
ABSTRACT 
This paper describes ideas developed in the specification and outline design of a multimedia distributed system 
(ORION). completed by the authors under contract to Oxfordshire County Council. Department of Leisure and 
Ans. The system specified will make multimedia representations of items in collections in the care of the County 
Council available and easily accessible to the community. We describe our concept (VECTIS) of a system that 
enables users to explore different themes across the history and geography of the County of Oxfordshire. The 
interface design is innovative in that users can explore the topography of the County by traversing 2-d and 3-d 
maps-zooming in on areas of interest-and focus on, or travel across. specified time spans using a timeline. At 
any stage. the system is able to retrieve details of those items across all of the Department of Leisure and Arts' 
collections that are relevant to the time. place and theme the user is currently focusing on, in the form of images, 
video, audio, text. etc.. through integrated indexation of a set of widely different collections (museums, archives, 
natural history collections. etc.) Users may then examine multimedia representations of items that are of interest 
to them through appropriate viewers. 

agents. distributed database, space, theme, time 

The County of Oxfordshire in the United Kingdom 
holds magnificent collections of books, documents, 
relics and artifacts relating to its rich topography 
and long history; but it is reasonable to say that the 
majority of Oxfordshire residents know little of these 
collections. Those who are aware of them and wish 
to examine any item-and know where to look- 
have to travel to the different centers where indi- 
vidual collections are stored. There they must often 
rely upon the expert knowledge of specialist staff to 
help them gain access to the specific items they wish 
to see, to interpret these items for them, or to direct 
them, when necessary, to other collections in dif- 
ferent locations. 

Given the huge interest in, and growth of, multime- 
dia information handling over the Internet, and with 
the increased bandwidth of digitized traffic over 
cable and satellite connections, it was clear to the 
Oxfordshire County Council Department of Leisure 
and Arts (DLA), the custodians of Oxfordshire's 
historical and scientific collections, that the future 
must lie in some form of distributed multimedia 
system. In late 1996, the School of Computing and 
Mathematical Sciences (CMS) at Oxford Brookes 
University were approached by the DLA with a view 
to developing, in partnership, a specification and 
outline design for such an information system, to 

be submitted to the Heritage Lottery Fund as a pro- 
posal for funding for its development. The main aim 
of the system was to further the DLA's mission of 
Access, Integration and Conservation by making 
more widely available to the community the trea- 
sures which are held by the council on their behalf: 
digital records of photos, artifacts, printed maten- 
als and archives items, etc. would be made, and these 
records stored in a multimedia database with dis- 
tributed access. Above all, the system was, by mak- 
ing available representations of the County's arti- 
facts and its history to its people and to visitors, to 
foster a sense of place. 

More particularly, the constituents of the system 
were to be: 

a search and query system of a novel and intu 
itively usable nature; 

systems to search for items across indexes of al 
Oxfordshire collections; 

appropriate hardware and software for retrieval 
and display of multimedia representations of items 
in collections; 

generic software systems encapsulating the ex- 
pertise involved in certain common areas of en- 



quiry (e.g. genealogy), to be used as automatic 
information gathering agents, or to teach appro- 
priate information-gathering techniques; 

software to encapsulate material and data which 
will enable local studies and genealogical research 
in Oxfordshire, with a view to sale on CD-ROM; 

facilities to set up virtual 'guided tours' through 
the collections, based on selected themes (e.g. 
transport, a specific town, etc.); 

a means of configuring the indexes of the system 
to introduce new themes, categories, etc., with- 
out re-programming. 

It is worth indicating here just how big a system 
was being proposed. There are nearly 3 million 
records in the Oxfordshire collections. Of these, we 
estimated that about 1 million were suitable for digi- 
tal capture-artifacts, photographs, maps, docu- 
ments and ephemera. The storage space needed for 
such a collection of records was estimated as about 
750 GBytes; the labor, alone, in capturing these rep- 
resentations would be 600 person-months, at a cost 
of over f 1 million. Clearly, powerful networking 
capabilities and a sophisticated human-computer 
interface would be required for such a huge store. 

The specification for ORION (the Oxfordshire Re- 
gion Integrated On-line Network) was completed 
on time and submitted to the DLA in January 1997. 
The main body of this paper describes the system 
we have proposed: we lay most emphasis on the 
details of the principal user interface, a search and 
query engine based on the concept of Virtual Ex- 
ploration of the  County in Time and Space 
(VECTIS). However, later sections deal in outline 
with the design of the search and integration soft- 
ware and with the global indexes and hardware that 
enable the system to function. 

Oxfordshire is a large English county whose land- 
scape bears countless imprints of the humans who 
have inhabited it since prehistory, and who have left 
behind them myriads of texts, images and artifacts 

as a testimony to their passage. The earliest ques- 
tion the CMS development team had to answer was 
this: In what ways might interested parties want to 
investigate this storehouse of information? 

There can, of course, be no definitive answer to such 
a question: people approach the County's archives 
and collections with purposes as varied as people 
themselves. Doubtless, certain users have a very 
clear idea of what they are looking for: they might 
want a reference to a particular source, whose au- 
thor and title they know; or they might want to seea 
specific artifact; or they might have a particular site 
in mind to visit. It is easy to devise schemes of query 
and access for such researchers, and we propose one 
such graphical scheme in the specification. But the 
evidence of the professionals who are responsible 
for museums and study centers suggested that 
many-amajority probably-of public enquiries are 
of a general nature: clients wish to know more about 
a particular area, perhaps; or seek information about 
a building, a company or an institution over time. 
Certain sorts of investigation are so common as to 
be generic; two, at least, come up time and time 
again: research into family history and project work 
on some specific theme, such as transport, or elec- 
tions. Some visitors have only a vague idea of what 
they want to see; some just come to browse. Unfor- 
tunately, however, the team were given neither the 
time nor the financial resources to set up the proto- 
types and empirical investigations necessary to pro- 
vide a conclusive answer to the question of what 
the more general user is seeking in approaching 
Oxfordshire's collections. Was it possible to impose 
a structure on these many and diverse types of in- 
terest? 

We recognized that there were two dangers in de- 
vising a system through which clients can explore 
and record the County's store of information. The 
first danger-a common one-was of specifying a 
system with structures which simply mirrored the 
schemata and retrieval processes of the underlying 
computer storage, and which would thus be diffi- 
cult for ordinary members of the public to use. The 
second hazard was of devising exploration processes 
based on a natural and human view of the County's 
information, matching a user's own mental models 
[Carroll 1987; Monk 1984; Day & Kovacs 19961- 
which would hence be easy to use-but could not 
cater for certain common types of query. We de- 
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cided that these possibilities could be guarded 
against in three ways: 

1. Searches and enquiries should be graphically 
based; this is in keeping with the design of more 
or less every modern software system [Brown 
1988; Bertin 19811; 

2. The interface to the underlying data structures- 
the catalogues, databases of images, computer- 
ized archive materials, and their indexes-should 
be based on natural concepts independent of these 
structures; 

3. The system was to be to some degree configurable 
by DLA professionals, based on their experiences 
of how the system is actually used, without any 
re-programming and re-compilation. The system 
was also, to a limited extent, able to learn from 
the explorations it is asked to undertake, that is, it 
will be self-configuring. 

In the next section, we consider the three fundamen- 
tal dimensions on which we propose that users may 
search DLA information systems: Space, Time and 
Theme; and in the section after that we discuss how 
users may maneuver in these dimensions. 

example, in which case the entire area of Oxfordshire 
is the spatial domain of the research. More 
interestingly, a possible investigation might be on a 
topic that implies a number of fairly specific areas 
of the County whose relationship to one another is 
that theme. Our client might, for instance, be 
interested in a certain company and its effect on its 
local community, that company having had several 
branches around the County. In such a case, the 
spatial aspect of the query would resemble Fig 3. 
The client might not know, of course, of the exist- 
ence of all these branches; and it would be a re- 
sponsibility of the system to fill in these details for 
the client, either by default, or as part of a spatial 
broadening process. Indeed, the concept of broad- 
ening in space, and in the two other dimensions of 
exploration discussed below, is an important one in 
the design of the user interface to this system; we 
believe is an important contribution to the DLA's 
prime goal-that of a sense of place. The concept 
of spatial and other types of broadening are dis- 
cussed in subsequent sections. 

TIME 
If we just provide facilities for clients to investigate 
Oxfordshire by specification of spatial areas, we are 

SPACE 
Consider a Zdimensional map of Oxfordshire. Con- 
sider, further,  an enquiry at the Center for 
Oxfordshire Studies, say about some very specific 
point in the County-an example might be "what is 
Wayland's Smithy?'We can represent the area of 
space examined as a single point on the map, as in 
Fig 1. Now suppose the hypothetical client has a 
more general idea in mind: she wants information- 
though at this point may be uncertain as to exactly 
what information she wants-about archaeological 
sites around the Uffington area. We can represent 
the client's spatial area of interest as a square (per- 
haps), of an uncertain size (who knows what "around 
the area o f '  means precisely?), on our map, as in 
Fig 2. 

But a client may not be in a position to specify a 
query in some precise geographical area. Their area 
of interest may be some general theme covering the 
whole county-the Roman roads of Oxfordshire, for 

Figure I 



Figure 2 

leaving out what is perhaps the most important di- 
mension along which they might wish to investi- 
gate-that of time. Oxfordshire's collections are 
principally records of the history of the County- 
from prehistory to the present day. Returning to 
our 2-d map, we can now imagine it extended in a 
third dimension, representing time. Researchers 
enquiring, say, about the history of the church in 
Bletchingdon, are asking for a description of records 
within a cylinder cut through the 3-d space-time 
map, as in Fig 4. 

Clients with more complex spatial queries, as de- 
scribed in the previous section, will find themselves 
with a set of such space-time cylinders. It should 
even be possible to specify a set of areas over a set 
of time periods. A user who is interested in records 
concerning churches in certain specified areas of 
South and West Oxfordshire during the Reforma- 
tion, and also from 1900 to the present day, for ex- 
ample, would be in the situation depicted in Fig 5. 

The concepts of broadening narrowing and travel- 
ing are, of course, relevant in the time dimension 
as well; and these are developed below. 

- OXFORDSHIRE --'-., 
'L 'a 

Finure 3 

But users will certainly not simply wish to enquire 
generally about certain areas of Oxfordshire: pro- 
fessional experience shows that a majority of users 
will have some reasonably specific theme on which 
they are looking for information. A client might, for 
example, be looking for information on Oxfordshire 
transport, or Oxfordshire churches. A theme may, 
of course, also be constrained by selections on the 
other two dimensions, space and time, such as in 
queries about churches in South Oxfordshire, be- 
tween 1800 and 1900, or transport in Oxford from 
1900 to the present day. The system will provide 
facilities for a user to develop and select such themes. 
The idea of broadening, narrowing and traveling is 
relevant to this third dimension of search, as well; 
and these concepts are elucidated below. 

Themes can be understood as hierarchically orga- 
nized, that is to say a broader theme such as, say, 
TRANSPORT, may have sub-themes-for example, 
PATHS and VEHICLES. These, in turn, may have 
sub-themes themselves, such as FOOTPATHS and 
ROADS. This schema, as with all such schemas, is 
a simplification of the conceptual structures we ac- 
tually carry around in our heads; but such simplifi- 
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Figure 4 

cations are always necessary wherever computers 
are involved. The derivation of a full thematic hier- 
archy will require a substantial effort of analysis. 

INFORMATION SPACE AND FOCUS 
We can now picture all the DLA's records and other 
collected items as lying within a three dimensional 
Information Space, the dimensions of this space be- 
ing space, time and theme. We can go further and 
portray this space as a 3-d cube, the interior of which 
represents all possible combinations of space, time 
and theme. Items in DLA collections thus occupy 
discrete points in this space. Of course, this is an- 
other simplification-items are persistent in time 
and many items may be classified under several 
themes; so a single item may occupy more than one 
point in the space. However, accepting this, we can 
now see that a client's area of interest will occupy 
some set of subspaces of the whole Information 
Space, inside the cube, as depicted in the Figure. 
We term this set of subspaces, the Focus. See Fig 6. 

IN SPACE 

Broadening in space implies that users should be 
able to increase the size of their area of interest, or- 

as in the example in above-incorporate new areas, 
which may possibly be spatially disjoint, but arere- 
lated to a previously-specified area through some 
topic. Narrowing, obviously, means the converse: 
clients may decrease the size of their spatial area(s) 
of search by zooming in on some part of a previ- 
ously specified region, or by excluding disjoint ar- 
eas that had been selected previously. 

Traveling along the spatial dimension means sim- 
ply that users may select a starting point inside one 
of their specified areas and then move a detailed 
spotlight of interest in any spatial dimension, as il- 
lustrated in Fig 7. Users should be able to travel 
across both a 3-d and/or a 2-d representation of the 
area. Both representations would convey a reason- 
ably detailed sense of the ground across which the 
spotlight is moving, and be marked with images of 
sites, landmarks or other places related to the cur- 
rent theme. 

IN TIME 
Similar principles apply to the time dimension: cli- 
ents might wish to increase the length of time over 
which they are searching to take in more informa- 
tion; they might also wish to add new, but disjoint, 
time periods. Conversely they may find that the time 
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period they have specified simply contains too many 
records; and thus they will have to narrow the span 
of time over which they are seeking information. 
The system must contain facilities for such exten- 
sions and diminutions of search along the time di- 
mension. 

The concept of traveling in time should also be 
applicable in the system. Users may elect to move 
along the time dimension (in increments to be cho- 
sen by them). The system can then reveal 2-d or 3- 
d views of the specified area at each time interval, 
as in Fig 8, again illustrating features relevant to 
the current theme(s). 

Naturally, as there are limits to the amount of data 
that can be stored, certain time jumps may yield little 
change. However, as in the illustration large leaps, 
or smaller jumps in eras of intense change, will show 
interesting alterations in patterns of settlement, own- 
ership, technology and demography. 

IN THEME 
The concept of movement across the theme dimen- 
sion is rather more elusive than that of movement 
in either space or time; however, there are clear-cut 
ways in which users can maneuver in this dimen- 
sion by Broadening, Narrowing and Traveling. One 

way of narrowing a theme takes the form of spe- 
cialization: selecting a sub-theme of the current 
theme; for example, a user might specialize an en- 
quiry into the theme PLACES, by choosing the 
ARCHAEOLOGICAL SITES, a specialization of 
the previous theme. A broadening can then be seen 
as the converse: moving from a more specialized 
theme to a less specialized one; from COMPANIES, 
for example, to INSTITUTIONS. However, it is also 
possible to Broaden by incorporating new themes 
into a sphere of interest: a user currently focusing 
on the theme COMPANIES might wish to bring in 
some related theme, say PEOPLE, to be investigated 
concurrently 

(see Fig 9 for a slightly different example). With 
this type of Broadening, the converse Narrowing 
will be the exclusion of a theme from the Focus. 

We believe it is possible to travel in the Theme di- 
mension, also, through a mechanism we call Seman- 
tic Transition. Users concentrating on a certain 
theme may move from that to a conceptually or se- 
mantically related theme. For example, if the cur- 
rent target theme is MONUMENTS then the sys- 
tem might allow the user to shift focus to the con- 
ceptually related themes of MEGALITHS or STAT- 
UES. We clearly recognize that no cornputerizcd 
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schema can possibly represent all imaginable con- 
ceptual links; so these links will be configurable by 
DLA users. The system can be set up to gather in- 
formation about the theme transitions that users 
make, to be used as an empirical basis for the intro- 
duction of new conceptual links and the deletion of 
existing ones. 

As users broaden and narrow their Focus in space, 
time and theme, the system indicates the number of 
records and other items that are contained in that 
area of the Information Space (this may be an esti- 
mate). The system can then be ordered to present a 
summary of the items available in that area of the 
space-usually, pursuing our graphical theme, in a 
choice of textual or iconic form; and clients can se- 
lect some set of these for display at their terminal, if 
they exist in digital form, or for further details of 
where the items may be accessed if they do not. 

The concepts outlined above-Space, Time, Theme, 
Focus, Broadening, Narrowing and Traveling-al- 
low a form of interaction that we believe is both 
novel and natural, and which we have called 
VECTIS. We believe they form the basis of a sys- 
tem that is more than just an integration of data- 

bases, but one in which a sense of place can truly be 
created by allowing users to become travelers in time 
and space within the borders of Oxfordshire. 

This section describes briefly how the VECTIS con- 
cept actually manifested in the specified user inter- 
face to the ORION system; how ORION will look 
and feel to its public users, who come to it to re- 
trieve information about Oxfordshire's cultural heri- 
tage; to explore its topography and history; and to 
browse through representations of the records and 
artifacts held by the DLA. We present, in mainly 
pictorial form, a description of some of the screens 
and images that might be displayed in a simple in- 
teraction and the facilities for manipulation and ex- 
ploration of information that the interface affords 
its users. Essentially, the public interface has three 
components: the Explorer, the sub-system that in- 
corporates the VECTIS concept, and through which 
users may traverse Oxfordshire's landscape and trea- 
sures past and present; the Finder, by means of 
which users who have some very particular need in 
mind may retrieve specific pieces of information; 
and the Browser, which allows users to leaf through 
information by conventional hypertext means. A 
number of Generic Systems are also provided which 
operate at a higher level: they carry out automati- 
cally certain common sorts of exploration, for in- 
stance a genealogical search for records of a certain 
family; these are not discussed in this paper. 

It is more or less a given that any modern software 
system requiring substantial interaction with human 
users will have a windowing interface 
[Schneiderman 19921; and it is becoming more and 
more the case that this means Microsoft Windows. 
However, our aim was that ORION should reach as 
wide a public as possible; graphical interaction was 
to be an essential part of our design, and we ac- 
cepted that any modern interface will incorporate 
some form of windowing. However, while preserv- 
ing some of the spirit of MS-Windows interfaces 
(Microsoft 19921, our conception was based on the 
following key ideas: 

Buttons. Users would issue instructions to the 
system mainly by pressing buttons on the screen. 
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Figure I 0  

These buttons may actually be "pressed" with the 
mouse, a touch-screen, a joystick, or some com- 
bination of these; 

On-screen Manipulation. Other user wishes and 
preferences can be expressed by manipulation of 
objects on screen: users will move sliders, pull 
icons into areas, slide areas under viewers, etc. 

Maps. The spatial dimension of Oxfordshire 
would be represented by 2 and 3-dimensional 
maps, areas of which can be chosen, which can 
be moved over, zoomed in on, etc. 

l ime Lines. The temporal dimension of the county 
will be represented by a set of time lines, familiar 
to us all. These lines can also be moved over, 
zoomed in on, etc. 

Icons. The Thematic elements of search are rep- 
resented in terms of icons that can be dragged, 
dropped and otherwise manipulated by the user 

We can now illustrate some of the ways in which 
users might interact with the ORION system. What 
we present is not the full specification of the user 
interface; it is a set of screens intended to illustrate 
the VECTIS concept and to give readers an insight 
into a simple interaction. Many details of precisely 
how auser might use the system-what buttons will 
be provided, how areas of screen can be selected, 
etc.--have been omitted for reasons of space. 

Figure 11 

All elements of the ORION system are accessed 
from a main screen, elements of which remain vis- 
ible throughout any user interaction. This screen is 
illustrated in Fig 10. The purposes of the three but- 
tons on the right SAVE, HELP and QUIT, are more 
or less self-explanatory. SAVE commits the current 
state of the user's interaction to disc, to be returned 
to later-the prompting for a filename; HELP brings 
up a help screen and QUIT quits the session, prompt- 
ing for a save, if required. 

The four buttons on the left access the main ele- 
ments of ORION, the Explorer (which incorporates 
theVECTIS concepts discussed above); the Finder, 
which allows the user to search for an item of which 
she already knows the name, or some other key de- 
tail; the Browser, which allows standard Internet- 
type access to HTML pages set up by the DLA; and 
the Generic Agents, which provide automated help 
with certain standard tasks, such as researching fam- 
ily history, local history, etc. 

THE EXPLORER 
Assuming the user has pressed the "Explore" but- 
ton, the Explorer sub-system is loaded and the Ex- 
plorer tool bar becomes available; this consists of 
three check boxes, as illustrated in Figll ,  which 
access the tools by which the three exploration di- 
mensions can be manipulated, as described in the 
discussion above. The manipulation is carried out 
by means of a series of software agents, some of 



Figure I2 

which have a visual manifestation at the user in- 
terface. These agents are briefly discussed in a later 
section; in this discussion, we are only concerned 
with three: the Space Agent, the Time Agent, the 
Theme Agent. 

Manipulation in the spatial dimension is carried 
out by the Space Agent, whose task is to interact 
with users through a series of maps (the user may 
choose between 2-d and 3-d maps and alternate 
between these at will) and to interpret their inputs 
to the underlying system. The Time Agent has the 
visual manifestation of a series of timelines, on 
which users may broaden, narrow, etc. their focus 
of interest. The Theme Agent displays iconic rep- 
resentations of the hierarchy of themes and allows 
users to select themes, narrow the theme selected 
by specialization, move to related themes, etc. Fig 
12 depicts the Explorer in a state where the Time 
and Space agents are active. Fig 13 shows a state 
where all three agents are active. Readers should 
note the interaction between the visual 
representations of the agents: if the user narrows 
her temporal focus to, say, the years 1500 - 1600, 
the maps displayed by the Space Agent will reflect 
the topography of the selected area at the end of 
that period; if the Theme is narrowed from, say, 
buildings to churches, the Space Agent will only 

display representations of the churches in the area 
of Focus (in the period specified) on its map. User 
interaction, in the case of all three agents, is carried 
out directly on the screen: in the Space Agent, areas 
of maps can be selected by dragging the mouse (or 
a joystick); in the Time Agent sliders are pulled along 
the timeline (and new timelines can be generated 
for temporally disjoint periods or for sub-periods); 
in the Theme Agent, icons can by dragged and 
dropped to new locations. All three agents can be 
manipulated in this way, interacting with each other, 
in the process of focusing interest on some area, time 
and aspect of the County's collections; this has been 
termed arriving at a Focus in earlier discussions. 
Once having found this Focus, users can now 
examine the items available in the DLA's collections 
that are subsumed in it. If the user presses the button 
marked "Fetch", the system will report as in Fig 14, 
the number of items that can be found and give users 
choices as to which, if any, to report further on. If 
the user opts to retrieve a limited number of records, 
there will be range of options as to decide on which 
to retrieve. 

Those records that the user chooses for detailed 
examination in this way are bound together by type 
in a set of workbooks, which are presented through 
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a set of viewers, appropriate to each record type. 
Fig 15 illustrates an 3-d Image Viewer displaying a 
workbook of 16 images (the user is currently exam- 
ining the fifth). The user is able to flip through the 
book of images using the "Next" and "Previous" 
buttons, and cany out other operations on the im- 
age under display. The Explorer provides viewers 
for 2-d and 3-d maps, text, movies and other multi- 
media types. The reader will have noticed that the 
viewer illustrated displays a button marked "Inter- 
pret". If the user presses this button she will be sup- 
plied with further expert, interpretative information 
from the DLA's records regarding this record. This 
is illustrated in Fig 16: the upper pane of the pre- 
sentation contains details of the further information 
that can be retrieved; the user drags the textual rep- 
resentations of these interpretative items into the 
lower pane; and this further information will be dis- 
played in the pane, as depicted. 

Certain DLA records (e.g. library books) will have 
no on-line, retrievable representation. However, 
ORION is able to supply sufficient information for 
these records to be retrieved physically by the user 
by going to the appropriate place. 

THE FINDER 
The Explorer, discussed above, is for casual users 
of the ORION system: tourists, students, members 
of the general public. However, as our earlier dis- 
cussion indicated, many users may approach the 
ORION system with a very precise idea of what 
records they want to examine. These users are ca- 
tered for by the second element of the ORION in- 
terface, the Finder. Fig 17 illustrates the main 
screen of the Finder. Users are invited to look for 
items within individual collections (e.g. Center for 
Oxfordshire Studies), within whole departments 
(e.g. Museums, Libraries) or across all the DLA 
collections, by checking the appropriate box and 
entering details of the item they are searching for; 
the user is not required to fill in all of these boxes: 
but a minimum of one is required. Fig 18 depicts 
the result of locating a known record. Details are 
provided of the title of the record: its author (if 
any, or any other person associated with it); the 
type of record (e.g. a book, an archaeological find, 
an archive entry, etc.); the reference number under 
which it may be accessed; and the location(s) at 
which the record may be found. The user is given 
the choice of retrieving an on-line representation 
of these items; but obviously this will only be ap- 
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Figure 18 

propriate in the cases of items where such represen- 
tations exist; in other cases the Retrieve" button will 
be inactivated. 

THE BROWSER 
The third element of the ORION interface serves 
the needs of users who simply want to browse 
through what the DLA has to offer. To this end, a 
modified Internet browser is supplied, illustrated in 
Fig 18. Users simply traverse hypertext links in the 
conventional way; the interface has been deliber- 
ately simplified from that offered by, say, Netscape. 

The ORION specification offers a number of other 
facilities, which space forbids a detailed descrip- 
tion of here, including a Helper-the visual mani- 
festation of a software Agent known as the Seman- 
tic Agent. The Helper provides on-line, context-sen- 
sitive help facilities for users of any of the ORION 
interfaces. If the user presses the button marked 
"Help" at any stage. a small box will become active 
and can be floated to any position on the screen. 
There are a number of kinds of help that the Agent 
can supply. These are 

1. Help with the meanings of terms. The system can 
provide information about what certain words 
thrown up by the system replies or instructions 
mean; 

2. Help with how to use the system; 

3. Help with finding items that the user is not able 
to specify in the Explorer, the Finder or the 
Browser. 

All this help is context sensitive; that is, the system 
is able to detect what the user is doing or what areas 
he is concentrating on at any point, and only offers 
help in that area initially. 

A full discussion of the computational methods used 
for the actual retrieval of records and representa- 
tions across the collections of the entire County, 
forming as it does the longest and by far the most 
technical component of the specification, would be 
out of place here. The purpose of this section is to 
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Figure 

give an outline discussion of the principal design 
concepts and components of the ORION software. 

Five themes run through the design of the system 
and appear in the Outline System Design (OSD) of 
the ORION system. These are as follows: 

Graphical Interaction 

Space, Time and Theme 

Agents 

Multilevel Indexation 

Each of these topics is now discussed in more de- 
tail. 

GRAPH~CAL ~ N T E R A C T ~ O N  
The systems through which users should interact 
with the system through a series of graphically-based 
point-and-click system has been described in the 
preceding sections; but our interface design carries 
through into the design of lower-level components 

of the system. These graphical elements have a di- 
rect mapping onto the concepts that the user is in- 
vestigating; and onto the sub-systems that co-oper- 
ate with users in their searches and browses; 

These concepts also pervade the design of the 
ORION system, manifesting themselves in numer- 
ous low-level software components; 

AGENTS 
Agents are autonomous software sub-systems with 
specialized capabilities that collaborate to fulfill 
some user requirement. Users interact directly with 
certain Agents at the HCI level-a specific Agent 
may be responsible for handling some Theme, for 
instance; other Agents, with capabilities of index- 
ation, or translation, for example, are co-opted dy- 
namically in the process of solving some problem. 
Agent technology has a reputation for being at the 
forefront of research into the design of intelligent 
software systems [Pfeifer &Verschuren, 1995 1; but 
we have chosen it for a much more serious reason- 
we believe that a system composed of a number of 
discrete, collaborating sub-systems, with specialized 
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Figure 20 

capabilities is the best way of designing and imple- 
menting systems that are robust, reliable and 
straightforward to test and upgrade as requirements 
change. 

MULTI-LEVEL INDEXATION 
Individual items in collections are accessed through 
a set of linked and layered indexes. These indexes 
are used by the appropriate software Agents to pro- 
duce a profile of the user's current information re- 
quirements, which are then expressed in an internal 
language called General Query Language (GQL), 
based on work on general purpose languages for 
interfacing to distributed databases [Cohen & 
Ringwood 199311 

AUTO'TRANSLATION 
GQL statements are handed from the Searching 
sub-system to a retrieval system that locates the 
appropriate external databases, and converts the 
GQL statements into a set of extraction statements 
in the query languages appropriate to each database. 
These commands are then passed to the external 
databases. GQL statements can also be entered 
directly into the Translation system through the 
DLA's internal interface. 

The authors of this document believe that there is 
only one way to analyze, design and implement soft- 
ware systems: Object-Orientation ( 0 0 )  [Meyer 
19971. This is particularly true of a system such as 
ORION in which a number of independent agents 
collaborate, consulting multi-level indexes, in which 
there is a high degree of graphical interaction, and 
in which there is a strong requirement for configu- 
ration without re-programming. 00 is now a ma- 
ture system-construction technology, used by soft- 
ware developers throughout the world; it is fair to 
say it is probably now the technology of choice for 
developing any large scale software system. Its ra- 
tionale is to produce systems that are robust, test- 
able, allow upgrading and other change with mini- 
mal disruption to existing software components 
{Graham 1991, Eliens 19951. A plethora of lan- 
guages (C++, Smalltalk, Java, Eiffel, etc.) and de- 
sign methodologies (HOOD, OOD, Booch, BON, 
etc.) have sprung up to provide support for the 0 - 0  
approach. The physical design of ORION is entirely 
object-oriented, but will not be discussed further in 
this paper. 
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Fig 20 expresses a high-level view of the proposed 
system's logical architecture: 

Fundamentally, we propose a four-layer model, the 
four strata of the system being as follows 

Figure 21 

1. The HCI layer, contains all the software compo- 
nents that handle the interactions between the 
system and the various types of user. These inter- 
face elements were outlined in the preceding sec- 
tion. 

2. The Searcher handles the processes of explora- 
tion, broadening, narrowing and traveling in the 
dimensions of time, space and theme that were 
described above-supplying data for the HCI to 
display graphically and communicating with sets 
of indexes to retrieve information about the num- 
ber and type of DLA records within the current 
focus. These interactions are handled by special- 
ized software agents 

3.The Retriever receives messages from the 
Searcher coded in a common format, General 

Query Language (GQL). The purpose of the 
Translator is to locate the remote database at 
which a certain DLA record is held and to trans- 
form GQL expressions into expressions in the da- 
tabase query language employed by that database. 
The Translator also handles the interaction with 
that database. 

4. The Local Databases are currently employed by 
the DLA in their museum catalogues, study cen- 
ters, archives, etc. and are located at sites around 
the County; these supply data to the Retriever, 
which then passes is back to the HCI for display 
to the user. 

THE DISTRIBUTED DATABASE 

Fig 20 illustrates the physical hardware configura- 
tion on which we are proposing that this software 
should run. In discussing its physical architecture, 
major questions arise as to how this architecture 
should be distributed over sites in Oxfordshire: the 
physical location of data; the physical locations of 
indexes; the physical location of the software sub- 
systems we describe in this section; and the Client1 



Server interactions implied by distribution choices. 
As Fig 21 shows, data may be located in individual 
machines in diverse locations around the County 
(e.g. Central Library, Archives, Local Libraries, 
etc.). The very important point, however, is that any 
data can be retrieved and passed to a public access 
workstation, wherever it is located. In ORION, we 
are proposing a distributed database. From the point 
of view of a user of the ORION system, it is 
irrelevant where data is stored: it can be located and 
returned without the user having to know any facts 
about location. 

An expanded view of the logical design of the 
Searcher software layer is represented in Fig 22 The 
main components of this layer, each of which is 
designed in detail in the specification, are as fol- 
lows: 

A set of Agents. Each agent is a discrete, inde- 
pendent software component with responsibility 
for some aspect of the layer's overall function 
[Smithers 19951; 

A Blackboard. This is an area where agents post 
the results of operations they have completed and 
read the results that other agents have posted there: 
it is thus a means (the only means) of intercom- 
munication between agents; 

A set of Indexes. This set consists of a sub-set of 
Theme Indexes, each responsible for a particular 
main Theme, and a Names Index, referencing 
specific items in the DLA collection; the indexes 
are retained by a combination of internal and ex- 
ternal storage. 

- Other external storage will include the Maps and 
Historical Data that the Space and Time Agents 
will require for display of the 3-d and 2-d views 
of the county. 

The Searcher receives inputs from the HCI layer in 
the form of user selections, key-presses, mouse 
clicks, etc. and at which it makes displays, through 
the software Agents. It sends input to the next layer 
down, the Retriever, in the form of GQL statements, 
and receives confirmation and data back from the 
Retriever in the form of acknowledgments and data 
to be displayed at the HCI layer. 
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Each of the Searcher's Agents will fulfill a number 
of generic tasks: 

Specificfinctionality: each agent is responsible 
for certain concepts, functions, or dimensions. 
For instance, the Time Agent will be respon- 
sible for all functions to d o  with the Time 
dimension of exploration discussed above; 

Interaction with the user. Some-though not 
necessarily all-Agents have a visual manifes- 
tation at the HCI level: the Space Agent, for 
example, will be responsible for receiving user 
selections of some area of the county on the 
Space dimension and for managing display of 
2-d and 3-d representations of that space; 

Collaboration with other agents: Obviously, 
agents will need to collaborate in order to solve 
problems, since each agent, with its specialized 
capabilities, can only work on part of a user's 
requirements. Consequently, there is a need for 
agents to share information-this is done by 
means of the blackboard; 

Learning: Agents have a limited capacity to act 
on the 'experience' they acquire during system 
operation over time. For instance, an agent for a 
particular Theme may store information showing 
that a particular breakdown of that Theme has fre- 
quently been called for, or that a particular user 
has, in the past, often exploited certain links or 
types of operation. This may allow the agent to 
perform proactive behavior, suggesting certain 
actions, before they are actually called for. A fur- 
ther benefit of such stored experience is that DLA 
managers of the system will have records of how 
ORION is used by the public, enabling them to 
configure it in effective ways. 

The Searcher layer described in the previous sec- 
tion acts broadly as a means by which users may 
specify their information needs, touring a virtual 
representations of the county in space and time. The 
Retriever acts as an integrator, accepting the client's 
specification of their needs, searching all DLA cata- 
logues, presenting clients with lists of records that 



lie within their current Focus, and locating and re- 
turning selected items in the DLA collections for a 
user to inspect. The Retriever is aware of such is- 
sues as of copyright, confidentiality, security, etc. 
and will enforce the regulations by denying access, 
where applicable. The logical structure of the Re- 
triever is given in Fig 22: 

The main components of this layer are as follows: 

A set of Agents. The same Agent technology is 
used as in the Searcher. None of the Agents of the 
Retriever have any visual manifestation at the 
HCI. 

A Blackboard. This has the same function as in 
the Retriever, that is as a means of comrnunica- 
tion between agents; 

- The Names Index. This references specific items 
in the DLA collection; the indexes are retained 
by a combination of internal and external stor- 
age. 

A Syntactic Database, containing details of the 
schema's of the all local databases-and the query 
languages used to access them, thus allowing the 
Translator to formulate appropriate queries on 
remote databases, in cases where information is 
not stored on the central server; 

HTML pages that can be developed separately 
from other Retriever software and accessed by 
conventional Internet means, mediated by the In- 
dexation Agent. 

The Retriever receives input in the form of GQL 
from the Searcher, and acts as an integrator across 
all the local databases situated at DLA sites across 
the county, retrieving data from the Names Index 
and from these local Data Stores, as appropriate and 
returning it to the Searcher to be displayed at the 
HCI. 

This completes our survey of the ORION system 
architecture. The technical details of the schemata 
of the various databases and their indexes, the in- 
ternal structures of agents, the syntax of the GQL, 
etc. are not discussed in this paper: details can be 
found in [OBU 19971. 

The specification of ORION was carried out in a 
comparatively short time, and on a comparatively 
low budget. A number of prototypes were produced 
as proof of concept, but clearly the full scale imple- 
mentation of the system will be a very large-scale 
effort, which we have priced at approximately £6 
million (including hardware and Intranet capabili- 
ties). Major funding is required and the technical 
specification has been offered as a bid for funding 
through the UK Heritage Lottery fund; a consor- 
tium including Oxford Brookes University, the Uni- 
versities of Santander and Antwerp, the Oxfordshire 
County Council Department of Leisure and Arts, 
and similar bodies in other European cities, has been 
formed to bid for European Commission Telematics 
funding. An early continuation of the project, pro- 
viding funding can be found, would be the building 
of a prototype of the user interface described above 
for intensive usability testing on members of the 
general public; a more detailed project plan can be 
found in [OBU 19971. 

When completed and running, we believe ORION 
will serve a wide community of users, from themost 
rigorously scholarly, to the most casual. Moreover, 
we see it as a living system: as new items are added 
to collections, as new sites are discovered, they may 
easily incorporated into ORION; new interpretations 
of existing items may be added, as scholarship ad- 
vances; the system may be extended to take advan- 
tage of new multi-media technologies. We hope and 
believe it will be an asset to all the people of 
Oxfordshire and its many visitors, imparting to all 
who use it a true sense of place. 
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