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Abstract

This report sunmarises the requirenents of research and acadenic
network users for network access to nultinmedia information. |t does
this by investigating sone of the projects planned or currently
underway in the community. Existing information systens such as
Gopher, WAI'S and Worl d-Wde Wb are exami ned fromthe point of view
of multinedia support, and sone interesting hypernedi a systens
energing fromthe research community are al so studied. Relevant

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

currentl 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
extended sunmary, which outlines the findings of the report.

Publication History

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

I ntroduction

This report is concerned with issues in the intersection of
networked information retrieval, database and multinedi a
technologies. It ains to establish research and acadeni c user
requi renents for network access to nultinmedia 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 Requiremnents

There are a nunber of reasons why nultinedia data nay need to be
accessed renmotely (as opposed to physically distributing the data,
e.g., on CO-ROM. These reasons centre on the cost of physica
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 requirenments have been determ ned by studying existing and
proposed projects involving networked multinmedia data. It has
proved convenient to divide the applications into four classes
according to their requirenents: nultinedia database applications,
academic (particularly scientific) publishing applications, ca
(conmput erai ded | earning), and general nultinedia infornmation

servi ces.
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Dat abase applications typically involve |arge collections of
nmononedi 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 media types,
hyperlinking, and the capability to access the sane data using

di fferent access paradi gnms (search, browse, hierarchical, l|inks).
Aut hentication and charging facilities are required.

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

General rmnultimedia information services include on-1ine
docunent ati on, canpus-wi de information systenms, and ot her systens
whi ch don’t conveniently fall into the preceding categories.
Hyperlinking is perhaps the nost common requirenent in this area.

The anal ysis of these application areas allows a nunber of
i mportant user requirenments to be identified

o] Support for the Apple Mcintosh, UNI X and PC/ M5 W ndows
envi ronnments.

o] Support for a wi de range of media types - text, inmage,
graphi cs and application-specific nedia being nost
i mportant, followed by video and sound.

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

o] Support for sophisticated synchroni sation and presentation
facilities.

o} Support for a range of database searching techni ques.

o] Support for user annotation of information, and for user-
controll ed display of sequenced nedi a.

o] Adequat e responsi veness - the maximumtine taken to retrieve
a node shoul d not exceed 20s.

o] Support for user authentication, a charging mechanism and
nmonitoring facilities.

o] The ability to execute scripts.
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o} Support for nail-based access to nultinedia docunents, and
(where appropriate) for printing nultinedi a docunments.

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

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

CGopher presents the user with a hierarchical arrangenment of nodes
which are either directories (nenus), |eaf nodes (docunents
containing text or other nedia types), or search nodes (allow ng some
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 multinmedia
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 nfl exi bly hierarchical

Wais (Wde Area Information Server) allows users to search for
docunents in renote databases. Full-text indexing of the databases
all ows all docunments containing particular (conbinations of) words to
be identified and retrieved. Non-text data (principally inmage data)
can be handl ed, but indexing such docunents is only perforned on the
docunment file name, severely linmting its useful ness. However, WAIS
is ideally suited to text search applications.

Wrld-Wde Wb (WMWY is a large-scale distributed hypernedia system
The Web consists of nodes (also called docunents) and links. Links
are connections between docunments: to follow a Iink, the user clicks
on a highlighted word in the source docunent, which causes the

I i nkedto docunment to be retrieved and di splayed. 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 WMV addressing nmethod neans that WAI'S
and Gopher servers may al so be accessed from (i ndeed, formpart of)
the Web. WMV has a snaller penetration than Gopher, but is grow ng
faster. The Wb technology is currently being revised to take better
account of the needs of nultimedia information.

These systens all go sone way to neet the user requirenents.
o] Support for nultiple platfornms and for a wide range of nedia
types (through "viewer" software external to the client
program is good.

o} Only WWV has hyperl i nks.
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o] There is little or no support for sophisticated presentation
and synchronisation requirenments.

0 Support for database querying tends to be limted to
"keywor d" searches, but current devel opnents in Gopher and
WAW shoul d nake nore sophi sticated queries possible.

o] Some clients support user annotation of documents.

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.

o] There is little in the way of authentication, charging and
monitoring facilities, although these are planned for WW

o} Scripting is not supported because of security issues
o] WAV supports a nail responder
0 The only system sufficiently conplex to warrant an authoring

tool is WMV 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 hypernedia research project at
the University of Graz. It conbines concepts of hypernedia,
information retrieval systens and docunentation systens with aspects
of comuni cation and col | aboration, and conputer-supported teaching
and | earning. 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 G az. Gateways between Hyper-G and WAV exi st.

M crocosmis a PC based hypernedi a system devel oped at the University
of Southanpton. It can be viewed as an integrating hypernedi a
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 maintained 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 authoring and
presentati on system under devel opment by a university/industry

consortiumbased at MT. It will have good facilities for

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

X windows, with a PC M5 Wndows version followi ng. Apple Mcintosh
support has lower priority.

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

The European Conmi ssion sponsors a nunber of peripherally rel evant
projects through its Esprit and RACE research programmes. These
programmes tend to be oriented towards comrercial markets, and are
thus not directly relevant. An exception is the Esprit | DOVENEUS
proj ect, which brings together workers in the database, information
retrieval and nultinmedia fields. It is reconmmended that RARE
establish a liaison with this project.

There are a variety of other academ ¢ 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 nre, MHEG ODA, PREMO and Acrobat. Al bar the last are de jure
standards, while Acrobat is a comercial product which is being
proposed as a de facto standard.

SGWL. (Standard Generalized Markup Language) is a markup | anguage for
delimting the | ogical and semantic content of text docunents.
Because of its flexibility, it has becone an inportant tool in

hyper nedi a systens. HyTine is an | SO standardi sed infrastructure for
representing integrated, open hypernedi a documents, and is based on
SGML. HyTime has great expressive power, but is not optimsed for
run-time efficiency. It is recommended that future RARE work on

net wor ked hypernedi a shoul d take account of the inportance of SGW
and HyTi ne.

MHEG (Mul ti medi a and Hypernedia i nformati on coding Experts Group) is
a draft |1SO standard for representing hypernedia applications in a
pl atf ormindependent form It uses an object-oriented approach, and
is optimsed for run-tine efficiency. Full 1S status for MHEG i s
expected in 1994. It is recomended that RARE keep a watching brief
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on MHEG

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

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

hyper nedi a.

PREMO is a new work itemin the |1 SO graphi cs standardi sation
communi ty, which appears to overlap with MHEG and HyTinme. 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 nultimedia (printable)
docunents in a portable, revisable form It is based on Postscript,
and is being proposed by Adobe Inc (originators of Postscript) as an
i ndustry standard. RARE shoul d nai ntain awareness of this technol ogy
in viewof its potential inpact on nultinmedia informtion systens.

There are various standards whi ch have rel evance to the way

mul ti medi a data is accessed across the network. Many of these have
been described in a previous report [1]. Two further access
protocol s are the proposed nmultinmedi a extensions to SQ., and the

Docunent Filing and Retrieval protocol. Neither of these are likely
to have major significance for networked nultinedia information
syst ens.

O her standards of inportance include:

o} M ME, a nultinedia email standard which defines a range of
medi a types and encodi ng nethods for those types which are
useful in a wi der context.

0 AVl s (Audio-Visual Interactive services) and the associ ated
mul ti medi a scripting | anguage SVSL, which forma
standardi sation initiative within COTT (now I TU-TSS) to
specify interactive nultinedia 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 Miltinmedi a Association (I M)
has a Conpatibility Project which is devel oping a specification for
pl atf orm i ndependent interactive nultinedia systens, including
net wor ki ng aspects. A newly-fornmed group, the Miltinedia
Communi cati ons Forum (MMCF), plans to provide input to the standards
bodies. It is recommended that RARE becone an Qbservi ng Menber of
the MMCF. A third trade association - the Miltinmedi a Comruni cati ons
Community of Interest - has also just been forned.
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Future Directions

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

o} content is distinct from hyperstructure
o] media type is distinct from nedia encoding
0 data is distinct from protocol

Di stributed hypernedi a systens are energing fromthe
resear ch/ devel opnent phase into the experinental deploynent phase.
However, the existing global information systens (CGopher, WAI'S and
WAY are still largely limted to the use of external viewers for
nont extual data. The nost significant m smatches between the
capabilities of currently-deployed systens and user requirenents are
in the areas of presentation and quality of service (i.e.

responsi veness).

Improving 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-threadi ng 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 exploring.

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

mul ti medi a support in WMV the fact that it is an integrating
solution incorporating both WAI'S and Gopher support, and its high
rate of growmh conpared to Gopher (despite Gopher’s wi der

depl oynent). Gopher is the main conpetitor to WMWYV but its

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

It is reconmmended that RARE should invite proposals for and
subsequently conmi ssion work to:

0 Devel op conversion tools fromcomrercial multinmedia

aut hori ng packages to WMV and acconpanyi ng aut horing
gui del i nes
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o} | mpl enent and eval uate the nost pronising ways of overconing
the QOS probl em

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

o] Use the experience gained to informand influence the
devel opnent of the WAVt echnol ogy.

0 Contribute to the devel opnent of PC/ M5 W ndows and Appl e
Maci ntosh WAV clients, particularly in the nultinedia data
handl i ng ar ea.

It is noted that the rapid growth of WAV may in the future lead to
probl ens through the inplenmentation of nmultiple, uncoordinated and
mutual Iy inconpati ble 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:

o] Encourage the formation of a consortiumto coordi nate WW
techni cal devel oprent.

1. Introduction
1. 1. Background

This study was inspired by the realisation that while some aspects of
distributed nultinedia technol ogy are being actively introduced into
t he European research community (for instance, audiovisua
conferencing, through the MCE project), other aspects are receiving
|l ess attention. In particular, one category in which there seens to
be relatively little activity is providing solutions to ease renote
access to multinmedia resources (for instance, accessing stored
audi o/ video clips or inmages, or indeed entire nultinedia
applications, across the network). Few comercial 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 nultinedia survey [1], only about six have a direct

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

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 multinedia
technologies. It aims to establish actual user requirenments in this
area, to look at existing systenms 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 multinmedia information systens, we need a

consi stent term nol ogy. The vocabul ary defined bel ow enbodi es some
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 requirenents of the multinmedia 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 night be a string of one or nore
adj acent characters, while in an inage node it
m ght be a rectangul ar area of the inage.

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

docunent Often used | oosely as a synonym for node.

hyper docunment We refer to a collection of rel ated nodes,
linked internally with hyperlinks, as a
"hyperdocunment”. Exanples are a database of

medi cal i mages and associ ated text; a nodul e
froma suite of teaching material; or an article
in a scientific journal. A hyperdocunment may
contain hyperlinks to other data which exists in
internally with hyperlinks, as a
"hyperdocunent”. Exanples are a other

hyper docunments, but can be viewed as |largely
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).

hyperli 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

medi 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 mmge (e.g., a "photograph")

o

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

o Movie (i.e., nmoving inmage)

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

t ype.

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

physi cal nedi a

[ si mpl €] node

source 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
wi th nedia type!

A nononedi a object which may be retrieved and
di spl ayed as a single unit.

An anchor which nay be "actioned" by the user
causi ng the node(s) containing the target
anchor(s) in the sane hyperlink to be retrieved
and di splayed. This process is called
"traversing the |ink".

an anchor forming 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 sonmetines difficult to identify. To
an extent, technol ogy | eads applications, and users wll exploit what
i s possible.

2.1. Applications

Awar eness of the range of networked multimedi a applications which are
currently being envisaged by computer users in the academ c and
research community leads to a better understanding of the technica
requirenents. This section outlines sone projects which require
renote access to nultimedia information across research networks, and
which are currently either at a prelininary stage or underway. The
projects are divided into broad categories according to their
characteristics.

Mul ti nedi a Dat abases

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

The Peirce Tel econmunity Project

This project centres on the construction of a nultinedia (text and
i mge) database of the works of the American 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 donmi nspecific processing.

Museum Cbj ect Dat abases

The RAVA (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 nultinedia i nformati on about
their exhibits and archived material available over an | SDN
network. The requirements capture and technical architecture
desi gn phases are now conplete, and a prototype systemwll be
delivered in June 1993 to link the Ashnol ean Museum (Oxford, GB),
the Musee d’ Orsay (Paris, FR) and the Museum Archeol ogi ca
National (Madrid, ES). Inmage data is the nain nedia type of

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

The Bristol Bionedical Videodisc is a collection of Medical
Veterinary and Dental inmages. The collection holds some 24, 000
still images and is continuously growi ng. Textual information
regarding the inages is included as part of the database and this
can be searched on any keyword, nunber or other data type, or a
conbi nati on of any of these. The images are currently delivered
i n anal ogue formon a videodisc, but many institutions are unable
to afford the cost of videodisc players. Investigations into
maki ng this i mage and text database avail able across the network
are underway.

Ar chi Gopher

Archi Gopher is a Gopher server at the College of Architecture,

Uni versity of M chigan, dedicated to the dissem nation of
architectural knowl edge. Presently in its infancy, Archi Gopher is
intended to becone a nultinmedia resource for all architecture
faculty and students world-w de. Some of the available or planned
resources are:

0 The Coll ege’ s i nage bank

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

0 The Doctoral Programis recent dissertation proposals and
abstracts.

o0 Exanpl e archive of Kandi nsky paintings.
o I mages of 3D CAD projects.

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

Vatican Library Exhibit

Adi e

In January 1993, the US Library of Congress nounted an el ectronic
versi on 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 version of the object index generated. This has
been nmade avail abl e on Gopher by the University of Virginia

Li brary.
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This project is particularly interesting, as it denobnstrates sone
limtations of the Gopher system The principal nedia types are
i mge and text, and it is difficult to associate a caption with
its image - each nust be fetched separately, and using the XMosaic
or xgopher client software it is not possible to tell which nmenu
entry is the image and which the caption. (This may be a
consequence of how the data has been configured for the Gopher
server; if so, a requirenment for better publishing tools nmay 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 inmges of the exhibits

t hensel ves, which severely Iimts the useful ness of the index.

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

Jukebox

Jukebox is a project supported by the EEC |ibraries program The
project ains to evaluate a pilot service providing library users
with on-line access to a database of digital sound recordings.
The dat abase will support nmulti-user access and use suitable
storage nedia to nake avail able sound recordings in a conpressed
format. Users will access the service with a personal conputer
connected to a tel ematic network.

Scientific Publishing

There are several refereed el ectronic acadenm c 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 academ ¢ journals and conference proceedi ngs, either on
physical media or on the network. The Journal of Biol ogica
Chemistry is now published on CO-ROM 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:
o] I mmges. | n many cases, inmage data (a microphotograph, say)
is central to an article. Software which recognises that

the text may be of secondary inportance to the image is
required.
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o] Application-specific data. The ChenlLab and Mol ecul eLab
applications are wi dely 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 Mathenatica. Mathenmatical content
could then beconme a nmuch nore interactive and dynam ¢ aspect
of research publications.

o} 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.

o} Movi es. The Anerican Astrononical Society regularly
publ i shes videos to go with its acadenic journals.
El ectronic publishing can inprove on this "hard copy"
publishing by integrating video data nmuch nore closely with
the source article.

o} Sound. There is perhaps slightly |Iess denand for audio
information in scientific publishing, but the requirenent
does exist in particular specialities (such as acoustics and
zool ogy journals).

Access to academic journals using at |east four different paradigns
is envisaged. Hierarchical access, perhaps using a traditiona

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

browsing it is essential that "eye-catching" data (unlikely to be
textual) is promnently accessible. The final method of access is
per haps the nost inportant - the use of interactive view ng tools.
Such tools woul d enabl e navigati on of hypernedia |inks wthin and
between articles, with gateways to speci al - 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.

Standards, particularly SGW, are beconing inportant to publishers,
and it is clear that the SGW-based HyTine standard will be a front
runner in providing the kind of hypernedia facilities which are being
envi saged. However, progress towards a common SGML Docunent Type
Definition (DTD) for scientific articles, even within individua
publ i shing houses and for text-only docunents, is slow.
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A specific initiative involving interested parties will be required
to fornalise detailed requirenents and to pilot standards in this
area. A prelimnary denonstrator project, funded by publishers and
by the British Library Research and Devel opment 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 nanaged by | OP Publishing and is being
carried out at Edi nburgh University Conputing Service.

Exi sting tools, particularly WAI'S and WA are rel evant, but adequate
security and chargi ng nechani sns are required if conmerci al
publishers are to use them Many research groups are now neki ng the
text of preprints and published research papers avail abl e on Gopher
servers.

It is interesting to note that the proceedings of the Miltimedia 93
conference run by the ACMw Il be published electronically (on CD
ROM), using a nmultinedi a docunent fornat designed specifically for
the event.

Conput er - ai ded Learni ng

The ready availability of user-friendly nultinedia authoring tools
such as Aut horWare Professional, Asymretrix Miltinmedi a Tool book
Macrom nd Director and many nore, has stinulated nuch interest in
nmul ti medi a for conputer-aided | earning applications within the user
community. Sophisticated interactive nultinedia courseware
applications are being devel oped in many di sparate subjects

t hroughout the European academi c conmunity. Users are now begi nni ng
to ask network technol ogi sts, "how can | nmake nmy nultinmedi a
application available to others across the network?".

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

The requirenents which flow fromthis type of network application
include the ability to identify and authenticate the students using
the material, to monitor 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
comrerci al ones) are al so essenti al

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

CGeneral Information Services

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

0 On-1line docunentation. Manuals and instruction books often
rely heavily on pictorial information, and are enhanced by
dynanmi ¢ nedia types (sound, video). The ability to access
centrally-held manual s across a network makes it nuch easier
to keep the information up-to-date.

o] Canmpus-wi de i nformation systenms (CWS) are an inportant
growt h area. The opportunities for enhancing such a
service with nultinmedia data (e.g., nmaps) is obvious.

o] Mul tinedia news bulletins (e.g., the Internet Tal k Radi o,
whi ch is sound only).

o} Product information (the nmultinedi a equival ent of paper
advertising matter).

o] Consumner systens - e.g., tourist information servers. The
utility of such systems in an academ c/research environment
i s perhaps questionable, but it is likely that such systens
wi |l address problens which will also be net in this
environnent. W should be prepared to learn from such
proj ects.

2.2. Data Characteristics
Sonme of the characteristics which nake data nore appropriate for
networ k publication rather than publication on physical nedia are
listed bel ow

0 The data may change frequently.

o} | mpl enenting corrections and i nprovenents to the data is
very much easier.

o] It is nore readily available to the data user - no
pur chase/ delivery cycl e need exist.
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o} Publ i cati on on physical nedia nmay not be cost-effective for
very large volunes of data. (O course, there is a cost in
networking the data as well, but the research/acadeni c user

is normally insulated fromthis.)

o} Access for large user communities can be established wi thout
requiring each user to purchase a potentially expensive
physi cal nmedi a peripheral (such as a |laser disk player).
This is particularly helpful in classroom situations.

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

o] If related data from nmany different sources is to be
published, it may be nore efficient to | eave the data in
situ, and sinply publish the network addresses of the data.

There are counter-reasons whi ch nay nake physical nedia distribution
nore appropriate:

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

o] Easier to deter or prevent copyright infringenent, using

tradi tional copy-protection techniques.
2.3. Requirenents Definition

From studying 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 nultinedia informati on system for the academni c and
research community should satisfy. These requirenents are informally
described in the followi 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 indeed some of the requirenents may
not become apparent until the application is into its devel opnent
phase).

Pl atf orns
It is clear that the European acadenic community, in conmmon wth

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

There are other systens, such as VAX/ VM5, which are also inportant in
sone sectors

Medi a Types

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

i mportance, followed by "application-specific" data (such as tabul ar
scientific data, nathenatical equations, chenical data types, etc).
Sound and video nedi a types are beconing nore inportant as users

di scover how these can enhance applications.

Many different encodi ngs are possible for each nedia type (e.g.

i mage data can be encoded as TIFF, PCX, G F, PICT and nmany 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.
Academi ¢ publishing, CAL, on-line docunmentation and CWS systens al
require this capability. The user should be able, by sone action
such as clicking on a highlighted word in a text node or on a button
to cause another node or nodes to be retrieved and di spl ayed.

Some "hypernmedi a" systenms are in fact sinply hypertext, in that they
require the source anchor of a hyperlink to be in a text node. A
true hypernedi a systemall ows hyperlinks to have their source anchors
in nodes of any nedia type. This allows a user to click the nouse 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.

Some hypermedi 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 docunment. Wthout 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 tional structure above or orthogonal to the underlying
hyperlinked data is required in some applications. This allows the
sanme (generally non-textual) data to be used in several different
applications, or the inplementation of different access paradi gns.

Present ati on

Rel ated i nformation of different nedia types nust be capabl e of
synchroni sed display. Comercial nultinmedia authoring packages
provide many different ways of presenting, synchronising and
interacting with nedia elements. Sone of these are sunmarised bel ow

o} Backdrops. An application may present all its visua
i nformati on agai nst a single background bitmap - e.qg.
a CAL application mght use a background inmage of an open
text book, with graphics, text and video data all presented
on the open pages of the book

o} Buttons. A "button" can be defined as an explicitly-
delinted area of the display, within which a nouse click
will cause an action to occur. Typically, the action will
be (or can be nodelled as) a hyperlink traversal
Applications use different styles of button - sonme may use
"tabs" as in a notebook, or perhaps "bookmarks" in
conjunction with the open textbook backdrop nentioned above.
O hers may use plain buttons in a style confornming to the
conventions of the host platform or may sinply highlight a
word or phrase in a text display to indicate it is "active"

o} 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
hyperdocurment may wi sh to specify that they be presented in
a spatially-related way. This may involve: x/y
synchroni sation - e.g., a video node being displayed
i medi 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 mage, with the text background being transparent so that
t he i mage shows through

o] Synchronisation in time. |sochronous data may require
synchroni sati on - 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 nmajor data of interest. Such nodes have
associ ated descriptions, which may 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 (with or w thout Bool ean

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

| anguages.

I nt eraction

The user nust be able to annotate documents retrieved fromthe

i nformati on server. The annotations nmay be stored |ocally.

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

i nformati on systemas a CSCWenvironnent - 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 conmuni cation
with the author.

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

Sonme applications require a sequence of inages to be presented under
control of the user. For instance, a three-di nensional nicroscopic
structure could be represented as a sequence of images taken with the
m croscope focused on a different plane for each immage. For display,
the user could control which i mage was di splayed using sone kind of
slider control, giving the illusion of focusing a microscope. (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 sone form- then a tolerable delay is
of the order of 2s. Users tend to give up waiting for a response
after about 20s. Networked multinedia information systens nust be
able to provide this |level of responsiveness.

Managenent

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

Users must be able to determine the charge for an item before
retrieving it (assumng that pay-per-itemw || be a conmon paradi gm
alternatives such as pay-per-call, pay-per-duration are also

possi ble). Access records nmust be kept by the information server for
char gi ng purposes.

Learni ng applications have sinilar requirenments, except that the
pur pose here is not to charge for information retrieved, but to
nmoni tor 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 manage the presentation environnment and
control navigation within the hypernedia docunment. There are other
decl arative rather than procedural, nethods 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 mat

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 document is preserved and it can be decoded

wi t hout | oss of information.

This facility nakes 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 may 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 nmultimedia information system shoul d have
adequat e authoring tools which make it easy to prepare and publish
hypernmedi a information. Such tools need similar power to existing
comrercial multimedia authoring software for stand-al one nultinmedi a
applications.

3. Existing Systens

This chapter describes sone existing distributed infornmation systens
in sufficient detail to reveal how they handle multinedia data, and
anal yses how wel |l they nmeet the requirenments outlined in the
precedi ng chapter.

3. 1. Copher

The Internet Gopher is a distributed docunent delivery service. It
al | ows a neophyte user to access various types of data residing on
multiple hosts in a seanless fashion. This is acconplished by
presenting the user with a hierarchical arrangement 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 docunent in this context).

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

0 UNI X (character termnals)

o X wi ndows

o

Appl e Maci nt osh

o M5 DOS
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o VM CMB

o VM5

o OS/2

0 MVS/ XA
Servers are available for systens such as:

o UNI X

o VM5

0 Appl e Maci ntosh

o VM CMs

o WS

o M5 DOS
Gopher was devel oped at the University of M nnesota.
Gopher User |nmage
A Copher client offers an interface into "gopherspace", which appears
to the user as a hierarchy of nenus and docunent nodes, simlar in
some ways to a file systemhierarchy of directories and files.
Sel ecting an entry froma nenu node causes a further nenu to appear
or causes a docunent to be retrieved and di spl ayed.
As well as "ordinary" docunment nodes, Gopher has "search nodes" when
one of these is selected froma nmenu, the user is pronpted for one or
nore words to search on. The result of the search is a "virtual"
menu, containing entries for docunent nodes (w thin sone subset of
gopher space) 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 nenu of all Gopher nenu itens containing a particular word.

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

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

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

di splay the correspondi ng node i n gopherspace.

o] A single character which identifies the type of the node.
Possi bl e val ues of this type ID are given bel ow.

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

o] 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

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

o] The port nunber to use for the TCP connection

A docunent node is sent by a Gopher server sinply as |ines of text
termnated 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 i s a CSO phone book server
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3 Error.

4 Node is a Bi nHexed Macintosh file.

5 Node is DOS binary archive of sone sort.

6 Node is a UN 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

Sonme experinmental IDs are also in use:
S Node contains -law sound data
Node contains G F data.
M Node contains M ME data
h Node contains HTM. dat a.
I Node contains i mage data of sone kind.
i In-line text type.

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

CGopher + Prot ocol

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

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

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

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

i mage node nmay contain a TIFF view, a A F view,
a JPEG view, etc. The client software (or the
user) nmay choose which viewto retrieve. The
size of the viewis also (optionally) available
inthis attribute. The CGopher+ Attribute

Regi stry (see below) defines the permtted view

types.

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
gueryi ng 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 nany opportunities for
masquer adi ng.

The University of Mnnesota maintains a registry of Gopher+ attribute
types. For the VIEWS attribute, the registry contains a list of
permtted view types. Note that these view types have a simlar
function to the type identifier described in the precedi ng section

The genera

XXX/ yyy zzz:

Adi e
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where xxx is a general type-of-information advisory, yyy is what
information 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, image, 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 nake use of the information available in attributes, it
is necessary to fetch the attributes before fetching the contents of
a node. CGopher+ provides a way of fetching the attributes for each
entry in a nmenu at the sane tine as the nenu is retrieved. This
saves having to establish two successive TCP connections to fetch a
singl e docunent, at the expense of sonme additional client software
conpl exity.

Gopher Publ i shi ng

The procedure for making 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 nmenu nodes, and Unix files as Gopher docunent
nodes. The nanmes of directories and files are the entries in Gopher
menus. This can lead to awkward file nanes containi ng spaces, so
gopherd provides an aliasing mechanism (the \.cap directory) to get
round this.

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

The type ID for a docunent node is determined fromthe extension of
its Unix filenane. |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 administration attributes, and the mappi ng between fil enane
ext ensi ons and view descriptors. Some limted access control (based
on the client’s | P address/domain nanme) is also provided by the
Gopher + versi on of gopherd.
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Publ i shed Non-text Data

There is already sone useful non-text data published on Gopher al nost
exclusively imge data. See for exanple the Vatican Library

Exhi bition at the University of Virginia Library, the Archi Gopher at
the University of Mchigan, the weather nachine at the University of
Il1linois. Sone of these are described in the User Requirenents
chapter of this report.

There seemto be rather fewer sound archives in gopherspace, but
interested users may access the Edi nburgh University Conmputing
Servi ce CGopher 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 Gopher servers world-wide. This popularity is
due in part to the ease of setting up a Gopher server and maki ng

i nformati on 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 t hough there appear to be reasons for keeping the set of MM types
smal | whereas Gopher requires a wi de range of types to offer to
clients. The latest word is that the MME registry will be expanded
to include the types which the Gopher+ devel opers want.

Copher is inflexibly hierarchical in nature. Hypertext or hypernedia
it is not - links to other nodes fromwthin docunment nodes are not
possible. There is a suggestion in the CGopher+ specification that
alternate views of directory nodes could be used to provide some kind
of hypernedia capability, but this does not yet exist, and it is
unlikely that it could be nade to work as easily as the WNV 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 nformation.
3.2. Wde Area Information Server
The Wde Area Information Server (WAIS) systemallows users to search

for and retrieve informati on from databases anywhere on the Internet.
WAI S uses a client-server paradigm and client and server software is
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avail able for a wide range of platforms. Cdient applications are
able to retrieve text or other media 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 containing
the keywords (ranked according to a heuristic algorithm. 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 i nformati on becomes avail abl e.

WAl S was devel oped by Thi nki ng Machi nes Corporation of Canbridge,
Massachusetts, in collaboration with Apple Conputer Inc., Dow Jones
and conpany, and KPMG Peat Marwi ck. The WAI'S software has been nade
freely avail abl e; however Thi nki ng Machi nes has announced that they
will stop support for their publicly-distributed WAIS as of version
8b5.1. Future support and devel opnent 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 conmercial 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:
o] UNI X
o] VAX/ VVB

Cient software is available for the follow ng platforns:

o} UNI X (versions for X, Motif, Open Look, Sun View
o] NeXT

o] Maci nt osh

o] M5 DOS

o] M5 W ndows

o] VAX/ VB

There are currently over 400 WAI S dat abases avail abl e on the
Internet. WAIS is also the basis of sone comercial information
services on private networks.
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WAl S User | mage

In order to ask a question, the user nmust first select one or nore
dat abases in which to | ook for the answer. (The list of al

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 list of docunents (the "result
set") which contain any of the keywords. Each docunent is given a
ranki ng (a nunmber 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 linmt is typically 40 docunents.

The user may then choose to retrieve and di splay one or nore
docunments fromthe list. Alternatively, he or she may 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 may retrieve general information about the database, and nay
exam ne the catal ogue of all docunents in the database. There is

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

WAI S Pr ot ocol

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

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

WAl S does not, at this time, inplenment the full Z39.50-1992
specification - in particular, WAIS does not pernmt Bool ean searches
(e.g., "find all documents containing 'chalk’ and 'cheese’ but not
"green’"). However, Bool ean search capability is being added to the
FreeWAI S i npl ementation. There are facilities in the Z39.50 protoco
for access control and charging, but these are not currently

i npl emented in WAI S

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

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

in sonme 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 inplenentations nean that server inplenentations nay be
st at el ess.

Docunent type is determined by the server frominformation in the
dat abase index (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 list of words of

three or nore letters in every file. This index file is used by the
WAI S server software to resolve search requests fromclients.

The ’wai sindex’ utility indexes files in a wide range of text
formats, as well as postscript and image files in various encodings
(only the file nane is indexed for inage files). Sonme of the text
formats involve a file as being treated as a collection 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 WAl S dat abases.

o] URL=wai s:// quake. t hi nk. com 210/ CM i nrages i s a dat abase of
TIFF i nages fromthe Connection Machi ne.

o] URL=wai s:// npcc3. rpns. ac. uk: 210/ hone/ i mages/ pat hol ogy/ RPM5-
pat hol ogy is a database of histo-pathol ogical inmages and
docunent ati on on mamal i an endocrine tissue.

o} URL=wai s://starhawk. jpl.nasa. gov: 210/ pi o contains G F inages
from NASA pl anetary probe m ssions, together with their
captions. The presence of the caption index information
makes it difficult to construct a search which returns
images in the result set increasing the maxi mumresult set
si ze 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
the "dat abase" category of applications nentioned in Chapter 1
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Lim tations

WAI S is not (and does not pretend to be) a general -purpose
i nformati on system as Gopher and WWVare. 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
filenane! 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 all ow sensible indexing of non-text data. The
comrercial (WAIS Inc) version of WAIS all ows several files to be
associ ated together for indexing and retrieval purposes.

Furt hermode, the UCSF Centre for Know ege Managenent is nodifying the
FreeWAI S code to support the indexing of multiple content types. The
docunent returned by WAIS will be an HTML docunent cont ai ni ng
pointers to the nmultimedia data. Contact dcmartin@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 nmany of the existing databases.

3.3. Wrld-Wde Wb

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

Browser software is available for a | arge nunber of systens

i ncl udi ng:
o] Li ne- node dunb terninal
0 Term nal with Curses support
o] Maci nt osh
o] X/ Mot i f
o] X11
o] PC/ M5 W ndows
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(o} Ne XT

There is server software avail able for:

o] VM nai nf r ames
(o] UNI X

o] Maci nt osh

o] VM5

WAV User | nage

The WMV wor | d consists of nodes (usually called docunents) and |inks.
Li nks are connections between docunents: to follow a |ink, a reader
clicks with a nouse on a word in the source docunment, which causes
the Iinked-to docunment to be retrieved and di splayed. (On systens

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

I ndexes are special docunments 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 docunments found. All docunents, whether
real, virtual or indexes, look sinilar to the reader

The WAW addr essi ng nechani sm neans that an interface to Gopher and
anonynous FTP information sources nmay 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 Unifornj
Resource Locator" (URL) syntax, defined in [6]. This is an Internet
Draft produced by the | ETF URL Worki ng G oup.

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

<schene> : <path> [ # <anchorid> ]
The <schene> identifies an access protocol or nethod for the object.
Some of the schenes are HTTP (the native WWVprotocol), anonynmous

FTP, Andrew file system news, WAl S, 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 fied donmai n nane of the host on which the docunent resides, and
the directory and file nane under which it may be found. For sone
schenes, the <path> may include a search string (or conbination of
strings) which is used to address a "virtual" object forned by
searching an index of sone kind. The HITP, 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 docunment on
the Web to refer to another "nearby" docunent - for instance to a
docunment in another file on the sane machine. Certain parts of the
URL (e.g., the scheme and nachi ne nane) may be omitted, according to
wel | -defined rules. This nakes it nmuch easier to nove groups of
docunents around, while maintaining the links 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 sane object. Gven two URLs, 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 sane object at different tines (the object may change
increnentally, or it may be conpletely replaced with sonething
different, or it may indeed be renpved).

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 opments section below), and wll
eventual |y 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 with
the 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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HTM

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

| eaf nodes), and they will be displayed by browsers wi thout
formatting, probably using a fixed-width font. Like HTTP, HTM is
al so under goi 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, headi ngs of several different |evels,
highlighting, 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 WW <A NAME=13
HREF="../../Admi ni stration/ Dat aMbdel . ht M ">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 | D 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 sone 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 available, which
is intended to describe the nature of the relationship nodelled by
the Iink. However, this is not in extensive use, and there appears
to be no registry of the possible values of such types.

Fut ure Devel opnent s

HTTP and HTML are currently being extended in a backward-conpati bl e
way to add nultinedia facilities. [8] describes the HITTP2 protocol
The revised HTM. 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 revi sed HTML contai ns many enhancenents whi ch are useful for
mul ti medi a support. Sone of the nobst relevant are |isted 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 di stingui shed from URLs, which contain information
sufficient to locate the docunment. URNs may be allocated to
nodes and nay be represented in source anchors. This saves
client software fromretrieving a copy of sonmething it
al ready has - allow ng sensible caching of |arge video
clips, for instance. The disadvantage is that when
sonmet hing i s changed and given a new URN, the source anchors
of all links which point to it nust be changed (and the URNs
of these documents nust therefore be changed, and so on).
Therefore, it nakes sense to allocate URNs only to very
| arge docunents which change rarely, and not to the
docunents which reference them

o] The title of a destination docunent 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 allows data which does not itself contain a title
(e.g., image data) to be given one.

o] There is provision for in-line non-text data (e.g., inages,
vi deo, graphics, mathematical equations), which appears in
the sanewi ndow as the nmain textual nmaterial in the node.

o} The concept of the relationship expressed by a hyperlink is
expanded. Both source and target anchors nmay 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 usefu
for multinmedia - for instance, the "enbed" rel ationship
could cause a retrieved inage to be fetched and enbedded in
the display of a text node, and the "present” relationship
could cause a sound clip to be automatically retrieved and
presented along with a text node.

The HTTP2 protocol naintains the sanme statel ess

connect/ request/response/ cl ose procedure as the current HTTP
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 nedia type and encodi ng)

CHECKQOUT/ 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 nane to charge any
costs to, and identification of the source anchor of the hyperlink

t hr ough whi ch 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 nmay
al so refuse the request because of authorisation failure or absence
of a charge account in the request.

The protocol also contains a nechanismwhich 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 inage, but to conpress it on
request using an appropriate encodi ng, according to the decodi ng
capabilities announced by the client.

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

Mosai ¢

The Mosaic project, |located at the US National Centre for

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

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

i nformati on discovery and retrieval. Msaic, which is specifically

oriented towards scientific research workers, has adopted the Wrld

Wde Wb as the core of the system and the first Msaic software to
appear was the XMbsaic WWVclient for UNNX with X. Oher clients of
simlar functionality are under devel opnent for the Apple Mcintosh

and the PC with W ndows.

The capabilities of the XMosaic browser include:
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o} 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.

o} The ability to "check out" docunents for revision, and to
check them back in again.

o Local and renpte annotation of Wb docunents.

Future planned functionality includes:

o] In-line non-text data (in addition to inages).

0 I nformati on space graphical representati on and control
o} Hyper medi a docunent editing.

o] Information filtering.

NCSA intends to nake the entire Mosaic system publicly avail able and
di stri but abl e.

The XMbsai ¢ browser was used extensively for finding and retrieving
i nformati on used to prepare this report.

Web Publ i shi ng

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 HTTP
daenon, and meking at |east one link into your web fromanother. In
fact, any file available by anonymous FTP can be inmedi ately |inked
into a web. The very small start-up effort is designed to allow snal
contri butions.

At the other end of the scale, large information providers nay
provide an HTTP server with full text or keyword indexing. This may
all ow access to a large existing database w thout changi ng the way
t hat dat abase is managed. Such gat eways have al ready been nade into
Digital’s VM5/ Hel p, Technical University of Gaz's "Hyper-G', and
Thi nki ng Machi ne’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 nultinedia denb node on
htt p: // hoohoo. ncsa. ui uc. edu: 80/ nosai c- docs/ mul ti medi a. ht m

This contains links to i nages, sound, novies and postscript nmedia
types. The nmedia type is deternmined by the fil enane extension in the
URL specification of the target node. The (XMosaic) client uses this
to i nvoke a separate program appropriate for displaying the nmedia
type, or in sone 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

WAV is a hypertext systemand its underlying technol ogy is thus
richer than Gopher. The use of SGW, which is of increasing

i mportance in hypernedia systens, allows a great deal of

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

Limitati ons

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 HTTP2) to deduce this.

Li nk source anchors nust be in text docunents, so non-text nodes nust
be | eaf nodes. However, with HTM.2 using the <I M5 tag, an enbedded
bitmap may be used as a source anchor, and the position of the nouse
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
nouse was clicked.

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

This section conpares the capabilities of the Gopher, WAI'S and
Wr| dW de Wb systens (abbreviated as GMY to the informal
requi renents 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 platfornms of interest.
WAVis the weakest, with clients for the Macintosh and the PC stil
under devel opnent. The nmmin PC Gopher client is "PC Gopher 111",
which is a DOS program not a W ndows program

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

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

Medi a Types

The GMVtools can all handle nultiple nedia types well.

o] Text is very well supported by all three tools. WWoffers
facilities for displaying "richer" text, supporting
headi ngs, lists, enphasised text etc., in a standardi sed way.
o} I mage data is also well supported, using either externa

viewers (e.g., the TurboCGopher client software on a Macintosh
m ght invoke the JPEGVi ew programto display an inage); or
in-line display within a text document (WWVw th XMbsaic on
UNI X)
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o} There is little direct support for application-specific
data, but npst systens allow data of a noninated 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 WWVcomunity about using TeX for
representing mat henati 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.

o] 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.

o} Vi deo data can be handl ed using external viewers. MPEG and
QUi ckTime are the nost conmon encodi ngs.

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

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

Hyperl i nks

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

i mages, or points within an immage. Target anchors may be entire
nodes of any nedia type, or points within (with HITP2, portions of)
t ext 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 usi ng WAW
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Gopher nmenus can be constructed to allow alternative views of
gopherspace. For instance, a geographically-organi sed nmenu 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 conmments also apply to the Web. In fact,
the Web al ready has a rudi mentary subject tree.

In both Gopher and WAW non-textual data may be used in different
i nformati on structures without having to nmaintain nore than one copy.

Present ati on

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

o] Backdrops are not supported by GAW

o} Buttons are supported in a linmted way - typically, a node
is retrieved by clicking on a highlighted text phrase, or on
an entry in alist. |In XWsaic, 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", "Hone") which are
al ways avail abl e and don’t form part of a node.

o] Synchroni sation in space is not supported by GAMV except
that WAV supports contextual synchronisation of inmages using
the <I M> tag.

o} Synchronisation in tinme is not supported by GAW
Sear chi ng

WAl 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 HTML to cope with database query applications - an
<I NPUT> tag has been suggested - but no consensus has yet energed.

Bot h Gopher and WAW can nake use of WAl S-type keyword searchi ng:

ei ther by incorporating WAI'S code into the server (enabling WAI'S
index files to be searched); or through WAI S gat eways, which run
searches on renote WAI S servers in response to queries fromnon-WAl S
clients.
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I nteraction

XMWbsai ¢ all ows users to make text (or on sone platforns, 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 | y-vi si bl e annotations held on an "annotation server"). Text
annot ati ons nmay include hyperlinks to other nodes (provided the user
knows how to use HTM.). Oher clients do not provide such
facilities.

There is a nove to add an "emai | " address notation to URL. This
woul d all ow WWNV client software to invoke a nmail program when a user
sel ects an anchor with such a URL.

There are plans to allow WMV users to delineate a rectangul ar area of
interest within an inmage for use in an HITP request.

There is no support in GMVclients for interacting with sequences of
i mages 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 neet with currently-depl oyed w de-area network (or
even LAN) technol ogy, particularly for volum nous nultinedia data.
None of the GAMNVsystens currently exploit the energing isochronous
data transfer capabilities of protocols such as RTP and technol ogi es
such as ATM None of them nake serious attenpts to alleviate the
problemin other ways (except for WMW/ which defines sonme nechani sns
in HTTP2 for format negotiation based on size and avail abl e bandwi dth
consi derations).

Managenent

The follow ng tabl e 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 WAV
Access contr ol No Nol Yes, in
and HTTP2

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

Moni toring for No No No

statistical and

assessnent

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 GAMNVsystens have facilities for the execution of scripts
by the client, because of security issues (it would be too easy for a
mal i cious "trojan" script to be executed). Gopher and WWVservers
have the ability for a UNIX script to be run by the server, with the
script output returned to the client. Scripting as understood in the
context of stand-al one multinedia applications does not exist in GAMW

Byt est r eam For mat

None of the three GMVsystens use a bytestream fornat for

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

has been inpl emented for WW
Aut horing tools

Gopher 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 UNIX (using the tk toolkit) and the NeXT system There
are no authoring tools designed specifically for exploiting the

mul timedi a capabilities of WAV nainly because these capabilities are
still evol ving.
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4. Research

This section describes some current research projects in the area of
di stributed hypernedia information systens.

4. 1. Hyper-G

Hyper-G [10] is an anbitious distributed hypernedi a research project
at a nunber of institutes of the 111G (Institutes for Information-
Processing Graz), the Conputing 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 comruni cation and

col I aborati on, and conputer-supported teaching and | earning.

Unl i ke WAV 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
document is deleted. Another difference fromWW/is that [inks are
kept separately fromtheir source and target nodes, to allow easy

i nking of read-only docunents and for ease of |ink maintenance. In
addition to manual ly defined |inks, Hyper-G supports automatic static
and dynamc (i.e., viewtine) generation and mai ntenance of |inks.

Hyper-G has a concept of generic "structures" - an additional |ayer
of relationships inmposed on (and orthogonal to) the web of docunents
and |inks. A document can be part of nore than one structure, and
structures may be hierarchically related. Types of structure

i ncl ude:

0 "Clusters" are a set of docunents which are all
pr esent edt oget her.

o] "Col l ections” are unordered sets of docunments or other
structures, and can be used as query donmins or to construct
gopher-1ike nenus.

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

One application of the structure concept is the provision of "guided
tours" through the infornmation 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 |ist of databases; and coll ection
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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 pseudonyny "anonynously identified"
where the userid is not associated by the systemw th any individual
and "anonymous", 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 nay access the systemin any desired
node, and switch to other nodes only when necessary.

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

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

Hyper-Gis in use as a CWS within Graz Technical University. dient
software is available for UNI X workstations fromDEC, HP, SGE, and
SUN. The systemis still in an experinental 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. Mcrocosm

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

Uni versity of Southanpton. It is inplenented on the PC under M

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

M crocosm consi sts of a nunber of autononobus processes which

communi cate with each other by a nessage-passing system Information
about hyperlinks between docunents is stored in a |link database, or
"l'i nkbase", and is not stored in the docunents thenselves. This has
t he advant ages that:

o} Links to and fromread-only docunents (perhaps stored on CD
ROV) are possible.

o] Docunent s 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 wi thout the
link information getting in the way.
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o] 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 nedia type. Such progranms may be specifically witten for
use with Mcrocosm (about 10 such viewers have been witten for a
nurmber of conmmon nedia types and encodings); or they may be a program
adapted for use with Mcrocosm (the programmuability of M crosoft 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 document. This may involve executing
anot her viewer to display the target docunent.

M crocosm | ink source anchors nmay be specific (denoting a unique
point in a particular docunent), |ocal (denoting any occurrence of a
particul ar object in a particular document) or generic (denoting any
occurrence of an object in any docunent). Target anchors nmay specify
specific objects within a docunent. Qher link styles are
textretrieval links (looking up a full-text index , as WAl S does),
and relevance 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. Dynanmically

computed |inks may be added to the permanent |inkbase for |ater use.
A history of link traversal is nmaintained, and "guided tours" may be
est abl i shed through the systemwhich 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
(Dynam c Data Exchange); in the Apple Mcintosh 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 cli pboard before being able to followa link fromit.

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

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

which maintain link information separately from docunents, and which
use external viewers.
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o} Docunents nove and change, thus invalidating |inks.
M crocosm datestanps links to help to detect (but not
correct) such problens.

0 It is not always clear what |links are available to be
followed froma docunent, since the viewer programis
unawar e of the contents of the |inkbase.

o] It is not always possible to indicate the object within a
docunent which is the target anchor of a link. Many 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 know ng which part of the
target docunent the link just followed 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 hypernedi a authoring
and presentation system under devel opnent by the AthenaMiuse Software

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

with a fully-comercialised version due about 6 nmonths later. Both

t he educational and commercial sectors are the intended market. The
systemwi |l initially be based on X and UNI X wor kst ati ons, but
PC/ W ndows will also be supported in a second phase. Apple Mcintosh
support has a lower priority.

The specifications of AM are available in [12]. Sonme of the key
points are:

o] AM2 wi |l support inmport and export of application from and
tostandard forns. The project is watching standards such as
HyTi me, MHEG and ODA

o} Several "application thenmes", or frequently-occurring
collections of functionality, are viewed as useful. These
are as follows:

Appli cation Thene Interactive?
Presentation of nultinedia data No
Exploration of a rich nultinmedia Yes
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envi r onnent

Sinulation of a real-world scenario Partially
Commruni cati on of real-tinme No
information to the user
Aut hori ng Yes
Annot ati on of materi al Yes
o] "Interface tenplates" allow a nultinedia application to nake

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

o} A range of link types will be supported.
o] Medi a content editors and interface/application editors for
structuring will be provided. A third class of editor, the

"hyper nedi a notebook", will allow readers to excerpt and
annotate nedia from AM2 applications.

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

4.4. CEC Research Progranmes

Sonme of the research programes sponsored by the Conmission for the
Eur opean Community (CEC) contain apparently relevant projects. [1]
has further details of sone of these projects.

RACE pr ogr amme

The RACE programme is outlined in [13], which should be consulted for
further information about the projects described bel ow The RACE
programe targets the industrial, commercial and donestic sectors,
and results are not necessarily directly applicable to the research
and academi c community. RACE project nunbers are given

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

R1038 MCPR - Ml timedi a Comuni cation, Processing and
Representation. This project devel oped a denonstrat or
mul ti medi a system wi th conmuni cations capability for trave
agents.

R1061 DI MPE - Distributed Integrated Multimedi a Publishing
Envi ronment. The project designed and inplenented interim
services for compound docunent handling, and defined a
di stributed publishing architecture.
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Eur opean Museuns Network. This project ained to denonstrate
i nteractive navigation through a pool of nultinedia nmiseum
obj ects, using | SDN as the comuni cations networKk.

RACE Phase Il projects:

R2008

R2043

R2060

Eur oBri dge

Aims to denonstrate multi-point multinedia applications
runni ng over DQDB, FDDI and ATM test networKks.

RAMA - Renpte Access to Museum Archives
This project follow on from R1L078

Cl O - Coordination, Inplenentation and Operation of
Mul ti medi a Services

One aspect of this project is JVIOCS - a "Joint View 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 environment, allow ng
individuals to view and interact with nultinmedia data on
col | eague’ s nachi nes

ESPRI T Programre

The ESPRIT research programe is outlined in [14], which should be
consulted for further information about the projects |listed bel ow
ESPRI T project nunbers are given

Adi e
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5252

5398

MILTOS - A Miultinedia Filing System

This project, which ran from 1985 to 1990, devel oped a
client/server systemfor filing and retrieval of multinmedia
docunents using the ODA interchange format standard (ODF).
HYTEA - Hyper Text Authoring

This project, which runs from 1991 to 1994, ains to devel op
a set of authoring tools for |large and conpl ex hypernedi a
applications.

SHAPE - Second Generation Hypernedi a Application Project
This project is devel oping a portable software environment

conparable to a CASE tool intended to facilitate the
realisation of conplex hypernedia applications.
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HYTECH - Hypertextual and Hypermedi al Technica

Docurnent ati on This project, which ran from 1990-1991, was to
assess the feasibility of hypermedia technol ogy and to

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

PEGASUS - Distributed Miultinmedia Operating System for the
1990s This project is ainmed at the design of an operating
system architecture for scalable distributed multinmedia
systens and t he devel opnment of a validating prototype, the
design and inplenmentation 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 nultinedia docunents in real tine and in a

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

| DOVENEUS - Information and Data on Open Media for Networks
of Users. This project, which started January 1993, brings
toget her workers in the database, information retrieval
net wor ki ng and hypernedi a research communities in the

devel opnent of an "ultinmate information machine". It "will
coordi nate and i nprove European efforts in the devel opnent
of next-generation information environnents capabl e of

mai nt ai ni ng and conmuni cating a largely extended cl ass of

i nformati on on an open set of media". Because of the close
mat ch between the subject of the | DOVENEUS project and the
RARE W& I MM it is recommended that RARE establish a Iiaison
with this project.

Some ot her research projects of |ess immedi ate rel evance are |isted

bel ow.

(o]

Adi e

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

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

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 although ininent availability of
al pha-test versions has been announced nore than once, no
sof tware has been delivered.

CM Fed [15] is an editing and presentation environment for

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

Deja Vu [17] is a proposed "intelligent" distributed

hyper nedi a application framework. It is intended as a
vehicle for research in the areas of: hypernedi a systens,
obj ect-oriented progranmi ng, distributed |ogic programing,
and intelligent information systens. Proposed techniques
for use in the Deja Vu framework include "inferential
Iinks", 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 franmework rather than as a service tool

Denon is a project at Bellcore, US, investigating the
network requirenents of near-termresidential nultinmedia
services. The project is designing and inplenmenting an
experinental application which serves the needs of casua
mul ti medi a users.

InfoNote is a distributed, nmultiuser hypernedia system from
Japan, inplenented on a NEC EW54800 runni ng UNI X and X

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

MADE - Multinedia Application Denonstration Environnent - is
a project at British Tel econis research | aboratory which
centres on the use of the devel opi ng VHEG standard to access
a multinmedi a 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 Miltinmedia
Dat abase" .

Zenith ained 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 some of the inportant standards for providing
hyperstructure to nulti nedi a data.

SGWL

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

met al anguage for defining markup notations for text. SGW is used to
write Docunent Type Definitions or DIDs, to which individual docunent
i nstances nust conform It finds application in a wi de and

i ncreasing range of text processing applications.

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

o] The Worl d-Wde Wb is an SGW application with its own DID.

o] The inportant HyTi me hypernedia structuring standard (see
bel ow) is based on SGW.

o] The forthcomi ng MHEG hypernedi a structuring standard (see
bel ow) has an SGW. encodi ng.

o] SGWL. has been used in research hypernedi a systens - for
exanpl e M crocosm

o] SGWL. is used in sonme commercial hypernedia systens - for
exanpl e DynaText.

o] SGWL is of increasing inportance for acadeni c publishing
houses.

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

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

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

HyTine is based on SGWM.. It is not itself an SGW DTD, but provides
constructs and guidelines ("architectural forms") for naking DTDs for
descri bi ng Hypernmedi a docunents. For instance, the Standard Misic
Descri ption Language (SMDL: I SO IEC Committee Draft 10743) defines a
(rmeta-)DTD which is an application of HyTinme. |In fact, HyTine
started as an attenpt to produce a markup schene for nusic publishing
pur poses.

HyTi me specifies how certain concepts common to all hypernedia
docunents can be represented using SGW.. These concepts include:

o} associ ation of objects within docunents with hyperlinks
o] pl acenent and interrelation of objects in space and tine
o] | ogi cal structure of the docunent

o] i nclusion of non-textual data in the docunent

An "object" in HyTine is part of a document, and is unrestricted in
form- it may be video, audio, text, a program graphics, etc. The
term nol ogy used in HyTine (and in this section) thus differs
slightly fromthe termnology used in the rest of this report. A
HyTi me obj ect corresponds roughly to a node as defined in section
1.2, and a HyTine docunent is a hyperdocunent in the term nol ogy of
this report.

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

o] Base nodule. This provides facilities required by other
nodul es, including a |exical nodel for describing el ement
contents; facilities for identifying policies for coping
wi th changes to a docunent, or traversing a link ("activity
tracking"); and the ability to define "container entities"
which can hold nmultiple data objects. This |last was added
to the HyTine standard at a |late stage, at the instigation
of Apple Conputers Inc, as a "hook" for their Bento
specification [18].
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o} Measurement nodule. This allows for an object to be | ocated
in time and/ or space (which HyTine 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
femt oseconds, fortnights, mllenia, angstrons, Northern feet
and |ightyears!).

0 Locati on Address nodule. In addition to the fundanenta
ability of SGWL to identify and refer to elements, this
nodul e provides a special "nanmed | ocation address"
architectural formwhich can be used to refer indirectly to
data which spans el enents, or which is | ocated in external
entities. Data may al so be addressed indirectly through the
use of "queries", which return addresses of objects within
some domai n whi ch have properties matching the query. A
"HyQ' notation is provided for defining the query.

o] Hyperlinks nmodule. Two basic types of hyperlink are
defined: the contextual link (clink) has two anchors, one of
which is enbedded in a docunment to explicitly denote the
anchor | ocation; and the independent link (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 information to be maintained separately from
docunent content.

o] Schedul i ng nmodul e. This specifies how events in a source
finite coordinate space (FCS) are to be napped 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" tinme axis as used in music could be projected onto
a physical tinme axis.

o} Rendi ti on nodule. This allows for individual objects to be
nodi fi ed before rendition, in an object-specific way. One
exanple is nodification of colours in inmage so that it can
be di spl ayed using the currently-sel ected colour nmap on a
graphics ternminal, or changing the volunme of an audio
channel according to a user’s requirenents.

It is not envisaged that a hypernedi a application would need to use
the entire range of HyTime facilities. An application designer is
abl e to choose appropriate HyTinme architectural forns, and to add
application-specific constraints to them The designer may al so of
course use non-HyTinme SGW el enents and attributes, but these aspects
of the application can’t be understood by a "HyTime engine". Even in

Adi e [ Page 57]



RFC 1614 Net wor k Access to Miultinedia Information May 1994

the absence of a HyTine engine, the HyTinme architectural forns
provi de a useful base of ideas from which a hypernedia system
designer may w sh to work

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

i n docunent instances and perforns application-independent processing
on them For instance, it could interact with nultimedia network
servers to resolve and access hyperlink anchors. A comrercial HyTinme
engi ne (HyM nder) is under devel opnment by TechnoTeacher in the US

and the Interactive Multinedia G oup at the University of
Massachusetts - Lowell (contact lrutledg@s.ulowell.edu) is also

wor ki ng on a HyTi me engi ne (HyCQctane).

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

i ndi vidual s) is producing a series of standards on hypernedi a which
further constrain the HyTime architectural forms. 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-executabl e hypernedia applications. It is therefore
very expressive, but may be difficult to optimse for run-tine

ef ficiency.

An attenpt has been nmade [20] to adapt the hyperlink structure in
WAV s existing HTM. DTD to conply with HyTinme’s clink architectura
form This requires changes to WWVdocunent instances as well as to
browser software, and in the absence of any i nmedi ate benefit it has
found little favour with the WMV conmunity. However, it is possible
that HTM.2 wi || use sonme aspects of HyTi ne.

It is reconmmended that any further RARE work on networ ked hypernedia
shoul d take account of the inportance of SGWML and HyTi ne.

MHEG

MHEG stands for the Miultinmedia and Hypernedia i nformati on codi ng
Experts Group, also known as 1SQO'| EC JTC1/ SC29/ W512 (it used to come
under SC2). This group is developing a standard " Coded
Representation of Miltinedia and Hypernedi a I nformation Objects" (I1SO
CD 13522, or CCITT T.171), comonly 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 which uses SGW.. Part 1 has nearly (June 1993) achieved 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 hypernedi a applications such as on-1line
t ext books and encyclopaedia. It is also suited for many of the
interactive nultinedia applications currently available (in

pl atfornspecific forn) on CO-ROM MHEG could for instance be used as
the data structuring standard for a future hone entertai nment
interactive nultinedia appliance. Teleconmunications operators are
interested in MHEG for providing interactive multinedi 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 hypernedi a
aut horing applications: its place is perhaps nore as an output fornmat
for such tools. MIEG is thus not a nultinedia docunment processing
format - instead it provides rules for the structure of nultinedia
obj ects which pernits the objects to be represented in a conveni ent
"final" formwith the aimof direct presentation

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

o] Content class. A content object contains the encoded
(rmononedi a) information to be presented, along wth
attributes which identify the type of information and the
encodi ng net hod, and nedi aspecific attributes such as fonts
used, sanmpling rate, inmage size, etc.

o] Sel ection class and Modification class. The user nay
interact with MHEG objects which inherit interactive
behavi our fromthese classes. (The MHEG obj ect nodel
supports nultiple inheritance.)

o] Action class. Two types of action nmay be applied to
obj ects: projection, which controls how objects are
rendered; and status actions which affect the state of
obj ect s.

o} Li nk class. MG hyperlinks connect a "start" object with
one or nore "end" objects. Links consist of a set of
conditions relating to the state of the start object, and a
set of actions which are carried out when these conditions
are satisfied. Links also define the spatio-tenpora
rel ati onshi ps between obj ects.

o] Script class. Script objects are used to describe nore
conpl ex interobject Iinkages (e.g., nultiple-source |inks).
MHEG does not define a scripting |language - instead it

provides a formalismfor encapsul ating scripts which may be
executed by an external program (see SVSL bel ow).
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o] Conmposite class. Related objects nmay be grouped together
into a single conposite object (recursively). The
rel ati onshi ps between content objects within a conposite
object are determined by link and script objects which al so
are nenbers of the conposite object.

o] Descriptor class. Descriptor objects contain genera
i nformati on about sets of interchanged objects, so that a
target systemcan ensure it has adequate resources to run
the hypernedi a application represented by the object set.

The rel ati onshi p between HyTi ne and MHEG has not yet been fully
established. One possible relationship [21] is that an MHEG
application could be the output of a conpilation process which used
an equi val ent HyTi me docunent as input. This approach woul d benefit
both fromthe expressive power of HyTine and the run-time efficiency
of MHEG However, it has yet to be shown that this is feasible
since the capabilities of HyTine and MHEG do not conpletely overl ap

There seens to be relatively little interest in or awareness of MIEG
within the Internet comunity, which is only just beginning to be
aware of HyTinme. 1In view of the draft nature of the MHEG standard
this report recomends that RARE should not invest substantial effort
in MVHEG at this tinme. However, particularly in view of the interest
init shown by PTTs, a watching brief should be kept on VHEG, as it
may well be relevant in the future.

CDA

The Qpen Docunent Architecture standard (ODA - |SO 8613 or T.140) is
a conmpound docunent interchange format designed for transferring
docunents between open systens. It is able to represent docunents in
both a formatted formand a processable (i.e., revisable) form thus
all owi ng both the content and the printed appearance of the docunent
to be unanbi guously transferred.

In addition to text data, ODA supports graphics and i mage data. A
revised version to be published in 1993 will support colour. Future
devel opnent s i ncl ude support for audio content (underway) and video
content (planned). An interface to MHEG is al so pl anned.

ODA differs fromSGW in that the forner concerns itself with the
physi cal appearance of the docunent, while SGW deliberately avoids
doing so. SGW concerns itself with semantic markup, and can be used
to describe a wide range of data and docunent architectures. CODA has
a nore limted concept of a docunent.
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Hyper nedi a extensions to ODA (Hyper ODA) are underway. The extensions
will support:

0 Ref erences to data held externally to the docunment (simlar
to SGW's external entities?).

o} Non-1linear structures, using contextual and independent
hyperlinks based on the HyTi me nodel.

0 Tenporal rel ationshi ps between docunent conponents (e.g.
sequential, parallel, cyclic, duration, start delay).

Hyper ODA i s not being devel oped in conpetition to HyTine or MVHEG its
purpose is to add hypernedia features to ODA rather than to be a
conpl etely general franmework for hypernedi a applications.

Bearing in mnd that:

o} the Hyper ODA extensions are still under devel opnent;

o] in sone senses ODA can be seen as a conpetitor to SGWL
whi ch has greater presence in the hypernedia world;

o] there seens to be a |lack of enthusiasmfor ODA in the
Internet conmmunity (the IETF WG on piloting ODA has
di sbanded) ;

0 Adobe’ s new y-rel eased Acrobat technol ogy (described bel ow)

wi |l have a significant effect on the marketpl ace;

this report recomends that ODA should not forma basis for
i nvestment in networked hypernedi a technol ogy by RARE

PREMO

PREMO (Presentation Environment for Miltinmedia Objects) is a new work
itemin ISOIEC JTC1/ SC24 (the graphics standards subconmittee). An
initial draft [22] exists, and the schedule calls for a CD by June
1994, a DI'S by June 1995, and the final 1S by June 1996.

PREMO addresses the construction of, presentation of, and interaction
with nmultinedia objects. It specifies techniques for creating

audi ovi sual interactive single and nultiple nedia applications. It
is consistent with the principles of the Conputer G aphics Reference
Model (CGRM |SO 11072), and is defined in object-oriented terns.

It is not clear how PREMO relates to HyTime and MHEG Al t hough t hese
standards are listed in section 2 (References) of the initial draft,
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they appear not to be nentioned in the text. The wi sdom of
devel opi ng what appears to be yet another structuring standard for
mul ti media data i s doubtful

The PREMO work is not sufficiently advanced to pernmit a judgenent of
its usefulness in satisfying the requirenents under di scussion

Acr obat

Adobe, Inc. has introduced a new format call ed Acrobat PDF, which it
is putting forward as a potential de facto standard for portable
docunent representation. Based on the Postscript page description

| anguage, Acrobat PDF is also designed to represent the printed
appear ance of a docunent (which may include graphics and i nages as
well as text. Unlike postscript however, Acrobat PDF allows data to
be extracted fromthe docunent. It is thus a revisable format. It

i ncl udes support for annotations, hypertext |inks, bookmarks and
structured docunents in markup | anguages such as SGVML.. PDF files can
represent both the logical and the formatting structure of the
docunent .

Acrobat PFD thus appears to offer very simlar functionality to ODA
Adobe’ s successful Postscript de facto standard profoundly influenced
i nformation technology - it is possible that if successful, Acrobat
PDF will be alnpbst as inportant. RARE should be aware of this
technology and its potential inpact on rmultinedia informtion

syst ens.

5.2. Access Mechani sns

This section describes sonme standards which are useful in providing
network access to multinedia data. O course, there are many

mul ti medi a transport protocols, which this report does not attenpt to
describe (see [1] for further information). The protocols nentioned
bel ow are search/retri eve protocols which were not nentioned in [1].

Mul ti medi a Extensions to SQL

A new work itemin I SO (I SO IEC JTC1 N2265) to extend the SQL
standard to include nmultinedia data is expected to be approved
shortly. Initially this work will concentrate on devel oping a
framework, and on free text data. Support for non-text data will be
added |l ater, using a separate part of the standard for each nedia

t ype.

The expected tinmescale for this standardisation work is |engthy (part
1 - the framework - is targeted for conpletion in 1996).
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There are suggestions that this standard could be used as a query
| anguage in conjunction with the HyQ query conponent of the HyTi e
st andar d.

DFR

DFR is the Docunent Filing and Retrieval system specified in | SO
10166-1 and |1SO 10166-2. It is intended for office automation
applications, and falls within the Distributed Ofice Applications
(DOA) nodel of 1SO 10031-1. DFR has design simlarities to the |SO
Directory and to the X 400 Message Store, and it is |likew se part of
oSl .

DFR defines a Docunent Store, which provides a service to a DFR User
over an OSI protocol stack incorporating ROSE (and optionally RTSE)
A docunent in the Docunent Store may have a nunber of attributes
associated with it, including pointers to rel ated docunents. There
is support for nultiple versions of the sane docunent, and for

hi erarchi cal groups of docunents. The access protocol supports
searching for docunents based on their attributes. DFR itself does
not restrict the content of docunments in any way, but the natura
partner to DFR is the ODA standard for document content.

It is not clear that DFR offers significantly nore usefu
functionality than is available fromother, sinpler access protocols
already in use on the Internet.

5.3. O her Standards

This section briefly describes other standards in this area and
di scusses their rel evance.

M ME

M ME (Mul tipurpose Internet Mail Extensions) is a nechanismfor
transferring nultinmedia information in an RFC822 mail nessage. STD
11, RFC 822 defines a nmessage representation protocol which specifies
consi derabl e detail about nessage headers, but which | eaves the
nmessage content as flat ASCII text. RFC 1341 redefines the format of
message bodies to allow multi-part textual and non-textual nmessage
bodi es to be represented and exchanged w t hout | oss of information
Because RFC 822 said very little about nessage content, RFC 1341 is

| argely orthogonal to (rather than a revision of) RFC 822.

M ME provides facilities to include multiple objects in a single
nmessage, to represent text in character sets other than US-ASCII, to
represent formatted nulti-font text nessages, to represent non
textual material such as imges and audio fragnments, and generally to
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facilitate | ater extensions defining new types of Internet nmail for

use by co-operating nmail agents. It does not define any structure to
all ow rel ati onshi ps between body parts within a nessage to be
expressed.

For the purposes of the requirenents considered by this report, the
rel evance of MME is that it separates nedia type from nedi a
encoding, and that it defines a procedure for registering values of
these attri butes.

The M ME construct of chief interest is the "Content-Type" field.
This contains a MME "type" and "subtype", and any "paraneters" which
further qualify the subtype. The register of MM content-types is
mai nt ai ned by the Internet Assigned Nunbers Authority (1ANA). Content
types defined in the MM standard itself include:
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Type Subt ype Par anet er s Meani ng
t ext pl ain char set Pl ai n text
ri chtext char set Text with SGWL-11ike
mar kup for
representing
formatting.
i mage j peg JPEG Fil e I nterchange
For mat
gif Graphi cs I nterchange
For mat
audi o basi c 8-bit -law 8kHz PCM
encodi ng
vi deo npeg
application ODA profile Open Docunent
(used ( Docunent Architecture
for Appl i cation docunent .
application Profile)
-specific
dat a)
oct et - nane (e.g., Ceneral binary data
stream filenane); such as an arbitrary
type (for binary file.
human
recipient),
etc.
post scri pt Docunent in

postscript.

Private experinmental values of types and subtypes starting with X may
be used between consenting adults without registration with | ANA

M ME al so defines a "Content-Transfer-Encodi ng" field, which is used
to specify an invertible mapping between the "native" encoding of a
medi a type and a representation that nmay be readily exchanged using
7bit mail transfer protocols.

WAWN s HTTP2 protocol nmakes use of M ME nedia type and encodi ng
attributes, and also uses MM s nessage fornmat for retrieving data
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fromthe server. It is the first MM application to utilise the
8bit Content-Transfer-Encodi ng, which essentially neans no encodi ng.

SMBL

SMEL is the Standard Multinedia Scripting Language. It is a proposed
new work itemfor |1SQOIEC JTCl/SC18/ W8 (HyTi ne) and JTCl/ SC29/ WG12
(MHEG). The functional requirenents are expected to be conpleted in
1994, and the coding schene conpleted in 1995.

SM5L is designed as an open | anguage with a simlar purpose to

exi sting vendor-specific scripting | anguages such as Macrom nd's
"Lingo", Kaleida's "Script/ X', and Gain"s "GEL". The intention is to
of fer an internediate open nultinedia scripting | anguage which coul d
be used both for interchange purposes, and for controlling the
presentation of HyTine or MHEG nultinedia structures. Severa

di fferent approaches to defining SMS5L have been suggested, including
using the ANDF (Architecture-Neutral Distribution Format) approach
and basing SMSL on SGW or on the Schene | anguage.

The SMSL work is not sufficiently advanced to pernit a judgenent of
its usefulness in satisfying the requirenments under di scussion
However, it is interesting to note that despite the descriptive power
of HyTime and MHEG, there is still perceived to be a role for
procedural scripting.

AVl s

The CCTT is defining a set of Audio Visual Interactive Services
(AVIs), intended for offering to donestic and busi ness consunmers over
a national network (e.g., by PTTs). These services will be specified
as T.17x recommendations, and will include MVHEG  These services
woul d al so nmake use of the SMSL work

Insufficient information is avail able about this area to allowits
rel evance to be judged.

5.4. Trade Associ ati ons

Thi s section nentions sone trade associ ati ons which are involved in
standards making in the nultinmedi a area.

Interactive Miltinedia Association
The Interactive Miultinedia Association (IMA) is an internationa
trade association with over 250 nenbers, representing a w de spectrum

of multinmedia industry players. Menbers include Apple, Mcrosoft,
M T CECI (the devel opers of AthenaMuse 2), 3DO and nany ot her
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i mportant narket actors.

In 1989, the IMA initiated a "Conpatibility Project”, tasked with
devel opi ng technical solutions to the cross-platformconpatibility
problem The Project has published two inportant docunents:

o} "Recommended Practices for Miltinedia Portability" [23]
outlines a specification for a conmon interface to be used
by interactive video delivery systems. It has been adopted

by the US Mlitary as part of Mlitary Standard 1379.

o} "Recommended Practices for Enhancing Digital Audio
Compatibility in Miltinedia Systens" [24] defines four
standard digital audio data types and four sanpling rates
(fromlowend -l aw 8kHz nmono encodi ng, up through ADPCM
nmodes to CD-quality 44kHz 16-bit stereo).

Wirk is continuing to produce further recomendati ons on ot her
i ssues.

The Conpatibility Project has now initiated a procurenent process by
publishing three Request for Technol ogy (RFT) docunents, defining the
requirenents of a platformindependent interactive nultinmedia system
i ncludi ng networking requirenents. The RFTs cover "Miltinedia System
Services", a "Scripting Language for Interactive Multinedia Titles"
and "Mul timedi a Data Exchange". An "Architecture Reference Mdel"
for cross-platformdesktop and distributed multinmedia systens

provi des the framework for these RFTs, which are pragmatic docunents
outlining the technical requirements for tine-based nedia handling in
detail. Note that relatively little is said about non-tine-based

dat a.

A first reading of the Multimedia Data Exchange RFT reveal s that the
Appl e Bento standard [18] and the Mcrosoft/IBM R FF format [25] both
i nfluenced the devel opnment of this docunent. The selected system nmay
wel | be based on one or both of these technol ogies.

A joint response to the Miltinedia System Servi ces RFT has been
received fromHP, IBMand Sun. Two responses to the Scripting
Languages RFT have been received - fromKaleida (Script-X) and Gain
Technol ogy (GEL). Two partial responses to the Multinedia Data
Exchange RFT have been received from Apple (Bento) and Avid (Open
Medi a Franmewor k) .

Responses to the RFTs are currently being anal ysed by the | MA, and

the result will be announced in Novenber 1993. The specifications
which will eventually result fromthis process will be inportant for
future commercial nmultinmedia products. It is inportant that the
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community keep a watching brief on the | MA Conpatibility Project and
its possible inplications for distributed multinedia applications on
the Internet.

Mul ti medi a Conmuni cati ons Forum

The Multi-Media [sic] Conmunications Forum (MMCF) is a recently
formed (June 1993) trade consortiumwhose initial menbers include

I BM National Seniconductor, Apple, Sienens and AT&T. Intended to
conmpl enent the work of the IMA, the MMCF plans to devel op guidelines
and recommendations for the industry to help ensure "end-to-end
network interconnectivity of nultinmedia applications, workstations
and devices". They also plan to provide input to standards bodies.

It is still too early to say whether this forumw Il succeed. |If the
I MA Conmpatibility Project specifications, when they are published,

| eave networking i ssues open, then MMCF could have an inportant role

to play. It is recommended that RARE consi der beconi ng an Gbserving

Menber ($350 US pa), entitling it to attend general and annual MVCF
nmeetings (but not committee neetings), and to receive mnutes and
ot her general papers (but not working documents); with the prospect
of becoming an Auditing Menber ($1200 US pa) later if relevant.

Mul ti medi a Conmuni cations Comunity of Interest

This is a very new organi sation formed at a nmeeting in France in June
1993. Its charter is to pronote the use of applications which |et
people in different |ocations view docunents, images, graphics and
full-nmotion video on a PC screen. The renit includes CSCW aspects.
Menmbers of the organisation include IBM Intel, Northern Tel ecom

Tel stra (Australia), BT, France Tel ecom and DB Tel ekom The
conpanies plan field trials of multinmedia services in 1(@4.

6. Future D rections
6.1. General Comments on the State-of-the-Art

Di stributed hypernedi a systens are now energing fromthe research
phase into the experinmental deploynment stage. Every project team
(and standards conmittee), al nost w thout exception, hopes for their
systemto becone the de facto standard for hypernedia.

As we’'ve seen, CGopher and WAV al ready offer nmultinedia capability,

but they are still largely oriented to the use of external viewers
for non-text nodes. This "unintegrated" approach is in contrast to
typi cal stand-alone multinmedia applications, where the presentation
of related information in different nedia is tightly integrated. The
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in-line imge feature of XMobsaic and the new version of HTM
currently under devel opment may represent the start of a nove towards
greater integration of different media in such distributed hypernedi a
syst ens.

Three inportant factors in the design of distributed hypernedia
systens appear to energe fromthe preceding chapters of this report.
They can each be formulated in terns of distinctions between two
aspects of the system

0 A common and apparently fruitful approach to hypernedia
systens is to distinguish the content fromthe
hyperstructure. Standards work clearly distinguishes
bet ween these concepts, with standards such as MPEG JPEG
G 72x, etc, for content; and HyTine or MHEG for structure.
Currently-depl oyed systens al so make this distinction, nost
obviously in CGopher, where the structure/content split maps
onto the server filesystenis directory/file split. 1In a
simlar way, the ability to nmaintain hyperlink information
separately fromdata is perceived in hypernedi a research
circles as a "good thing". Research systems such as
M crocosm and Hyper-G do this, and HyTine with its ilink
el ement al so supports it. WWVdoes not support this, but
requires link anchors to be edited into source data. There
are problens with this approach, however - see the section
on Mcrocosmfor details.

0 A useful approach to content is to distinguish the nmedia
type fromthe nedia encoding. The M ME standard (used by
HTTP2) illustrates how this can be done, and Gopher+ enpl oys

a sinlar system

o] The di stinction between data and protocol is also inportant
for sone systens. WWVfor instance has clearly separate
protocol (HTTP) and data (HTM.) specifications. However,
CGopher+ is specified without making this distinction. (The
ori gi nal Gopher systemis very sinple and arguably has no
need for such separation.)

The nost significant m smatches between the capabilities of

currentl ydepl oyed systens and user requirenents are in the areas of
presentation and quality of service. Adding flexibility in
presentation capabilities to WWVor Gopher should be possible without
any naj or change to the protocols (although it may require changes to
data formats). Such capabilities could result fromthe progress
towards greater integration of nmedia types presaged above. However,
inmproving QOS is significantly nore difficult, as it may require
changes at a nore fundanmental |evel. The follow ng section outlines
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sonme possible solutions to this probl em
6.2. Quality of Service

Meeting the responsiveness requirenent is certainly the key factor
for the acceptance of networked nultinedia infornmation systenms in the
user community. To reiterate the requirenent given in a previous
section:

0 For sinmple actions such as "next page", tolerable delays are
of the order of O0.2s.

o} For nore conpl ex actions such as "search for docunents
containing this word", then a tolerable delay is of the
order of 2s.

o] Users tend to give up waiting for a response after about
20s.

There are several nethods which may all eviate the probl em of poor
responsi veness (or cause the user to revise his or her expectations
of responsiveness!), sonme of which are described bel ow.

1. G ve clues that fetching a particular itemmght be tine-
consunming - sinply quoting the size (and/or |ocation) nay be
sufficient. WAI'S and sonme CGopher clients already quote the
si ze.

2. Di splay a "progress” indicator while fetching data.

3. Allow the user to interact with other, previously fetched
information while waiting for data to be retrieved. The
inability to do this is an annoying limtation of XMbsaic.

It can be difficult to inplement, except on a multi-threaded
operating system such as OS/2 or W ndows NIT.

4, Al'l ow several fetches to be perforned in parallel. Again,
mul tithreadi ng support nakes this easier. This technique is
less likely to be useful if all the nodes being requested
come fromthe sane server.

5. Pre-fetch informati on which the client software believes the
user will wish to see next. This requires sone "hints" in
t he data about which nodes ni ght be good candi dates for pre-

f et chi ng.

6. Cache information locally. The use of Universal Resource
Nunmbers (see the section on WMWY is relevant for managi ng
this.
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7. Where nultiple copies of the same information are held in
different network |ocations, fetch the "nearest"” copy. This
is sonetimes known as "anycasting", and is a nore genera
case of local caching. The proposed URN-to-URL resolution
service [26] could be used to support this.

8. Wien retrieving a docunent, the client should be able to
display the first part of the docunment to the user. The
user can then start to read the docunent while the systemis
still downloading it. Alternatively, the user nmay decide
that the docunent is not relevant and abort the retrieval

9. Ofer nultiple views of image or video data at different
resolutions and therefore sizes. This enables the user to
sel ect a bal ance between speed of retrieval and data
quality. Gopher+ and HTM.2 both support this.

10. Future high-speed networks and protocols (ATM RTP) will
allow real -tinme display of isochronous data. Infornation
systens should be able to take advantage of this.

A useful description of the problemis given in [27]. This paper
rightly contends that the view, held by nmany hypernedi a researchers
and inplenentors, that the network is sinply a transparent data

hi ghway whi ch needs no special consideration in application design
is wong. It is argued that:

"the very sane structural characteristics that may nake
a mul ti medi a docunent appealing to the end user are the
characteristics that are extrenely hel pful during
dynani ¢ network perfornance optim sation"

This is a particularly relevant statenent considered in the |ight of
suggestion 5 above.

6. 3. Recommended Further Work

To neet the needs of applications such as those described in section
2.1, the comunity nust seek where possible to adapt and enhance
existing tools, not to build new ones. There is now an opportunity
for RARE to stinulate and encourage this process of adaptation and
enhancenent, and the follow ng subsections outline a strategy for
this.
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Sel ecting a System

In order to have the greatest effect, RARE should concentrate its
efforts on only one of the existing tools. Candidate technol ogies
are those already outlined: Gopher, WW WAI'S, Hyper-G M crocosm and
At henaMise 2.

It is recommended that RARE should select the Wrld-Wde Wb to
concentrate its efforts on. The reasons for this decision are as
fol |l ows.

o} Flexibility. The rich yet straightforward design of WW
with its clearly separabl e conponents (HTM., URL and HTTP)
nmeans that it is a very flexible basis on which to devel op
distributed nultimedia applications.

o] Exi sting efforts. The WAWVIi npl ementor community is already
di scussi ng and desi gni ng extensions to HTM. (HTM.2),
i ntended (anong other things) to support nultinedia. There
is clearly nuch interest in this area, and RARE efforts
coul d conpl emrent exi sting work.

o] Hyperlinks. A clear requirenent of many applications is the
avai lability of hyperlinking, which WWVsupports well.

o] Integrated solution. Because WAI'S, Gopher and Hyper-G (as
wel | as anonynous FTP servers) nay all be accessed from Wb
clients, WWVserves as an inportant integrating tool for
information services. It is inmportant that distributed
mul ti medi a applications, which require extensive support in
the client software, should be based on a technol ogy "cl ose
to" such integrated clients.

0 Penetration and growth. Al though Gopher far surpasses WW
in the nunber of servers available, the rate of growth in
WAV usage is greater than that of Gopher. There is an
increasing realisation in the community that Gopher is over-
sinplistic for many purposes, and a corresponding increase
ininterest in WW

o] Attention to QOS issues. There is already an awareness in
the WAWV comunity of the need for achieving an appropriate
Q0S, and a nechani sm has al ready been proposed in HTTP2 to
al l eviate the problem

0 St andardi sation. The WMVteamis taking standardisation of

t he existing WNWVsystem conponents seriously. The URL
format has al ready been published as an Internet draft (and

Adi e [ Page 72]



RFC 1614

Net wor k Access to Miultinedia Information May 1994

has been adopted as an inportant conponent of the proposed
Internet integrated information infrastructure), and the
current version of HTM.L is about to follow suit. The use of
SGWL. as the basis of HTM. conplies with the perceived

i nportance of SGW for hypernedia in general (and also fits
in with RARE s approach of adopting appropriate open

st andar ds).

Software status. CERN has recently placed the WW code
devel oped by it into the public domain. This is unlike all
t he ot her candi date technol ogi es, which all have
restrictions on who can do what with the code. In the case
of CGopher, these restrictions are already causing sone
commercial users to | ook at other options.

WAV has two significant di sadvantages, both of which are being
al | evi at ed:

(o]

Restricted choice of client software. At present, Apple
Maci nt osh and PC/ M5 W ndows clients are available in beta
formonly. By contrast, there are nore than one well-tested
Gopher clients available for these platfornmns.

However, other WMVclients for the Mac and M5 Wndows are in
t he pipeli ne.

There is a perception in the community that making
i nformati on avail able over HTTP is difficult, and that it
nmust be put into HTM.

However, it is possible to put plain-text, non-HTM
docunents onto the Web. Such docunents of course cannot
contain |inks.

Furt hernore, WYSIWG HTM. text editors are available, to
ease the pain of witing HTM

The main di sadvant ages of the other systens are:
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(0]

Gopher is designed for sinplicity, and therefore | acks the
flexibility of WAWV In particular its structure is too
inflexibly hierarchical and it does not have hyperli nks.
Its main advantage is its very heavy penetration. However,
because of the WWVapproach to accessing data using other
protocols, all of gopherspace is part of the Web. Any Wb
client should be able to be a gopher client too.
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It is neither envisaged that Gopher will go away, nor that
it won't be used for nultimedia data. However, Gopher is
unlikely to be used for nore sophisticated nultinedia
applications such as acadeni c publishing, interactive

mul ti medi a dat abases and CAL, because of the above-nentioned
limtations.

WAIS is a specialised tool, and will certainly form part of
the overall solution, particularly for database-type
applications. It is not a general solution for distributed
hyper nedi a applications.

At henaMuse 2 is comercially-oriented: it is clear that
academic and research users will have to pay to use the
software. Its level of use is thus very unlikely to be as
great as publiclyavail able systems such as WWV  Mor eover,
it does not support all the required platforns.

M crocosm network support is still in early stages, limted
at present to the PG Wndows platform |[If it can be shown
to perform adequately over a network, if it is capable of
scaling to global levels, and if the advantages of

mai ntaining link informati on separately from docunents are
found clearly to outweigh the consequent difficulties, it
may becone inportant in the future. Mcrocosnis authors need
to ensure that the conmmercialisation of Mcrocosm does not

hi nder its adoption by the acadenic community.

Hyper-Gis nore difficult to dismss. It is still in a
relatively early stage of devel opnent, but appears to have
many of the necessary features. |Its nmin disadvantages are:

(a) the lack of penetration outside the University of Gaz -
the author is aware of only one other site using it; and (b)
it is currently limted to UNIX only. The author believes
that, given WAMNVs head start in terns of deploynent, and the
current progress in adding nultinedia facilities to it, WW
stands a nuch better chance than Hyper-G of being accepted
as the de facto standard for distributed multinedia
applications on the Internet.

Directions for RARE

Earlier in this report, it was noted that the nost inportant areas
where effort was needed were (a) provision of facilities for the
i ntegrated presentation of rmultinmedia data (including synchronisation

i ssues);
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and (b) ensuring adequate responsiveness.
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Bearing this in nind, it is recommended that RARE should invite
proposal s and (subject to fundi ng being avail abl €) subsequently
commi ssion work to:

1. Devel op conversion tools from commercial authoring packages
to WMV and establish authoring guidelines for authors who
wi sh to use the conversion tools. This is a significant and
hi gh-profile devel opnent ained at enabling sophisticated
mul ti medi a applications to run over the network. (Authoring
guidelines will be necessary to enable authors to fit in
with the Web’s way of doing things, and to docunent features
of the authoring package which should be avoi ded because of
conversion difficulties.)

2. | mpl enent and eval uate the nost proni sing ways of overconi ng
the QOS problem This is an essential task without which
interactive distributed multimedia applications cannot
becone a reality. Some possibilities have al ready been
outlined in the preceding chapter

3. I mpl enent a specific user project using these tools, in
order to validate that the facilities being devel oped are
truly relevant to actual user requirenents. It may be that
partner funding fromthe sel ected user project would be
appropri ate.

4, Use the experience gained from1l, 2 and 3 to informand
i nfluence the further devel opment of HTM.2 and HTTP2 to
ensure that they provide the required facilities.

5. Contribute to the devel opnent of the WMVclients
(particularly the Apple Macintosh and PC/ M5 W ndows clients)
internms of their nultinedia data handling facilities.

Al'though it is strictly speaking outside the remit of this report
(since it is not specifically concerned with nultinedia data), it is
noted that the rapid growh of WWVnrmay in the future lead to probl ens
t hrough the inplenmentation of nultiple, uncoordi nated and nutually

i nconpati bl e add-on features. To guard against this trend, it may be
appropriate for RARE, in coordination with CERN and other interested
parties such as NCSA, to:

6. Encourage the fornmation of a consortiumto coordi nate WW
techni cal devel opnment (protocol enhancenents, etc).
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