be rehtisen a process
of backtracking to Behaviour Point (as provided by the connectimgy df
concern) may be considered in order to attempt to reti@lbehaviour node.
This process should take into account any additionahaliee behaviour node
implementations as documented within the World Specificafldre project
documentation must be annotated to reflect this backtramider to provide an
accessible audit trail

4. If none of these options are taken or are unavailablebtnektracking to the
Evaluation Point must be conducted (as provided by the conndotengf
concern). This must be done in order to establish whethermation held
within the World Specification Document is incorrectmissing or whether
there has been a misallocation of resources. The pdgpeamentation must be

annotated to reflect this backtrack in order to providaaessible audit trail.

Deliverables: The assimilated and integrated VRML holding world fis detailed in
the World Specification Document or Universe Specif@matiDocument, respectively.

The project documentation must be signed off by the reqyieesonnel (such as the
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project manager, development team leader, client etajder to provide close to the

world audit trail.

A holding world that has successfully completed the Raadin point may now be
considered for inclusion in the World Resource Libraryéwuse. The world and a copy
of the development documentation should therefore be subirtottie World Resource

Librarian for consideration as a resource world withinLtibeary.

It is considered that this statement of the expectedquisites, processes, sub-processes, error
path and deliverables successfully provides a representatitme agftructural and functional
processes of the method. It is noted that such a statehempectation caters to all parties
involved within the project, the client, the project managenteam, the quality assurance
personnel, the behaviour engineers and the aesthetic designdetifying their roles within

the differing points of the model (Expectation 3).

In order to clearly identify the different development comgnts of a world it is considered
necessary to provide some form of graphical notation thatssly understood by both the
development team and the client (Characteristic 2). i§hmperative if the Universe and World

Specification Documents are to reflect the inline hidnaresed within the project.

Previous sections have introduced a number of new terars atitempt to describe which world
is being referred to at any one point. If such a graphictdtion is to be developed to detail the
construction of the inline hierarchy then a set of symbols bwishtroduced to accommodate

these new terms (Expectation 1).
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It is therefore considered valuable to review thesagears follows.

1. The Universe: The top-level world of the inline structuerdrichy within which all
other worlds reside.

2. A Holding World: An object within the Universe that mag represented by other
inline worlds constituting the appearance and or behavidineabbject.

3. The Appearance Node (World): A world that describesvisual form of an object.

4. The Behavioural Node (World): A world that describeshbbavioural form of an

object.

In addition to these terms another must be introduced xteenal files type. External files are
those which are not either VRML or behavioural scrif@sfbut are either used by or accessed
from a world. As such these would include, image filesdui®r texture mapping, sound files,

links to HTML pages and applications called via behavicsrapts.

Research for the previous chapter indicated that one ofitivesans levelled at current software
engineering paradigms was the lack of an understandable supgtbddology. It is suggested
that the key player in the understandability issues is thetyabali easily communicate the
concept to all involved parties by a set of clear, reprethemtand iconic notation (Expectation

3).
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It is therefore proposed that thl ] .
Figure 17: Proposed Iconic Representation.

graphical notation consist of simpl

primitive shapes or icons arranged in 3 The Universe Icon.
order that accurately reflects the inlin

The Holding World Icon.
hierarchy as shown in figure 1]

opposite. The Appearance Node Icon.

The Behaviour Node Icon.

Each of these icons may be furth

augmented with the inclusion of th
The External File Icon.

> O OU

world URL or file name and 4

superscript numeric indicating th

)]

VRML specification for the file. Connectivity between tadges is to be shown be the use of
unbroken straight or angled lines. Where multiple instaotesinline world displaying similar
base appearance and behaviour forms occurs within thewgariae the addition of a numeric

on the connecting line is permissible in order to conserveaspac

It is suggested that until a world has reached the ReatisRoint within the development
model that the icon remains blank, and that upon completionaitthtion the icon is filled in,

indicting completion and submission to the World Resourbeaky.

It is noted that there may exist a situation where ddnoay purely consist of one of the two
node world types. When such a world exists it is considEgitimate to dispense with the
parent world icon (the diamond) if no direct processing amipulation of that world is

required.
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Thus a VRML world
Figure 18: Example Hierarchy Plan for "Newton.wrl".

representing a simple Newton’

Cradle with five balls under the

newton.wrl

given notation would appear &

frame.wrl bar.wrl wood.jpg
shown in figure 18 opposite , ,
The figure shows that the file
ball.wrl click.wav

move.wrl

NEWTON.WRL is of the ﬁ

VRML 2 file specification and spherearl - steelipg

consists of two subordinate
worlds. FRAME.WRL is a VRML 1 world consisting of 12 iaaces of BAR.WRL each

utilising an external flat format graphics file WOODGP

The other component objects of the world are 5 instancdedfRML 2 world BALL.WRL,
which have a behavioural node, MOVE.WRL utilising the exterfild sound file
CLICK.WAV. The MOVE.WRL also utilises a VRML 1 file SFERE.WRL which calls upon
the external flat format graphics file STEEL.JPG. Tigare also identifies the file BAR.WRL

and the external files as having been completed eadyrfor use.

3.2.5 Learning Issues.

The previous three sections have detailed the concerhs ahplementation, management and
representation of the pentacle model and its associatéuhbahadogy in relative isolation from
each other. While these sections have shown the logical devatowf the model from first
principles it is considered that the information is reatdily access able to the potential user of

the methodology.

If the methodology is to be utilised then there must exist dahegis of the presented

information in order to permit ease of learning for thasw to the paradigm (Characteristic 1).
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Such a synthesis must detail the boundaries of each divéhalentified development points
(Expectation 1) in a manner that is understandable to thosespamvolved within the

development project (Expectation 3). This synthesignanual must also detail when events
must and may take place and what must be recorded intordaintain the quality issues of

the project.

From the previous sections it is clear that the manualldinely on graphical notation to impart
such knowledge (Characteristic 2) and that such a notation bausoth comprehensive and
familiar (Expectations 1 and 3). The most logical candidatehi® manual notation would be
the reuse of the iconography already proposed. However @nsidered that the reuse of the
symbols specific to VRML world planning will ultimately kato confusion and

misinterpretation by the method user (as noted in the pevibapters this is a common

criticism of existing software engineering paradigms).

In order to reduce potential confusio Figure 19: Reused Flow Chart Representation.

between an additional new notatio

. . . Point Boundar
and the proposed iconic representati y

outlined above for VRML world Point Process

planning, a number of existing
Decision Point
notations for indicating data flow wers¢

reviewed. It is suggested that th External Data

internal process flow of a point shoul
Point Deliverable
utilise the generic flow chart device

Point Connection

UG

as shown in figure 19 opposite.

While the mixing of notations may seem strange the use oéxtsting notation devices is

considered legitimate for a number of reasons;
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1. It is considered that the notation clearly indicatespossible sequence of processing
within each of the points.

2. The notation is well established and therefore willdmognisable to a larger group
of potential users.

3. The iconography of the notation differs sufficiently enofrgim that proposed for
the planning of VRML worlds to avoid confusion.

4. The notation is not required for reproduction during the dewednt process as it is
purely an aid to learning. Therefore the complexity of soméefcon devices is not a

restriction to the development process.

It is considered, therefore, that the issues of lealityaburrounding the new model and its
associated methodology can be successfully addressed yntbeation of the model its self,
the methodology’s native notation and supplemented by flow chaidedeto indicate process

flow within each development point.

3.3 Conclusion of New Ideas Considerations.

It is considered that the issues surrounding the developofiemtnew method that directly
supports the processes required to build quality VRML vgonlalve been logically drawn from

first principles and discussed in order to presentradraork to build such a method on.

In accordance to the requirements of the project andnéwsel for formalising the issues
discussed as identified the Pentacle Model and its assweiathods must be synthesised into
some form of cohesive manual. This assimilation of theudssd issues will therefore

constitute the development chapter of the paper that follows.
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4 Method Development.

“A good manager can manage any project ... if he or she is willing to learn the
milestones that can be used to measure progress, apply effective methods of control,
disregard mythology, and become conversant in a rapidly changing technology”

Roger Pressman (1994)

The previous chapter has shown the logical and progressiviopieent of the Pentacle model
and its associated methodology. It has been noted that dhimgrocess that a number of
different view points of the model have been presentedratdrt order to successfully realise

the methodology as a usable paradigm a manual must be produceldsendifferent strands.

From those concerns raised by the learning issues ibmoged that the manual consist of a
textual explanation of the model point processes illustraiedlow charts indicating the
sequence of order. Having discussed the principles diadelogies in general and considered
the salient features of a new paradigm to support the buildingality VRML worlds (the
Pentacle Model or more correctly tRentacle Methadin previous sections it is considered that

the manual be produced commencing with an overview of thigoche

It should be noted that it is assumed that the paradidinioe utilised by world builders who
have a prior knowledge of the fundamental syntax, structure@rekpts expressed within the
VRML language. It is therefore considered that referetcedRML specific implementation

techniques and terms do not need to be explained withirath&tine of the manual.

4.1 The Pentacle Method: An Overview.

The Pentacle Method provides a paradigm for the constructigouadity VRML worlds that
enables the process of world building to be conducted agiaal and manageable sequence.
The method utilises a model that is divided into five delichittkevelopment points each

connected to each other to form a simple network repasentof its development process.
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These points characterise the processes that must dczwgiveen phase of the world building

project, and are identified, in respective order, #evis.

1. Requirement Point: The processes establishing the prepegte and available
resources.

2. Evaluation Point: The processes that control the decrpuadity issues and
advancement of the development.

3. Behaviour Point: The processes utilised in the construcof a world’s
behavioural component.

4. Appearance Point:  The processes utilised in the conetruaf a world’s
appearance component.

5. Realisation Point:  The process governing the physical stejaptimisation and

assimilation of a world’'s component parts.

The model provides a recursiv
Figure 20: The Pentacle Development Model.

regime permitting the

5. Realisation

progression from the

Realisation Point to the

1. Requirement 4. Appearance

Requirement point after the
initial  circuit to  allow

refinement of development

Each point is considered 4 2. Evaluation 3. Behaviour

Primary Development Path
Line of Concern

haVIng tWO prl mary 1to5 |Development Process Point

development paths and tws
secondary development paths or lines of concern. Iteragtwmelen points is either provided
directly by the primary development paths by backtrackintpéagprevious point or by cutting
across the primary development path to another point by the diheoncern. The Pentacle

model is illustrated in figure 20 above.
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The process of world building is conducted by following the prynaevelopment path for each
of the five points in a recursive sequence. Although eacdht poay break the primary
development path by virtue of its line of concern developmentumbed by such a deviation
from the primary development path is considered exploratodyraquires that the primary
development path be return to on the completion of the divedid processes. Such point
exploratory or prototype development is made availablederew and refinement when the

primary development path next accesses the point.

Development recursively continues along the primary as segsoof discovery, exploration
refinement and completion until all the requirements ofpttegect have been addressed. There
is, therefore, no limit to the number of circuits tlcain be made during the duration of the

project.

In order to simplify the world building process and reduce itee af the generated VRML file
the Pentacle Method advocate the use of the VRML inline teeslrfioy constructing world
scenes. Each world inline component is therefore treasedorlds within their own right
accessed by a master worldumriverse Each component drolding worldis seen as having two
possible components, behaviour and appearance. These twoofypemponent worlds are

identified asnode worldsn order to distinguish them from normal holding worlds.

The process of decomposing the universe world into assefimline holding worlds and node
worlds provides a top down analysis of the universe requiresm&hese requirements are then
utilised to build the universe from the bottom up by the asgionlaf node worlds and holding

worlds within the inline hierarchy.

In order to plan and track these inline worlds the methddesdia simple hierarchy notation.
The notation consists of five icons, three represene ttiféerent kinds of world files, holding,
appearance and behaviour, with the remaining two indicatingrilverse world and external

files that may be accessed or utilised by the worlds.
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The icons used by the notation are shown[™
Figure 21: The Inline Notation.

figure 21 opposite.

The Universe Icon.

Each of these icons are subscripted by |{
The Holding World Icon.

name for the file which the icon represents &

is superscripted with a numeric indicatin The Appearance Node Icon.

which version of VRML the file format is
The Behaviour Node Icon.

compliant to (1, 1.1, 2 etc). External file icor

The External File Icon.

> O OU

clearly do not need such identification

VRML compliance and should not b

annotated.

Starting with the universe icon the component holding wortdslayered in a tree structure
reading left to right (for landscape paper orientationoprtb bottom if using portrait paper
orientation). Solid lines are used to indicate inclusionh® respective holding world or the
universe world icon by connecting various the file icons. Wheréiptauinstances of a single
inline world occur within a holding world (or the universerld) the connecting line may be

annotated with the appropriate number of instances teat @ order to save space.

On completion of the development of a world (or acquisitioexbérnal file) the icon is filled in
to indicate that the world is available for use. Compldilss should be considered for

inclusion into a centralised database of developed @hjge World Resource Library.

The submission of worlds to the World Resource Librarg mocess of the method requiring
the world under submission to undergo a quality assurance pragvaiwing. The paradigm

does not detail the processes that must occur for this gaa$ityrance process this being left to
the individual quality assurance staff or librarian. havever recommended that consideration

be given to factors such as;
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1. Compliance checks against the appropriate VRML spetiifica

2. The optimisation of the world by elimination of redumdar unnecessary code.

3. Checks to insure high cohesion of the world.

4. Checks to insure loose connectivity with other worlds.

5. The refinement of the World Specification Documentagmabling reuse of the
world.

6. Conversions to the latest VRML specification to ensheetéechniques employed

have not been superseded.

As the project continues (and as more projects occur) thédVRasource Library will grow

providing the developer with pre-built solutions for common wodds behavioural scripts

ready for reuse.
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4.2 The Pentacle Method: The Requirement Point Process.

The Requirement Point of the Pentacle Method is concernigd establishing the client’s
requirements for the world to be developed. The Reqeineifoint also provides processes for
the planning of both the project development and the allocationagible resources to the

project required to realise that world.

Figure 22: The Requirement Point Process.
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In addition to these two requirements additional inforamfirovided by previous circuits of the
development path may be available. These are informatioadglrgathered but considered
incomplete or inaccurate by the Evaluation Point proceasdsprototype worlds developed
thus far from the Realisation Point processes. Clearletlwo information sources will be

unavailable in the initial circuit of the primary developmpath.

Once the client’'s requirements and expectations for theddwo be developed have been
established a search for similar worlds from the Woeddrrrce Library and external sources is

conducted. The object search has three purposes

1. It allows comparison with existing worlds to enabledlent to see what is possible
to achieve with the media.
2. It may prompt the client to express requirements not preyiambsidered or

identified.

3. It permits the identification of reusable component worldaraearly stage thus

removing them from the development process.

Having completed the first two processes of the RequirePaint a review of the information
gathered thus far must be held. This review point isgmilpnconducted to ascertain whether all

of the issues surrounding the client view of the world leeen addressed.

If it is considered that there are areas that reqooesolidation or further clarification
illustrative prototypes may be developed and demonstratdtetclient. This use of prototypes
provides a loop back to the initial two processes of estafbdjgieiquirements and existing world
comparison in order to address the missing informationo®p®s developed for illustrative
purposes by their nature are rough implementations of gpewifrld components and are

therefore considered to be disposable.
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If it is considered that all of the issues surrounding Wald development have been

successfully addressed then the project may now have resalicmted to it.

Initially there are two factors that must be considengten establishing the allocation of

resources to the world development project, client réistng and available resources. Client
restrictions may manifest themselves in a number ofdptime scale, target platform, preferred
browser client held data and so forth. Resources &@aila the project that must be considered

are availability of software tools, range of platformsl @rowsers, and staffing levels.

Supplemental to these two factors there may also be an cmadlitiesource requirement
identified during the Evaluation Point process from previousutgcof the primary
development path. Clearly this additional information will betavailable for the initial circuit

of development.

On completion of the resource allocation point a review tedteld in order to establish if any
resources are under subscribed or missing. If such a ressutws identified, the opportunity
is presented to acquire the resource in order to ednescorrect resource levels according to

the client restrictions and world development requirgsie

A process of documenting the requirements and resourcesatetioto the project now
commences. This documentation is comprised of three tyjpdgnamic documents, World
Specification Documents, the Universe Specification Dasumand the Universal Project Plan.
The initial circuit of the primary development path wilusa the creation of these documents
with subsequent circuits providing additional information aefinements as the project
continues. In addition subsequent circuits may produceWerid Specification Documents as

worlds are decomposed into component parts.
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A World Specification Document is required for each poment world that is to be developed
within the scope of the project. There are three tygesoolds that a World Specification

Document may describe;

1. Appearance Node Worlds:

A world dealing specifically with the appearance of an @bj@enerally referred to as
an appearance node.

2. Behaviour Node Worlds:

A world dealing specifically with the appearance obaject. Generally referred to as a
behaviour node

3. Holding Node Worlds:

A world comprising of one or more node worlds of any typendealy referred to

simply as the world under consideration or the world.

The World Specification Document should detail the typérpose and position within the
inline hierarchy for the world in question. Subordinatesoty to the world in question should

be identified by use of an Inline Hierarchy Diagram.

The world described by the Universe Specification Doaimg designated as the highest
holding node world within the world inline hierarchy. This wiodontains all call subordinate
inline worlds as detailed in their individual World Spewtion Documents and global
considerations such as lighting, camera view points amb@md and so forth. Unlike World

Specification Documents there will only be one Universe Spati®in Document for a project.

The Universal Project Plan is a generic term used witienPentacle method to describe any
project management planning device within the project donfainh devices will depend on
the management systems employed with the project but shwlitié projections of project

time scales, staff utilisation, resource deployment andosgt.fThe information needed to
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compile the Universal Project Plan is directly connectedhto project resource allocation

process but may be refined by subsequent circuits of thragyridevelopment path.

In order to capitalise on the momentum generated by thenwwaation processes the
opportunity is afforded to pre-empt the client approval ammence prototype development of
the project world and its components. This process is eefaw as forward planning and
requires the advance commitment of resources for the Bmhtawnd Appearance Point

processes.

Forward planning carries a proportional risk consideratiah ivias the client may not approve
the project as planned, or cancel the development totallyettrvthis must be weighed against
the unused time available between client project docunsmission and approval which may
be utilised to produce first draught evolutionary protosypexperiment with ideas or

consolidate additional soft resources.

The conclusion of the Requirement Point requires tmitation of any development instigated
by lines of concern to be halted at this point and normadidpment is returned to the primary
development path. It is at this stage that all of thevagleinformation pertaining to the project
thus far gathered must be presented to the client foptmow. In the case of post initial
circuits it may not be necessary to contact the clierthéf particular development under

consideration has already been approved.
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4.3 The Pentacle Method: The Evaluation Point Process.

The Evaluation Point of the Pentacle Method is concernélu evaluating the information

gathered from the Requirement Point and refinements figehliy other process points in order
to ensure that development may continue. The Evaluatiort Blsio provides processes to
establish initial inline decomposition, world reuse and VRMEcdjcation to be used for the

realisation of the world under consideration.

Access to the Evaluation Point by tH Figure 23: The Evaluation Point Process.
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In addition to the project documentation information derived framevious circuits of the
primary development path may be available. Clearly suchtiani information will not be

available on the initial circuit of the primary developmerthpa

Having established the world expectations and requirentteatsossibility of decomposing the
world under consideration into a series of inline worlds vralérolding world should be

considered.

If inline decomposition is considered possible then the preyioasess of establishing the new

holding and inline world requirements must be revisited foh @ the new worlds considered.

If no further decomposition is possible or required & #itage then the quality and quantity of
information from the initial requirement review process nesassessed as to its relevance and
completeness. Where such information is missing, errona@gsje or conflicts with the
existing documentation the Requirement Point must be tewisi order to rectify the identified

problem.

Having completed the world requirements review procegshanges to or creation of any new
World Specification Documents must be recorded by temorareaking the primary

development path and returning to the Requirement Point.

Using the refined World Specification Documentation thgects available in the World
Resource Library should be reviewed in order to asceitaihe requirements of the world
match any of the existing developed worlds. If such wdnkiige already been developed then
these may be reused, if not then the behavioural requirenmersis be assessed in order to

ascertain the version of VRML to be used to realise teeatEbehaviour.
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The World Specification Document for the world under agrmtion should have identified the
required behaviour type for the world. If dynamic behavisuequired then clearly the VRML
2 specification should be used as the development platfoimeréithe world requires either
static behaviour or has no behavioural requirement thensthef VRML 1 specification may

be considered.

This potential for splitting the development platform enatilesplanning of human resources to
be more effective by capitalising on the skill sets ak#glavithin the development team. It is
assumed that more world builders will be familiar whike btlder VRML 1 specification than the
newer version 2. It is noted however that as the language iBpegehis familiarity will shift

towards the newer specification.

Once the development version and reuse issues have bd#istestbthe project documentation
for the world under consideration should be reviewed oneeég insure that the resource
allocation is sufficient to allow the continuation of theelepment. If the resource allocation is
found to be inadequate then the Requirement Point musviséee to re-establish the balance

of resources allocated to the different developmentsmihe project.

The final process of the Evaluation Point requires thgtrafinements, discoveries, platform

and reuse issues be recorded in the appropriate projechdotation.

The completion of the Evaluation Point process should haveisbitblnd refined the project
documentation in regard to the world under considerationesudved any potential hindrances
to further progression on the primary development path to thavBelr Point. The Evaluation
Point process finalisation requires that processegjatstl by lines of concern to the Evaluation
Point are halted and normal development returned to theapyridevelopment path for the

calling point process.
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4.4 The Pentacle Method: The Behaviour Point Process.

The Behaviour Point of the Pentacle Method is concerned withtizicting behaviour for the
world under consideration according to the information heldhimithe World Specification
Document. The Behaviour Point also provides processes tihefurestablish inline

decomposition and experiment with holding world prototypes.

Access to the Behaviour Point by thl Figure 24: The Behaviour Point Process.
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In addition to this information additional data may be avagldldm the Realisation Point for

the world after the initial circuit.

Once the behavioural requirements of the world under consaterhave been clearly
established the process of developing the world behaviouraamence. Such development
may be conducted in order to generate a new behaviour nodearanay make use of existing
behavioural objects from the World Resource Library astifish in the World Specification

Document for the world under consideration.

The VRML recommended platforms for developing world behavare native VRML nodes
for static behaviour and Java Script for dynamic behavilt should be noted that alternative

platforms are available for realising world behaviour.

It is at this point that worlds considered for forwaldnning at the Requirements Point enter
the behaviour development process. Worlds entering the Belhdoint development process
by this means should be considered as prototype wonlilsratified by the Evaluation Point

processes.

Once the behaviour node has been developed the possibiliopi@rd planning with regard to
assimilating the node within it immediate inline hiergrehay be considered. Such forward
planning of assimilation can only be considered if the behaviode holding world’s World
Specification Document indicates that all subordinate nodddsvand external files are
available for assimilation. This option will generally otg taken where such holding world

components have already been developed or are availabléhedmorld Resource Library.

If forward planning for the behavioural node assimilatiorerpuired the primary development
path is temporarily broken and development is moved to thésagon Point. As with forward

planning within the Requirement Point a world taking thevéod planning route is considered
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as a prototype assimilation that will be refined whies primary development path enters the

Realisation Point.

Having produced the behaviour node and possibly explored assmilae development must
be recorded in the appropriate project documents. The docatmenshould include the
behavioural solution implemented and any considered but discapgpedaches to the problem
domain. This is required should the derived solution failnduthe final assimilation at the
Realisation Point and can be utilised as a starting fointleveloping corrective alternative

solutions.

Using the documented solution the derived behaviour node sbeukkamined in order to
ascertain if it can be further decomposed by the use ofirtlee hierarchy. If such

decomposition is possible then the inline subordinate behaviour nagssbe prototyped and
the initial review point returned to establishing the behaviequirements of the new node

worlds.

On the completion of the behavioural development loop d fawaew of the refined World
Specification Document for the world under consideration #sidrole within the inline
hierarchy as indicated by the Universe Specification D@t must be held. The purpose of
this review is to establish that all of the requiretaedetailed in the World Specification
Document have been addressed to an appropriate leveie Ifeview identifies that the
behaviour does not meet the required criteria as spetiigdthe unsuccessful implementation

may be attributed to a number of factors;

1. The allocation of resources to the node development maybleaweinappropriate or
under subscribed.
2. The information contained within the World SpecificatioocDment for the node

may be erroneous, misleading or vague.
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3. The behaviour as required by the World Specificdiooument may be unrealisable

and alternative solutions may need to be sought.

A world failing this review point may be considered as gpl@atory prototype world but the

Evaluation Point must be returned to so that the Woplectication document and resource
allocation may be re-evaluated. Any subsequent developimetite world must be halted and
the re-evaluated world is treated as a new developrnerglty allowing the Behaviour Point to

be re-entered at the starting point.

Those worlds passing the review point may now be considerd&eing complete and should be
documented as such within the World Specification Documiat, Universe Specification
Document and the allocated resources within the Univésgiect Plan be returned to the

project resource pool for reallocation.

The complete behaviour node world may now be considerednétusion into the World
Resource Library. In order to maintain the quality contnthe World Resource Library a

candidate object for submission should fit into one ofélewing categories.

1. The developed behaviour represents a “standard” beimavide that can be widely
reused.

2. The developed behaviour performs one simple task thabenaombined with others
to make a more complex node world. In this case the behav@uibe seen as a
behavioural primitive like the optimised primitive shape®at by VRML.

3. The developed behaviour is a highly complex node that wakkl much time and

resources to recreate.

4. The developed behaviour offers an alternative behavisotation to an existing

node world within the World Resource Library.
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If the option for inclusion is taken then a copy the behavioule n@orld and its associated
World Specification Document must be passed to the librdoiaoptimisation and clarification
of documentation. A world submitted to the World Resoltibeary may continue along the
development process until the Realisation Point where thg wodd may be substituted for

the purpose of assimilation if the optimising process has bempleted.

The conclusion of the Behaviour Point development processresqthat all processes
initialised by the lines of concern from external points nmsvterminated and the primary
development path be restored. The Behaviour Point will pae@uced a stable behaviour node
world in accordance to the World Specification Docunibat may be used in demonstrations
to the client if required. The development point must be digole as complete before

progression is possible to the Appearance Point developnoagsses.
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4.5 The Pentacle Method: The Appearance Point Process.

The Appearance Point of the Pentacle Method is concevitecconstructing graphical “look
and feel” of the world under consideration according toithermation held within the World

Specification Document. The Appearance Point also providesegses to further establish

inline decomposition and experiment with holding world prgies.
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Figure 25: The Appearance Point Process.
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In addition to this information supplemental data may be abiailfrom the Realisation Point

for the world after the initial circuit.

Once the appearance requirements of the world under congidetzave been clearly
established the process of developing the graphical world tf#)jezan commence. Such
development may be conducted in order to generate a new apjgeaodecworld or may make
use of pre-generated objects from the World Resource i@sridentified in the World

Specification Document for the world under consideration.

It should also be noted that some degree of assiamlatith the holding world’s behavioural
node may be required at this point due to the way in wiRNL behaviour scripts directly
manipulate the graphical objects. Where such direct manipulstioacessary the behaviour
node is treated as the holding world for the appearance nayieestion effectively flattening

the inline tree.

It is at this point that worlds considered for forwgldnning at the Requirements Point enter
the appearance development process. Worlds entering the rAppeaPoint development
process by this means should be considered as prototyjuks watil ratified by the Evaluation

Point processes once the primary development path isaéstor

Once the appearance node has been developed the possibildgard planning in order to
prototype assimilation of the node within its immediaténanlhierarchy may be considered.
Such forward planning of assimilation can only be constidréne appearance node holding
world’'s World Specification Document indicates thdtsalbordinate node worlds and external
files are available for assimilation. This option vg#nerally only be taken where such holding
world components have already been developed or are avditablethe World Resource

Library.



If the forward planning option is taken primary developmenh gattemporarily broken and
further development of appearance node is moved to the Remligatint. As with forward
planning within the Requirement Point a world taking thevéod planning route is considered
as a prototype assimilation that will be refined whies primary development path enters the

Realisation Point proper.

Having produced the appearance node and possibly exploredlassn the development must
be recorded in the appropriate project documents. The documerghould include the nature
of the graphical solution implemented, this should include the Vg&bmetry node types, and
any considered but discarded solutions or techniques. Thixjisred as node types may be
available for further optimisation at the RealisationnPar should the implemented solution

fail assimilation at the providing immediate ideas forective development routes.

Using the documented solution the derived appearance node $igoebhmined in order to
ascertain if it possible to further decomposed the gralphigzearance with inline primitives or
subordinate appearance nodes. If such decomposition is pdksiblde new inline nodes must
be prototyped and the initial review point returned to estahtisthe appearance requirements

for those new worlds.

On the completion of the appearance development loop a fiiehw®f the refined World
Specification Document for the world under consideration #sidrole within the inline
hierarchy as indicated by the Universe Specification D@t must be held. The purpose of
this review is to establish that all of the requiretaedetailed in the World Specification
Document have been addressed to an appropriate leveie Ifeview identifies that the
appearance of the node has not been completed to a satysfavelras indicated then the

unsuccessful implementation may be attributed to a nunflfactors;

1. The allocation of resources to the node development maybleaweinappropriate or

under subscribed.
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2. The information contained within the World Specificationciment for the node
may be erroneous, misleading or vague.
3. The appearance as required by the World Specificalionoument may be

unrealisable or unsupported and alternative solutions maytodéedsought.

A node world failing this review point may be consideredm&xploratory prototype world but
the Evaluation Point must be returned to in order thattti@iVorld Specification Document
and resource allocation may be re-evaluated. Any subsedeeelopment for the world must
be halted and the re-evaluated world is treated as adeselopment thereby allowing the

development process starting at Behaviour Pointo be re-entered at the starting point.

The requirement that development for the re-evaluatedasgpee node is commenced at the
Behaviour Point is specified as the behavioural charsiits of the holding world may directly
affect the appearance node thus causing it to fail the reCiearly if the developed appearance
node is not dependant on its companion behaviour node world theviBatad Point
development process can be shortened and the existing ndide @ptimised node from the

World Resource Library be used.

Those worlds passing the review point may now be considerd&eing complete and should be
documented as such within the World Specification Documiat, Universe Specification
Document and the allocated resources within the Univésgiect Plan be returned to the

project resource pool for reallocation.

The completed appearance node world may now be considerettligsion into the World
Resource Library. In order to maintain the quality contnthe World Resource Library a

candidate object for submission should fit into one ofélewing categories.

1. The developed appearance technique represents a fdtaaolpearance strategy that

can be widely reused.



2. The developed appearance is considered to be a newvistiape. In such a case
the use of the VRML PROTO node will be used to make thpesh true primitive.

3. The developed appearance is a highly complex node that tadelsnuch time and
resources to recreate.

4. The developed appearance offers an alternative grapbataique to an existing

node world within the World Resource Library.

If the option for inclusion is taken then a copy the appearande world and its associated
World Specification Document must be passed to the librdoiaoptimisation and clarification
of documentation. A node world submitted to the World ResoLibrary may continue along
the development process until the Realisation Point whereothenode may be substituted for

the purpose of assimilation if its submission to the Wodddrrce Library has been successful.

The conclusion of the Appearance Point development processra® that all processes
initialised by the lines of concern from external points nmsvterminated and the primary
development path be restored. The Appearance Point wilé lmmoduced the required
appearance node world in accordance to the World SpmticDocument that may be used in
demonstrations to the client if required. The Appeardwat development must be signed of

as complete before progression is possible to the Reahidadint.
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4.6 The Pentacle Method: The Realisation Point Process.

The Realisation Point of the Pentacle Method is concernéd umifying the different node
worlds of a holding world according to the information helithin the World Specification
Document with the inline hierarchy as identified by the UrsgeSpecification Document. The
Realisation Point also provides processes to further estafliise decomposition, optimise the
world performance and determine the quality of the world urdasideration in order to

determine its inclusion into the final universe product.

Figure 26: The Realisation Point Process.
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The derivation of the world structure can be seen asseparate considerations, the physical
structure of file location and the internal file struetudentifying the order for which

subordinate inline worlds will be loaded into the holding @orl

The physical location of files will depend largely on theriesbns imposed by the client at the
Requirements Point and as such will have been recorded irUnherse Specification

Document for the project. These restrictions mayuithela number of issues such as;

1. The requirement for the universe world to be spread ovieratit World Wide Web
servers.

2. The utilisation existing worlds or external files fréime World Wide Web.

3. The containment of the world within a predefined or mxgstiirectory structure.

4. Alternative routing for world components if a componeninavailable.

Where no such restrictions have been placed on the physigatusé of the file location for a
world it is generally recommended that the structure asct@epby the inline hierarchy is
replicated. This provides a structure that is instar@tpgnisable for maintenance purposes and
provides a degree of organisation within the storage mediaToste are, however, a number

occasions where this general rule may not be applicable.

1. Components that are accessed by multiple worldentihe universe may be placed
together under a common subdirectory at the root of the univetsenhis is a strategy
to reduce the amount of physical space that the universd wonsumes on the host
media and ensures that a common component changes aresdefleatigh out the

entire universe and not within a single holding world.

2. Worlds having no subordinates may be considered farsioei in the holding world

directory in order to reduce the complexity of the dirgcfide structure.
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3. Files of a size less than the host operating systiastory structure size allocation
may be grouped with their holding world where the sizéhefavailable space on the
host media is critical.

4. The components of a holding world may be grouped together Wieesecess time

to the world is critical.

Complimentary to the physical structural issues is thernal file order by which the

subordinate inline worlds and external file objectscaiged into the holding world scene. The
significance of the inline order will primarily depend on theget browser that the universe
world is being developed for and the way in which it catds the visible scene. Scene

construction by browsers falls into two general categories

1. Incremental scene building, where the world scene consmuidivisible to the
world participant. This is manifest as a series of wsibire frame boxes representing
the inline files being “filled in” with the subordinate Wds as the VRML script is
interpreted in real time.

2. Total scene construction, where the world scene is ctehplead from all inline
components before rendering the scene to screen. This iestdnyi a delay before the

world participant is presented with the complete scene.

The ordering strategy will therefore depend on the targetder as indicated by the Universal
Specification Document. Where a browser implements thlienmental scene building strategy it
may be possible for the world participant to commenceraction before the scene is totally
completed potentially causing the unexpected “pop up” ofdsdior complex scenes or slow

rendering.
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In order to overcome this the ordering @t
Figure 27: Universe World Inline Call Order.
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viewpoint (as shown in figure 27 opposite). For subordinate holdorigs this strategy may
not always be applicable as the object may have been reusetanced and require a different

view of the object from the originally viewpoint developed fo

In order to overcome this proble
Figure 28: Holding World Inline Call Order.
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objects at similar points from the holding world origihosld be ordered in a clockwise
direction along the Z axis. Clearly the start point of thdedng may not be reflected in the
eventual ordering as a manipulated holding world is constaludthis strategy will cause the
scene to be constructed with the central and potgnteakt visible object to be constructed last

(as shown in figure 28 above).

Having reviewed the available information for the world uramsideration the world structure
is developed. The process of developing the structure for ¢hnkel wnder consideration will
depend on both the physical location and call order for thedvearti the nature of the world,
the universe world or a holding world. In addition to thesnsiderations the development of
the structure may have additional information provided by the laf@went previously

conducted as part of the forward planning of the BehaviouAppdarance Point process.
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It is at this process that the forward planning route tmtenworlds from the Appearance and
Behaviour Point enter the Realisation Point process tiier development of prototype

assimilation.

The development of the world structure provides the frameworkllow the process of
assimilating the disparate world components into the holdioigd. The assimilation process
requires the component objects, or substitute objects ifotypet assimilation is being
undertaken, to be available either directly through the pyirdavelopment path or from the

World Resource Library.

The assimilation process requires that each of the inim@onents be called into the holding
world and checked for compliance to their World Speaifan Document within the context of
the holding world. Having tested each of the components indilydaidinal assimilation for all

of the holding world components must be conducted to enbatethiey work together as

specified by the holding world’s World Specification Documne

This assimilation process must be conducted in the tangeébement as specified within the
Universe Specification Document (platform, browser, HéSML application etc) and it is
recommended that at least one other browser be used in ordeentify problems with

compatibility across platform implementations.

The process and strategies employed for both the structur@samailation of the world under
consideration must be appended to the World Specificatmument by temporarily braking
the primary development path and refining the project documamthy the Requirements

Point processes.

Using the refined project documentation from the previous psodbe world under

consideration may now be assessed for compliance to thd Bfeecification Document. If the
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world is found not to meet the required criteria durihg review process then a number of

pathways for corrective action are available in the falgworder.

1. For those worlds that have non-compliance to the Wopcification Document
against an appearance node world, the line of concehe tdgpearance Point may be
taken in order that the node can be reconsidered.

2. For those worlds that have non-compliance to the Wspecification Document
against a behaviour node world, the line of concern to tha\Beur Point may be taken
in order that the node can be reconsidered.

3. For those worlds that have non-compliance to the W®pecification Document
against either or both node world types the world may bsidered as an exploratory
prototype. Where such a consideration is made the furthelogevent of the world is
halted and the prototype world is used as a tool to @idiher information from the
client at the Requirement Point.

4. If none of the above options are taken then the world andisseciated
documentation must be returned to the Evaluation Point deevaluation. Any
subsequent development for the world must be halted ancetbealuated world is
treated as a new development thereby allowing the entirglaement process to be

restarted.

If the world under consideration has successfully passedetew process being compliant to
the World and Universe Specification Documents then therappty to refine the world may
be presented. Optimisation of worlds may be conducted f@riety of reasons and utilise any
number of VRML techniques to achieve this. Common technifpresptimising worlds that

should be considered are.

1. The reduction of the detail level required by the worldidg of the LOD separator to

reduce initial rendering time.
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2. The removal of redundant code, such as spurious comnegntssive white space
and reduction of normals to a reasonable significant @guoint in order to reduce file
size.

3. The combination of polygons to produce larger face daceasduce rendering time
and file size.

4. The uses of the DEF and USE separators as an #aiterta inline for multiple
instances of the same object in a world to reduceredtéle seek time.

5. The removal or pre-computation of light sources to spgedvorld participant

interaction.

If the optimisation route it taken then a process of dguaipoptimised prototypes is taken and
fed back to the assimilation process. If the optimisatbare is not required then the process of
developing world structure and assimilation may have higtddyladditional opportunities for

further inline worlds to be considered.

Worlds considered as candidates for further decompositiothdynline strategy must have
prototypes developed for each of the component inline wdritise prototypes created by the
Realisation Point process are not generally of either agpearor behaviour node world in
nature rather they are refinements grouping objects utiordinate inline holding worlds. As

such these prototypes are returned to the initial RealisRBbint process in order to establish

any additional structural requirements that may be napess

A world that has passed though all of the review pogitadr in its original form or recursively
as an optimised prototype or new inline holding world) may hewonsidered for submission
to the World Resource Library. In order to maintain dhality content of the World Resource

Library a candidate world should fit into one of thedaling categories.

1. The developed world has been realised by a techthgiiegepresents a “standard”

strategy that can be widely reused.
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2. The developed world is considered to be a new primifoject (for example a chair,
avatar, characteristic behaviour etc). In such a tlaseise of the VRML proto node
will be used to make the object a true primitive.

3. The developed world is a highly complex node that would takeh time and

resources to recreate.

4. The developed world offers an alternative realisatmman existing world object

within the World Resource Library.

If the option for inclusion is taken then a copy the wamd its associated World Specification
Document must be passed to the librarian for furthermogdition and clarification of
documentation. A holding world submitted to the World Resouitweary may be carried along
the development process until its own holding world reachefR#&adisation Point where the
copy node may be substituted for the purpose of assimilatiit stubmission to the World

Resource Library has been successful.

The conclusion of the Realisation Point development proceggires that all processes
initialised by the lines of concern from external points nmsvterminated and the primary
development path be restored. The Realisation Point @il Iproduced the required holding
world in accordance to the World Specification Docunibat may be used in demonstrations
to the client if required. The Requirement Point develeqpinfor the world under consideration
must be signed of as complete before progression is posgsiltlee Realisation Point as a

component of its parent holding world.

Where the world under consideration is the universe world dineelopment process is
complete. All documentation surrounding the project should bewedi¢o ensure there are no
outstanding issues or developments that are still umegbolt is recommended that in this
instance the universe world be moved to the Evaluation Painthis final confirmation of

completeness before publication.
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4.7 Method Development Conclusion.

The development of the Pentacle Method from the originalepinaf synthesising the issues
and concepts discussed in the previous chapters have far ekteedeiginal project objective.
The movement away from simply developing a model to support theredgia realise a
VRML world has clearly been refined by the need toudel both project management and

guality assurance processes.

The actual derivation of the method has been built on trdafuantal issues of methodology as
discussed in chapter 3. These issues have been addressilebydirectly by the consepts
discussed in the latter part of that chapter or have tafigred and clarified in order to present a

more cohesive method of VRML world building.

Clearly as it stands, the Pentacle Method still reprssa purely academic exercise in
methodology construction and philosophy. In order for the methobdetaseful to world

builders, and those involved within the world building projeug, inethod must be evaluated.
While the process of evaluation could be seen as an ex@ncé&cademic debate regarding the
applicability of the conceptual nature of the method it isidensd that empirical evidence is of

far greater worth.

This consideration is based on the simple assumption thag, éxisting paradigms support
world building and the method can be shown to afford some dujopibre VRML development
process, then this represents a significant improvementloveutrent state of affairs. This it is
perceived will resolve the conjecture of the original hypoghespported by the research and

conclusions of chapter 2.

In order for this evaluation process to take place aweskd will be generated against the
Pentacle Method as presented, and the paradigms apphlcédbiitorld building under VRML

critically assessed in the following chapter.
11¢



5 Evaluation of Results.

“Even so faith, if it hath not works, is dead, being alone.”

James 2:17. King James Version.

The previous chapters have provided two hypotheses postulttatgcurrent software
engineering paradigms are not well suited to the requirenoeén &ML world building, and
that until such a method exists the commercial world ikelylito view VRML as a quality
medium. To support the hypotheses current trends in use ntyparadigms have been
examined both from real world cases and academic viewpbiapplicability to the media.
From this research it has been concluded that the hypotaesesipported. In order that the
apparent lack of structured support for the process of VRIdLld building be redressed, the
fundamental principles of methodologies have been exploredhamdapplication to a new
paradigm been considered. These considerations have beeedrefnd presented as the
Pentacle Method, a new paradigm for the creation and maeagef VRML world building

within the context of a managed project.

In order to establish the validity and applicability of the PdatMethod as a tool to facilitate
the building of quality VRML worlds it is proposed that amample world be built in

accordance to the principles advocated by the method. tinsidered that this is the most
practical option to assess the method and that the evalypatioess will compare and contrast
the theoretical application of the method against the aamalementation of the example
world. By such a process of comparing and contrastingekpgcted that any flaws or potential

refinements to the Pentacle Method as presented whiigidighted.
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5.1 The Problem Domain.

In order to implement the Pentacle Method for the purposevaiu&tion it is considered
expedient that the examined problem domain be briefly discu$bedselection of an example
problem domain that was suitable for the purpose of evaluaéquired that the scenario

allowed for the following to be accommodated.

1. To demonstrate the graphical abilities of the VRML medium

2. To demonstrate the application of behaviour to a world.

3. To demonstrate the software engineering aspect of VRML umhéerPentacle
Method.

4. To demonstrate the artistic aspect of VRML under théalelenMethod.

In order for some kind of quality measure to be leveltethe@ scenario world to be generated it
was also considered that the world should represent listiceapplication of VRML as a
medium for the dissemination of information. The setectof scenario therefore required a

world that contained a number of factors that couldd®sl to establish such quality, as follows.

1. To establish if the world imparted additional and sigaiit value to the problem
domain by enhancing the quality of information.

2. To establish if the world is “fit for use” as a ma@sof overall quality.

Previous research into the practical application of aeifieality as part of the collaborative
paper referred to in chapter 1 indicated that the primeolgietual reality per se is in the field
of simulation, or rather making the normally unrealisaminifest. This combined with the
author’s interest in archaeology and recent interest imgkeof information technology within
the world of restoration and conservation within musgudentified the field of archaeological

artefact reconstruction as a prime candidate for theasiweworld.

121



Originally it was hoped that an object could be securdxhse the scenario on, however neither
the museum approached or the school of applied art (consereati restoration) approached
for a specimen were unavailable or unwilling to releasé suncartefact for the purpose of the
evaluation. It should be noted however that both expressedisterest in the project domain.

As a consequence a replica of a clay pot in the Ronydansas purchased from which to take

geometry measurements. The reconstructed artefact tteebefiees little no historical accuracy.

The (fictional) client requires that the following point&® implemented within the final

reconstruction.

1. The reconstruction must clearly show the form of the pot.

2. The reconstruction must show the detail of the availabignfents (rim, side and
base) in situ.

3. The reconstruction must allow for each of the fragmeéatsbe manipulated
individually.

4. The reconstruction must provide mechanisms to acdesmation HTML pages.

5. The reconstruction must provide mechanisms to acceissrefividual fragment.

6. The reconstruction must be able to be viewed from a nuohlveewpoints.

7. Each of the fragments must be able to be viewed and nateigin isolation.

The reconstruction is to be run across a local aresonetwith the world files held on the
museum server and displayed by an entry level PC with nadube exhibit location. The final
reconstruction is to form a basis for an internal reporthe possibilities of utilising the VRML
medium as an alternative information access media forgemeblic use (this is not required

from the developers).

With these considerations in mind the scenario for evalnatquires that a Roman pot be

reconstructed from the three existing fragments using VRNter the Pentacle Method
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5.2 Initial Limitations and Assumptions of the Evaluation.

The previous section has provided a brief outline and justidic for the scenario problem
domain for which the Pentacle Method is to be evaluatett isynoted however that there are a
number of concerns regarding the limitations of the psoadsevaluating the method as
presented in the previous chapter. In addition to thestations the scenario as outlined above
relies on a number of assumptions to be in place befweetaluation process can be
undertaken. This section will, therefore, briefly discuseséh perceived limitations and

assumptions prior to the evaluation process.

The Pentacle Method has been

Figure 29: Parties Concerned During Development.
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appreciation of these disparate disciplines it is considé&adan implementation of full project
management techniques and quality assurance practicegemedithe scope of the projects

brief.

The absence of a real client and external managemengrfuesiricts the method as prototypes
and point deliverables cannot be used to solicit morerd@bon at the Requirements Point or
establish the nature of the decision-making processes. Babtauaethor is in effect playing a

multitude of differing roles with differing objectives anchepes of influence the results of the

evaluation may be open to a degree of subjectivity im #r&ilysis. Therefore, the quality of the
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evaluation must be considered as if not dubious coloured authers proximity to the project

domain.

The Pentacle Method requires that each world thdiscovered undergo a cycle of the primary
development path in order for the world building process tadhéeved in a managed manner.
While ideally the evaluation process would document the denwot all of the worlds
discovered the space allocated within this paper prohibits sucextansive record. It is
therefore considered that only an overview of the developmanthe primary development
path and the lines of concern can be shown in the docunoentdtithe evaluation process.
This, of course, does not imply the scenario world lélldeveloped as an ad hoc process, for
such development would totally invalidate the evaluationhefrmethod. It is hoped that this
strategy will encapsulate the salient development processdabe method and provide

significant information to show the reader that evaluatas been conducted.

The evaluation process is clearly intended to assesppiieadility and quality of the Pentacle
Method as a tool to enhance the process of VRML world buildihgs said the quality of the
evaluation material, that is the world to be produced ftbenscenario problem domain, will
directly reflect the abilities of the author with the VRMInd Java Script media. While the
author considers that he has a degree of competencehsitiRML language it is freely
conceded that he is no expert within the VRML community. Thvekbisolution as input for
the evaluation process of the method may therefore be perfant implementation of the
language and subsequent evaluation of the method from thisahatest be considered in this

light.

While these restrictions arguably devalue the overall assegsf the method, the remainder
represent the core features of the method, namely thesnezgievelopment and refinement of
worlds via the primary development path, and the iteratftorded between the five points by

the connecting lines of concern. It is therefore consideradiftthe concept of such interplay

124



between points, by either access method, can be demedstrdde of significant worth then the

marginalised issues can be seen as adding valuerteethed as a whole unevaluated.

The scenario as presented in the previous section reghaesome original, and perhaps
unrealistic, assumptions be made before the evaluation prazms commence. These

assumptions are as follows.

1. The client has a clear understanding of what the VRMHium can achieve.
2. The client has a clear understanding of what they equir

3. The client requires no specialised equipment or de\iz be employed.

4. The client has the IT infrastructure in placedalise the project.

5. The client has no preferred browser or developmentégairements.

6. The client is able to provide geometry for the worldc:ots.

7. The client is able to provide images for texture mapping.

8. The client is able to provide HTML pages for linking wertd.

9. The client has no existing structure or structugirements for the world.

With these initial limitations and assumptions statedpitozess of developing the solution to

the scenario problem domain in order to evaluate the appligabilithe Pentacle Method is

described in the following section.
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5.3 Overview of Development Using the Pentacle Method.

The overview of the development process is intended to evalnat@applicability of the

Pentacle Method derived in chapter 3 and presented in cha@e a supporting software
engineering paradigm for VRML world building. The developmenthef scenario world as
described in the previous section was conducted using the mettiod thie confines of the

limitations and assumptions as stated.

The initial process of the requirement point establighedworld requirement as stated in the

previous section as providing.

1. A graphical representation of a Roman cooking pot basesgalkable geometry.

2. A graphical representation of three fragments fromahblai geometry.

3. A device or devices to permit access to informatiavailable HTML format.

4. A device or devices to permit interaction with the idiexst components.

5. A range of different viewpoint that permits the maat to be viewed from different

vantage points.

A search of the World Resource Library (representeddsgarch and experiment amassed
during research for the previous chapters) identified abeurof existing worlds that had

potential for reuse.

1. A behaviour node world allowing the world participant telcland drag specified
objects along the world X and Y axis.

2. A behaviour node world allowing the world participantliokcon a specified object
causing it to rotate in a predefined manner.

3. An extrusion node implementation that allows a specifiedd@brdinate plain to be

extruded and rotated around a specified point.
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4. A billboard node, which keeps the specified group objeetsing the world

participant view.

The resource allocation for the project as required by titbauneandicated that a number of

tools were available to the project from previous experiaigmt with the medium. These were

identified as.
1. 3D Design Plus : A geometry modeller.
2. SitePad : A VRML 2 file editor.
3. VRML Express : A VRML 1 file editor.

4. VRML1TO2.EXE : Acommand line VRML specification conversiprogram.

5. WCVT2POV : A mulit 3D graphic file format converter.

Human resource allocation to the project was necessardymember of staff (the author) who
would be responsible for all aspects of the project developriidne hardware requirements,
unspecified by the client, for development purposes vekretified as two entry level Pentium
PC'’s (one acting as the server) running across a TCR#f&#hét under MS Windows 95. The
choice of hardware, available software and VRML 2 requergmrestricted the availability of

the target browser to be developed against. The finacteel application was SGI's

CosmoPlayer a plug-in for MS Internet Explorer, with Ssrgommunity Place stand alone
viewer for testing and conformance comparison. It was densd that this suite of resources

was sufficient for the development of the world.

The process of documenting the project specification ansirigée world requirements thus far
discovered was conducted being recorded in the Universe $p#oifi Document and World
Specification Document for the universe world ROMAN_POdspectively. As previously
noted the project management device requirements were n@nmapied but the existence of

the Universal Project Plan is acknowledged for completeness.



The opportunity afforded by the connecting lines of concern to dewiploratory prototypes

for both the required behaviour and appearance nodes of ROMANwRAS taken.

The prototype development of the behavioural node commencled witocess of establishing
the node requirements, in accordance to the method. lapyEsent that the required behaviour

for the universe world fell into two distinct areas, tigh and viewpoint.

A number of prototypes experimenting with different liggteffects and viewpoint positioning

were generated and tested against a primitive sphere woitttl gtom the World Resource

Library. It was concluded from these experiments that aesidigectional light source was

adequate for the world lighting requirements and thatiswpoints (top, bottom, front, reverse,
left and right) would be sufficient to cover all the caedipoints. These conclusions were
documented generating a new World Specification DocumenGidOBAL_BEHAVIOUR

node world.

The presented option for inline decomposition clearly adgantageous, as there were two
distinct behavioural requirements, lighting and viewpoinatdtypes for each of these worlds
were generated from the information within the World Speaifon Document for
GLOBAL_BEHAVIOUR node world named LIGHTING and VIEWPOINespectively. These
worlds were documented within their own World SpecifmatDocuments and as no further
inline decomposition was considered at this stage adddg: timline hierarchy diagram in the

Universal Specification Document.

The prototype development of the appearance node commenbdtieviirocess of establishing
the node requirements in accordance to the methods. It ppeseat that there were four
distinct areas of concern, the three fragment objextgtee pot reconstruction. It was noted that
behavioural requirements also existed within the domaihecdppearance node specifically the

hyperlink and interaction requirements for the fragments.

12¢



A number of prototypes for the node were generated usingethmetry provided by the client
and a combination of the geometry modeller and file convdftem these experiments it was
concluded that the appearance node world could not be ceplisely as a single object if the
requirements were to be accommodated successfully. Theais were recorded in a new

World Specification Document RECONSTRUCTION node world.

As with the behaviour node of ROMAN_POT the opportunity fdme decomposition was
clear as four distinct areas of concern had presehgesdselves in the three fragments and the
pot reconstruction itself. Prototypes were generated forfrigments and the pot from the
requirements recorded in RECONSTRUCTION World Speifiey Document. These worlds
were documented within their own World Specification Docatsi@s POT_RIM, POT_SIDE
and POT_BASE for the respective fragments and POT_RE@Dté reconstruction. Further
inline decomposition was not considered necessary at tgis atal the newly discovered nodes

added to the inline hierarchy diagram in the Universal 8paton Document.

The conclusion of the prototyping diversion via respective ties Iof concern returned control
to the primary development path. As no client was presethd evaluation process by the

nature of the project the primary development path was E®egpgdo the Evaluation Point.

It is noted that at this point within the development unther Pentacle Model the worlds
discovered during the exploration of the ROMAN_POT.WRL wiinenence their own
primary development paths. It is not considered feasib&hoev this process for the reasons
identified in the previous section. In order to show the metimodction, however the
development of ROMAN_POT will be continued under the assomphat these worlds are

being developed in parallel.

In accordance to the method a review of the existing prd@oamentation was conducted in
order to establish ROMAN_POT world requirements anderevihe information discovered

thus far. From this review it was considered that ROMANT P&uired no inherent behaviour
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or appearance, these being conducted in the inline node wdrld8& BEHAVIOUR and
RECONSTRUCTION. This identified ROMAN_POT not only as timverse world but also as

a holding node world.

By virtue of the forward planning of the world conducted ret Requirement Point it was
considered that no further inline decomposition for ROMANTR&as required and that the
information contained within the project documentation wdBcgent to permit the continuing
development of the world. These observations were recondethe World Specification

document for the world.

A cursory review of the objects within the World Resouritgary identified (unsurprisingly)
that no previous worlds had been generated that matichedquirements of ROMAN_POT. It
was also considered that, as the universe world, no dynaminahbehavioural attributes were

required (these being conducted by the inline behaviour no@BG&L_BEHAVIOUR).

These observations concluded that the VRML specificatiorife development of the world
should be version 1 and could be realised given the resallocations identified at the
Requirement Point. These observations and considerations maeel on the World

Specification Document and the primary development path movbe Behaviour Point.

In accordance to the method the Behaviour Point process eocach with the review of the
world requirements for ROMAN_POT world. As identifiad World Specification Document
ROMAN_POT represented the universe world and a holdingdwdhis noted the requirements
of the world were therefore to provide hyperlinks to the two neli worlds

GLOBAL_BEHAVIOUR and RECONSTRUCTION.

The development of the world therefore constituted theioreaf two, grouped inline nodes to

these as yet unavailable files. In order to establistetiiles within an accessible structure the
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opportunity for forward planning of prototype assimilatioaswtaken by the line of concern

extended to the Realisation Point.

The forward planning route to the Realisation Point comntemdgth the establishment of a
structure for the world. As no preference of restrictibad been placed on the structure of the
world development (identified in the Universe Specificatioocliment form the noted
assumptions) a replication of the inline hierarchy as recommebglethe method was
considered to be appropriate. As GLOBAL_BEHAVIOUR wouldabeommon node to all of
the components of ROMAN_POT this structure was refined,omptiance to the method
recommendations, to provide two physical subdirectories, sgemtion and common, from the

project root directory.

As none of these worlds had been finalised the assiomlgtrocess utilised the developed
prototypes for the lighting and viewpoint worlds and a sphemepresenting
RECONSTRUCTION from the World Resource Library. Theselagpory prototype worlds
were appropriately named and placed in the respectivetdims. In compliance with the
method this was noted in order that the prototype wotdged would not be accidentally

assimilated into the finalised universe.

A review of the project documentation and the prototype developidentified a minor
problem with the assimilation of the world components. €hiscerned the initial placement of
the viewpoint on the world scene. The prototype assimilatimter CosmoPlayer placed the
initial viewpoint at the centre of the world co-ordira{¢he world origin) at the same point at
which the substitute RECONSTRUCTION was placed by the inlile Camparison with
Community Place browser noted that this did not occurptiggnal viewpoint defaulting to the

first viewpoint node encountered.

As CosmoPlayer was the target browser for the projecadt perceived that this issue was of

some significance and clearly remedial action would nee@ taken. The option to refine the
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prototype was taken returning to the initial process in oalestablish what these requirements
might be. Further experimental prototype development condlukat the inclusion of an
arbitrary viewpoint in ROMAN_POT world providing a defawbrld participant view was
required. This conclusion and experimentation was recordedh@nWorld Specification

Document and no further options were taken restoring the pridevelopment path.

It was considered that the further decomposition of the wadd not possible as both
appearance and behaviour nodes for ROMAN_POT had alreadyebtdtished. Clearly the
newly discovered requirement for a default viewpoint could eotdnsidered as an inline as
prototype assimilation had proved that this was not an opfioa.world was reviewed against
the requirements and it was considered that the developed eaehenatched the specification.
A note was made on the World Specification Documentthiearbitrary viewpoint assigned to
the world during the prototype assimilation would needexction when the viewpoints were

established during the development of the VEIWPOINT world.

Because of the nature of the world, being a unique univerdd,\aad the fact that optimisation
was required the world was not considered for submissitmet®Vorld Resource Library. This
concluded the Behaviour Point development process for ROMAN_@&@dTcontrol was passed

to the Appearance Point following the primary development path.

In accordance with the method an initial process of rawiguhe project documentation was
conducted. It was noted that ROMAN_POT was a holding wavith no graphical
requirements, in accordance to the provisions of the mdthrosuch cases the development
process was skipped and signed off as not being requirduk Midrld Specification Document.

The primary development path was therefore progressbe Realisation Point.

The initial processes of the Realisation Point of esthivlent and development of a world
structure was by passed as this had already been gséablvithin the World Specification

Document by virtue of the forward planning option taken at Bledaviour Point. As no
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finalised inline components were ready for assimilatioVR®_POT world development was

suspended until these inline nodes were completed.

It is noted that the development of these absent woads been conducted in parallel with the
development of ROMAN_POT each world entering its own devedmpntycle along the
primary development path and development conducted in a siméaner to the example of
ROMAN_POT provided. In order for the example to be compldtedtherefore assumed that

this period of parallel development has taken placelzatdhe inline worlds are now available

According to the methodology, the assimilation of GLOBAL _BEH&WR and
RECONSTRUCTION into ROMAN_POT was conducted. This was decued and the
following review held in order to establish if the world i requirements as detailed in the
project documentation. This review concluded that the dvadmplied with the project

documentation and the option to refine the world was considere

As previously noted the default viewpoint for the world wilk usnrefined. Using the forward
viewpoint developed as part of VIEWPOINT world the defawdtld participant viewpoint was
amended. It was further noted that the GLOBAL_BEHAVIOURril was a pure holding
world and as such it was considered that it could bevethwithin ROMAN_POT as an inline
and the two components LIGHT_DIRECT1 (the refined lightiedaviour node world) and
VIEWPOINT substituted. In accordance to the method a pytotvas developed to reflect

these two refinements and the Realisation Point of dasiom looped back to.

The subsequent review established that the new ROMAN_P@®IH Wwunctioned as required

and that no further refinement was possible. It was asnsidered that no further

decomposition was available and the respective world dotatien amended to that effect.
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As this is the universal world a final sweep of the primgevelopment path is recommended
by the method in order to finalise any outstanding issuesldress any concerns that have not

yet been rectified. This process was conducted and tHe signed off as complete.

While the example development as presented above represebief overview of the
construction process for the universe world, it is consthtrat it does encapsulate the salient
features and spirit of the Pentacle Method as presentedrl\Cthe example development
requires that the missing parts of the development proecest, notably the Appearance Point
processes and the management and quality assurance aspgwsnwdthod (as previously
noted), be taken on faith. This only serves to further muddyethdgence provided by the

evaluation process.
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5.4 Conclusions of Evaluation.

The theoretical production of VRML worlds using the Pemtddkthod was conducted during
the development of the method by a process of role playingaitedi that the method could
prove useful to a project oriented VRML development. Thdityeof implementing the method
as a single developer and with the limitations and assanspgireviously stated provided a less

than perfect result on which to base the evaluation psanes

The evaluation of the Pentacle Method, as presentddhipter 4, with regard to its application
to solve the scenario problem domain, highlighted a numbeoraferns and issues. These are,

in no particular order of significance, as follows.

5.4.1 The Primary Development Path.

The author still has some reservations with regartémtder of the Behaviour and Appearance
Points within the methods primary development path. Whilg@tbeess appears to work within
the general primary development path as identified in ch&otBere is some question as to
using the same order for the advance planning option within theifeRment Point. Punitive
tests of reordering these two development point on the prid@relopment path identify that
while the generation of visible objects provides a more regsdlt for evaluation associated
behaviour becomes more difficult to realise because oftiadai the complexity associated

with the appearance node.

It is the opinion of the author that as the generation of\b@lmaunder Java Script is more
involved than the production of pure VRML objects that the psed order is correct. This is
based on the observation that less time and effort isreefjto fix a world fault that is founded
on behaviour than appearance as, by the nature of the nieelidault will generally be

manifested visually. It is conceded that this is the opinof the author who has more
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experience with pure VRML than Java Script and it isafuee suggested that the roles may be

interchangeable depending on the skill set weighting avatale project.

The method makes reference to the top down derivation ofdweduirements and the
construction of the world by a bottom up process. The methko@me flow charts indicate this
process by the decomposition of the world under consideratiohéypgportunity to inline
components (Top down design) and the assimilation process &etisation point which

requires that all the world subordinate components aremiré@3ottom up construction).

While the top down and bottom up development process is impligdei narrative of the
method text, there is no direct implementation of thesg¢egfies. The use of the inline hierarchy
diagram notation clearly makes provision for addressing phoblem, to some extent, by
identifying completed worlds, represented as filled $gaand prohibiting higher level worlds
completion until all the inline nodes are themselves compléte.order in which these worlds
are processed, however, is purely arbitrary and relieherdocumentation process for the
documented world to reflect any changes in higher orderdsott is considered that these
strategies require further enforcement within the methtigtifearnability concerns discussed in

chapter 3 are to be readily addressed.

5.4.2 The Lines of Concern.

It is implied within the method that lines of concern rbayfollowed during the development a
prototype node under the forward planning provisions. Such agsrocay well prove useful to

the developer concerned, especially if they are multieskipersonnel, but has an inherent
danger of getting lost down a metaphorical “rabbit hole” asopioé development passes
arbitrarily between point processes along connecting linesrafecn. While the method makes
such paths available to the developer it is not recommehdéthe development of prototypes
be conducted in such an unmanaged way as this will uiiynead to prototypes being built on
prototypes. Such a situation would clearly degrade theitguafl development with each

successive stage within the prototype development process.
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It is suggested that if such a route is taken betweenspibiah strict time allowances must be
imposed by the project manager for any prototype discquergess conducted in this manner.
In order to prevent the rabbit hole syndrome any prototype gewelat using this strategyust

be terminated upon its expiry regardless of the point rels@he the primary development path

restored.

It is further noted that the method calls for all procesgigated by lines of concern be
terminated at the conclusion of the development point. Th&gconsidered, is only relevant to
the Evaluation Point where processes may need to run to thiet@oninator. By their nature
prototypes developed for the Behaviour, Appearance anls&ean points are exploratory and
therefore only representative of ideas to be considered wigeprimary development path
accesses the respective point, this is why the prototypelagpenent process is called forward

planningand not forwardlevelopment

There is little justification, therefore, in progressegrototype beyond the documentation of
the development thus far conducted for the reasons regardility gsadiscussed above. As all
documentation is conducted by a following the line of condeom any point to the
Requirement Point in order to check that developments dompaict on other work, it would

seem logical that the termination of prototype developrsientld be at this point.

The method requires that all processes instigatechbg bf concern be returned to the primary
development path on termination to the calling process foted that for some processes,
particularly those calling the Evaluation Point, this repnés an inefficiency in the
development process as the additional information gatheratydbe external point process is
not assimilated into the node as it is outside the develdploen for that point. While the
method makes provision for this by considering the world ta Ipeototype, it must complete

another cycle of the primary development path for the nevvrimdtion to be acted upon.



While this is not unreasonable, based on the view that if @oe f information is missing
then the chances are that other information is too, thleaséreats minor both minor and major
alterations alike. In order to overcome this perceived imefitly it is suggested that there
should be provision for the integration of any additional meguénts toward the end of the
calling point process. It would therefore appear that th& fogical place for this option would
be immediately after the jump to the Evaluation Point is miaskgyating a loop back to the

initial process of the respective point.

5.4.3 The Inline Hierarchy Notation.

While the inline hierarchy notation provides a clear and higidiple representation of the
project development there are two concerns noted by theratithefirst of these is the use of
inline hierarchy diagrams within the World SpecificatiomcDment. The method narrative
implies that the whole of the inline hierarchy is requiire order to establish the position of the
world under consideration. While such an expanded view may prefel tise practicality of
both time limitations and space available on the physical deot makes this practice
impractical. It is suggested that the inline hierarchy diagamntained within a World
Specification Document detail only those connected objeutsediatelyabove and below the
world under consideration. If further clarification of therd position is required then the full

inline hierarchy diagram of Universe Specification Docotsihould be referred to.

The other concern noted is the use of the notation to indalieséified and explored worlds. As
these two types of worlds are discovered it is cleadlyaatageous to include these into the
inline hierarchy diagrams but there may be no indicatioroabd nature of the node world
(holding, behaviour or appearance) or to the VRML speci@inat be used. It is suggested that
all worlds, for which these issues have not beenvedpbe provisionally identified dslding
node worldsusing the VRML 2 specification for development. Thiss iconsidered, represents
the “worst case” scenario that should be planned far tinet world is revisited for refinement

by the primary development process.
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5.4.4 Pure Holding Node Worlds.

The method makes no direct reference to the point at whacheaholding world, a world with
no internal behavioural or appearance attributes, is catsth. While the narrative identifies
the VRML inline node as a static behaviour and therefore swebrld should be constructed at

the Behaviour Point, this, it is felt, is not stronglyough emphasised within the method.

It is noted that the development of pure holding node wodpisesents a trade off between the
efficiency and effectiveness of the universe world. iflstusion of pure holding worlds clearly
aids the structure of the world both in terms of world dgwelent and the appearance of the
time to screen rendering for incremental scene buildiogiders and in providing prophylactic
manipulation over grouped objects. However, it is observed#ss slight impact on the down
load time as the holding world is interpreted to findsitdordinate inline components. Of more
concern is the case where a holding world is unavailabledime reason, this will result in all
of the inline nodes not being called into the world scena dvehe access to the individual

components directly is possible.

It must therefore be considered that further optimisatiomefworld could be achieved by the
removal of redundant pure holding node worlds. In order toelerflexible approach to the use
of pure holding worlds this decision would clearly depend onoraber of factors such as client
requirements (speed, fault tolerance etc), target browsquired behaviours, confidence in

world availability, ability to document world removakally for maintenance purposes etc,

5.4.5 Java Script and Pure VRML Behaviour Node Worlds.

The method makes no clear distinction between behaviourwodds that have been created
using Java Script and those that utilise native VRML fionetity. This lack of distinction may

potentially lead to confusion over documentation (althougs fioted that the resulting world
would still exhibit the behaviour) and misallocation ainfan resources (graphic artists

conducting behavioural engineering work and visa versa)xample of where such confusion
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may occur is in the implementation of the VRML 2 extrusiodenavhich requires no actual
script to be created because this functionality beemaattstl within the implementation of the

language to a more developer friendly format.

The definition of what constitutes a behaviour node wasldar beyond the scope of this

project’s brief. In order, however, to address this g@koonfusion to some degree it is the
opinion of the author that a native VRML behaviour node phatiuces a visual object and that
cannot be decomposed by a process of inline should be consaferad appearance node.
Conversely a Java Script implementation that manipulatestimes such as point sets in order
to form a new object that is solely graphical in itsunatshould also be considered as an

appearance node.

In this regard, pure VRML nodes that have no physical mstatien but rather compliment

another object must therefore be considered behaviour nodes.

5.4.6 The Requirement Point.

The “establish project resource allocation” process idestjjroject resources as an input to the
primary development path. Although the need for this igrcke location of the information is
somewhat nebulous being referred to as simply “projeouress”. If these resources are to be
successfully managed then some form of co-ordinating body Imeusequired to facilitate this
role. It is suggested that this management be pladiihvthe domain of the World Resource

Library.

This will expand the scope of the librarians brief beyondhigbandry of worlds to include
management of tools, hardware, other software and personais.délearly such an expansion
of the role of the librarian impacts on the availabilitytlht member of staff for development
suggesting that the role requires a dedicated member biistziplined in all of the aspects of

world building or for a larger project possibly a sntpartment.
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The production of the Universal Project Plan assumegtibairoject manager will implement a
range of “standard” devices in order to assert contet the development project. Research
into the area of project management indicates that only 2(@#omfct managers are “veterans”
of their art (Allison (1996)). If this is the case then @ynbe prudent for the method to include a
review of project management devices and strategies bfgirecommitment to the Universal

Project Plan.

While the inclusion of such a process within the procé#iseomethod is mute, it would provide
a tailor made project management plan for each universddl built as opposed to using a
“standard” format of management strategies. This wemsure that the devices employed by
the manager could be specifically targeted at the prolemain and be applicable to the
various tasks required by the method. It is therefore dereil that such an additional review
would instil additional quality into the world building preseredressing the concern of the

second hypothesis of this paper.

The conclusion of the documentation process moves straighthi decision point for forward
planning of prototypes. While it is indicated within the methed that this option is included
to capitalise on the impetus generated from the exploratidmeoworld requirements and pre-
empts client acceptance of documentation, no referend® teubmission of documentation to
the client is shown on the point process flowchart. Thidaarly an oversight in the learnability
issue of the method; potentially a user of the method amikel a prototyping phase before the
submission of the documentation to the client if the flowichare to be solely used. Clearly if
the client were to reject the proposals of the docurtientime would have been wasted on

constructing inappropriate prototypes.

It is considered that this could be rectified by the t@oidiof a new process “Submit
Documentation for approval” with a companion decision poiracimentation accepted?” on
the flowchart. The acceptance decision point paths would teathe terminator if the

documentation was accepted or to the forward planning ojbtilbbe client had not yet accepted
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the proposed development. In this case the negative pathseeps thedelay between
submission and acceptanoef the fact that the documentation has been rejectedhwhse is

addressed by the precondition of the Evaluation Point.

5.4.7 The Evaluation Point.

The order of the two initial decision points, the option tocotgpose by inline and the amount
of information available to continue development is toaeable. If the world can be
decomposed and the requirement review undertaken therepettrgial for an absence of vital
data, this could subsequently result in further decompas#tgainst an erroneous requirement
review. This loop becomes far more effective as a quaisurance device when the order of
the points are reversed providing the assessment of theofahfermation available before the
consideration of inline. However, such a reordering of thetpoimay be lesgfficient with
regard to the speed of development as the Requiremeritrfash be returned to if the world

information is considered insufficient.

The design therefore is to either remain with the oedepresented, representing a number of
smaller problems with an imperfect requirement speation, or with the proposed order
representing a large problem domain for which the informasi@omplete. It is suggested that
the former, original, ordering represent the best optidns View is a mute one but in its
defence it should be noted that even if the informatiorah inline node world were incomplete
or erroneous it would be reviewed at either the Behaviodppearance Point, depending on
the node type. If the latter order was in place this wouldlpilre a duplication of effort as the
review process for the development point will reassessetiigrements at a motienely point

within the primary development path.

The Evaluation Point flowchart appears to indicate thatrteéhod requires that if no dynamic
is present then the VRML 1 specification should be useds Thiclearly not so, rather

represents an opportunity for the project manager to condideatang human resources to the
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development under the VRML 1 specification. This decision psiiricluded in the method in
order provide flexibility to the issues surrounding develogm&ff who may be well versed in
the original specification but unfamiliar with the newpesification which supports dynamic

behaviour using Java Script.

The VRML 2 specification also includes additional nodes or nafmements that are
unavailable in the original specification that are rfad global or behavioural type, such as the
EXTERNPROTO. Development of such nodes under VRML 1 at flepsesents a waste of
resources and inefficient execution as they exist as tprémodes of the newer specification
and at worse represent pure folly, as they simply canncgédieated. The key purpose of this
point (and indeed the whole method) is the provision of a frametaorkhe development
process to be conducted within not to and therefore thegbrmanagers common sense is

required to establish the VRML platform to be used.

The author also considers that while this decision poirgelect the VRML development
platform is correct at the time of writing it will becenout of date as future refinements of the
specification inevitably are released. As these future me@més are unknown the platform
selection cannot be based purely on the behavioural requirehéme world. It is therefore
suggested that the decision point should be based aroundtimegaanplemented in the latest
specification that are unavailable in older releasas @f course is primarily the inclusion of

behaviour in VRML 2).

5.4.8 The Behaviour Point.

The method does not specifically identify the viewpoimgihting, sound and other VRML node
types as being under the behaviour node world group (as aobed). While such nodes could
be argued as belonging to the appearance node it is considertdteteetfectthe appearance
of an object rather than constitute the appearandbdeobbject within the appearance node

world. This view is further supported by the nature of somotles that are generally applied
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within the method aglobal effectors in order to manage such node implementatiomealistic

way.

The positioning of the node development process before the oppprtto consider
decomposition suggests that a nadestbe constructed before decomposition is possible. If the
node has clear opportunity for decomposition from the outeet there would seem to be little
justification in developing a world that will ultimatelgecome a pure holding world for

component inline nodes.

The processes were originally placed in this order tb thie behavioural to discover
opportunities for inline nodes through the process of develdpmgvorld under consideration.
If the order is reversed this opportunity is lost, as isgjygortunity for forward planning of
assimilation, clearly a disadvantage. It is suggestedatisalution to this may be found in the
reordering of the processes, in order to pre-empt construdiijonconsidering inline

development, and a new loop from the subsequent developmens9iogek to the initial

establishment of requirements process. This in effecttesi® the development loop by
removing the “create and explore prototypes” process leddingthe inline consideration and

replacing this with the actual development process.

This however makes the not unreasonable assumption that hehanodes should be
considered as prototypes until no further inline decompogioducing the most cohesive and
loosely coupled nodes is possible. The reordering of thesespescérom either development
point will restrict the ability for the node world to be caleied for forward planning of
assimilation. In fact far from being a restrictiomsiiperceived that this woutdjhtenthe quality

of the world building process. This view is based on the obhtervthat prototypes sent for test
assimilation would be built opre-acceptancenodes (that is prototypes that have been fully

realised but not signed off as completed) rather thanypexglerimental prototypes
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5.4.9 The Appearance Point.

Similar to the concern noted above in the Behaviour Pemluation, the positioning of the
node development process before the opportunity to consider desibonpsuggests that a
node mustbe constructed before decomposition is possible. As ndtéde node has clear
opportunity for decomposition (highly likely if primitiveseabeing used) from the outset then
there would seem to be little point in developing a wanlak will ultimately become a pure

holding world for component inline nodes.

The processes were originally placed in this order tb the graphic artist to discover
opportunities for inline nodes through the process of constguitte world appearance. As with
the Behaviour Point reversing the order of these processessdkaideveloper the opportunity
for discovery and prohibits the early opportunity for forwardchpilag of assimilation. A similar
solution to the Behaviour Point as noted above, requihieg¢ordering of the processes may

resolve this problem.

This however enforces the assumption thht developed nodes (not just behaviour node
worlds) will be considered as prototypes until no furtidine decomposition is required or
appropriate. While the benefits of reversing the orderHerBehaviour Point are valid there
must be some question as to the appropriateness of applying segima on the developers
artistic ability. It should be borne in mind that the aparee node will, at some point, pass
throughout the Realisation point optimisation processeseather opportunity to decompose a
complex world is offered once again. It is therefore ssigggkthat there may be significant
benefits in letting the graphic artist construct the woeld toto before they consider

decomposition.

5.4.10 The Realisation Point.

The initial process of establishing the world structure miesirly be conducted before any

form of assimilation can take place. However the methodines) that the entire assimilation
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process be conducted before the option to decompose by isioasidered. Clearly, as with
the Appearance and Behaviour Point processes there Btlenmoint in conducting this entire
assimilation of worlds within a structure that ultimgtelill be discarded in favour of a updated

one reflecting a new inline hierarchy.

It is considered that the developer must be afforded thertayyity to develop a structure in
order to discover inline opportunities and therefore th&iritvo processes of establishing and
developing the world structure must remain in their origpiaces. It is suggested that the
problem of late inline consideration could be overcome by movingntime decomposition
option to a point immediately after the production of th&ahstructure, creating a short loop
back to the initial process. This would allow the discowdrinline worlds to take place during
the structural development and be acted upon before assmilgticommenced. Further
opportunities for inline decomposition that arise as actliresult of the assimilation process
could therefore be considered as refinements to the wodde returned into the development

loop requiring extension to the “establish world structymaicess.

The criticisms and concerns of the Pentacle Method, ndteshg the evaluation process,
indicate that the method is, by no means, the panace¥RML world building. It was

considered, however, that the application of the processes agiydmatthe method, to the
identified scenario, did impart additional value to theraWevorld building process. This was

based on the observation that

1. The method divides the process of world building into a cleges tasks providing
ease of management.

2. The method provides a logical and sequential developroetd for these tasks via
the primary development path.

3. The method is highly flexible by virtue of the lines aincern allowing timely

information to be capitalised on through prototyping.
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4. The provision for prototype experimentation by such liamksrds developers the
freedom to explore possible solutions in a manner that ddesongromise the co-

ordinating structure of the primary development path.

5. The method facilitates both the logical and physicalcsiring of a world and

resources based around the client’s requirements.

6. The method provides sufficient processes to facilitatatgwedsurance by auditable
documentation trails, reviews and clearly defined delivesabl

7. The method identifies areas of specialisation for kbeh graphic artist and the

software engineer auspices of project management and qussilyance devices.

It is therefore the conclusion of the evaluation processtligaPentacle Method is a tool that
can be applied to bring structure, dynamism and additiona¢ valthe process of VRML world
building. The evaluation process also concludes, however,utibef work is required on the
Pentacle Method if it is to be regarded asguality methodsupporting the world building

process.



6 Conclusions and Future Work.

“There has always been an unwritten rule that we only tackle problems that are truly
understood and for which we can provide final solutions. Experimental extensions are
encouraged, with the expectation that today's experimental extensions may be
tomorrows VRML standard.”

Gavin Bell. Silicon Graphics, Inc. (1996).

The project has identified the need for, shown the logigalaten from first principles of, and
successfully implemented the Pentacle Method. Within ezcthe chapters a number of
conclusions have been drawn in relation to the subject mnatitées therefore considered

expedient to briefly review these in this the concluding chapte

Chapter 1 presented an overview of the new Virtual Reality Mogd.anguage within its
context as a new media for the dissemination of informatiorgube Internets World Wide
Web protocol. From the preliminary research conducted in suppdhe project this chapter

concluded the two core hypotheses that formed the impettisefproject, namely,

1. The design requirements of VRML objects and their dgodre not well suited to
existing design paradigms.

2. If VRML is to be a quality communication medium such e@@m must exist.

Chapter 2 set out to establish the validity of these twpotineses by researching those
paradigms currently employed by the VRML world building communiThe research
conducted indicated that world builders were not using cus@tware engineering paradigms.
In response, a review three of the more popular softeagineering paradigms was conducted
in order to establish why such sound software engineeringigesievere clearly being ignored

by the majority of the world building community. Based on theeaech and review of the

14¢



existing paradigms it was concluded that the apparent underuseftefare engineering

technigue emitted from two root causes

1. The majority of VRML world builders are not softwaregaeers but graphic artists
with little or no formal software engineering training.

2. The existing paradigms reviewed, while each holding sigmi€e for world building,
do not distinguish between the two distinct aspect of wbdiding, the graphical

content of and the assignment of behaviour to a world.

Chapter 3 explored the theoretical needs of a generic methanbasidered how these could be
applied to the problem of VRML world building. The discussexamined potential strategies
that could be employed by a structured method that woulediess the imbalance between the
artistic and engineering needs of the world building procedsatlow the management and
quality assurance aspects of a development project to be teddoa relatively unobtrusive
way. The chapter concluded that the concepts discussed pravigatistic model on which to

base a method supporting all the considered aspects of tleebwmdding process.

Chapter 4 drew on the framework of the theoretical, metismissed in the previous chapter,
in the attempt to present these concepts as a holistimdapplicable to the management of a

quality world building project.

Chapter 5 considered the implementation of the methoddseascenario in order to provide an
assessment of the applicability to the VRML world buildingcess. From the observations
made during the creation of the scenario world, it was aded that, while the method offered
a degree of flexibility to the world building process, accadating the two key areas of
concern identified (the needs of the graphic artist anddateare engineer), within a structure
facilitating project management and quality assuranceaptiie method, as presented, raised a

number of fundamental concerns.
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6.1 Future Development of the Pentacle Method.

The initial observation of the project detailed in this papencludes that, if the Pentacle
Method is to be a quality method supporting the VRML worlddiug process, addressing the

projects hypotheses, then a significant amount of futoré& wiust be undertaken.

6.1.1 Rectification of Identified Concerns.

Arguably, the priority for development of the Pentacle Metlsoen overhaul of the internal
workings of the described point processes. It is considbegdhe initial starting point for this
refinement will be based around the observations made dhergyvaluation of the method held

in chapter 5.

6.1.2 Examination of Management Techniques.

Clearly the absence of the implementation of managememitgies within the derivation of
the case scenario using the Pentacle Method indicategge daea for development. It is
proposed that the management techniques available to jeetpranager be reviewed in order
to establish their applicability of use within the structaocated by the method. It is
considered that the ultimate goal of the review will notdetorporate such techniques into
the method, for such an act would restrict the projeatager, but to recommend existing
techniques that are appropriate to, and compliment the maavagement within the project.
This it is considered will provide both flexibility and gurdz to the veteran and novice project

manager alike.

6.1.3 Examination of Quality Assurance Process.

More contentiously, the absence of the quality assurancegzes within the evaluation of the
Pentacle Method require the examination of quality assaersahniques in order to establish
whether the method can be assimilated into existing pesaticwhether a entirely new strategy
will need to be considered. This observation is based oraanimgation of the two main quality

assurance standards, the ANSI/IEEE 730-1984 and 983-1986 staawdttie 1SO 9000 series
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standards are based around the existing software engmgeniadigms that have been shown

as inappropriate to development using the VRML medium.

6.1.4 Development of Supporting Software.

The Pentacle Method advocates the use of various softwalieaions for the derivation of

VRML worlds during both development under the primary devetgnpath and the lines of
concern. The method also requires a number of processes tonducted parallel to the
physical world building process ensuring timely informatioorrect documentation and
resource availability at the respective development pdhe.development of a single tool that
encompasses both the generation of worlds and supports tlegenaant of the project is

clearly desirous. Currently there are two parties intedesh developing a CASE tool based
around the method although preliminary development of ssdffware tool has been restricted

due to the author’s current commitments.

6.1.5 Use of the Pentacle Method.

The evaluation process of the Pentacle Method relied omaerof assumptions, based on the
limitations of human resources to the project (i.e. théhaaut As the method has been
developed for utilisation within a project environment, libgical development of the method
must include some form of co-operative work with otherlevbuilders. It is proposed that this

be conducted using two identified resources.

1. It is hoped that the initial interest from the museunth school of conservation and
restoration approached for sample artefacts can be ¢sguitain to secure an object and
possibly personnel on which to implement a evaluation project

2. The possibility for conducting a evaluation project igentty under discussion with

those respondents to the initial questionnaire conducted jierBa
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While the latter is highly dependant on the level of commitntkat can be afforded to the
project by those involved the possibility of developing a fiomet VRML world across it's

native medium, the Internet, is to say the least, batigiing and exciting.

6.2 Conclusion.

From the development of the method during the project and detailénis paper it is the
author’s considered opinion that the Pentacle Method, aemiesl, representing a significant

improvement to the methods currently employed by the VRMLdNmrilding community.

The derived method, however, flawed and as such representfisticréiast draught of the
method. It is considered that the origin of these flayzrimarily within the mechanics of the
method’s point processes and not within the fundamental piescused to build the method,
nor with the conceptual model employed by the method itself.riElee for further work to
refine the method is clear if the method itself is todmmgnised as being a quality method for

the construction of VRML worlds by the world building community

It is author’s sincere hope that the interest thus faergdéed by the project, both from world
builders and world participants alike, will enable future kviwr be conducted to the Pentacle
Method, and that as a result the quality of worlds angnaitely, the access and dispersal of

information across the World Wide Web will be enhancechbyMRML medium.
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Diagram 1: ROMAN_POT Initial Primary Development Path.
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Diagram 3: Example Information world (SIDE_INFO) Initial Primary Dismment Path
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Diagram 4: Fragment Example (POT SIDE) Cycle 2 Primary DevelopRusht
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Diagram 5: Fragment Example (POT SIDE) Cycle 3 Primary DevelopRusht
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Diagram 6: Fragment Example (POT_SIDE) Cycle 4 Primary DevelopResht
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Diagram 7: GLOBAL BEHAVIOR Initial Primary Development Path.
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Diagram 8: GLOBAL BEHAVIOR Cycle 2 Primary Development Path.
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Diagram 9: ROMAN_ POT Cycle 2 (Final) Primary Development Path.
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Code Section 27: RIM_EXPLORER.WRL
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1. The Universe World.

Code Section 1: ROMAN POT.WRL

#VRML

G oup
{

V2.0 utf8
chil dren
[
Vi ewpoi nt
{
fieldOFView 0.75
orientation 0 -1 0 3.11
position 0 0 -150
}
Inline
{
url "“./comon/lighting/light _directl. wl"
bboxSi ze 00O
bboxCenter 0 0 O
},
Inline
{
url "./comon/ vi ewpoi nt/ vi ewpoi nt. wr | "
bboxSi ze 00O
bboxCenter 0 0 O
},
Inline
{
url "./reconstruction/reconstruction.wl"
bboxSi ze 00O
bboxCenter 0 0 O
},
]
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2. Global Effector (Universe Behaviour Node) Worlds.

Code Section 2:LIGHT_DIRECT1.WRL

#VRML V2.0 utf8

Di rectional Li ght

{

intensity 0.5
direction -0.2 -0.6 0.8

Code Section 3: VIEWPOINT.WRL

#VRML V2.0 utf8

G oup
{
chil dren
[ _
Inline
{ .
url "view forward.wl"
bboxSi ze 00O
bboxCenter 0 0 O
b
Inline
{ .
url "view reverse.wl"
bboxSi ze 00O
bboxCenter 0 0 O
b
Inline
{ .
url "view left.wl"
bboxSi ze 00O
bboxCenter 0 0 O
b
Inline
{ o
url "view right.wl"
bboxSi ze 00O
bboxCenter 0 0 O
b
Inline
{ .
url "view top.wl"
bboxSi ze 00O
bboxCenter 0 0 O
b
Inline
{ .
url "view bottomw "
bboxSi ze 00O
bboxCenter 0 0 O
}l
]
}



Code Section 4: VIEW_BOTTOM.WRL

#VRML V2.0 utf8

G oup
{
children
[
Vi ewpoi nt
{
fiel dOFView 0. 75
orientation 0.5 -0.5 0.5 2
position 0 -150 O
description "Bottom Vi ew'
}
]
}

Code Section 5: VIEW_FORWARD.WRL

#VRML V2.0 utf8

G oup
{ .
children
[
Vi ewpoi nt
{
fiel dOView 0.75
orientation 0 -1 0 3.11
position 0 0 -150
description "Forward View'
}
]
}

Code Section 6: VIEW LEFT.WRL

#VRML V2.0 utf8

G oup
{
children
[
Vi ewpoi nt
{
fiel dOFView 0. 75
orientation 0 1 0 1.5
position 150 0 O
description "Left View'
}
]
}
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Code Section 7:VIEW_REVERSE.WRL

#VRML V2.0 utf8

G oup
{
children
[
Vi ewpoi nt
{
fiel dOFView 0. 75
orientation 0 0 10
position 0 0 150
description "Reverse View'
}
]
}

Code Section 8: VIEW RIGHT.WRL

#VRML V2.0 utf8

G oup
{
children
[
Vi ewpoi nt
{
fiel dOFView 0. 75
orientation 0 -1 0 1.5
position -150 0 O
description "Right View
}
]
}

Code Section 9: VIEW TOP.WRL

#VRML V2.0 utf8

G oup
{ .
children
[
Vi ewpoi nt
{
fiel dOFView 0. 75
orientation -0.5 -0.5 -0.5 2
position 0 150 O
description "Top View'
}
]
}



3. Common Navigation Worlds.

Code Section 10: ICON PAGE.WRL

#VRML V2.0 utf8

G oup
{
chil dren Shape
{
appear ance Appear ance
mat erial Materi al
diffuseColor 1 00
}
}
geonetry Box
{
size 10 10 0.1 # field SFVec 3f
}
}
}

Code Section 11: ICON_WORLD.WRL

#VRML V2.0 utf8

G oup
{
chil dren Shape
{
appear ance Appear ance
material Material
diffuseColor 00 1
}
} .
geonetry Cyli nder
{
radius 5
height 0.1
}
}
}
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4. Reconstruction (Universe Appearance Node) World.

Code Section 12: RECONSTRUCTION.WRL

#VRML V1.0 asci i

Separ at or
{
WAN nl i ne
{
name "./pot_base/ pot_base.wl"
}
WAN nl i ne
{
name "./pot_side/pot_side.wl"
}
WAN nl i ne
{
name "./pot_rimpot_rimwl"
}
G oup
Scal e
{
scal eFactor 1.72 1.7 1.72
}
WAN nl i ne
{
name "./pot_recon/pot_recon.wl"
}
WAN nl i ne
{
name "./pot_recon/pot_ring.wl"
}
}
}

171



5. Pot Reconstruction Worlds.

Code Section 13: POT RECON.WRL

#VRML V2.0 utf8
Shape
{

appear ance Appear ance

mat eri al Materi al

diffuseColor 1 1 1

}
}
geonetry Extrusion
{

creaseAngle 1.57
begi nCap FALSE
endCap FALSE
crossSection

[

0 -14

-13 -16

-18 -10

-22 -4

-22 7

-21 10

-20 11

-18 13

-18 18

-20 21

-21 22

-23 21

-25 18

-23 16

-25 13

- 26 10

- 27 0

-25 -6

-22 -12

-17 -17

-15 -22

0 -19

-13 -22

1

spi ne

[

2 0 0. 00,
1.85 0 -0.77,
1.41 O -1.41,
0.77 O -1. 85,
0 0 -2.00,
-0.77 0 -1. 85,
-1.41 0 -1.41,
-1.85 0 -0.77,
-2 0 0. 00,
-1.85 0 0.77,
-1.41 0 1.41,
-0.77 0 1. 85,
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NP POOo

o~

PR~

cloNoNoNe]

2.
1
1

0.
0.

00,

. 85,

41,
77,
00

Code Section 14: POT RING.WRL

#VRML V2.0 utf8

Shape
{

appear ance Appear ance

}

mat eri al

}

di f f useCol or

Mat er

geonetry Extrusion

{

i al

creaseAngle 1.57
begi nCap FALSE
FALSE
crossSection

endCap

[
-2
-2
]

6
7

spi ne

[
2

1.85
1.41
0.77

0

- 0.
-1.
-1.

-2

-1.
-1.
- 0.

0

77
41
85

85
41
77

0.77
1.41
1.85

10
0

oNeololoNololololoNololololNoNoNoNeo)

0.

CORRNRRLROO!

00,
.77,
.41,
. 85,
. 00,
. 85,
.41,
.77,

. 00,
.77,
.41,
. 85,
. 00,
. 85,
.41,
.77,
. 00

0.3 0.30.3

17¢



6. Base Fragment Worlds

Code Section 15: POT BASE.WRL

#VRML V2.0 utf8
G oup
chil dren

[

DEF Pot Base Transform

{
chil dren
[
DEF Pot _Base_Group Inline
{
url "./base_appearence. wl"
DEF Pot Base Info Transform
{
transl ati on 0 0 60
#translation 0 0 O
children Inline
{
url "./base_info.wl"
}
}
]
} L]

DEF Sensor Pl aneSensor { }

]
}

ROUTE Sensor.transl ati on_changed TO Pot _Base.set _transl ation

Code Section 16:BASE_APPEARENCE.WRL

#VRML V1.0 ascii

Separ at or

{
render Cul I i ng AUTO

DEF Pot _Base Separ at or

{
Mat eri al

di ffuseColor 0 0 1
}

Texture?2

{

filename "../../comon/texture/ pot_texture.jpg"
Coor di nat e3
{ _

poi nt

25.24 -6.98 25. 24,
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28.53 -10.09 28.53,
15. 44 -10.09 37.27,
13.66 -6.98 32.97,
16. 63 0. 78 40. 14,
-15.44 -10.09 37.27,
0 -10.09 40. 35,
0 -19.40 35.69,
-13.66 -19.40 32.97,
-16.63 0.78 40. 14,
0 0.78 43.45
15. 44 -10.09 37.27,
-10.68 -27.16 25.81
-8.91 -34.91 21.47
-7.72 -34.91 18. 64,
-15.44 -10.09 37.27,
-13.66 -19.40 32.97,
-16.63 0. 78 40. 14,
-13.66 -6.98 32.97,
-11.28 -16.29 27. 24,
-7.72 -25.60 18. 64,
0 -22.50 O,
0 -30.26 O,
16. 63 0. 78 40. 14,
0 -6.98 35.69,
13.66 -19.40 32.97,
25.24 -19.40 25. 24,
19.75 -27.16 19.75,
10.69 -27.16 25.81
28.53 -10.09 28.53,
11. 28 -16.29 27. 24,
20. 85 -16.29 20. 85,
25.24 -6.98 25. 24,
13.66 -6.98 32.97,
7.72 -25.60 18. 64,
14. 26 -25.60 14.26
18.64 -25.60 7.72,
27.24 -16.29 11. 28,
-7.72 -34.91 18. 64,
0 -34.91 20.17,
-8.91 -34.91 21.50
0 -34.91 23.28
-10.69 -27.16 25.81
0 -27.16 27.93,
-11.28 -16.29 27. 24,
0 -16.29 29. 48,
-13.66 -6.98 32.97,
-7.72 -25.60 18. 64,
0 -25.60 20.17,
7.72 -34.91 18. 64,
8.91 -34.91 21.50
14. 26 -34.91 14. 26,
16. 46 -34.91 16. 46
27.24 -16.29 11. 28,
25.19 -6.98 25. 24,
14. 26 -34.91 14. 26,
16. 46 -34.91 16. 46
]

}

| ndexedFaceSet

{

coor dl ndex

[
2, 1, 0, -1,
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o, 3, -1,

3, 4, -1,

6, 5 -1,

5 8, -1,

10, 9, -1,

9, 5 -1,
4, 10, -1,
10, 6, -1,
13, 12, -1,
16, 15, -1,
15, 17, -1,
17, 18, -1,
18, 19, -1,
19, 20, -1,
20, 21, -1,
21, 22, -1,
22, 14, -1,
23, 3, -1,
3, 24, -1,
24, 18, -1,
18, 17, -1,
26, 25, -1,
25, 28, -1,
29, 11, -1,
11, 25, -1,
31, 30, -1,
30, 33, -1,
35, 34, -1,
34, 30, -1,
36, 35, -1,
35, 31, -1,
39, 38, -1,
41, 40, -1,
40, 38, -1,
43, 42, -1,
42, 40, -1,
7, 8, -1,
8, 42, -1,
45, 44, -1,
44, 46, -1,
48, 47, -1,
47, 44, -1,
21, 47, -1,
49, 39, -1,
50, 41, -1,
41, 39, -1,
28, 43, -1,
43, 41, -1,
25, 7, -1,
7, 43, -1,
11, 6, -1,
6, 7, -1,
30, 45, -1,
45, 24, -1,
34, 48, -1,
48, 45, -1,
21, 48, -1,
51, 49, -1,
52, 50, -1,
50, 49, -1,
27, 28, -1,
28, 50, -1,
21, 34, -1,

17¢



36, 21, 35, -1,
37, 31, O, -1,
29, 54, 53, -1,
36, 21, 22, -1,
36, 22, 55, -1,
36, 55, 56, -1,
36, 37, 1, -1,
36, 1, 26, -1,
36, 26, 27, -1,
36, 27, 52, -1

Code Section 17: BASE INFO.WRL

#VRML V2.0 utf8

G oup
chil dren
[
Bi | | board
{

axisOfRotation 0 0 O
chil dren

[
DEF | nfowrld Anchor

{
description "Exam ne Base Fragnent"
url "base_explorer.wl"
children

[
DEF Base | con World Transform

{

translation -5 0 0
rotation 1.0 0.0 0.0 -1.57

children
[
Inline
{
url
./ common/ navi gation/icon_world. wl"
bboxSi ze 000
bboxCenter 0 0 O
}l
]
}
]
}l
DEF | nf oPage Anchor
{
description "Side Information Page"
url “..Il../exanpl e_info. htnt
children

DEF Si de_l con_Page Transform

{

translation 5 0 0
chil dren
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[

Inline

{
url
“../../comon/ navi gation/icon_page. w|"
bboxSi ze 000
bboxCenter 0 0 O
}l
]
}
]
}
]
}
]
}
Code Section 18: BASE_EXPLORER.WRL
#VRWML V2.0 utf8
Navi gati onl nfo
{
type " EXAM NE"
}
G oup {
children
[
Vi ewpoi nt
fiel dOFView 0. 75
orientation 0 0 10
position 0 0 150
description "Default View'
DEF Pot _Base G oup Transform
children
[
DEF Pot Base World Inline
{
url "./base_appearence. wl"
}

]

} L]
DEF Touch TouchSensor { },
DEF d ock Ti neSensor

{

} L]
DEF Worl dPath Orientationl nterpol at or

{

cyclelnterval 10.0

D
<

.11,
.22,
. 33,
.44,
. 55,
. 66,
.77,
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0. 88,
1.0
]
keyVval ue [
000 0.0,
100 1.1,
100 2.2
100 3.3,
010 4.4,
010 5.5,
010 6.6,
o001 7.7,
001 8.8,
001 9.9,
]
}
]
}
ROUTE Touch. t ouchTi ne TO d ock.set _startTinme

ROUTE O ock. fracti on_changed TO Wirl dPath.set_fraction
ROUTE Wor | dPat h. val ue_changed TO Pot Base_Group.set_rotation



7. Side Fragment Worlds.

Code Section 19: POT SIDE.WRL.

#VRML V2.0 utf8
G oup
children
EEF Pot _Side Transform
children
%EF Pot _Si de_Group Transform
{ children
%EF Pot _Side World Inline

url "./side_appearence. wl"

}
DEF Pot Detail World Inline

{
url "./side_detail.wl"
} L]
]
DEF Pot RimInfo Transform
{
transl ation -50 20 0
#translation 0 0 O
children Inline
{
url "./side_info.wl"
}
}

]
}

DEF Sensor Pl aneSensor { }

]
}

ROUTE Sensor.transl ati on_changed TO Pot _Si de.set_transl ation

Code Section 20: SIDE_ APPEARANCE.WRL

#VRML V1.0 asci i

Separ at or
{ render Cul I i ng AUTO
Mat eri al
di ffuseColor 0 1 0
#exturez

18C



fil enane ./ ../ comon/texture/pot_texture.jpg"

Coor di nat e3
{

poi nt

[

- 40.
- 37.
- 32.
- 35.
-43.
- 40.
- 38.
- 35.
- 38.
-41.
-31.
- 28.
- 27.
- 29.
- 34.
-31.
- 35.
- 32.
- 35.
- 32.
- 29.
- 27.
- 30.
- 28.
- 27.
- 29.
-21.
- 20.
- 24,
- 25.
- 25.
- 28.
- 37.
- 32.
- 25.
- 30.
- 40.
- 24,
-31.
- 28.
-21.
- 25.
- 32.
- 25.
- 32.
- 20.
- 27.
- 35.
- 38.
- 27.
- 25.

]
}

35
27
97
69
45
14
79
84
71
90
03
67
24
48
14
54
69
97
69
97
48
24
72
53
43
63
94
85
14
24
24
53
27
97
24
72
14
14
54
67
94
24
97
24
97
85
24
84
71
24
24

-10. 09 O,
-10. 09 15. 44,
-19.40 13. 66,
-19.40 0,
0.78 0O,

0.78 16. 63,

20.
20.
16.
16.
17.
17.
20.
20.
16.
16.
11.
11.
- 6.

-6

95
95
29
29
85
85
95
95
29
29
64
64
98
98

0,
14.
16.
0,
0,
11.
11.
0,
0,
13.
0,
13.
0,
13.

85,
03,

88,
28,

-16.29 0,
-16. 29 11. 28,
0.78 30.72,

-10. 09 28. 53,

20.
16.
17.
20.
16.
11.

-6

95
29
85
95
29
64
98

27
29
21.
20.
24,
25.
25.

. 43,
. 63,

94,
85,
14,
24,
24,

-10. 09 -28. 583,
-10. 09 -15. 44,
-19.40 -13. 66,
-19.40 -25. 24,
0.78 -30.72,
0.78 -16. 63,

16.
16.
17.
17.
11.
11.
- 6.

-6

29 -24.

29
85
85
64
64
98

-13.

-11
-21

- 25.
-13.
- 25.

98 -13.

14,
06,
. 88,
. 94,
24,
66,
24,
66,

-16. 29 -20. 85,
-16.29 -11. 28,
20.95 -14.85
16. 29 -16. 03,
20.95 -11.28
-6.98 25.24

| ndexedFaceSet

{

coor dl ndex
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o~NRUIOR

11

O©CoOOh~wWO

10,

10, 183,

15
14
17
16
19
18
21
20
22

5, 1,

14,
10,
16,
14,
18,
16,
20,
18,
S5,

24, 7,

7, 8,

26
11
28
15
29
17
30
19
32
31
36
35
38
37
42
41
44
43
46
45

0, 32,

11,
12,
15,
11,
17,
15,
19,
17,
31,
34,
35,
31,
37,
40,
41,
37,
43,
41,
45,
43,

32, 33,

4, 36,
36, 32,
6, 47,

47, 48,
10, 39,
39, 49,

14
38
16
42
18
44
20
46
25
22
23
30
29
28

38,
39,
42,
38,
44,
42,
46,
44,
22,
23,
30,
29,
28,
26,
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24, 26, 27, -1,
21, 30, 23, -1,
19, 21, 50, -1,
21, 23, 1, -1,
21, 1, 2, -1,

20, 21, 2, -1,
20, 2, 3, -1,

20, 3, 33, -1,
20, 33, 34, -1,
34, 45, 46, -1,
34, 46, 20, -1,
41, 48, 36, -1,
41, 36, 35, -1,
41, 35, 31, -1,
31, 34, 45, -1,
31, 45, 43, -1,
31, 43, 41, -1,
39, 40, 37, -1,
37, 41, 48, -1,
37, 48, 47, -1,
47, 49, 39, -1,
47, 39, 37, -1,
13, 49, 47, -1,
13, 47, 6, -1,
13, 6, 7, -1,

13, 7, 24, -1,
24, 27, 12, -1,
24, 12, 13, -1

Code Section 21: SIDE DETAIL.WRL

#VRML V1.0 asci i

Separ at or
{

render Cul I i ng AUTO

Materi a
di ffuseColor 0 1 1

}

Text ure2

{
filenane "../../comon/texture/ pot_deta

Coor di nat e3

{ .
poi nt
[
-38.71 16.29 16. 03,
-29.63 16.29 29.63,
-30.72 0.78 30.72,
-40.14 0.78 16. 63,
-41.90 16.29 O,
-43.45 0.78 0,
-38.71 16.29 -16.03,
-40.14 0.78 -16.63

]

18¢
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| ndexedFaceSet

{
coor dl ndex
[
2, 1, 0, -1,
2, 0, 3, -1
]

| ndexedFaceSet

{
coor dl ndex
[
3, 0, 4, -1,
3, 4, 5 -1
]

| ndexedFaceSet

{
coor dl ndex
[
51 41 61 - 11
5 6, 7, -1
]

}

Code Section 22: SIDE INFO.WRL

#VRML V2.0 utf8
G oup

chil dren

[
Bi | | board

{
axisOfRotation 0 0 O

chil dren

[
DEF | nfowrld Anchor

{
description "Exam ne Side Fragnent"
url "side_explorer.wl"
children
DEF Side lIcon Wrld Transform
{
translation -5 0 0
rotation 1.0 0.0 0.0 -1.57
children
[
Inline
{
url
“../../comon/navigation/icon_world. wl"
bboxSi ze 000
bboxCenter 0 0 O
}

]
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}
]

1
DEF | nf oPage Anchor
{
description "Side Information Page"
url "“..Il../exanpl e_info. htnt
children
DEF Si de_| con_Page Transform
{
translation 5 0 0
children
[
Inline
{
url
“../../comon/ navi gation/icon_page. w|"
bboxSi ze 000
bboxCenter 0 0 O
1
]
}
]
}

Code Section 23: SIDE_EXPLORER.WRL

#VRML V2.0 utf8

Navi gati onl nfo

{
type " EXAM NE"
}
G oup {
children
[
Vi ewpoi nt

fiel dOFView 0. 75
orientation 0 -1 0 1.5
position -150 0 O
description "Default View'

}
DEF Pot _Si de_Group Transform
{

chil dren

[
DEF Pot _Side World Inline
{

url "./side_appearence.wl"

}
DEF Pot Detail World Inline
{

}
]

url "./side_detail.wl"

18¢



} L]
DEF Touch TouchSensor { },
DEF d ock Ti neSensor

{

} L]
DEF Worl dPath Orientati onl nterpol at or

{

cyclelnterval 10.0

D
<

c

®
CoNoURWNEO®

OOOl—‘l—‘l—‘OOOO‘é
PRPPRPOOOOCOOOY

CoOoO~NOUA~,WNREL O™

— 00000 ORRROX—THROOOOOOOOO— X

}
]
}
ROUTE Touch. t ouchTi ne TO d ock.set _startTinme
ROUTE O ock.fracti on_changed TO Wirl dPath.set_fraction
ROUTE Wor | dPat h. val ue_changed TO Pot _Si de_G oup. set_rotation

18¢



8. Rim Fragment Worlds.

Code Section 24: POT RIM.WRL

#VRML V2.0 utf8
G oup
chil dren

[
DEF Pot Ri m Transform

{
chil dren
[
DEF Pot_Rim Group Inline
{
url "./rimappearence.wl"
DEF Pot RimInfo Transform
{
transl ati on 50 40 20
#translation 0 0 O
children Inline
{
url "./riminfo.wl"
}
}
]
}l

DEF Sensor Pl aneSensor { }

]
}

ROUTE Sensor.transl ati on_changed TO Pot _Ri m set_transl ation

Code Section 25: RIM_APPEARANCE.WRL

#VRML V1.0 ascii

Separ at or

{
render Cul I i ng AUTO

DEF Pot _Ri m Separ at or

{
Mat eri al

diffuseColor 1 0 0O
}

Texture?2

{

filename "../../comon/texture/ pot_texture.jpg"
Coor di nat e3
{ _

poi nt

14.25 25.60 34.41,
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}

26.
27.
14.
14.
27.
11.
20.
20.
11.
34.
35.
35.
26.
34.
24,
31.
21.
28.
27.
27.
37.
38.
38.
37.
34.
31.
29.
29.
34.
35.
35.
34.
31.
28.
27.
27.
26.
27.
24,
21.
20.
20.

33
43
85
85
43
28
85
85
28
41
84
84
33
41
14
54
94
67
24
24
24
79
79
24
14
03
48
48
41
84
84
41
54
67
24
24
33
43
14
94
85
85

25.
20.
20.
28.
28.
20.
20.
28.
28.
25.
20.
28.
33.
33.
34.
34.
33.
33.
28.
20.
25.
20.
28.
33.
34.
33.
28.
20.
25.
20.
28.
33.
34.
33.
28.
20.
33.
28.
34.
33.
28.
20.

| ndexedFaceSet

{

60 26.
95 27
95 35.
71 35.
71 27.
95 27
95 20.
71 20.
71 27.
60 14.
95 14.
71 14.
36 26.
36 14.
91 24.
91 13.
36 21
36 11
71 11.
95 11.
60 O,

95 0,

71 0
36 0
91 0
36 0,
71 0
95 0
60 -

95 -11

36 -21

coor dl ndex

o~NROIOR

10, 1, -1,

95 -14.
71 -14.
36 -14.
91 -13.
36 -11.
71 -11.

36 -26.
71 -27.
91 -24.

71 -20.
95 -20.

33,

. 43,

84,
84,
43,

. 24,

85,
85,
24,
25,
85,
85,
33,
25,
14,
06,

. 94,
. 88,

28,
28,

. 25,
85,
85,
25,
06,
88,
28,
. 28,
33,
43,
14,
. 94,
85,
85

18¢



16,
16,
18,
18,
19,
19,
22,
22,
21,
21,
23,
23,
24,
24,
25,
25,
26,
26,
27,
27,
30,
30,
29,
29,
31,
31,
32,
32,
33,
33,
34,
34,
35,
35,
38,
38,
37,
37,
39,
39,
40,
40,
41,
41,
29,
30,
38,
38,
38,
38,
38,
9,

9,

15,
15,

NNO OO ©

30,
30,

18, 17, -1,
17, 15, -1,
19, 8, -1,
8, 17, -1,
20, 7, -1,
7, 8, -1,
21, 10, -1,
10, 11, -1,
23, 12, -1,
12, 10, -1,
24, 14, -1,
14, 12, -1,
25, 16, -1,
16, 14, -1,
26, 18, -1,
18, 16, -1,
27, 19, -1,
19, 18, -1,
28, 20, -1,
20, 19, -1,
29, 21, -1,
21, 22, -1,
31, 23, -1,
23, 21, -1,
32, 24, -1,
24, 23, -1,
33, 25, -1,
25, 24, -1,
34, 26, -1,
26, 25, -1,
35, 27, -1,
27, 26, -1,
36, 28, -1,
28, 27, -1,
37, 32, -1,
32, 31, -1,
39, 33, -1,
33, 32, -1,
40, 34, -1,
34, 33, -1,
41, 35, -1,
35, 34, -1,
42, 36, -1,
36, 35, -1,
30, 38, -1,
42, 38, -1,
42, 41, -1,
41, 40, -1,
40, 39, -1,
39, 37, -1,
31, 29, -1,
15, 17, -1,
17, 8, -1,
4, 5, -1,
5, 13, -1,
4, 15, -1,
3, 0, -1,
0, 4, -1,
4, 9, -1,
11, 22, -1,
22, 30, -1,
42, 36, -1,
36, 28, -1,



30, 28, 20, -1,

7, 6, 3, -1,
7, 3, 2, -1,
2, 30, 20, -1,
2, 20, 7, -1

]

Code Section 26: RIM_INFO.WRL

#VRML V2.0 utf8

G oup
chil dren
[
Bi | | board
{

axisOfRotation 0 0 O
chil dren

DEF | nfowrld Anchor

{
description "Exam ne R m Fragnment"
url "rimexplorer.wl"
children

[
DEF Side lIcon Wrld Transform
{

translation -5 0 0
rotation 1.0 0.0 0.0 -1.57

children
[
Inline
{
url
./ common/ navi gation/icon_world. wl"
bboxSi ze 000
bboxCenter 0 0 O
}
]
}
]
1
DEF | nf oPage Anchor
{
description "Side Information Page"
url “..Il../exanpl e_info. htnt
children

DEF Si de_l con_Page Transform

{ translation 5 0 0
chil dren
[
Inline
{

19C



url
“../../comon/ navi gation/icon_page. w|"

bboxSi ze 000
bboxCenter 0 0 O
} L]
]
}
]
}
]
}
]
}
Code Section 27: RIM_EXPLORER.WRL
#VRWML V2.0 utf8
Navi gati onl nfo
{
type " EXAM NE"
}
G oup {
children
[
Vi ewpoi nt
fiel dOFView 0. 75
orientation 0 1 0 1.5
position 150 0 O
description "Default View'
DEF Pot _Rim Group Transform
children
[
DEF Pot R mWrld Inline
{
url "./rimappearence.wl"
}

]

} L]
DEF Touch TouchSensor { },
DEF d ock Ti neSensor

{

} L]
DEF Worl dPath Orientati onl nterpol at or

{

cyclelnterval 10.0

D
<

.11,
.22,
. 33,
.44,
. 55,
. 66,
.77,
. 88,

FPOOOOOOO0OOO— X

o
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]
keyVval ue [
000 0.0,
100 1.1,
100 2.2
100 3.3,
010 4.4,
010 5.5,
010 6.6,
o001 7.7,
001 8.8,
001 9.9,
]
}
]
}
ROUTE Touch. t ouchTi ne TO d ock.set _startTinme

ROUTE d ock. fracti on_changed TO Worl dPat h. set_fraction
ROUTE Wor | dPat h. val ue_changed TO Pot R m G oup. set_rotation
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Appendix C: Screen Shots of ROMAN_POT.WRL.

\ Index to Screen Shots.

Screen Shot 1: Roman Pot World (Reverse VIeW). oo 193
Screen Shot 2: Roman Pot World (Exploded VIEW). ...ccce oo 194
Screen Shot 3: Roman Pot World (Billboard Detail). co......oooveviiiiiiiiieeieeee e 194
Screen Shot 4: Reconstruction World Before and Aftem@gation. ...........cccooeeveiiieeeennnn.n. 195
Screen Shot 5: Base Fragment WOrld. ... e 195
Screen Shot 6: Rim Fragment World. ... e 196
Screen Shot 7: Side Fragment WOrld. ... 196

Screen Shot 1: Roman Pot World (Reverse View).

NB: Using Silicon Graphic’s Inc CosmoPlayer Plug-in foB Nhternet Explorer 95.
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Screen Shot 2: Roman Pot World (Exploded View).

NB: Expanded using click and drag behaviour.

Screen Shot 3: Roman Pot World (Billboard Detail).

NB: Rotation using examiner tool does not effect the bildazon group’s attitude.
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Screen Shot 4: Reconstruction World Before and After Optimisation.

O, .

NB: Left VRML 1 version using point set, Right VRML 2 vessiusing double extrusion.

Screen Shot 5: Base Fragment World.

NB: Rotated using click behaviour.
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Screen Shot 6: Rim Fragment World.

-
ol
E, o *

NB: Positioned freehand using native browser Walk and Exafuimogionality.

Screen Shot 7: Side Fragment World.

\\ r = -

NB: Note the error in the detail texture mapping, a known probith CosmoPlayer.
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