Browsing Local and Global Information

Masum Hasan, Gene Golovchinsky, Emanuel Noik,
Nipon Charoenkitkarn, Mark Chignell,
Alberto Mendelzon, and David Modjeska

Abstract

Current World Wide Web browsers, e.g., Mo-
saic and Netscape, support users primarily in
the task of browsing the Internet. In some sit-
uations, users want to explore topics for which
relevant information may reside both on a large
local database and on the Web. The Mul-
tiSurf project seeks to deal with these situa-
tions by integrating text browsing of a local
database with hypertext browsing of the Web.
In the current implementation, local queries are
passed to Web index server(s) for simultane-
ous search on the Internet. An index server
matches query terms with remote documents.
Local and remote information is then presented
to the user in separate windows. The exis-
tence of index servers is made transparent to
the user. Instead of opening the URL of a
server explicitly and filling the form, users click
on the keywords of interest in the text. Multi-
Surf composes these keywords into queries and
passes them to the index servers. In addition
to (hyper)text browsing, MultiSurf also sup-
ports visualization of the conceptual structure
of a query session. This paper will describe
our earlier work on text browsing and its adap-
tation to Web browsing. We will also discuss
early impressions of the MultiSurf prototype
and its functionality. We will comment on how
MultiSurf fits into our overall goal of devel-
oping large-scale information exploration sys-
tems. Finally, we will describe a research strat-
egy for integrating disparate systems through
innovative user interfaces.

1 Introduction

World Wide Web (W3) browsers provide a uni-
form interface to resources throughout the In-
ternet. Each resource on the Web and resource
acccessible from Web has a URL (Universal
Resource Locator) that specifies its type (e.g.,
http, ftp, gopher, wais, netnews, etc.), server
and location on that server. The resources
served by Web servers are hypermedia docu-
ments written in the HyperText Markup Lan-
guage (HTML), identified by the “http” type.
HTML documents may contain links that point
to other Internet resources. Fach link consists
of an anchor within the source document and
the URL of the target document (i.e., the doc-
ument that will be displayed if the link is se-
lected). The anchor is the portion of the source
document that can be activated by the user to
jump to the target document. Typically, an-
chors are highlighted in some way, for example,
by colouring the text blue and underlining it.

W3 users can retrieve Web documents by fol-
lowing hypertext links, or they can search for
topics of interest by using index servers (IS)
connected to certain Web servers.

1.1 Problems and Solutions

Current form filling interfaces for searching re-
quire a different style of interaction than the
point and click method of web browsing. This
problem is exacerbated by the fact that dif-
ferent query syntax i1s used by different index
servers. Thus querying is poorly integrated
with browsing. Query formulation can be sim-



plified by providing an interface that allows
users to mark up text directly. Queries can
be expressed by highlighting a passage (e.g.,
a paragraph) using a drag operation. The
browser can then submit content bearing words
within the selected text to an index server.

It is easy to get lost in hyperspace [9] while
browsing through the Internet. The web space
consisting of queries, hit lists (lists of URLs)
and documents can be represented as a con-
ceptual graph. Appropriate visualizations of
this graph may reduce the likelihood of disori-
entation problems. These conceptual graphs
may be visualized using a spatial metaphor or
overview (e.g., the use of maps to organize data
[18]). In some cases, a filtering paradigm may
be used instead of — or in conjunction with —
overview maps. Navigation becomes more diffi-
cult as the number of choices increases. As the
Web grows and becomes more densely intercon-
nected, the number of sites that are relevant
to a given document will increase beyond that
which the navigation metaphor can handle. In
such cases, querying and filtering methods can
supplement or perhaps even replace the navi-
gation approach.

As more organizations add content to the
Web, there will be a need to handle propri-
etary and legacy data in addition to documents
on the Web. Currently legacy data can only
be integrated with the Web through the use
of scripts that emit HTML source. One prob-
lem 1s that not all data lends itself naturally to
this treatment. In many cases, HTML cannot
support the interaction styles that are useful
for exploring legacy databases. For example,
object-oriented graphical browsers such as Hy+
[5] require a granularity of interaction that the
current HTML standard does not support. In
addition, there are privacy and security issues
related to storing proprietary data on publicly
accessable servers. One solution is to inte-
grate Web and non-Web databases in a single
browser. A component of such a browser can
provide some form of query translation between
databases. For example, a text passage selected
from an HTML page could be sent to a web
server and to other databases (e.g., Inquery [3]
or SMART database [2]), thereby hiding differ-

ences in query syntax from the user.

1.2 MultiSurf

We decided to address the problems cited above
by augmenting the paradigm of web browsing
using two strategies: query-mediated brows-
ing and integration of query results from mul-
tiple servers in the interface. We have been
experimenting with query-mediated browsing
interfaces as an alternative to hypertext [7].
In contrast to hardwired hypertext links, a
query-mediated browsing interface constructs
links between documents dynamically based on
users’ queries. It retains some of the flavour of
hypertext when the queries are expressed via
selection (markup) of existing text.

A number of tools developed at the research
laboratories of University of Toronto provide
capabilities that we think will be useful for Web
exploration. We have integrated these tools
with existing Web browsers to overcome some
of the problems cited above. The MultiSurf
tool introduced in this paper integrates a text
browsing system, a real-time graph visualiza-
tion system, and a modified version of Mosaic
2.0.

To overcome the problem of losing context
in the hyperspace, the Graphite graph visual-
ization system (discussed in Section 4 of this
paper) has been integrated with the Multi-
Surf system. The browsed portion of the Web
space, the query-hitlist graph, and query graph
(Boolean queries formulated during a session
and visualized as graph) are visualized using
the Graphite system.

The rest of the paper is organized as follows.
In Section 2 we describe a method of query-
mediated browsing. Section 3 focuses on the in-
tegration of query-mediated browsing with the
Web. Visualization aspects of the system are
discussed in Section 4, followed by conclusions
in Section b.

2 Query-Mediated Brows-
ing

Query-mediated browsing allows users to for-
mulate queries by selecting arbitrary passages.
Some notations such as QRL [7] also allow
users to specify Boolean (AND and OR) queries
on the selected terms and to construct them
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Figure 1: Selection of the term industry

graphically on the text to formulate queries.
The MultiSurf system grew out of earlier work
that we carried out to develop a text browsing
system that would allow users to freely inter-
mix browsing and querying styles of interaction
during information exploration. The earlier
QRL system [7] allowed users to mark up text
graphically and inferred the queries from these
markups. QRL demonstrated the feasibility of
graphical methods for expressing queries. It
also showed how browsing could be carried out
using interactive queries. This type of interac-
tive querying represents a form of direct ma-
nipulation [15] in which the output of one in-
teraction step serves as the input to the next.

The ST-PatTREC system, developed at the
University of Toronto, is a text browsing sys-
tem that supports query-mediated browsing.
Figure 1 shows the ST-PatTREC screen af-
ter the term industry has been selected. The
window in the upper right-hand corner of the

screen in Figure 1 lists occurrences of the term
industry. Each hit in this list shows a small
amount of the text surrounding the search
term. On the lower right of Figure 1 1s a win-
dow entitled Coords for: that shows the coor-
dinate terms for industry (e.g., association,
officials, analysts, etc.). A small field be-
side the coordinate terms list shows how many
hits have been retrieved in how many nodes
(1968 hits in 967 articles). The user has a num-
ber of browsing options at this point. An item
that mentions the savings and loan industry
catches his attention. He selects that item (Fig-
ure 2), which is then displayed in the text win-
dow. Since the current query is still industry
(as indicated by the term industry in the light
gray box above the text window), a box is
drawn around the term industry within the
text window. The user now clicks on the New
Query button and then clicks on regulators,
selecting a new topic. The result of this action
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is shown in Figure 3. The word regulators is
selected and the hit list 1s updated.

This type of interaction enhances the user
centeredness of information exploration. While
the user cannot choose pre-existing links con-
nected to a node, each word in the text acts as
a one-to-many link, and combinations of words
can be used to focus or filter the list of links.
With this type of query-mediated browsing the
user is fully in control of the navigation process
and no longer has to rely on the point of view
and the thoroughness of anyone but the original
authors of the text. Thus the style of interac-
tion described here merges IR and hypertext
into a new form of user centered and user con-
trolled information exploration [17], where the
user exploits the existing structure of the text
in formulating a browsing strategy.

Query-mediated browsing can also be used
to browse the web. In addition to following
traditional hypertext links, users may browse
by selecting arbitrary words or passages from

a web page. The advantage of query-mediated
browsing for the web is that the location and
existence of index servers are transparent to the
user. This will be especially useful when a large
local database is being explored in concert with
the global Internet. Query-mediated brows-
ing on the Internet will be even more useful if
autonomously communicating standard index
servers (like Internet Domain name servers and
similar to what is discussed in [1]) are deployed
on the Internet in the future.

One caveat concerning query-mediated
browsing on the Internet is that its effectiveness
will be constrained by delays caused by band-
width limitations. This technique works best
when 1t is highly interactive, so that queries
on a topic can be launched in quick succes-
sion. Lags and delays will tend to interrupt
the train of thought and interfere with the flu-
idity of browsing and exploration. When re-
sponse times are long, query-mediated brows-
ing may simply provide a convenient way of ex-
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Figure 3: Selection of a new term: regulators

pressing queries graphically. However, some of
the frustration associated with query-mediated
browsing on a network may be alleviated by in-
terleaving fast responses from a local database
with the relatively slow feedback from resources
across the network. Using selected text pas-
sages as queries may also be more intuitive and
less error-prone than form-filling interfaces.

3 Web Browsing In Multi-
Surf

Given the wuseful properties of query-
mediated browsing and the popular success of
World Wide Web (W3) browsers, it seems nat-
ural to offer the user the best of both worlds.
The MultiSurf prototype is being developed to
provide this integrated solution. Fach query
(the keyword(s) selected in the text) submit-
ted by a user of ST-PatTREC is simultane-
ously sent to one or more W3 index servers.

When a list of matching documents is retrieved,
it 1s displayed in a control panel, as shown in
Figure 4. The control panel has a number of
subwindows. The history of queries submitted
from ST-PatTREC and the hit lists returned
by index servers are displayed in the respec-
tive subwindows (Figure 4). Users can select
a query from the history list, and then pick a
document from the corresponding hit list. The
fetched document is shown in a Mosaic window.
They may then browse by following the links in
the chosen document, or issue another query.
Keywords of an HTML document may be
drag-selected in a subwindow of the Multi-
Surf controller as shown in the right subwin-
dow of Figure 4. This pane shows the HTML-
tag-stripped text of the same document as in
the Mosaic window. For example, the query
Artificial AND Intelligence has been for-
mulated by selecting the terms from the text of
right subwindow of Figure 4. Work is also in
progress to support (HTML) anchored text in



Figure 4: MultiSurf Control Panel

this subwindow.

3.1 Architecture

The architecture of the system is shown in Fig-
ure 5. The arrows show directions of control
and data flow. The lines labeled q in the figure
show the flow of the query through the sys-
tem. A query specified in ST-PatTREC is sent
both to the local index search engine, and to
the controller application, which (1) shows it
in the subwindow Query History, (2) sends it
to the Graphite real-time graph visualization
system, and (3) dispatches it to Mosaic, which
sends the query to Internet index servers. The
results (hit list) from the Internet index servers
(shown by h1 lines) are displayed in the subwin-
dow Current Query Documents of the control

panel and in a Graphite window. The various
components of the system communicate with
each other through Unix sockets.

The following expression is an example of a
query sent to an index server named Harvest:

http://www.town.hall.org/
cgi-bin/BrokerQuery?
host=harvest.cs.colorado.edu:8520&
query=temporal&maxresultflag=50&
descflag=on&verbose=off

An alternative design strategy would have
been to show the query history and hitlist as
HTML documents in Mosaic windows. We de-
cided to use a separate control panel for a num-
ber of reasons. First, it is not possible as of
this writing to identify a window in any ver-
sion of Mosaic. We needed this type of window
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identification so that we could show the query
history in one window, the hit list in another
window, and the documents retrieved in yet an-
other. Windows can be identified in the latest
version of Netscape, but the control is one way,
from the outside application to Netscape (as
of this writing). For example, the click event
and the window ID of the window in which the
event happened are not reported to outside ap-
plications. Second, to incorporate additional
features, such as query-mediated browsing, we
had to be able to respond to user interactions,
such as selections of arbitrary portions of the
document text — functionality that is not sup-
ported by existing Web browsers.

4 Visualization

The preeceding discussion has focused on the
querying and retrieval components of Multi-

Surf. Visualization is another important com-
ponent of the system. Views of search topics
used to form queries, documents retrieved by
queries, and portions of the web browsed by the
user can all be visualized as graphs. Graphite
is a system used to create general purpose
graph visualization utilities, such as graphi-
cal editors with integrated automatic layout
algorithms.  Graphite may be extended to
provide application-specific functionality. The
Graphite system consists of three main compo-
nents: the underlying graph layout engine (a
C++ library), a graph layout server (an ex-
tended Tel interpreter [13]), and an extensible
Graphical User Interface (GUI) graph editor
(a Tcl/Tk interactive application [13]). The
layout engine can be used generate drawings
by employing arbitrary combinations of more
than a dozen basic layout algorithms, while
the graph layout server and graph editor pro-



vide a clean separation between graph layout
and graph display and editing, and support two
types of clients.

As shown in Figure 6, the first type of client
can use the graph layout engine to automat-
ically draw graphs by communicating directly
with grtclsh, as done in the Hy+ system [5]
where the client manages its own graph browser
or editor. The second type of client does not
possess its own graph visualization interface,
but instead communicates with grwish to dis-
play and interact with graphs (in addition to
automatic layout); this is the approach taken
in the MultiSurf system.

The Graphite layout engine generates draw-
ings of hygraphs (a kind of nested graph for-
malism) [5]. The engine can compute both
two- and three-dimensional layouts; it can draw
both nested and flat graphs; and it can cre-
ate drawings by employing arbitrary combina-
tions of simple layout methods. Furthermore,
a novel feature of the engine allows the user to
associate ranks or weights with a set of vertices
that can then be used to produce a variety of
non-geometrical fisheye views [10, 11] and other
emphasized views of graphs [12], when comput-
ing the layout.

4.1 Query Graph

We are currently exploring the efficacy of a
number of different types of visualization in
MultiSurf, including query graphs, query hit
list graphs and web structure graphs. In a sin-
gle session a user may specify large numbers of
queries. A query graph is a 2D graph of the
topic terms used in a succession of queries. It
provides an overview of the query terms used,
and displays them in a manner that suggests
the concept space the user is exploring.

In the current implementation of the Multi-
Surf prototype, the query graph is created in
the following way. Each term that appears in
a query is placed on the map. When two terms
are related by a Boolean AND, a new edge links
them in the graph upon which the drawn map
is based. For instance, if a query contains the
expression ”A AND B AND C”, then edges are
created between each pair of nodes. Terms that
appear in multiple queries appear only once in
the map, but the edges in which they partic-

ipate reflect all query expressions containing
them. For instance, the query A AND B AND
7, followed by A AND D”, would produce
the map shown in Figure 7. The appearance of
this graph can then be modified by using dif-
ferent layout algorithms available in Graphite
(e.g., a circular or spring layout).

The query graph is intended to provide users
with an overview of the topic of interest as
indicated in the history of queries that have
been used. This can help the user mix and
match terms into new combinations, and to
get a cumulative picture of how the topic that
they are exploring seems to be evolving. An-
other feature 1s that with an appropriate layout
the query map can show the co-occurrence of
search terms. Figure 8 shows an example of
query graphs that was created during informa-
tion exploration.

We recently carried out a study of the us-
ability of query graphs in formal searches on
a local database. We found some evidence
that they improved the search performance of
novice searchers, but they did not significantly
improve the performance of experienced online
searchers. We are currently studying alterna-
tive forms of visualization that may be more
useful in supporting information exploration.

4.2 Query Hit List Graph

The hit or document lists corresponding to
queries can be visualized either separately or
superimposed with the query graph discussed
in the previous subsection. This composite
graph may then help users to visualize com-
mon documents retrieved by different queries,
information that is difficult to infer from the
lists shown in Figure 4. For example, con-
sider Figure 9, which shows a number of sepa-
rately submitted queries, and their correspond-
ing hits (matching documents). The visualiza-
tion shows common documents containing the
keywords temporal, deductive, and database.
From this display it is apparent that the user
need not submit the query temporal AND de-
ductive AND database. This not only saves the
user time, but also eliminates potentially costly
operations, especially if the query is executed
over the network.
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4.3 'Web Structure Graph

Visualization of web structure may also be use-
ful during web browsing. The web of hypertext
documents browsed during a session can be vi-
sualized as graphs to help users control their
browsing activities. Figure 10 shows a portion
of a graph generated during a browsing ses-
sion. Note that icons are used to represent dif-
ferent types of URLs (e.g., HTML documents,
gopher, etc.), and arcs are coloured to show
visited and unvisited nodes.

Web structure visualization is currently an
active topic, and interested readers are referred
to [8] to learn more about web structure visu-
alization and the use of GraphLog [6] queries
to manipulate web visualizations.

5 Conclusion

The MultiSurf system described in this pa-
per combines query-mediated browsing, differ-
ent types of visualization, and the integration
of local and Internet databases, thus provid-
ing a useful tool for general information explo-
ration. The query-mediated browsing feature
in the MultiSurf system allows a user to browse
through the web by selecting arbitrary words
or passages in the web page, in addition to fol-
lowing anchored hypertext links. The location
and existence of different index search engines
accessed during a query-mediated browsing ses-
sion are transparent to the user. The visualiza-
tions supported by the system attempt to re-
duce the “lost in hyperspace” and related prob-
lems.
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There are several directions for on-going re- plementation supports one-way communication
search related to MultiSurf, including QRL from the query-mediated browsing system to
markup of HTML pages, and various issues re- the Motif-based controller. A complemen-
lated to the visual representation of a user’s tary connection could pass HIT'ML documents

interaction with the system. The current im- fetched over the Internet to the ST-PaTREC
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Figure 10: Visualization of a web browsing session

system. Users will then be able to edit the
query directly on a retrieved web document.
Another alternative, currently under develop-
ment, 18 to incorporate the QRL-style query
notation directly into a web client. Another
possible direction is to investigate the efficacy
of the link-resolving components approach [16]
as an alternative to the current MultiSurf ar-
chitecture.

Another interesting area for further research
is how to use visualization effectively in this
query-mediated browsing approach. Cluster-
ing may help in visualizing concepts and doc-
uments [4]. Scatter/gather (a layout strategy
recently developed at Xerox Parc [14]) may also
be used to structure visualization maps. Since
the Web and associated Internet resources are
still evolving, 1t is unclear how searching and
overviewing functions will eventually be inte-
grated into Web exploration. However, Multi-
Surf represents an interesting alternative to the
current methods of web exploration that main-

tain a sharp separation between querying and
browsing interfaces.
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Figure 12: QRL Query Concept Map



