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Abstract

This report summari ses the requirements of research and academc
network users for network access to nmultinmedia information. It does
this by investigating sone of the projects planned or currently
underway in the community. Existing infornmation systens such as
Gopher, WAIS and Wrl d-Wde Wb are examined fromthe point of view
of multinmedia support, and sone interesting hypernedia systens
enmerging fromthe research community are also studied. Relevant

exi sting and devel opi ng standards in this area are discussed. The
report identifies the gaps between the capabilities of

current| ydepl oyed systens and the user requirenents, and proposes
further work centred on the Wrld-Wde Wb systemto rectify this.

The report is in sone places very detailed, so it is preceded by an
ext ended sunmary, which outlines the findings of the report.

Publ i cation Hi story

The first edition was rel eased on 29 June 1993. This second edition
contai ns m nor changes, corrections and updat es.
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0. Extended Sunmary

I nt roduction

This report is concerned with issues in the intersection of
networked information retrieval, database and nultinedi a
technologies. It ains to establish research and acadeni c user
requirenments for network access to nultinedia data, to | ook at
exi sting systens which offer partial solutions, and to identify
what needs to be done to satisfy the npbst pressing requirenents.

User Requirenents

There are a nunber of reasons why multinedia data nay need to be
accessed remptely (as opposed to physically distributing the data,
e.g., on CO-ROM. These reasons centre on the cost of physical
distribution, versus the tineliness of network distribution. O
course, there is a cost associated with network distribution, but
this tends to be hidden fromthe end user.

User requirenents have been determ ned by studying existing and
proposed projects involving networked nultinmedia data. It has
proved convenient to divide the applications into four classes
according to their requirements: nultinmedi a database applications,
academ c (particularly scientific) publishing applications, cal
(conput erai ded | earning), and general nultinmedia informtion

servi ces.
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Dat abase applications typically involve |arge collections of
mononedi a (non-text) data with associated textual and nuneric
fields. They require a range of search and retrieval techniques.

Publ i shing applications require a range of nedia types,
hyperlinking, and the capability to access the sanme data using

di fferent access paradi gns (search, browse, hierarchical, |inks).
Aut henti cation and charging facilities are required.

Cal applications require sophisticated presentation and
synchroni sation capabilities, of the type found in existing
mul tinedia authoring tools. Authentication and nonitoring
facilities are required.

General nultimedia information services include on-1ine
docunent ati on, canpus-w de information systens, and other systens
whi ch don’t conveniently fall into the precedi ng categori es.
Hyperlinking is perhaps the nost comon requirenent in this area.

The anal ysis of these application areas allows a nunber of
i nportant user requirements to be identified:

0 Support for the Apple Mcintosh, UNI X and PC/ M5 W ndows
envi ronnent s.

0 Support for a wide range of nedia types - text, inage,
graphi cs and application-specific nedia being nost
i nportant, followed by video and sound.

0 Support for hyperlinking, and for nultiple access structures
to be built on the sane underlying data.

0 Support for sophisticated synchroni sati on and presentation
facilities.

0 Support for a range of database searching techni ques.

0 Support for user annotation of information, and for user-
control |l ed display of sequenced nedi a.

0 Adequat e responsi veness - the maximumtime taken to retrieve
a node shoul d not exceed 20s.

0 Support for user authentication, a charging nechani sm and
nmonitoring facilities.

0 The ability to execute scripts.
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0 Support for nuail-based access to nultinedia docunents, and
(where appropriate) for printing nultinmedia docunents.

0 Power ful, easy-to-use authoring tools.
Exi sting Systens

The main information retrieval systems in use on the Internet are
CGopher, Wais, and the Wrld-Wde Wb. Al work on a client-server
paradigm and all provide sone degree of support for nultinedia data.

Gopher presents the user with a hierarchical arrangenment of nodes
which are either directories (nenus), |eaf nodes (docunents
containing text or other media types), or search nodes (allow ng sone
set of docunents to be searched using keywords, possibly using WAI'S).
A range of nedia types is supported. Extensions currently being
devel oped for Gopher (Gopher+) provide better support for nultinedia
data. Gopher has a very high penetration (there are over 1000 Gopher
servers on the Internet), but it does not provide hyperlinks and is

i nflexibly hierarchical.

Wais (Wde Area Information Server) allows users to search for
docunents in renote databases. Full-text indexing of the databases
allows all docunents containing particular (conbinations of) words to
be identified and retrieved. Non-text data (principally imge data)
can be handl ed, but indexing such docunments is only performed on the
docunent file nane, severely liniting its useful ness. However, WAl S
is ideally suited to text search applications.

Wrld-Wde Wb (WWY is a |arge-scale distributed hypermedi a system
The Web consists of nodes (al so called docunents) and |inks. Links
are connections between docunents: to follow a link, the user clicks
on a highlighted word in the source docunent, which causes the

i nkedt o docunment to be retrieved and di spl ayed. A docunent can be
one of a variety of nedia types, or it can be a search node in a
simlar sense to Gopher. The WAV addressi ng net hod nmeans that WAI'S
and CGopher servers may al so be accessed from (i ndeed, form part of)
the Web. WAV has a snall er penetration than Gopher, but is grow ng
faster. The Wb technology is currently being revised to take better
account of the needs of multinedia information.

These systens all go sonme way to neet the user requirenents.
0 Support for nultiple platfornms and for a wi de range of nedia
types (through "viewer" software external to the client
progran) is good.

0 Only WAW has hyperlinks.
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0 There is little or no support for sophisticated presentation
and synchroni sation requirenents.

0 Support for database querying tends to be linted to
"keyword" searches, but current devel opnents in Gopher and
WAV shoul d nmake nore sophisticated queries possible.

0 Sone clients support user annotation of docunents.

0 Response tinmes for all three systens vary substantially
dependi ng on the network di stance between client and server,
and there is no support for isochronous data transfer.

0 There is little in the way of authentication, charging and
monitoring facilities, although these are planned for WAW

0 Scripting is not supported because of security issues
0 WAV supports a mail responder.
0 The only system sufficiently conplex to warrant an authoring

tool is WWV which has editors to support its hypertext
mar kup | anguage.

Resear ch

There are a nunber of research projects which are of significant
i nterest.

Hyper-G is an anbitious distributed hypernedi a research project at
the University of Graz. |t conbines concepts of hypernedia,
information retrieval systens and docunentation systens with aspects
of communi cation and col | aboration, and conputer-supported teaching
and learning. Automatic generation of hyperlinks is supported, and
there is a concept of generic structures which can exist in parallel
with the hyperlink structure. Hyper-Gis based on UNIX, and is in
use as a CWS at Graz. Gateways between Hyper-G and WAV exi st.

M crocosmis a PC based hypernedi a system devel oped at the University
of Sout hanpton. It can be viewed as an integrating hypernedia
framework - a layer on top of a range of existing applications which
enabl es rel ati onshi ps between different docunents to be established.
Hyperlinks are nmintained separately fromthe data. Networking
support for Mcrocosmis currently under devel opnent, as are versions
of Mcrocosmfor the Apple Macintosh and for UNIX. Mcrocosmis
currently being "comercialised".
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At henaMuse 2 is an anbitious distributed hypernedi a aut horing and
presentati on system under devel opnent by a university/industry

consortiumbased at MT. It will have good facilities for

presentation and synchroni sation of multinmedi a data, strong authoring
support, and will include support for networking isochronous data. It
will be a conmercial product. Initial versions will support UN X and

X wi ndows, with a PC/ M5 Wndows version followi ng. Apple Mcintosh
support has |lower priority.

The "Xanadu" project is designing and buil ding an "open, social
hyper medi a" di stri buted environnent, but shows no sign of delivering
anything after several years of work.

The European Conmmi ssion sponsors a numnber of peripherally rel evant
projects through its Esprit and RACE research progranmes. These
progranmes tend to be oriented towards comercial markets, and are
thus not directly relevant. An exception is the Esprit | DOVENEUS
project, which brings together workers in the database, infornation
retrieval and nultinmedia fields. It is recommended that RARE
establish a liaison with this project.

There are a variety of other academ c and commercial research
projects which are also of interest. None of themare as directly
rel evant as those outlined above.

St andar ds

There are a nunber of existing and energi ng standards for structuring
hyper nedi a applications. O these, the nost inportant are SGW,

HyTi me, MHEG ODA, PREMO and Acrobat. Al bar the last are de jure
standards, while Acrobat is a comrercial product which is being
proposed as a de facto standard.

SGW. (Standard Generalized Markup Language) is a markup | anguage for
delimting the logical and semantic content of text docunents.
Because of its flexibility, it has become an inportant tool in
hypernedi a systens. HyTinme is an | SO standardi sed infrastructure for
representing integrated, open hypermedi a docunents, and is based on
SGWML. HyTime has great expressive power, but is not optimnised for
run-time efficiency. It is recommended that future RARE work on

net wor ked hypernmedi a shoul d take account of the inportance of SGW
and HyTi nme.

MVHEG (Ml timedi a and Hypernedi a i nformati on codi ng Experts Goup) is
a draft 1SO standard for representing hypernedia applications in a
pl atform i ndependent form |t uses an object-oriented approach, and
is optimsed for run-tine efficiency. Full IS status for MHEG i s
expected in 1994. It is recommended that RARE keep a watching brief
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on VHEG

The ODA (Open Docunent Architecture) standard is being enhanced to

i ncorporate nultimedia and hypernedi a features. However, interest in
ODA is perceived to be decreasing, and it is recomended that ODA
should not forma basis for further RARE work in networked

hyper nedi a.

PREMO is a new work itemin the |1SO graphics standardi sation
comuni ty, which appears to overlap with MHEG and HyTine. It is not
clear that the PREMO work, which is at a very early stage, is
worthwhile in view of the existence of those standards.

Acrobat PDF is a format for representing multinmedia (printable)
docunents in a portable, revisable form It is based on Postscript,
and i s being proposed by Adobe Inc (originators of Postscript) as an
i ndustry standard. RARE shoul d mai ntain awareness of this technol ogy
in viewof its potential inmpact on nmultinedia information systens.

There are various standards which have rel evance to the way

mul timedia data is accessed across the network. Many of these have
been described in a previous report [1]. Two further access
protocols are the proposed nultinmedi a extensions to SQ., and the

Docunent Filing and Retrieval protocol. Neither of these are likely
to have maj or significance for networked nultimedia information
syst ens.

O her standards of inportance include:

0 M ME, a nmultinmedia email standard which defines a range of
nmedi a types and encodi ng net hods for those types which are
useful in a wider context.

0 AVl s (Audi o-Visual Interactive services) and the associ ated
mul timedia scripting | anguage SMsL, which forma
standardisation initiative within CaTT (now I TU-TSS) to
specify interactive nultinmedia services which can be
provi ded across tel ephone/ | SDN net wor ks.

There are two inportant trade associations which are involved in
standardi sation work. The Interactive Miltinmedia Association (1M
has a Conpatibility Project which is devel oping a specification for
pl atf ormi ndependent interactive nultinedia systens, including
net wor ki ng aspects. A newly-fornmed group, the Miltinedia

Conmuni cati ons Forum (MMCF), plans to provide input to the standards
bodies. It is recommended that RARE become an Observi ng Menber of
the MMCF. A third trade association - the Miltinedia Conmunications
Conmmunity of Interest - has also just been forned.
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Future Directions

Three comon desi gn approaches energe fromthe variety of systenms and
standards analysed in this report. They can be described in terns of
di stinctions between different aspects of the system

0 content is distinct fromhyperstructure
0 media type is distinct from medi a encodi ng
0 data is distinct from protocol

Di stributed hypernedia systens are energing fromthe
resear ch/ devel opnment phase into the experinental deploynment phase.
However, the existing global information systenms (CGopher, WAI'S and
WNWY are still largely linmted to the use of external viewers for
nont extual data. The nost significant m snatches between the
capabilities of currently-deployed systens and user requirenents are
in the areas of presentation and quality of service (i.e.,

responsi veness).

I nproving QOS is significantly nore difficult than inproving
presentation capabilities, but there are a nunber of possible ways in
which this could be addressed. Inproving feedback to the user,
greater multi-threading of applications, pre-fetching, caching, the
use of alternative "views" of a node, and the use of isochronous data
streans are all avenues which are worth expl oring.

In order to address these problens, it is recommended that RARE seek
to adapt and enhance existing tools, rather than devel op new ones.

In particular, it is recommended that RARE select the Wrld-Wde Wb
to concentrate its efforts on. The reasons for this choice revol ve
around the flexibility of the WNWVdesign, the availability of
hyperlinks, the existing effort which is already going into

mul tinedia support in WAV the fact that it is an integrating
solution incorporating both WAI'S and Gopher support, and its high
rate of growh conpared to Gopher (despite Gopher’s wider

depl oynment). Gopher is the main conpetitor to WAV but its

i nflexibly hierarchical structure and the absence of hyperlinks make
it difficult to use for highly-interactive nultinmedia applications.

It is recoomended that RARE should invite proposals for and
subsequently comi ssion work to:

0 Devel op conversion tools fromconmercial multinmedia

aut hori ng packages to WWY and acconpanyi ng aut hori ng
gui del i nes.
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0 | mpl enent and eval uate the nost promni sing ways of overconing
the QOS probl em

0 | mpl enment a specific user project using these tools, to
validate that the facilities being devel oped are truly
rel evant to real applications.

0 Use the experience gained to informand influence the
devel opnent of the WAV technol ogy.

0 Contribute to the devel opnent of PC/MS W ndows and Apple
Maci ntosh WAV clients, particularly in the nultinmedi a data
handl i ng ar ea.

It is noted that the rapid growh of WAMVnmay in the future lead to
probl ems through the inplenmentation of multiple, uncoordinated and
nmut ual 'y inconpatible add-on features. To guard against this trend,
it may be appropriate for RARE, in coordination with CERN and ot her
interested parties such as NCSA, to:

0 Encourage the fornmation of a consortiumto coordi nate WW
techni cal devel opnent .

1. Introduction
1. 1. Background

This study was inspired by the realisation that while sone aspects of
distributed nultimedi a technol ogy are being actively introduced into
t he European research conmunity (for instance, audiovisua
conferencing, through the M CE project), other aspects are receivVving
Il ess attention. |In particular, one category in which there seens to
be relatively little activity is providing solutions to ease renote
access to nultinmedia resources (for instance, accessing stored
audi o/ video clips or inmages, or indeed entire nultinedia
applications, across the network). Few commercial products address
this, and the rel evance of existing standards in this area is

uncl ear.

O the 50 or so research projects docunented in the recent RARE
distributed nultimedia survey [1], only about six have a direct

rel evance to this application area. Were stated in the survey, the
mai n research effort in these projects is often directed towards the
"difficult" problens, such as the transfer of isochronous data and
the design and inplenentation of object-oriented nmultinedia

dat abases, rather than towards user-oriented issues.
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This report is concerned with practical issues in the intersection of
networked information retrieval, database and nultinedi a
technologies. It ainms to establish actual user requirenents in this
area, to |look at existing systens which offer partial solutions, and
to identify what additional work needs to be done to satisfy the nost
pressi ng requirenents.

1.2. Term nol ogy

In order to discuss nultinmedia information systens, we need a

consi stent terninology. The vocabul ary defined bel ow enbodi es sone
of the concepts of the Dexter hypertext reference nodel [2]. This
nodel is sufficiently general to be useful for describing nost of the
facilities and requirenments of the nultinmedia information systens
described in this report. (However, the Dexter nodel does not

descri be searchabl e index objects - it is not a database reference
nodel .)
anchor An identified portion of a node. E.g., in a text

node, an anchor mght be a string of one or nore
adj acent characters, while in an inmage node it
m ght be a rectangular area of the inage.

conposi te node A node containing data of nmultiple nedia types.

docunent Oten used | oosely as a synonym for node.

hyper docunent W refer to a collection of related nodes,
linked internally with hyperlinks, as a
"hyperdocunent”. Exanples are a database of

medi cal images and associated text; a nodul e
froma suite of teaching material; or an article
in a scientific journal. A hyperdocunent nay
contain hyperlinks to other data which exists in
internally with hyperlinks, as a
"hyperdocunent". Exanples are a other
hyperdocuments, but can be viewed as |argely
self-contained. It is a highlevel "unit of

aut horing", but is not necessarily perceived as
a distinct unit by a reader (although it may be
so perceived, particularly if it contains few
hyperlinks to outside entities).

hyper | i nk Set of one or nore source anchors and one or

nmore target anchors. Also known sinply as a
"link".
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i sochronous (adjective) Describes a continuous flow of data which

| eaf node

nmedi a type

is required to be delivered by the network under
critical time constraints.

A node whi ch contains no source anchors.

An attribute of data which describes the genera
nature of its expected presentation. The val ue
of this attribute could be one of the follow ng
(not exhaustive) list:

o Text

o Sound

o

I mage (e.g., a "photograph")

(@]

Graphics (e.g., a "draw ng")
o Animation (i.e., noving graphics)

o Movie (i.e., noving inage)

nononedi a (adj ective) Said of data which is all of the sane nedia

t ype.

nmul timedia (adjective) Said of data which contains different nedia

physi cal nedi a

[ si mpl e] node

sour ce anchor

target anchor

types. This definition is stricter than genera
usage, where "nmultinedia" is often used as a
generic termfor non-textual data, and where it
may even be used as a noun.

Magnetic or optical storage. Not to be confused
with media type!

A nmononedi a obj ect which may be retrieved and
di spl ayed as a single unit.

An anchor whi ch may be "actioned" by the user,
causi ng the node(s) containing the target
anchor(s) in the sane hyperlink to be retrieved
and displayed. This process is called
"traversing the |ink".

an anchor form ng part of a hyperlink, whose

containing node is retrieved and di spl ayed when
the hyperlink is traversed.
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2. User Requirenents

User requirenments in an area such as networking, which is subject to
rapi d technol ogi cal change, are sonetines difficult to identify. To
an extent, technol ogy | eads applications, and users will exploit what
i s possible.

2.1. Applications

Awar eness of the range of networked nultinedia applications which are
currently being envisaged by conputer users in the academ ¢ and
research community leads to a better understanding of the technical
requirenents. This section outlines sonme projects which require
renote access to nultinedia informati on across research networks, and
which are currently either at a preliminary stage or underway. The
projects are divided into broad categories according to their
characteristics.

Mul ti medi a Dat abases

Here are several exanples of nultinmedia projects which have a
"dat abase" character

The Peirce Tel ecommunity Project

This project centres on the construction of a nultinedia (text and
i mage) dat abase of the works of the Anerican phil osopher Peirce,
together with tools to process the data and to nake it avail able
over the Internet. A sub-project at Brown University focuses on
adapting existing client/server network tools for this purpose.
The requirenents for network access include facilities for
structured viewing, intelligent retrieval, navigation, |inking,
and annotation, as well as for domai nspecific processing.

Museum bj ect Dat abases

The RAMA (Renpte Access to Museum Archives) project is funded
under the EEC RACE Il programme. Its objective is to develop a
system whi ch all ows nuseuns to make nultinmedia infornmati on about
their exhibits and archived naterial available over an | SDN
network. The requirements capture and technical architecture
desi gn phases are now conplete, and a prototype systemw || be
delivered in June 1993 to link the Ashnol ean Museum (Oxford, GB),
the Musee d' Orsay (Paris, FR) and the Miseum Archeol ogi cal

Nati onal (Madrid, ES). Image data is the main nedia type of

i nterest, although video and sound may al so play a part.
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The Bristol Bionedical Videodisk Project

The Bristol Bionedical Videodisc is a collection of Medical
Veterinary and Dental images. The collection holds sone 24,000
still inmages and is continuously growing. Textual infornation
regarding the images is included as part of the database and this
can be searched on any keyword, number or other data type, or a
conbi nation of any of these. The images are currently delivered
in anal ogue formon a videodi sc, but many institutions are unable
to afford the cost of videodisc players. Investigations into
maki ng this i mage and text database avail abl e across the network
are underway.

Ar chi Gopher

Archi Gopher is a CGopher server at the College of Architecture,
University of M chigan, dedicated to the dissem nation of
architectural know edge. Presently in its infancy, Archi Gopher is
intended to becone a nultinedia resource for all architecture
faculty and students world-wi de. Some of the avail able or planned
resources are:

o The Col |l ege’ s i mage bank

o The CAD group’s collection of conputer nodels (already
started).

o The Doctoral Programis recent dissertation proposals and
abstracts.

0o Exanpl e archive of Kandi nsky paintings.
o I mages of 3D CAD proj ects.

The principal media type in Archi Gopher is image. Files are
stored in both TIFF and G F format.

Vatican Library Exhibit

Adi e

In January 1993, the US Library of Congress nmounted an el ectronic
version of the exhibition ROVE REBORN. THE VATI CAN LI BRARY AND
RENAI SSANCE CULTURE. The exhi bition was subsequently processed by
the University of Virginia Library. The text files were broken
into individual captions associated directly with each i mage and a
WAl S- searchabl e versi on of the object index generated. This has
been made avail abl e on Gopher by the University of Virginia

Li brary.
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This project is particularly interesting, as it denonstrates sone
linmtations of the Gopher system The principal nedia types are
imge and text, and it is difficult to associate a caption with
its imge - each nust be fetched separately, and using the XMosaic
or xgopher client software it is not possible to tell which nenu
entry is the inage and which the caption. (This nay be a
consequence of how the data has been configured for the Gopher
server; if so, a requirenent for better publishing tools may be
indicated.) Furthernore, searching the object index will result
in a Gopher nenu containing references to catal ogue entries for
rel evant exhibits, but not to the online inages of the exhibits
thensel ves, which severely limts the useful ness of the index.

It is interesting to note that during the preparation of this
report, the Vatican Exhibition has been nounted on the Worl dW de
Wb (WWN. The hypernedia presentation on the Web is very nuch
nore attractive to use than the Gopher version

Jukebox

Jukebox is a project supported by the EEC libraries program The
project ains to evaluate a pilot service providing library users
with on-line access to a database of digital sound recordings.
The database will support nulti-user access and use suitable
storage nmedia to nmake avail able sound recordings in a conpressed
format. Users will access the service with a personal conputer
connected to a tel emati c network.

Scientific Publishing

There are several refereed electronic academc journals presently
distributed on the Internet. These tend to be text-only journals,
and have not really addressed the issues of delivering and
mani pul ati ng non-text data.

Many scientific publishers have plans for el ectronic publishing of
exi sting acadenic journals and conference proceedi ngs, either on
physi cal media or on the network. The Journal of Biol ogical
Chemistry is now published on CD-ROV for instance. Sone publishers
view CD-ROM as an interimstep to the ultimte goal of making
journals available on-line on the Internet.

The main types of non-text data which are envisaged are:
0 I mages. I n many cases, image data (a m crophotograph, say)
is central to an article. Software which recogni ses that

the text nay be of secondary inportance to the inmage is
required.
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0 Application-specific data. The ChenlLab and Mol ecul eLab
applications are widely used, and the integration of
correspondi ng data types with journal articles will enhance
readers’ ability to visualise nolecular structures.
Simlarly, mathematics appearing in scientific papers could
be represented in a formsuitable for processing by
applications such as Mathematica. Mathematical content
coul d then becone a nmuch nore interactive and dynam c aspect
of research publications.

0 Tabul ar data. The ability for a reader to extract tabul ar
data froma research paper, to produce a graphica
representation, to subset the data, and to further process
it in a nunber of different ways, is viewed as an essenti al
part of scientific electronic publishing.

0 Movi es. The American Astronom cal Society regularly
publ i shes videos to go with its academ c journals.
El ectroni c publishing can i nmprove on this "hard copy”
publ i shing by integrating video data much nore closely with
the source article.

0 Sound. There is perhaps slightly | ess demand for audio
information in scientific publishing, but the requirenent
does exist in particular specialities (such as acoustics and
zool ogy journal s).

Access to academi c journals using at |east four different paradi gns
i s envisaged. Hierarchical access, perhaps using a traditional

journal /volune/issue/article nodel, is perhaps the npbst obvious.
Keyword searching (or full-text indexing) will be required. Browsing
i s anot her useful and often underestimted access nodel - to support

browsing it is essential that "eye-catching" data (unlikely to be
textual) is prom nently accessible. The final nmethod of access is
perhaps the nost inportant - the use of interactive view ng tools.
Such tool s woul d enabl e navigation of hypernedia |inks within and
between articles, with gateways to special - purpose applications as
descri bed above. The use of these disparate access nethods inplies
nmore than one structure being applied to the same underlying data.

St andards, particularly SGW, are beconing inportant to publishers,
and it is clear that the SGWL.-based HyTinme standard will be a front
runner in providing the kind of hypernedia facilities which are being
envi saged. However, progress towards a common SGW. Docunent Type
Definition (DITD) for scientific articles, even within individual
publ i shi ng houses and for text-only docunents, is slow
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A specific initiative involving interested parties will be required
to formalise detailed requirenments and to pilot standards in this
area. A prelininary denonstrator project, funded by publishers and
by the British Library Research and Devel opnent Departnent, involves
maki ng about 30 sanple scientific articles avail able over the

Super JANET network, using a range of different software products. The
denonstrator project is being managed by | OP Publishing and is being
carried out at Edi nburgh University Conputing Service.

Existing tools, particularly WAIS and WWV are rel evant, but adequate
security and chargi ng nechani snms are required if comercia

publ i shers are to use them Many research groups are now maki ng the
text of preprints and published research papers avail able on Gopher
servers.

It is interesting to note that the proceedings of the Miultinmedia 93

conference run by the ACMw || be published electronically (on CD
ROM), using a multinedia docunment format designed specifically for
t he event.

Conput er - ai ded Lear ni ng

The ready availability of user-friendly nultinmedia authoring tools
such as Aut horWare Professional, Asymmetrix Ml timedi a Tool book,
Macromi nd Director and many nore, has stimnulated nuch interest in
mul tinedia for conputer-aided | earning applications within the user
comunity. Sophisticated interactive multinmedia courseware
applications are being devel oped in many di sparate subjects

t hroughout the European acadeni c conmunity. Users are now begi nni ng
to ask network technol ogi sts, "how can | make ny nul ti nedi a
application available to others across the network?".

There is considerable interest in using the network to enhance
delivery of nmultinmedia teaching materials - for instance to allow
students to take courses renptely (distance |learning) and for their
| earni ng process to be supported, nonitored and assessed renvotely.

The requirements which flow fromthis type of network application
include the ability to identify and authenticate the students using
the material, to nonitor their progress, and to supply on-line
assessnent exercises for the student to conplete. Miltinedia
authoring tools allow very attractive presentation environnents to be
created, which encourages learning; this is viewed as essential by
course devel opers. Easy-to-use authoring tools (preferably existing
commerci al ones) are al so essenti al

Finally, sonme |earning applications involve sinulations - exanples
i ncl ude neteorol ogi cal nodelling and economic sinulations. Network
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delivery of teaching materials should cope with this requirenent
(perhaps by acknow edgi ng that executable scripts are just another
nmedi a type).

CGeneral Infornmati on Services

There are many ot her possible uses of multinedia data in networked
i nformati on servers which don’t conveniently fall into any of the
above categories. Sone exanples are given bel ow

0 On-1ine docunmentation. Mnuals and instruction books often
rely heavily on pictorial information, and are enhanced by
dynam c nedia types (sound, video). The ability to access
central ly-held manual s across a network makes it nuch easier
to keep the information up-to-date.

0 Canpus-wi de information systens (CWS) are an inportant
grom h area. The opportunities for enhancing such a
service with multinedia data (e.g., maps) is obvious.

0 Mul ti media news bulletins (e.g., the Internet Tal k Radi o,
which is sound only).

0 Product information (the nultinmedi a equival ent of paper
advertising matter).

0 Consuner systens - e.g., tourist information servers. The
utility of such systens in an academ c/research environnent
i s perhaps questionable, but it is likely that such systens

wi Il address problenms which will also be net in this
environnent. W should be prepared to learn from such
proj ects.

2.2. Data Characteristics
Sone of the characteristics which nake data nore appropriate for
networ k publication rather than publication on physical nmedia are
listed bel ow
0 The data may change frequently.

0 | npl ementing corrections and i nprovenents to the data is
very nuch easier

0 It is nore readily available to the data user - no
purchase/ delivery cycle need exist.
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0 Publi cation on physical nmedia nay not be cost-effective for
very large volunes of data. (OF course, there is a cost in
networking the data as well, but the research/academ c user

is normally insulated fromthis.)

0 Access for |arge user conmunities can be established without
requiring each user to purchase a potentially expensive
physi cal medi a peripheral (such as a |aser disk player).
This is particularly helpful in classroom situations.

0 It may require less effort fromthe data publisher to nmake
data avail able over a network, rather than set up a manua
mechani sm for distributing physical nedia.

0 If related data frommany different sources is to be
published, it may be nore efficient to |leave the data in
situ, and sinply publish the network addresses of the data.

There are counter-reasons which may make physical nedia distribution
nore appropri ate:

0 Easier to charge for. (However, charging nmechani sns do
exi st in some network information systens. It may be that
potential information providers need to be made nore aware
of this.)

0 Easier to deter or prevent copyright infringenment, using

traditional copy-protection techniques.
2.3. Requirenments Definition

From studyi ng the applications described in the preceding section,
and from di scussions with the people involved with the applications,
it is possible to draw up a list of general requirenents which a
distributed nultinmedia information system for the acadeni c and
research community should satisfy. These requirenents are informally
described in the foll owi ng subsections. The descriptions are
necessarily informal and inconplete: every individual application
will have its own detailed requirenents, which would take a great
deal of effort to determ ne (and i ndeed sone of the requirenents may
not becone apparent until the application is into its devel opnent
phase).

Pl at f or s
It is clear that the European academ c conmunity, in comobn wth

ot her such comunities, requires support for three main platforns:
UNI X, Appl e Macintosh, and PC/Wndows. For nultinmedia client/server
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systens, the latter two are | ess appropriate as server platfornms, but
client support for all three is vital. UNX wll be nost often used
as the server platform

There are other systens, such as VAX VM5, which are also inportant in
some sectors.

Medi a Types

Unsurprisingly, all applications require text data to be supported as
a basic nedia type. |Inmage and graphic nedia types are next in

i nportance, followed by "application-specific" data (such as tabul ar
scientific data, mathematical equations, chenical data types, etc).
Sound and vi deo nedia types are beconing nore inportant as users

di scover how these can enhance applicati ons.

Many different encodings are possible for each nedia type (e.qg.,

i mage data can be encoded as TIFF, PCX, GF, PICT and many nore). An
i nformati on system should not constrain the type of encodi ng used,
and should ideally offer either a range of alternative encodi ngs, or
conversion facilities between the stored encodi ng and an encodi ng
suitable for display by the client workstation

Hyperl i nks

It is clear that many applications require their users to be able to
navi gate through the informati on base according to relationships
determ ned by the information provider - in other words, hyperlinks.
Acadeni ¢ publishing, CAL, on-line docunmentation and CWS systens all
require this capability. The user should be able, by sonme action
such as clicking on a highlighted word in a text node or on a button,
to cause anot her node or nodes to be retrieved and di spl ayed.

Sone "hypernedi a" systens are in fact sinply hypertext, in that they
require the source anchor of a hyperlink to be in a text node. A
true hypernedia system all ows hyperlinks to have their source anchors
in nodes of any nedia type. This allows a user to click the nmouse on
a conponent of a diagramor on part of a video sequence to cause one
or nore related nodes to be retrieved and di spl ayed.

Sonme hypernedi a systens allow target anchors of a hyperlinks to be
finer-grained than a whole node - e.g., the target anchor could be a
word or a paragraph within a text docunent. W thout such a
capability, it is necessary for target nodes to be quite small if
precision is required in a hyperlink. This may be difficult to
manage, and fine-grained target anchors are therefore better
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Addi ti onal structure above or orthogonal to the underlying
hyperlinked data is required in sone applications. This allows the
same (generally non-textual) data to be used in several different
applications, or the inplenentation of different access paradi gns.

Present ati on

Rel ated information of different nmedia types nmust be capabl e of
synchroni sed display. Conmercial nultinedia authoring packages
provi de nany di fferent ways of presenting, synchronising and
interacting with nedia elenents. Sonme of these are summari sed bel ow.

0 Backdrops. An application may present all its visua
i nformati on agai nst a single background bitmap - e.g.,
a CAL application night use a background i mage of an open
t ext book, with graphics, text and video data all presented
on the open pages of the book.

0 Buttons. A "button" can be defined as an explicitly-
delinmted area of the display, within which a nouse click
wi Il cause an action to occur. Typically, the action wll

be (or can be nodelled as) a hyperlink traversal.
Applications use different styles of button - sone may use
"tabs" as in a notebook, or perhaps "bookmarks" in
conjunction with the open textbook backdrop nentioned above.
QO hers may use plain buttons in a style conforning to the
conventions of the host platform or may sinply highlight a
word or phrase in a text display to indicate it is "active".

0 Synchroni sation in space. Wen two or nore nodes are
presented together (e.g., because a link with nore than one
target anchor has been traversed), the author of the
hyper docunent may wi sh to specify that they be presented in
a spatially-related way. This nay involve: x/y
synchroni sation - e.g., a video node being displayed
i mredi ately above its text caption; it may involve
contextual synchronisation - e.g., an inmage being displayed in
a specific location within a text node; or it may involve z-
axi s synchronisation as well - for instance a text node
containing a sinple title being displayed on top of an
i mge, with the text background bei ng transparent so that
t he i mage shows through

0 Synchronisation in time. |sochronous data may require
synchroni sation - the obvious case being audi o and vi deo
tracks (where these are held separately). Oher exanples
are: the synchronisation of an automatically-scrolling text
panel to a video clip (for subtitling); or to an audio clip
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(e.g., a translation); or synchronising an animtion to an
expl anatory audi o track.

Sear chi ng

Dat abase-type applications require varying degrees of sophistication
in retrieval techniques. For applications addressed in this report,
non-text nodes formthe major data of interest. Such nodes have
associ ated descriptions, which nay be plain text, or may be
structured into fields. Users need to be able to search the
descriptions, obtain a list of "hits", and sel ect nodes fromthat
list to display. Searching requirenents vary from sinple keyword
searching, via full-text indexing (wth or w thout Bool ean

conbi nati ons of search words), to full SQ.-style database retrieva

| anguages.

| nteracti on

The user nust be able to annotate docunents retrieved fromthe
informati on server. The annotations may be stored |ocally.

Simlarly, the user may wish to add his own (locally-held) hyperlinks
to docunents. (Actual nodification of docunents in the information
systemitself, or shared annotations to docunents - i.e., the

i nformati on systemas a CSCWenvironnment - is viewed as separate

i ssue which this report does not address.)

If an information provider has included contact details (such as a
mai | address) in a docunent, it should be possible for the reader to
i nvoke a program (such as a mailer) which initiates conmunication
with the author.

In some applications, it may make sense for a user to be able to
specify a region of interest in an image or novie clip, and to
request a nore detailed view of (or other information about) that
regi on.

Sone applications require a sequence of inmages to be presented under
control of the user. For instance, a three-dinensional m croscopic
structure could be represented as a sequence of images taken with the
m croscope focused on a different plane for each image. For display,
the user could control which image was di spl ayed using some kind of
slider control, giving the illusion of focusing a mcroscope. (This
particul ar exanpl e has been taken fromthe Theseus project at John
Moore’s University, Liverpool, GB.)
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Quality of Service

Research has shown [3] that user toleration of delay in conputer
systens depends on user perception of the nature of the requested
action. |If the user believes that no conputation is required,

tol erabl e del ays are of the order of 0.2s. |If the user believes the
action he or she has requested the conputer to performis "difficult"
- for instance a conputation of some form- then a tolerable delay is
of the order of 2s. Users tend to give up waiting for a response
after about 20s. Networked nultinedia information systens nmust be
able to provide this |l evel of responsiveness.

Managenent

In order to support applications involving real-noney information
services (e.g., acadenic publishing) and | earning/assessnent
applications, there nust be a reliable and secure access control
mechanism A sinple password is unlikely to suffice - Kerberos
aut henti cati on procedures are a possibility.

Users nust be able to determine the charge for an item before
retrieving it (assuming that pay-per-itemwll be a comobn paradi gm
alternatives such as pay-per-call, pay-per-duration are also
possi bl e). Access records nust be kept by the information server for
char gi ng purposes.

Learni ng applications have simlar requirements, except that the
purpose here is not to charge for information retrieved, but to
nmoni t or and perhaps assess a student’s progress.

Scripting

Many aut hori ng packages provide scripting | anguages. |n nost cases,
t hese | anguages are used to nanage the presentation environment and
control navigation within the hypernedi a docunent. There are other,
decl arative rather than procedural, nmethods for achieving this, so
scripting of this type is not necessarily a requirenent. However,
some application areas require executable scripts for other purposes
(e.g., simulations in CAL applications). Care in providing such a
facility is required, because of the potential for abuse (the
possibility of "trojan" scripts). However, there is work going on to
produce "safe" scripting | anguages - an exanple is "safe tcl", being
devel oped by Borenstein and Qusterhout (contact

oust er @s. ber kel ey. edu) .
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Byt est r eam For nat

For the easy transfer and handling of a hyperdocunent, it nust be
capabl e of being encoded into a bytestreamform in such a way that
the structure of the docunment is preserved and it can be decoded

wi t hout |oss of information.

This facility makes it possible for such docunents to be supplied to

a user over electronic mail, in such a way that he or she can browse
themat his or her own site. This nmay be appropriate where the user
does not have a direct connection to the Internet. It will also be

useful for printing the hyperdocunent.
Aut hori ng

It is essential that a nmultinmedia informati on system shoul d have
adequat e authoring tools which nake it easy to prepare and publish
hypernedi a i nformati on. Such tools need sinmilar power to existing
commercial multinedia authoring software for stand-al one multinedia
appl i cati ons.

3. Existing Systens
This chapter describes sonme existing distributed information systens
in sufficient detail to reveal how they handle multinedia data, and

anal yses how well they nmeet the requirenents outlined in the
precedi ng chapter.

3.1. CGopher
The Internet Gopher is a distributed docunent delivery service. It
al l ows a neophyte user to access various types of data residing on
multiple hosts in a seanml ess fashion. This is acconplished by
presenting the user with a hierarchical arrangenment of nodes and by
using a client-server comunications nodel. The Gopher server
accepts sinple queries, and responds by sending the client a node
(usually called a docunment in this context).

Client software is available for a |arge nunber of systens,
i ncl udi ng:

0 UNI X (character termnals)
o X wi ndows
0 Appl e Maci ntosh

o M5 DCS
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o VM CMVs

o VNB

o Os/2

o WS/ XA
Servers are available for systens such as:

o UNI X

o VNB

0 Appl e Maci ntosh

o VM CMVs

o WS

o M5 DGCS
CGopher was devel oped at the University of M nnesota.
Gopher User | nmage
A Gopher client offers an interface into "gopherspace", which appears
to the user as a hierarchy of nenus and docunent nodes, sinilar in
some ways to a file systemhierarchy of directories and files.
Sel ecting an entry froma nmenu node causes a further nenu to appear,
or causes a docunent to be retrieved and di spl ayed.
As well as "ordinary" docunent nodes, CGopher has "search nodes" when
one of these is selected froma nmenu, the user is pronpted for one or
nmore words to search on. The result of the search is a "virtual"
menu, containing entries for docunent nodes (within sone subset of
gopherspace) which match the search. A special type of Gopher search
server called "veronica" provides access to a database of al
directory nodes in gopherspace. This allows a user to construct a
virtual menu of all Gopher menu itens containing a particular word.

WAl S dat abases may al so be | ocated at Gopher search nodes, since sone
CGopher servers understand the format of WAIS index files.
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Gopher Protocol

Gopher uses a client-server paradigm The Gopher protocol runs over
a reliable data stream service, typically TCP, and is fully defined
in RFC 1436. The foll ow ng paragraphs give an overview which is
sufficient for understanding how nultinmedia data is handled in
Gopher.

A Gopher client opens a TCP connection to a Gopher server (defined by
machi ne nane and TCP port nunber), and sends a line of text known as
the "selector” to request information fromthe server. The server
responds with a bl ock of data, and then closes the connection. No
state is retained by the server. A null (enpty) selector tells the
CGopher server to return its "root" nenu node, containing pointers to
other information in gopherspace.

A menu is returned froma Gopher server as a sequence of |ines of
text, each corresponding to one entry in the nenu. Each line (which
is sonetimes called a "Gopher reference") contains the foll ow ng
data, which can be used by the client software to retrieve and

di spl ay the correspondi ng node i n gopherspace.

0 A single character which identifies the type of the node.
Possi bl e values of this type ID are given bel ow.

0 A human-readabl e string which is used by the client software
when it displays the nenu entry to the user.

0 The sel ector which should be used by client software to
retrieve the node. It is treated as opaque by the client
sof t war e.

0 The domai n nane of the host on which the node is held.

0 The port nunber to use for the TCP connecti on.

A docunent node is sent by a Copher server sinply as lines of text
ternminated by a dot on a line by itself, or as raw binary data, with
the end of the data indicated by the server closing the TCP
connection. The choice depends on the type of node.

The currently-defined type IDs are as foll ows:

0 Node is a file.
1 Node is a directory.
2 Node is a CSO phone book server
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3 Error.

4 Node is a Bi nHexed Maci ntosh file.

5 Node i s DOS binary archive of sone sort.

6 Node is a UNI X uuencoded file.

7 Node is a search server

8 Node points to a text-based tel net session
9 Node is a binary file.

T Node points to a TN3270 connecti on

Sone experimental IDs are also in use:
S Node contains -l aw sound dat a.
Node contains G F data.
M Node contains M ME dat a.
h Node contai ns HTM. dat a.
[ Node contains inage data of sone kind.
i In-line text type.

The process for defining new data types and corresponding IDs is not
cl ear.

Gopher + Protoco

The Gopher+ protocol is an extension of the Gopher protocol. Gopher+
is defined informally in [4]. It is designed to be downwards
conpatible with the original protocol, so that old Gopher clients may
access Gopher+ servers (without being able to take advantage of the
new facilities), and Gopher+ clients may access ol d Gopher servers.
Gopher+ is still at the experinmental stage, and is |liable to change.

The nost inportant new feature is the introduction of "attributes”
associ ated with individual nodes. The client may retrieve the
attri butes of a node instead of the node contents. Attributes
defined so far include:
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Cont ai ns the Gopher reference of the node.
Mandat ory.

Cont ai ns adm ni strative information, including
the mail address of the server adm nistrator and
the last-nodified date of the node. Mandatory.

Contains a list of one or nore "view
descriptors", each of which describes an
alternate view of the node. For instance, an

i mmge node may contain a TIFF view, a G F view,
a JPEG view, etc. The client software (or the
user) nmay choose which viewto retrieve. The
size of the viewis also (optionally) avail able
inthis attribute. The Gopher+ Attribute

Regi stry (see below) defines the pernitted view

t ypes.

This attribute contains a short description of
the item It may also include a Gopher
reference to a | onger abstract, held in a
separ at e Gopher node.

This attribute is used for the interactive query
extension. The interactive query facility in
Gopher+ is used to obtain information froma
user before retrieving the contents of a node.
The client fetches the ASK attribute, which
contains a list of questions for the user. His
or her responses to those questions are sent
along with the selector to the server, which
then returns the contents of the node. This
facility could be used as a very sinple way of
querying a database, for instance. Using the
interactive query facility to supply a password
for access control purposes is not a good idea -
there are too many opportunities for
masquer adi ng.

The University of Mnnesota naintains a registry of Gopher+ attribute
types. For the VIEWS attribute, the registry contains a |list of
permitted view types. Note that these view types have a sinilar
function to the type identifier described in the preceding section.

The genera

Xxx!'yyy zzz:

Adi e
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where xxx is a general type-of-information advisory, yyy is what
informati on format you need understand to interpret this information,
zzz is a |l anguage advisory (coded using PCSI X definitions), and nnn
is the approximate size in bytes. Possible values for xxx include
text, file, inmage, audio, video, termnal

(I't now appears that the University of M nnesota Gopher Team accepts
the need to be consistent in the use of type/encoding attributes with
the M ME specification. The Gopher+ Type Registry may thus
eventual |y di sappear, together with the set of xxx/yyy values it
currently contains.)

No view descriptors for directory nodes are currently registered.

In order to make use of the information available in attributes, it
is necessary to fetch the attributes before fetching the contents of
a node. Gopher+ provides a way of fetching the attributes for each
entry in a nmenu at the sane tinme as the nmenu is retrieved. This
saves having to establish two successive TCP connections to fetch a
singl e docunent, at the expense of sone additional client software
conpl exity.

Gopher Publ i shing

The procedure for nmaking data avail abl e using the Uni x Gopher server
"gopherd" is very straightforward. The hierarchical nature of the
Unix file systemclosely matches the Gopher concept of nenus and
docunents. The gopherd programexploits this - Unix directories are
represented as Gopher menu nodes, and Unix files as Gopher docunent
nodes. The nanes of directories and files are the entries in Copher
menus. This can lead to awkward file nanes contai ni ng spaces, Sso
gopherd provi des an aliasing nmechanism (the \.cap directory) to get
round this.

To represent nenu entries pointing to Gopher nodes on other servers,
special "link" files (starting with a dot) are used.

The type ID for a docunent node is determned fromthe extension of
its Unix filename. |If a client requests a file containing a shel
script, the script is executed and the output returned to the client.

The Gopher+ version of gopherd is simlar, but the .cap directory is
repl aced by a configuration file gopherd.conf. This file is used to
specify adnministration attributes, and the mappi ng between fil enane
extensi ons and view descriptors. Sonme |limted access control (based
on the client’s I P address/donmain nane) is al so provided by the
Gopher + versi on of gopherd.
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Publ i shed Non-text Data

There is already sonme useful non-text data published on Gopher al nost
exclusively imge data. See for exanple the Vatican Library
Exhibition at the University of Virginia Library, the Archi Gopher at
the University of M chigan, the weather machine at the University of
IIlinois. Sone of these are described in the User Requirenents
chapter of this report.

There seemto be rather fewer sound archives in gopherspace, but

i nterested users may access the Edi nburgh University Conputing
Servi ce Gopher server on gopher.ed.ac.uk, where the Testing Area
contains 20 or 30 short audio files in Sun audio format. Note - the
availability of this archive is not guaranteed.

Advant ages

The main factor in favour of Gopher is its w despread penetration.
There are over 1000 Copher servers world-wide. This popularity is
due in part to the ease of setting up a Gopher server and making
information available on it, particularly on a Unix platform

Limtations

It is unfortunate that the relatively well-defined MM types were
not adopted in Gopher+. As nentioned above, this may yet happen,

al though there appear to be reasons for keeping the set of MM types
smal | whereas Gopher requires a wide range of types to offer to
clients. The latest word is that the MM registry will be expanded
to include the types which the Gopher+ devel opers want.

CGopher is inflexibly hierarchical in nature. Hypertext or hypernedi a
it is not - links to other nodes fromw thin docunment nodes are not
possible. There is a suggestion in the Gopher+ specification that
alternate views of directory nodes could be used to provide sonme kind
of hypernedi a capability, but this does not yet exist, and it is
unlikely that it could be made to work as easily as the WAV hypert ext
nodel .

There is no access control at the user level - anyone can retrieve
anything on a Gopher server. There is no provision for charging for
i nformati on.
3.2. Wde Area Information Server
The Wde Area Information Server (WAIS) systemallows users to search

for and retrieve information from databases anywhere on the Internet.
WAl S uses a client-server paradigm and client and server software is
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avail able for a wide range of platforns. dient applications are
able to retrieve text or other nedia docunents stored on the servers,
by specifying keywords. The server software searches a full-text

i ndex of the docunents, and returns a |list of docunments contai ning
the keywords (ranked according to a heuristic algorithn). The client
may then request the server to send a copy of any of the docunents
found. Relevant docunents can be fed back to a server to refine the
search. Successful searches can be automatically re-run, to alert
the user when new informati on beconmes avail abl e.

WAl S was devel oped by Thi nki ng Machi nes Corporation of Canbridge,
Massachusetts, in collaboration with Apple Conmputer Inc., Dow Jones
and conpany, and KPMG Peat Marwi ck. The WAI'S software has been nade
freely avail abl e; however Thinki ng Machi nes has announced that they
will stop support for their publicly-distributed WAIS as of version
8b5.1. Future support and devel oprment of the publicly-distributed
WAl S has been taken over by CNI DR (C earinghouse for Networked
Informati on Di scovery and Retrieval) in the USA. Future CN DR

rel eases will be called FreeWAIS. A new conpany, WAIS Inc, has been
formed by Thi nking Machines to take over commercial exploitation of
t he Thi nki ng Machi nes WAI' S sof t war e.

WAI S server software is available for the follow ng platforns:
0] UNI X
0 VAX/ VN5

Client software is available for the follow ng platforns:

0 UNI X (versions for X, Mtif, Open Look, Sun View)
o] Ne XT

0 Maci nt osh

0 M5 DOS

0 MS W ndows

0 VAX/ VN5

There are currently over 400 WAI S dat abases avail able on the
Internet. WAIS is also the basis of sone comercial infornmation
services on private networKks.
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WAI S User | nmage

In order to ask a question, the user nust first select one or nore
dat abases in which to ook for the answer. (The list of all
avai | abl e dat abases is available froma nunber of well-known sites.)
The next step is to enter one or nore keywords as the basis of the
search. The search will return a |ist of docunments (the "result
set") which contain any of the keywords. Each docunent is given a
ranki ng (a number between 1 and 1000) which indicates how relevant to
the user’s question the server believes the docunent to be. The size
of each docunent is also shown in the list. The user may limt the
size of the result set - the default limt is typically 40 docunents.

The user nmay then choose to retrieve and di splay one or nore
docunents fromthe list. Alternatively, he or she nmay designate one
or nore docunents in the list as "relevant”, and perform anot her
search to find "nore docunents like this". This is called "rel evance
f eedback".

The user nmay retrieve general information about the database, and may
exam ne the catal ogue of all docunents in the database. There is

al so a "database of databases”, which may be searched to identify
WAl S dat abases which may be rel evant to a subject.

WAl S Pr ot ocol

The user interface (client) talks to the server using an extended
version of a standard ANSI protocol called Z39.50. This is now
aligned with the 1SO SR (Search and Retrieval) protocol for

bi bl i ographic (library) applications, which is part of OSI. The
present WAI'S protocol does not utilise a full OSI stack - APDUs are
transferred directly over a TCP/IP connection. The WAIS protocol is
described in [5].

WAl S does not, at this tinme, inplenment the full Z39.50-1992
specification - in particular, WAI'S does not pernit Bool ean searches
(e.g., "find all docunments containing 'chal k’ and 'cheese’ but not
"green’"). However, Bool ean search capability is being added to the
FreeWAI' S i nmpl enmentation. There are facilities in the Z39.50 protocol
for access control and charging, but these are not currently

i mpl enented in WAI S

The WAI'S extensions to Z39.50 are mainly to provide the rel evance
f eedback capability.

Note that the Z39.50 protocol is not stateless - the result set nay

in some circunstances be retained by the server for the user to
further refine or refer to. However, the subset of Z39.50 used by
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current WAI'S i npl enentati ons nean that server inplenmentations may be
st at el ess.

Docunent type is deternmined by the server frominformation in the
dat abase i ndex (see below), and is sent to the client as part of the
result set.

VWAI' S Publ i shing

The first step in preparing data for publishing in a WAI'S database is
to use the 'waisindex utility. This takes a set of text files, and

produces an index file which contains an occurrence |ist of words of

three or nore letters in every file. This index file is used by the

WAl S server software to resolve search requests fromclients.

The ’"waisindex’ utility indexes files in a w de range of text
formats, as well as postscript and imge files in various encodi ngs
(only the file nane is indexed for image files). Some of the text
formats involve a file as being treated as a coll ection of docunents
for the purposes of WAIS access. Note that there appears to be no

formal "registry of types" - just whatever the waisindex program
supports. There is no distinction between nedia type and encodi ng
format.

Publ i shed Non-text Data
There is relatively little non-text data available in WAI S dat abases.

0 URL=wai s: // quake. t hi nk. com 210/ CM i nages i s a dat abase of
TI FF i mages from the Connection Machi ne.

0 URL=wai s:// npcc3. rpns. ac. uk: 210/ hone/ i nages/ pat hol ogy/ RPM5-
pat hol ogy is a dat abase of histo-pathol ogi cal inmages and
docunent ati on on manmmal i an endocrine tissue.

0 URL=wai s:// st arhawk. j pl . nasa. gov: 210/ pi o contains G F i nmages
from NASA pl anetary probe nissions, together with their
captions. The presence of the caption index infornmation
makes it difficult to construct a search which returns
images in the result set increasing the maxi mumresult set
size may hel p.

Advant ages
WAIS is ideally suited for its intended purpose of searching
dat abases of textual information on the basis of keywords. It

appears to have the potential to satisfy the requirenents of sone of
t he "dat abase" category of applications nmentioned in Chapter 1.
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Limtations

WAIS is not (and does not pretend to be) a general - purpose
i nformati on system as Gopher and WMWVare. WAI'S does not have
hyperlinking, and offers a purely flat structure.

Alimtation which is particularly apparent is the way that the
current version of FreeWAI'S i ndexes non-text files - using only the
filename! However, it does seemthat sinply changing the indexing
programto allow a |list of keywords to be attached to non-text files
woul d suffice to allow sensible indexing of non-text data. The
commercial (WAIS Inc) version of WAIS all ows several files to be
associ ated together for indexing and retrieval purposes.

Furthernode, the UCSF Centre for Know ege Managenent is nodifying the
FreeWAI' S code to support the indexing of nultiple content types. The
docunment returned by WAIS will be an HTM. docunent contai ni ng
pointers to the nultinedia data. Contact dcnartin@i brary. ucsf. edu
for further information.

WAIS is not a fully-featured query/response protocol such as SQ.. It
has no concept of fields, or nuneric data types.

It appears to be inpossible to retrieve a docunent fromits catal ogue
entry in many of the existing databases.

3.3. Wrld-Wde Wb

The Worl d-Wde Web project (also known as WWVor WB), started and
driven by CERN, is a large-scale distributed hypertext system It
uses the standard client-server paradigm wth client "browser"
software responsi ble for fetching and displaying data. Oiginally
ai med at the Hi gh Energy Physics conmmunity, it has spread to other
ar eas.

Browser software is available for a | arge nunber of systens

i ncl udi ng:
0 Li ne- nrode dunb term nal
0 Termnal with Curses support
0 Maci nt osh
0 X/ Mot i f
o] X11
0 PC/ M5 W ndows
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o] NeXT

There is server software avail able for

0 VM mai nf r anes.
0 UNI X

0 Maci nt osh

0 VMS

WAV User | mage

The WAW worl d consists of nodes (usually called docunents) and I|inks.
Li nks are connections between docunents: to follow a Iink, a reader
clicks with a nouse on a word in the source docunent, which causes
the linked-to docunent to be retrieved and di splayed. (On systens

wi t hout a nouse, the user types a nunber instead.)

| ndexes are special docunents which, rather than being read, may be
searched. To search an index, a reader supplies keywords (or other
search criteria). The result of a search is a "virtual" docunent
containing links to the docunents found. All docunents, whether
real, virtual or indexes, look simlar to the reader

The WAW addr essi ng mechani sm neans that an interface to Gopher and
anonynous FTP informati on sources may be established, in a way which
is transparent to the user. Thus, the whole of gopherspace is part

of the Web. Transparent gateways to other systens, including Hyper-G
and WAI'S, are al so avail abl e.

URL

Al'l nodes on the Wb are addressed using the "Universal [or Uniform
Resource Locator" (URL) syntax, defined in [6]. This is an Internet
Draft produced by the | ETF URL Working G oup.

A URL is a nane for an object (which nay be a docunent or an index)
on the Internet. It has the general form

<schene> : <path> [ # <anchorid> ]
The <schene> identifies an access protocol or nmethod for the object.
Sone of the schenes are HTTP (the native WAV protocol), anonynous

FTP, Andrew file system news, WAIS, Gopher. The <path> conponent
| ocates the docunent in a way significant for the access nethod.
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Thus for instance for anonynous FTP, the path includes the fully
qual i fi ed domai n name of the host on which the docunent resides, and
the directory and file name under which it nmay be found. For sone
schenmes, the <path> nay include a search string (or conbination of
strings) which is used to address a "virtual" object fornmed by
searching an index of sonme kind. The HTTP, WAIS and Gopher schenes
can use search strings, which usually follow the rest of the path,
separated fromit by a ?.

The optional <anchorid> is used for addressing within an object. |Its
interpretation is not defined in the URL specification.

"Partial" URLs may be specified. These are used within a docunent on
the Wb to refer to another "nearby" docunent - for instance to a
docunent in another file on the sane machine. Certain parts of the
URL (e.g., the schene and machi ne nane) may be omitted, according to
wel | -defined rules. This nakes it much easier to nove groups of
docunents around, while maintaining the Iinks within and between

t hem

A URL | ocates one and only one object on the Internet. However, nore
than one URL may point to the same object. Gven tw URLsS, it is not
in general possible to determ ne whether they refer to the sane
object. Furthernore, there is no guarantee that a single URL will
refer to the same object at different tines (the object may change
increnmentally, or it may be conpletely replaced with something
different, or it may indeed be renoved).

HTTP

HTTP (Hyper Text Transfer Protocol) is the protocol enployed between
server and client. It is defined in [7]. The protocol is currently
bei ng revised (see the Future Devel opnents section below), and wll
eventual ly be proposed as an Internet standard.

The original protocol is extrenely sinple, and requires only a
reliable connection-oriented transport service, typically TCP/IP

The client establishes a connection with the server, and sends a
request containing the word GET, a space, and the partial URL of the
node to be retrieved, termnated by CR LF. The server responds wth
t he node contents, conprising a text docunent in the Hypertext Markup
Language (HTM.). The end of the contents is indicated by the server
cl osi ng the connection.
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HTML

HTML (Hyper Text Markup Language) is the way in which text docunents
must be structured if they are to contain |inks to other docunents.
Non- HTML text documents may of course be nmade avail able on the Wb,
but they may not contain |inks to other docunents (i.e., they are

| eaf nodes), and they will be displayed by browsers without
formatting, probably using a fixed-width font. Like HTTP, HTM is
al so undergoi ng enhancenent, but the original version is defined in
[7], and is being submtted as an Internet draft.

HTML is an application of SGW (Standard Generalized Markup
Language). It defines a range of useful tags for indicating a node
title, paragraph boundaries, headings of several different |evels,
hi ghlighting, lists, etc. Anchors are represented using an <A> tag.

For instance, here is an exanple of HTM. containing an anchor:

The HTTP protocol inplenents the WWV <A NAVE=13
HREF="../../Adm ni strati on/ Dat aMbdel . ht nl " >dat a nodel </ A> .

The | ocation of the anchor is the text "data nodel”. It is a source
anchor, with a target given by the URL in the HREF attribute, so the
text woul d appear highlighted in sone way in a client’s window, to
indicate that clicking on it would cause a hyperlink to be traversed.
It is also a target anchor, with an anchor ID given by the NAME
attribute. A source anchor referring to this target would specify
#13 at the end of the node’s URL. Traversing a hyperlink to this
node woul d cause the entire node to be retrieved, but the target
anchor text would be displayed in sonme enphasi sed way - for instance
if the retrieved text is displayed in a scrolling window, it mght be
positioned such that the target anchor appears at the top of the

wi ndow.

Anot her attribute of the <A> elenent, TYPE, is also avail abl e, which
is intended to describe the nature of the relationship nodelled by
the link. However, this is not in extensive use, and there appears
to be no registry of the possible values of such types.

Fut ure Devel opnents

HTTP and HTM. are currently being extended in a backward-conpatible
way to add nultimedia facilities. [8] describes the HTTP2 protocol.
The revised HTML is defined in [9]. Both docunents are subject to
change (and indeed the HTM.2 specification has changed substantially
during the preparation of this report).
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The revised HTM. contai ns nany enhancenents whi ch are useful for
mul ti medi a support. Sone of the nost relevant are listed bel ow

0 "Uni versal Resource Nunbers" are a proposed system for
uni que, tineless identifiers of network-accessible files
presently being designed by | ETF Wrking G oups. URNs nust
be distinguished from URLs, which contain information
sufficient to | ocate the docunent. URNs may be allocated to
nodes and nay be represented in source anchors. This saves
client software fromretrieving a copy of sonething it
al ready has - allow ng sensible caching of |arge video
clips, for instance. The disadvantage is that when
somet hing is changed and gi ven a new URN, the source anchors
of all links which point to it nust be changed (and the URNs
of these docunents nust therefore be changed, and so on).
Therefore, it makes sense to allocate URNs only to very
| arge docunents which change rarely, and not to the
docunents which reference them

0 The title of a destination docunment may be included as
anattribute of a source anchor. This allows a client to
display the title to the user before or during retrieval,
and al so all ows data which does not itself contain a title
(e.g., inage data) to be given one.

0 There is provision for in-line non-text data (e.g., images,
vi deo, graphics, mathenatical equations), which appears in
t he samewi ndow as the nain textual material in the node.

0 The concept of the relationship expressed by a hyperlink is
expanded. Both source and target anchors may contain
relation attributes which point forwards and backwards
respectively. Possible relationships include "is an index
for", "is a glossary for", "annotates", "is a reply to", "is
enbedded in", "is presented with". The last two are useful
for nultinmedia - for instance, the "enbed" relationship
could cause a retrieved inmage to be fetched and enbedded in
the display of a text node, and the "present"” relationship
coul d cause a sound clip to be autonmatically retrieved and
presented along with a text node.

The HTTP2 protocol maintains the sane stateless
connect/request/response/cl ose procedure as the current HITP
protocol. Data is transferred in M Me-shaped nessages, allow ng al
M ME data formats (including HTM.) to be used. As well as the GET
operation, HTTP2 has operations such as:
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HEAD Fetch attribute informati on about a node
(including the nmedia type and encodi ng)

CHECKOQUT/ CHECKI N/ PUT/ POST

These all ow nodes to be checked out for updating
and checked back in again, and new nodes to be
created. New node data is supplied in MM
shape with the request.

The request fromthe client can contain a list of formats which the
client is prepared to accept, user identification, authorisation

i nformati on (a pl acehol der at present), an account name to charge any
costs to, and identification of the source anchor of the hyperlink

t hrough which the node was accessed.

The response fromthe server may contain a range of useful attributes
(e.g., date, cost, length - but only for non-text data). The server
may redirect the query, indicating a new URL to use instead. It may
al so refuse the request because of authorisation failure or absence
of a charge account in the request.

The protocol also contains a mechani smwhich is designed to allow the
server to nmake an intelligent decision about the nost appropriate
format in which to return data, based on information supplied in the
request by the client. This may for instance allow a powerful server
to store the unconpressed bitmap of an image, but to conpress it on
request using an appropriate encodi ng, according to the decoding
capabilities announced by the client.

An HTTP2 server and client are currently under test. Sone HTM.2
features are already fitted to the XMbsaic browser.

Mosai ¢

The Mbsaic project, located at the US National Centre for

Super conputi ng Applications (NCSA) at the University of Illinois, is
devel opi ng a networked i nformation systemintended for w de-area

di stributed asynchronous col |l aborati on and hyper nedi a- based

i nformati on di scovery and retrieval. Mdsaic, which is specifically
oriented towards scientific research workers, has adopted the Wrld
Wde Wb as the core of the system and the first Mosaic software to
appear was the Xwbsaic WWVclient for UNIX with X. OQher clients of
simlar functionality are under devel opnent for the Apple Mcintosh
and the PC wi th W ndows.

The capabilities of the XMosai c browser include:
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0 Support for NCSA s Data Managenent Facility (DWF) for
scientific data.

0 Support for transferring data with other NCSA tools such
asCol | age, using NCSA' s Data Transfer Mechani sm (DTM.

0 The ability to "check out"” docunments for revision, and to
check them back in again.

o] Local and renote annotati on of Wb docunents.

Future planned functionality includes:

0 In-1ine non-text data (in addition to inages).

0 I nformati on space graphical representation and control.
0 Hyper medi a docunent editi ng.

0 Information filtering.

NCSA intends to nmake the entire Msaic system publicly avail abl e and
di stributabl e.

The XMosai c browser was used extensively for finding and retrieving
i nformation used to prepare this report.

Wb Publ i shing

Making a web is as sinple as witing a few SGW files which point to
your existing data. Making it public involves running the FTP or HITP
daenon, and nmeking at |east one link into your web fromanother. In
fact, any file available by anonymous FTP can be i mediately |inked
into a web. The very small start-up effort is designed to all ow smal
contri butions.

At the other end of the scale, large information providers may
provi de an HTTP server with full text or keyword indexing. This may
all ow access to a | arge existing database w thout changi ng the way
t hat dat abase i s managed. Such gat eways have al ready been nade into
Digital's VMS/ Hel p, Technical University of Graz’'s "Hyper-G', and
Thi nki ng Machine’s WAI' S syst ens.

There are a few editors which understand HTML - for instance on UN X
and on the NeXT platform
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Publ i shed non-text data
See the nultinmedia denb node on
htt p://hoohoo. ncsa. ui uc. edu: 80/ nosai c- docs/ mul ti nedi a. ht m

This contains links to i nages, sound, novies and postscript nedia
types. The nedia type is deternmined by the fil enanme extension in the
URL specification of the target node. The (XMosaic) client uses this
to invoke a separate program appropriate for displaying the nedia
type, or in some cases it can be displayed enbedded within the source
docunent. The latter nethod uses an <IM> tag, which is part of
HTM.2.

Advant ages

WAWVis a hypertext systemand its underlying technology is thus

ri cher than Gopher. The use of SGW, which is of increasing

i nportance in hypernmedi a systens, allows a great deal of

expressi veness and structure, and enables text to be presented in an
attractive way. The facilities for nultinmedia data in the extended
versions of HITP and HTM.L are excellent. It also seenms that QOS and
managenent issues identified in Chapter 2 are to sonme degree catered
for in these extensions.

Limtations

There is no indication in the source anchor of the nedia type of the
destination node, or of its size (this has been ruled out on the
argunent that the information is likely to degrade with tinme). It is
necessary to performa HEAD request (in HITP2) to deduce this.

Li nk source anchors must be in text docunents, so non-text nodes nust
be | eaf nodes. However, with HTM.2 using the <IM> tag, an enbedded
bitmap may be used as a source anchor, and the position of the nobuse
click within the inmage is passed to the server, which can then choose
to return a different docunent depending on where in the inage the
mouse was clicked.

WAV is nuch | ess preval ent than Gopher, partly because of an
(erroneous?) perception that setting up an HTTP server is nore
conpl ex than setting up a Gopher server. There are only about 60
servers worl d-w de; however the growh in the use of WAWVis nuch
faster than the growth in the use of Gopher. The availability of
sophi sticated WAV clients such as XMWbsaic is fuelling this growth.
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3.4. Evaluating Existing Tools

This section conpares the capabilities of the Gopher, WAIS and
Wor | dW de Web systens (abbreviated as GMY to the informal
requirenments defined in section 2. 3.

Pl at f or ns

The tabl e bel ow gives the names of the nost inportant client software
for each of GMVon the three nost inportant platforns of interest.
WWis the weakest, with clients for the Mcintosh and the PC stil
under devel opnment. The main PC Gopher client is "PC Gopher 111",
which is a DOS program not a W ndows program

CLI ENTS Gopher WAl S WAV
Maci nt osh Tur boGopher WAl St ati on (No nane)
(beta version
avai |l abl e)
PC with HGopher (two VWAI S for Cello (beta
W ndows others al so W ndows, WAI S ver si on
avai |l abl e) Manager avai |l abl e),
Mosai ¢ (beta due
3Q03)
UNI X with X Xgopher, XWAI S XMbsai ¢
XMosai ¢

At present, multinmedia support in nost of these clients (where it
exists) is limted to the invocation of external "viewer" prograns
for particular nedia types. The exception is XMdsaic, which supports
in-line imges in WW docunents.

Medi a Types

The GWVtools can all handle nmultiple nedia types well.

0 Text is very well supported by all three tools. WW offers
facilities for displaying "richer" text, supporting
headi ngs, |ists, enphasised text etc., in a standardi sed way.
0 I mage data is also well supported, using either external

viewers (e.g., the TurboGopher client software on a Maci ntosh
m ght invoke the JPEGVi ew programto display an inmage); or
in-line display within a text docunent (WWVw th XMbsaic on
UNI X) .
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0 There is little direct support for application-specific
data, but nost systens all ow data of a nom nated type to be
passed to an external viewer or editor program This tends
to be a function of the client software rather than being
built in to the protocol or server. There has been
di scussion in the WAMW comunity about using TeX for
representing mat hemati cal equations, and about providing
"panel s" within a text docunent where a separate application
could render its application-specific data (or indeed any
data which can be represented spatially). This latter
suggestion fits well with the OLE (Object Linking and
Enbeddi ng) approach used in Mcrosoft Wndows.

0 Sound can be supported through the external "viewer"
concept. Sonme platfornms don’t have readily-avail able
"viewers" with "tape recorder"-style controls for replaying.
There is no single comonly-accepted sound encodi ng format.

0 Vi deo data can be handl ed using external viewers. MPEG and
Qui ckTi ne are the nbst conmon encodi ngs.

One essential capability of a client/server protocol is the ability
for the client to determine the type of a node (and a Iist of
avai |l abl e encodi ngs) before downloading it. WAI'S and Gopher transfer
this information in the result set and nenu respectively. WW
clients currently determne this information either from anal ysing
the URL of a target node, or by the occurrence of the <IM> tag. The
new WAV HTTP2 protocol allows the nmedia type and encodi ng of a node
to be determ ned through a separate interaction with the server.

The GWVsystens all use different nethods for expressing type and
encodi ng. WAI S does not distinguish the encoding fromthe nedia
type. WAWVis noving to the M ME type/ encodi ng system Gopher does
not distinguish type and encodi ng, but Gopher+ does, and is al so
nmoving to the M ME type/encodi ng system

Hyperl i nks

Only the WMV system has hyperlinks. Source anchors may be text,

i mges, or points within an inage. Target anchors may be entire
nodes of any nedia type, or points within (with HTTP2, portions of)
text nodes.

Gopher+ could potentially be enhanced to include hyperlinks, but

there seens to be no devel opnent effort going towards this - those
who need hyperlinking are using WW
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Gopher menus can be constructed to allow alternative views of
gopherspace. For instance, a geographically-organi sed menu tree of
gopherspace is in place, but a parallel subject-based nenu tree could
be added as an alternative way of access to the same data. (There
are in fact noves to set this up.) Since WWVoffers a superset of
CGopher functionality, these comments also apply to the Web. In fact,
the Wb al ready has a rudinentary subject tree.

In both Gopher and WAW non-textual data nmay be used in different
i nformati on structures wi thout having to maintain nore than one copy.

Present ati on

There is little support in GMVfor controlling the presentation of
non-text dat a.

0 Backdrops are not supported by GAV

0 Buttons are supported in a limted way - typically, a node
is retrieved by clicking on a highlighted text phrase, or on
an entry in alist. |In XMsaic, bitmap i nages can be used

as buttons. However, there is no support for different
styles of button. dient software may have generic

navi gation buttons (e.g., "Back", "Next", "Home") which are
al ways avail able and don't formpart of a node.

0 Synchroni sation in space is not supported by GAV except
that WAW supports contextual synchronisation of inmages using
the <I M>> tag.

0 Synchronisation in tinme is not supported by GAW
Sear chi ng

WAI S supports keyword searching, and is very well suited for that
task. The Gopher+ protocol could potentially support nultinmedia

dat abase querying applications through the ASK attribute, but there
is as yet no server inplenentation which supports such database
applications. |In the WWVproject, there are ongoi ng di scussi ons on
how best to extend HTM. to cope with database query applications - an
<I NPUT> tag has been suggested - but no consensus has yet energed.

Bot h Gopher and WMV can make use of WAI S-type keyword searching:

ei ther by incorporating WAIS code into the server (enabling WAIS
index files to be searched); or through WAI' S gateways, which run
searches on renote WAIS servers in response to queries fromnon-WAI' S
clients.
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| nt eracti on

XMosai c all ows users to make text (or on sone platfornms, audio)
annotations to any text node. The annotations appear at the end of
the text display.. They are held locally - other users of the node
do not see the annotations (but a recently added facility all ows

gl obal I y-vi si bl e annotations held on an "annotation server"). Text
annotations may include hyperlinks to other nodes (provided the user
knows how to use HTM.). Qher clients do not provide such
facilities.

There is a nove to add an "emai|l" address notation to URL. This
woul d all ow WAV client software to i nvoke a mail program when a user
sel ects an anchor with such a URL.

There are plans to allow WAW users to delineate a rectangul ar area of
interest within an imge for use in an HTTP request.

There is no support in GAMVclients for interacting with sequences of
i mges in the way described in section 2.3.6.

Quality of Service

The user expectations for responsiveness nentioned in section 2.3.7
are difficult to meet with currently-depl oyed wi de-area network (or
even LAN) technol ogy, particularly for volum nous nultinedi a data.
None of the GMVsystens currently exploit the energing isochronous
data transfer capabilities of protocols such as RTP and technol ogi es
such as ATM None of them nmake serious attenpts to alleviate the
problemin other ways (except for WWV which defines some nechani sns
in HTTP2 for format negotiati on based on size and avail abl e bandw dt h
consi derati ons).

Managenent

The followi ng table shows the support for three key managenent
facilities in the GMVsystens. The first two facilities require
support in the client/server protocol, the third requires support in
the server, but depends on authentication being avail able.

Gopher WAl S VWAV
Access control No No1l Yes, in
and HTTP2

aut henti cati on
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Char gi ng support No No Yes, in
HTTP2

Monitoring for No No No

statistical and

assessment

pur poses

Not e:

1. "Access-control-facility" is a feature of Z39.50 which is not used
by the current WAI'S i npl enent ati ons.

Scripting Requirenents

None of the GWVsystens have facilities for the execution of scripts
by the client, because of security issues (it would be too easy for a
mal i ci ous "trojan" script to be executed). Gopher and WAV servers
have the ability for a UNI X script to be run by the server, with the
script output returned to the client. Scripting as understood in the
context of stand-alone multinmedia applications does not exist in GMW

Byt est r eam For mat

None of the three GMVsystens use a bytestream format for

i nterchanging collections of material. There has been sone talk
about setting up a systemakin to the "Trickle" nail server, for
retrieving single docunent nodes from GMVusing mail. Such a system

has been inplenented for WAWW
Aut horing tools

CGopher is sufficiently sinple to set up that no special authoring
tools are required. WAIS requires only an indexing program (as
di scussed in section 3.2) for preparing material for publication.

WAV because it uses a sophisticated authoring | anguage (HTM.),
benefits fromthe availability of authoring tools. There are HTM.
editors for UNI X (using the tk toolkit) and the NeXT system There
are no authoring tools designed specifically for exploiting the

mul timedia capabilities of WMWY mainly because these capabilities are
still evolving.
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4. Research

This section describes some current research projects in the area of
di stributed hypermedia i nformati on systens.

4.1. Hyper-G

Hyper-G [10] is an ambitious distributed hypernmedia research project
at a nunber of institutes of the I G (Institutes for Informtion-
Processing Graz), the Conmputing and Information Services Centre of
the Graz University of Technol ogy, and the Austrian Conputer Society.
It is funded by the Austrian Mnistry of Science. It conbines
concepts of hypernedia, information retrieval systens and
docunent ati on systens with aspects of communi cation and

col | aborati on, and conputer-supported teaching and | earni ng.

Unli ke WAW Hyper-G supports bi-directional links. This enables
users to see which other docunents reference the one they are using,
and al so allows the systemto avoid dangling pointers when a |inkedto
docunent is deleted. Another difference fromWWis that |inks are
kept separately fromtheir source and target nodes, to all ow easy

i nking of read-only docunents and for ease of |ink maintenance. In
addition to nmanual ly defined Iinks, Hyper-G supports automatic static
and dynanmic (i.e., viewtine) generation and mai ntenance of |inks.
Hyper - G has a concept of generic "structures" - an additional |ayer
of relationships inposed on (and orthogonal to) the web of docunents
and links. A docunent can be part of nore than one structure, and
structures may be hierarchically related. Types of structure

i ncl ude:

o] "Clusters" are a set of docunents which are al
pr esent edt oget her .

0 "Col | ections" are unordered sets of docunents or other
structures, and can be used as query domains or to construct
gopher-1i ke nenus.

o] "Pat hs" are ordered sets of docunents or structures, which
nmust be visited sequentially.

One application of the structure concept is the provision of "guided
tours” through the information space.

In addition to hypernavigation, the collection hierarchy and gui ded
tours, another strategy for interaction with the systemis the use of
dat abase queries. Two kinds of query are supported: keyword
searching in a user-defined list of databases; and collection
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specific formfilling queries. |In the latter case, the answer to the
query may appear dynamically as the formis filled out.

Four nodes of user identification are supported: "identified", where
a userid is publicly associated through name and address information
with a particular individual; "sem -identified", where a userid is

associ ated by the systemw th an individual, but the user is only
known to ot her users through a pseudonym "anonynously identified",
where the userid is not associated by the systemw th any individual;
and "anonynous", where there is no userid (or a generic userid such
as "guest"). Possible operations in the system depend on the user’s
node of identification. Users may access the systemin any desired
node, and switch to other nodes only when necessary.

Hyper - G cont ai ns specific support for nultilingual docunents and
docunent clusters. Users may specify an ordered list of preferred
| anguages, for instance. There are plans to experinment with
automati c translation prograns.

Integration of other, external, systens such as WWVinto Hyper-Gin a
seam ess manner is possible.

Hyper-Gis in use as a CWS within Graz Technical University. dient
software is available for UNI X workstations from DEC, HP, SE, and
SUN. The systemis still in an experinmental state, but it has been
used by about 200 students as part of a course on the social inpact
of information technol ogy.

4.2. M crocosm

M crocosm[11] is an open hypernedia system devel oped at the

Uni versity of Southanpton. It is inplemented on the PC under MS

W ndows, and versions for the Apple Macintosh and for UNIX with X are
under devel opnent .

M crocosm consi sts of a nunber of autononbus processes which

comuni cate with each other by a nessage-passing system [Infornmation
about hyperlinks between docunents is stored in a |ink database, or
"linkbase", and is not stored in the docunents thenselves. This has
t he advant ages that:

0 Links to and fromread-only docunents (perhaps stored on CD
ROM) are possible.

0 Docunents need undergo no conversion process to be inported
into the system- they can still be viewed and edited using

the original application which created them w thout the
link information getting in the way.
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0 It is as easy to establish links to and from non-text
docunents as text docunents.

In Mcrocosm the user interacts with a "viewer" programfor a
particul ar media type. Such progranms nay be specifically witten for
use with Mcrocosm (about 10 such viewers have been witten for a
nunber of common nedia types and encodings); or they nmay be a program
adapted for use with Mcrocosm (the progranmability of Mcrosoft Wrd
for Wndows has allowed it to be so adapted); or it may even be a
programw th no know edge of M crocosm

The user selects an object (e.g., a piece of text) in the viewer, and
requests Mcrocosmto performan action with the object - typically
to follow a link to another docunment. This may involve executing
anot her viewer to display the target docunent.

M crocosm | ink source anchors may be specific (denoting a unique
point in a particular docunment), local (denoting any occurrence of a
particul ar object in a particular docunent) or generic (denoting any
occurrence of an object in any docunent). Target anchors may specify
specific objects within a docunent. Oher link styles are
textretrieval links (looking up a full-text index , as WAI' S does),
and rel evance links to a set of docunents using simlar vocabulary to
the source docunent (again, simlar to WAIS' s rel evance feedback).

Li nks may be created by readers as well as by authors. Dynanically

conmputed links may be added to the permanent |inkbase for |ater use.
A history of link traversal is mmintained, and "gui ded tours" may be
establ i shed through the system which allow the reader to stray from
and return to the tour

M crocosm vi ewers operate by sending nessages to the M crocosm
system In M5 Wndows, these nessages are transferred usi ng DDE
(Dynami ¢ Data Exchange); in the Apple Macintosh version Apple Events
are used, and sockets are used on UNI X. For viewers which are not

M crocosm aware, the user nust transfer the selected object to the
system cl i pboard before being able to followa link fromit.

Net wor ki ng support in Mcrocosmis currently under devel opnent.
Conponents of M crocosm may be distributed to nultiple nachines there
is not necessarily a concept of "client" and "server".

There are problens with the M crocosm approach, commopn to systens

which maintain link informati on separately from docunents, and which
use external viewers.
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0 Docunments nove and change, thus invalidating |inks.
M crocosm datestanps links to help to detect (but not
correct) such probl ens.

0 It is not always clear what |inks are avail able to be
followed froma docunment, since the viewer programis
unaware of the contents of the |inkbase.

0 It is not always possible to indicate the object within a
docunent which is the target anchor of a link. Mny viewers
automatically show the start of the docunent (e.g., a word
processor), or perhaps the entire docunent (e.g., a picture
viewer). The user has no way of knowi ng which part of the
target docunent the link just foll owed points to.

M crocosm may be viewed as an integrating hypernedia framework - a
| ayer on top of a range of existing applications which enables

rel ati onshi ps between different docunents to be established.

M crocosmis currently being "conmercialised".

4.3. AthenaMuse 2

At henaMuse 2 (AMR) is an anbitious distributed hypernmedi a authoring
and presentation system under devel opnment by the AthenaMuse Software

Consortium based at MT. It is based on the earlier AML system
devel oped as part of MT s Project Athena. The first version of AWM
is schedul ed for January 1994, and will be "pre-comercial software”

with a fully-conmercialised version due about 6 nonths later. Both

t he educational and conmercial sectors are the intended narket. The
systemwill initially be based on X and UNI X workstations, but

PC/ Wndows will also be supported in a second phase. Apple Macintosh
support has a lower priority.

The specifications of AM2 are available in [12]. Sonme of the key
poi nts are:

0 AM2 will support inport and export of application from and
tostandard fornms. The project is watching standards such as
HyTi me, MHEG and ODA

0 Several "application themes", or frequently-occurring
collections of functionality, are viewed as useful. These
are as follows:

Application Thene Interactive?
Presentation of multinedia data No
Expl oration of a rich multinedia Yes
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envi ronnent

Sinmulation of a real-world scenario Partially
Conmuni cation of real-tinme No
information to the user
Aut hori ng Yes
Annot ati on of materi al Yes
0 "Interface tenplates” allow a rmultinedia application to nake

use of a conmon format for presenting a range of content.
This is simlar to the "backdrop" concept nentioned in
section 2.3.4.

0 A range of link types will be supported.

0 Medi a content editors and interface/application editors for
structuring will be provided. A third class of editor, the
"hyper medi a not ebook”, wll allow readers to excerpt and

annotate nedia from AM2 applications.

The project is developing nultinmedia network services, including the
transm ssion of digital video, using a client-server paradi gm

4.4. CEC Research Programres

Sone of the research progranmes sponsored by the Conmm ssion for the
Eur opean Conmmunity (CEC) contain apparently relevant projects. [1]
has further details of sone of these projects.

RACE pr ogr amre

The RACE programme is outlined in [13], which should be consulted for
further information about the projects described below The RACE
programme targets the industrial, comercial and donestic sectors,
and results are not necessarily directly applicable to the research
and academ ¢ comunity. RACE project nunbers are given.

RACE Phase | projects, which have nostly conpl et ed:

R1038 MCPR - Ml tinmedi a Conmuni cati on, Processing and
Representation. This project devel oped a denpnstrator
mul tinedia systemw th communi cations capability for trave
agents.

R1061 DI MPE - Distributed Integrated Mil tinmedi a Publishing
Envi ronment. The project designed and inplenented interim
servi ces for conpound docunent handling, and defined a
di stributed publishing architecture.
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R1078 European Miuseuns Network. This project ainmed to denonstrate
i nteractive navigation through a pool of rnultinedia nmuseum
obj ects, using | SDN as the conmuni cati ons networ K.

RACE Phase || projects:
R2008 Eur oBri dge.

Ainms to denonstrate nulti-point multinmedi a applications
runni ng over DQDB, FDDI and ATM test networKks.

R2043 RAMA - Renpte Access to Museum Archi ves
This project follows on from RL078.

R2060 Cl O - Coordination, |nplenentation and Operation of
Mul ti medi a Servi ces.

One aspect of this project is JVIOS - a "Joint Viewi ng and
Tel eoperation Service". This ainms to integrate standard
mul ti medi a applications running on a range of heterogeneous
machi nes into a cooperative working environnent, allow ng
individuals to view and interact with nmultinedia data on
col | eague’ s nachi nes.

ESPRI T Programme
The ESPRIT research programe is outlined in [14], which should be
consulted for further information about the projects |isted bel ow
ESPRI T project nunbers are given
28 MULTOS - A Multinmedia Filing System
This project, which ran from 1985 to 1990, devel oped a
client/server systemfor filing and retrieval of multinedia
docunents using the ODA interchange format standard (ODF).
5252 HYTEA - Hyper Text Authoring
This project, which runs from 1991 to 1994, ains to devel op
a set of authoring tools for |arge and conpl ex hypernedi a
appl i cati ons.
5398 SHAPE - Second Generation Hypernedia Application Project
This project is devel oping a portable software environnent

conparable to a CASE tool intended to facilitate the
realisation of conpl ex hypernedi a applications.
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HYTECH - Hypertextual and Hypernedi al Technica

Docunentation This project, which ran from 1990-1991, was to
assess the feasibility of hypernedia technol ogy and to

devi se needed extensions to it in order to support
applications dealing with technical docunentation
managenent .

PEGASUS - Distributed Miultinedia Operating Systemfor the
1990s This project is ainmed at the design of an operating
system architecture for scal able distributed multinedia
systens and the devel opnment of a validating prototype, the
design and i npl enentation of a distributed conpl ex-object
service and a gl obal name service, the devel opnent of

nmechani sns for the creation, conmunication and rendering of
fully digital multinmedia docunents in real time and in a

di stributed fashion, and the design and inplenentation of an
application for the system a digital TV director.

| DOMENEUS - Information and Data on Open Media for Networks
of Users. This project, which started January 1993, brings
toget her workers in the database, infornmation retrieval
net wor ki ng and hypernmedia research comunities in the

devel opnent of an "ultimate infornmation machine". It "wll
coordi nate and i nprove European efforts in the devel opnent
of next-generation information environnments capabl e of

mai nt ai ni ng and comruni cating a | argely extended cl ass of
informati on on an open set of nmedia". Because of the close
mat ch between the subject of the | DOVMENEUS project and the
RARE W& IMM it is reconmended that RARE establish a |liaison
with this project.

Sone ot her research projects of less inmediate rel evance are |isted

bel ow.
o}
o}
Adi e

Sone of these projects are described further in [1].

Xanadu is a project to devel op an "open, social hypernedia"
di stributed database server, incorporating CSCW features.

It has been in existance for many years and has been funded
by a nunber of conpanies. The current status of this
project is not known, and al though imnent availability of
al pha-test versions has been announced nore than once, no
sof tware has been delivered.

CMFed [15] is an editing and presentation environnment for

portabl e hypernedi a docunents bei ng devel oped at CW,
Ansterdam NL. It is based on the "Amsterdam Model " of
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hypernedia [16], which is an extension of the Dexter
hypertext reference nodel incorporating "channels" for nedia
delivery and synchroni sation constraints.

Deja Vu [17] is a proposed "intelligent” distributed
hypernedi a application framework. It is intended as a
vehicle for research in the areas of: hypernedi a systens,
obj ect-oriented progranm ng, distributed |ogic progranm ng,
and intelligent information systens. Proposed techniques
for use in the Deja Vu franework include "inferenti al
links", defined automatically according to predefined rules.
A scripting | anguage for use both by information providers
and users is planned. This project is at a very early
(proposal) stage, and as yet relatively little software has
been developed. Deja Vu is intended principally as a
research framework rather than as a service tool

Denmon is a project at Bellcore, US, investigating the
network requirements of near-termresidential nultinmedia
services. The project is designing and inplenenting an
experimental application which serves the needs of casua
mul ti nedi a users.

InfoNote is a distributed, multiuser hypernmedia system from
Japan, inplemented on a NEC EW54800 running UNI X and X

I nf oNot e has an editor which can create Japanese texts,
figures, and raster inmages. The sanme wi ndows are used both
for editors and browsers. The functionality of the w ndow
can be changed at any tine if data is not wite-protected.

MADE - Multinmedia Application Denpnstration Environnent - is
a project at British Teleconis research | aboratory which
centres on the use of the devel oping MHEG standard to access
a nultinedia object server. The server platformis a Sun
SPARCst ation with an object-oriented database package
(ONTOS). Audio, video, text and graphical nedia types are
covered. The University of Kent is working on a sub-
project: "Miulti-user Indexing in a Distributed Miltinedia
Dat abase".

Zenith ainmed to establish a set of principles to assist
desi gners and devel opers of object nanagenent systens

i ntended for distributed nultinmedia design environnents.
The project inplenmented a prototype generalised nultinedia
obj ect managenent system
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5. Standards
5.1. Structuring Standards

This section describes sonme of the inportant standards for providing
hyperstructure to nulti medi a dat a.

SGW

SGW. (Standard Generalized Markup Language - |1SO 8879) is a

nmet al anguage for defining markup notations for text. SGW is used to
wite Docunment Type Definitions or DIDs, to which individual document
i nstances nust conform It finds application in a w de and

i ncreasi ng range of text processing applications.

The rel evance of SGW to distributed hypernedia systens is
surprisingly high, mainly because of the great expressive power of
SGW, and its ability to handle non-textual data using "external
entities" and "notations".

0 The Wrld-Wde Wb is an SGW application with its own DID

0 The inportant HyTi me hypernedia structuring standard (see
bel ow) is based on SGWL..

0 The forthcom ng MHEG hypernedi a structuring standard (see
bel ow) has an SGW encodi ng.

0 SGW. has been used in research hypernedia systens - for
exanpl e M crocosm

0 SGW. is used in some conmercial hypernedia systens - for
exanpl e DynaText.

0 SGW is of increasing inportance for academ c publishing
houses.

It was interesting to note that at a recent (CEC- sponsored) workshop
on Hypertext and Hypernedi a standards, nost of the speakers were
conversant with and supportive of the use of SGW for such systens.

A rel ated standard which nmay becone inportant for SGVL on networks is
SDIF (SGWL Data Interchange Format - |SO 9069). This standard
speci fi es how an SGW docunent, which may exist in a nunmber of
separate files of different nmedia types, may be encoded using ASN. 1
into a single bytestream The entity structure is preserved, so that
the bytestream may be decoded by the recipient into the sane set of
files.
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Hy Ti me

HyTi me (Hypernmedi a/ Ti me- Based Structuring Language) is a standardi sed
infrastructure for the representation of integrated, open hypernedia
docunents. It was devel oped principally by ANSI comittee X3V1.8M
and was subsequently adopted by | SO and published as | SO 10744.

HyTime is based on SGWM.. It is not itself an SGW DTD, but provides
constructs and guidelines ("architectural forns") for naking DTDs for
descri bi ng Hypernedi a docunents. For instance, the Standard Misic
Descri ption Language (SMDL: I1SOIEC Conmittee Draft 10743) defines a
(nmeta-)DTD which is an application of HyTime. |In fact, HyTine
started as an attenpt to produce a markup schene for music publishing
pur poses.

HyTi ne specifies how certain concepts common to all hypernedia
docunents can be represented using SGW.. These concepts incl ude:

0 associ ation of objects within docunents wi th hyperlinks
0 pl acenment and interrelation of objects in space and tine
0 | ogi cal structure of the document

0 i nclusion of non-textual data in the document

An "object” in HyTinme is part of a docunent, and is unrestricted in
form- it may be video, audio, text, a program graphics, etc. The
ternmi nology used in HyTine (and in this section) thus differs
slightly fromthe termnology used in the rest of this report. A
HyTi ne obj ect corresponds roughly to a node as defined in section
1.2, and a HyTi ne docunment is a hyperdocunment in the termninol ogy of
this report.

HyTi nme consists of six nodules, which are very briefly and
sel ectively described bel ow

0 Base nodule. This provides facilities required by other
nodul es, including a |lexical nodel for describing el ement
contents; facilities for identifying policies for coping
with changes to a docunent, or traversing a link ("activity
tracking”); and the ability to define "container entities"”
which can hold nultiple data objects. This |ast was added
to the HyTine standard at a |ate stage, at the instigation
of Apple Conputers Inc, as a "hook" for their Bento
specification [18].
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0 Measurenment nmodule. This allows for an object to be | ocated
in time and/ or space (which HyTinme treats equivalently), or
any ot her donmain which can be represented by a finite
coordi nate space, within a bounding box called an "event",
defined by a set of coordinate points. Coordinates may be
expressed in any units (predefined units include
fent oseconds, fortnights, mllenia, angstrons, Northern feet
and |ightyears!).

0 Location Address nodule. In addition to the fundanmenta
ability of SGW to identify and refer to elenents, this
nmodul e provi des a special "naned | ocation address”
architectural formwhich can be used to refer indirectly to
data which spans el enents, or which is |ocated in externa
entities. Data may al so be addressed indirectly through the
use of "queries", which return addresses of objects within
sone domai n whi ch have properties matching the query. A
"HyQ' notation is provided for defining the query.

0 Hyperlinks nodule. Two basic types of hyperlink are
defined: the contextual link (clink) has two anchors, one of
which is enmbedded in a docunment to explicitly denote the
anchor |ocation; and the independent I[ink (ilink) which may
have nore than two anchors, and whi ch does not require the
anchors to be enbedded in the docunent. ilinks thus allow
hyperlink informati on to be maintained separately from
docunent content.

0 Schedul i ng nodul e. This specifies how events in a source
finite coordinate space (FCS) are to be mapped onto a target
FCS. For instance, events on a tine axis could be projected
onto a spatial axis for graphical display purposes, or a
"virtual" tine axis as used in nusic could be projected onto
a physical tinme axis.

0 Rendition nodule. This allows for individual objects to be
nodi fied before rendition, in an object-specific way. One
exanmple is nodification of colours in image so that it can
be di splayed using the currently-selected colour map on a
graphics termnal, or changing the volune of an audio
channel according to a user’s requirenents.

It is not envisaged that a hypernedia application would need to use
the entire range of HyTine facilities. An application designer is
abl e to choose appropriate HyTine architectural forms, and to add
application-specific constraints to them The designer nay al so of
course use non-HyTime SGW el enents and attributes, but these aspects
of the application can’t be understood by a "HyTinme engine". Even in
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the absence of a HyTinme engine, the HyTinme architectural forns
provi de a useful base of ideas fromwhich a hypernmedia system
desi gner may wi sh to work.

The role of a HyTine engine is not specified in the standard, but
essentially it is a (sub)program which recogni ses HyTi ne constructs

i n docunent instances and perforns application-i ndependent processing
on them For instance, it could interact with multinmedi a network
servers to resolve and access hyperlink anchors. A commercial HyTi ne
engi ne (HyM nder) is under devel opnent by TechnoTeacher in the US,
and the Interactive Multinedia Goup at the University of
Massachusetts - Lowell (contact |rutledg@s.ulowell.edu) is also

wor king on a HyTi me engi ne (HyGOct ane).

The Davenport group (a | oose consortium of interested conpanies and

i ndividuals) is producing a series of standards on hypernmedi a which
further constrain the HyTinme architectural fornms. One exanple is the
SOFABED nodul e [19], which standardi ses the representation of certain
ki nds of navigational information - tables of contents, indexes and
gl ossari es.

HyTi me was envi saged as an interchange format rather than as a format
for directly-executable hypernmedia applications. It is therefore
very expressive, but may be difficult to optimse for run-tine
efficiency.

An attenpt has been nade [20] to adapt the hyperlink structure in
WAV s existing HTML DTD to conply with HyTinme’s clink architectura
form This requires changes to WAV docunent instances as well as to
browser software, and in the absence of any i medi ate benefit it has
found little favour with the WWVconmmunity. However, it is possible
that HTML2 wil| use sonme aspects of HyTi ne.

It is reconmended that any further RARE work on networked hypernedi a
shoul d take account of the inportance of SGW and HyTi ne.

VHEG

VHEG stands for the Miultinedia and Hypernedi a i nformati on codi ng
Experts G oup, also known as | SO | EC JTCLl/ SC29/ W51L2 (it used to cone
under SC2). This group is devel oping a standard " Coded
Representation of Miltinedia and Hypernedia Informati on Cbjects” (1SO
CD 13522, or CCTT T.171), commonly called MHEG  The standard is to
be published in two parts - part 1 being the base notation,
representing objects using ASN. 1, and part 2 being an alternate

not ati on whi ch uses SGWL.. Part 1 has nearly (June 1993) achi eved CD
status, and is intended to reach full 1S in 1994. Part 2 is intended
to reach the CD stage in late 1993.
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MHEG is suited to interactive hypernmedia applications such as on-1line
t ext books and encycl opaedia. It is also suited for nany of the
interactive nultimedia applications currently available (in

pl atfornmspecific fornm) on CO-ROM MHEG coul d for instance be used as
the data structuring standard for a future hone entertai nment
interactive nultinmedia appliance. Tel ecomunications operators are
interested in VMHEG for providing interactive nultinmedi a services
across | SDN

To address such markets, MHEG represents objects in a non-revisable
form and is therefore unsuitable as an input format for hypernedia
authoring applications: its place is perhaps nore as an output format
for such tools. MIEG is thus not a nultinedia document processing
format - instead it provides rules for the structure of nultinmedia
obj ects which pernmits the objects to be represented in a conveni ent
"final" formwith the aimof direct presentation

The MHEG draft standard is expressed in object-oriented ternms. The
mai n obj ect classes are outlined briefly bel ow.

0 Content class. A content object contains the encoded
(mononedi a) information to be presented, along with
attributes which identify the type of information and the
enc