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ABSTRACT

Although various visualization techniques have been pro-
posed for information retrieval tasks, most of them are based
on a single strategy for viewing and navigating through the
information space, and vague knowledge such as a fragment
of the name of the object is not effective for the search. In
contrast, people usually look for things using various vague
clues simultaneoudly. For example, in alibrary, people can
not only walk through the shelvesto find a book they havein
mind, but also they can be reminded of the author’s name by
viewing the books on the shelf and check the index cards to
get more information. To enable such realistic search strate-
gies, we developed amultiple-view information retrieval sys-
tem where data visualization, keyword search, and category
search are integrated with the same smooth zooming inter-
face, and any vague knowledge about the data can be utilized
to narrow the search space. Users can navigate through the
information space at will, by modifying the search area in
each view.

KEYWORDS: Information Visualization, Information Re-
trieval, Smooth Interface, Dynamic Query, Geographic In-
formation System

INTRODUCTION

In recent years, a huge amount of data has become widely
available, owing to the widespread use of mass-storage de-
vices and Internet. Although conventional information re-
trieval (IR) techniques such asfull-text keyword searches are
useful for handling gigabytes of data]15], they are not pow-
erful enough to handlelarge amounts of multimediadata, and
many new IR techniques have been proposed.

The most promising approach is using various visualization
techniques for showing a large amount of data in a small
display space. These techniques include 3D visualization
techniques where far objects are displayed in small sizeq[5,
7, 11], distortion-oriented techniques where only important
objects are displayed[4, 6, 9, 12, 13], and zooming-based
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techniques where users can smoothly zoom into any part of
the display to enter the next level of detail[3, 10]. Virtua
reality (VR) can aso be considered to be a 3D visualization
technique.

Although visualization-based approaches are very useful for
finding data by navigating in the information space, they are
not as powerful as everyday searches conducted by humans.
For example, when a person goes to a library to look for a
book, he can walk through the shelves which contain topics
relating to the book and look around to find it, just like using
visualization-based IR systems. But in addition to that, he
can aso check the index cards if he remembers the title or
the author of the book, and even when he does not remember
the exact title or the name of the author, he has agreat chance
of recalling them by seeing the related books on the shelves.
In most cases, people do not remember the exact title or the
name of the author and they cannot judge the book’s cate-
gory, but with such vague knowledge, it is very likely that
they can eventually find the book by using various search-
ing techniques like looking around, seeing other books, etc.
In this way, visualization-based IR systems can add great
power, when they are supplemented by other IR techniques
like keyword search, hypertext, and a hierarchical concep-
tual database. Visuaization-based IR systems without these
features are like libraries without any indexing systems.

Considering this, we believe that integration of the following
IR schemes isthe key to effective multimedia IR systems.

Effective Visualization of Large Amounts of Data Either a
3D visualization technique, a distortion-oriented technique,
or a zooming-based technique can be used for this purpose.

Smooth Transition of Visualized Data The Dynamic Query
(DQ) technique[14] is very important in recent IR systems.
InaDQ system, related information is redisplayed as soon as
any change is made to the query conditions. A virtual reality
system is considered to be an IR system incorporating DQ,
since every single move of a user will change the total view.
The DQ approach should be applied to al IR operations so
that users can browse avast amount of information smoothly.

Effective Keyword Search System |In addition to conven-
tional approaches to specifying keywords, new approaches
using advanced visualization techniques are also possible.
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Figure 1: The WING system.

We will introduce one such techniquein this paper.

Effective Category Search System Searching by category
is also important in most searches. Various visualization
techniques can be used to visualize a complicated category
structure.

Inthispaper, weintroduce atourist information system based
on the combination of these techniques, and show that the
smooth integration of existing visualization techniques and
new techniques for selecting keywords and categories work
together for intuitive information retrieval .

THE WING SYSTEM

Based on the assumptions shown in the last section, we de-
veloped a multimedia Narainformation system, or the WING
(Whole Interactive Nara Guide) system. Nara, located about
40 kilometers south of Kyoto, is an ancient capital of Japan
and full of tourist attractions like old shrines and temples.
One of themost famoustemplesisthe Todaiji Temple, which
holds the Great Bronze Buddha. It is 15 meters in height,
sitting in the Daibutsuden Hall, which is the largest wooden
structure in the world (48 metersin height.)

Figure 1 shows a snapshot of the WING system. The display
consistsof four subviews. Upper-left isthe Map View, which
shows the map and the terrain of Nara city. A WING user
can movetheviewpoint to any point inthe Map View and see
roads, rivers, mountains, etc. likein VR systems. At thecen-
ter of the Map View, tourist attractions and other information

aredisplayed as cubeswith different colors, and their pictures
and information are displayed in the Content View at upper-
right. Lower-left isthe Category View, where all the dataare
hierarchically categorized and users can dynamically zoom
into subcategories to find an individual datum or to constrain
the overall search to a particular category. Lower-right is
the Index View, where users can search data by text. Inthe
following sections, we will show how the four views work
together in more detail.

Map View The Map View displays a 3D map of Naracity.
We do not have enough data for making the view look like
thereal Nara, and only the roads, railroads, rivers, and ponds
are displayed in the view. In spite of this simpleness, users
can easily recognize geographical locations and perceive the
view as avery simple form of virtual reality.

Users can smoothly rotate the view, move the map, zoominto
alocation, and change the angle of the view by mouse opera-
tions. The view looks very much like an ordinary map when
seen from above (Figure 2,) and looks more like walking on
the ground when seen from alower position (Figure 3.)

Data items close to the center of the view are displayed as
cubes with different colors, and pictures and other informa-
tion related to the items are displayed in the Content View.
Watching the Content View, users can look for dataitems by
moving around in the map.

Moving around in the Map View is interesting by itself, just



Figure 2: The Map View seen from above in the air.

Figure 3: The Map View seen from the ground.

like playing with flight simulators and VR systems. users can
get some knowledge of Nara, just by moving around in the
Map View and watching the changing Content View.

Content View For data items shown close to the center of
theMap View, related pictures and information are displayed
in the Content View which looks like a travel guidebook.
For each data item, degree of interest is calculated from the
distance between the item and the center of the map and the
importance of each item. Theitemscloser to the center of the
Map View usualy have higher degree of interest, and their
information are displayed closer to the top of the Content
View.

B Tobihino Park

Figure 4: Content View.

Data items closely related to the data items shown in the
Content view are aso displayed in the Content View. For
example, when looking at Nara Women's University, infor-
mation on its accompanied highschool is aso displayed in
the Content View. Clicking on theinformation in the Content
View makes the Map View gradually move to the specified
dataitem, thereby making the selected item move to the top
of the Content View.

Category View All thedataitemsused inthe WING system
are hierarchicaly categorized. For example, “Todaiji Tem-
ple” isaninstance of the “ Temple” class, which is a subclass
of the “ Sightseeing” class. In fact, there is no distinction be-
tween aclassand aninstance, and all the dataitems constitute
a simple object-oriented database. The root of the class hi-
erarchy isthe“All” class, which has seven subclasses. Firgt,
the seven subclasses are displayed as shown in Figure 5.

Transportati

on Sightseeing Shopping

Public Event

Dining

Culture

Figure 5: Category View.

Users can zoom into any part of the view to show or hide the
subclasses and superclasses, just like the Pad system[10]. If
a user zooms into the “ Sightseeing” class, the view changes
to Figure 6.
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Figure 6: Zooming into “Sightseeing” category.

Then the user can see the “Temple” class (Figure 7,) and
finally find the “ Todaiji Temple” entry (Figure 8.)
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Figure 7: Magnifying the “Sightseeing” category.

Figure 8: Magnifying the “Temple” category.

When a user clicks the mouse on a data item which has no
subclass, the Map View gradually moves to display the data
item in the center of the Map View. If the user clicks on
a category, the category is used to narrow the search space,
and the data shown in the Map View and the Content View
changesinstantly. For example, if auser selectsthe “ Restau-
rant” category in the Category View, data items not related
to restaurantsimmediately disappear from the Map View and
the Content View, and only the data items related to restau-
rantswill be displayed afterwards. The category isdeselected
when the user clicks on the same category again.

Zooming and moving the view can be performed by the same
mouse operations as in the Map View.

Index View Using the Index View, users can find a data
item by name from along list of data namesin the database.

Many techniques have been proposed for selecting an item
from a large list of items. A pulldown menu may be the
most popular interaction tool for selecting an item from small
number of items. A scrollbar is also used for selecting atext
line from along text. Sliders can also be used for selecting
wordsfrom large dictionarieq[1, 8]. In the Index View of the
WING system, a hew zooming-based technique is used for
selecting an item from the item list.

Although the Index View can display only a portion of the

long name list, users can easily locate a name from the list
by utilizing thefollowing schemes. First, users can smoothly
magnify and shrink the gap between words, just like the
zooming operationsin the Map View and the Category View.
Second, thelist consists of apermuted index, where the same
name appears in many locations in the list, sorted by valid
substrings of the names. For example, “Hotel Fujita’ appears
at around “ho”, “fu”, “ji”, and “ta’, so that al the dataitems
which contain the same string are listed line by linet. We
will show how the search operation works in the following
example.

At the beginning of the search, the Index View lookslike Fig-
ure 9. All the data names are sorted at their valid substrings,
shown in white characters. The background color under the
name correspondsto the position of thenamein the list. The
rainbow-like colors in Figure 9 indicate that the displayed
words are selected from almost all parts of thelist.

WakakusaChuugakkou
tkeda Gankotidou
IsutenSanshut
Kasuga Grand Shrine
Manyo Botanical Garden

Nara National Hospital
The Old Precincts of Daian-fi Temple
Midori-no-oka Fark
Wakamiva Shrine
The Site of the Tower in Gangoji Temple
Maguro-goya

Figure 9: Initial Index View.

In Figure 9, only one data name in every 256 names in the
list is displayed. To search “Hotel Fujita’, a user expands
the gap between the word “|keda Gankoudou” and “Isuien
Sanshuu” by a mouse operation, since the character “H” is
between “G” and “i”. Then the view changes as shown in
Figure 10.

WakakusaChuugakkou
lkeda Gankotidou
IsutenSanshuiu
Kastiga Grand Shrine

Manyo Botanical Garden
Nara National Hospital
The Old Precincts of Daian-ji Temple
Midori-no-oka Fark

Figure 10: Expanding the gaps between entries.

When the user Expands the gap further and the gap becomes
wide enough, a string between the two strings appears like
Figure 11. At this moment, one data name in every 128
namesin thelist is displayed.

Linthiscase, only “fu”, “ji”, and “ta" are the valid substrings of “fujita’,
since “fujita’ consists of three Japanese characters.



Jamboree
lkeda Gankoudou
crural Social Welfare Half
IsuienSanshuru
Korin-fi Temple

Kasuga Grand Shtine
Hokuen-dou Hall
Manyo Botanical Garden
Saboyama Kinrin Park
Aara Matinnal Hocpitz
Figure 11: More entries appear in the expanded gaps.

By repeating the zoom-in operations in thisway, the user will
see the Index View expanding to Figure 12 and Figure 13.

Attachiment Jonior High School of Nara Education
Toukai Hiking Trail
esearch Center of Buddhist Art
KenkeiHonbu
Sakurai Hospital
Miyako Hotel
Treasure House
M. Gohyakutate-yama
Nara fkuei Elementary School
JR Sakurai Line
Shikitei

Figure 12: One hotel found in the view.

Nara Youth Hostel
Hotel Fujita
Nara Holel
Kastiga Hotel

Miyako Hotel
Wakakusa Holel
Jihou-in Temple
Hougen-in Temple

Figure 13: Fully expanded Index View.

Here, although there exist many hotel swith the string “Hotel”
either at thetop or at the end of their names, al the hotels are
listed at the same position inthelist. Thisislikeinvokingthe
“grep” command on UNIX with an argument “Hotel”. In
thisway, even when auser doesn’t remember the exact name
of the data item, he can till easily find it just by zooming.
For example, he can find the “Hotel Fujita’ entry, aslong as
he remembers that the name ends with the string “jita’.

Clicking on the item name makes the Map View gradually
moveto display dataitem in the center of the Map View, just
like clicking in other views.

We also tried this zooming technique for finding amovietitle
from about 10,000 titles. Users can find an entry faster than
other existing techniques which use sliders and scroll bars,
and querieslike “list al thetitlesincluding ‘New York’ ” can
easily be performed.

GETTING INFORMATION WITH THE WING SYSTEM
Using the WING system, users can easily retrieve useful
information which isusualy difficult to retrieve in other sys-
tems. In this section, we show two example scenarios of
using the WING system.

Attending a Conference in Nara
Supposeyou arevisiting Narato attend a conference, and you
want to get information, with only the following knowledge.

. You don’t remember the name of the convention hall.
. You remember that the hall was at the foot of ahill.
. You remember the picture of the hall.

. Youmadeareservation at ahotel, but don't know where
itis.

A WDN P

With only these vague clues, you can use WING and easily
get enough information for your visit.

Locate the convention hall. Since the conference will be
held at a public convention hall, you can first select the “ Pub-
lic" category in the Category View, and move along the hill-
sidesintheMap View. Publicofficesand hallsonthehillsides
aredisplayed inthe Guide View, and you can easily locate the
convention hall. You can aso use the Index View to list all
places with the word “Hall” in their names. If you vaguely
remember the name of the convention hall, this strategy also
works well.

See how you can get to the hall from your hotel. First,
you look for the name of your hotel in the Index View, and
move to your hotel in the Map View by clicking the namein
the Index View. Now you know the locations of both your
hotel and the convention hall, you can see how you can get
to the hall in the Map Window. If you are not sure, you can
look for the name of the convention hall in the Index View,
and by clicking the name, you can see how to get to the hall
by seeing the moving Map View.

Look for the closest drinking spot from the hotel. When
you move to your hotel in the Map View, many information
including restaurants, tourist attractions, etc. are displayed
in the Guide View. If you select “Drinking Spots” in the
Category View, information not related to the subject disap-
pear from the Guide View. If you move closer to the hotel
in the Map View, drinking spots which are far from the hotel
disappear from the Guide View, and you can easily locate the
nearest spot from the hotel. In the same manner, you can find
tourist attractions and souvenir shops close to your hotel.

Although you had very little information concerning the con-
ference and Nara City, after using WING in this way, not
only have you succeeded in getting all the information you
needed, but you saw many other items of interest around the
convention hall and your hotel. You moved around in the
Map View, viewing the information shown in both the Map
View and the Guide View, and now you know the terrain,
tourist attractions, and many other things related to the area,
just like walking around the city with aguidebook, or staying
long hoursin alibrary. Navigating in this way is like navi-
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Figure 14: WING Architecture.

gating in hypertext, with the difference that you seldom get
lost in the Map View.

Deciding Where to Live in Nara

Supposeyou aregoing to betransferred to Nara, and you have
to look for a place to live in the city. In this situation, you
have to consider many things, such as the distance from the
house to your office, the distances to train stations, schools
and hospitals around the house, the terrain, etc. Before going
to Nara, you can use WING to get a basic understanding of
Nara and have some ideas about where to look. You can
fly over Nara in the Map View and enjoy the scenery and
information, and without effort you will eventually know the
names and locations of schools, hospitals, shopping centers,
etc. With actual real estate information, WING works as an
improved version of the HomeFinder system[2].

IMPLEMENTATION

WING Architecture

Figure 14 showsthe architectureof the WING system. When-
ever auser changestheviewpointintheMap View, thesystem
redrawsthe Map View, and at the same time, degree of inter-
est for each data item is calculated and important items are
shown in the Content View and in the Map View. When an
item is selected by a user, a path from current viewpoint to
the new viewpoint close to theitem is generated, and for the
viewpoints along the path, the same cal culation shown above
are performed to represent gradual movement to the new lo-
cation. The zooming actions in the Category View and the
Index View are performed independent of other views, and

the viewpoint changes only when an item is selected in these
views.

Processing Speed Requirements

Display speed and processing speed is the key to smooth in-
teraction techniques. We implemented the WING system in
C with Silicon Graphics computers graphics language facil-
ities (GL), to enable smooth interactions in the Map View.
The Category View does not require much display speed, and
the Index View reguires less processing power. The zooming
technique for keyword searching can be used even on PDAS.

DISCUSSIONS

Advantages of Using Multiple Search Strategies

Various interface techniques like 3D visualization, dynamic
guery, zooming interfaces, and permuted keyword search are
integrated in the WING system. Aswediscussed intheintro-
duction, using only one of these techniques is not powerful
enough, and the combination of these techniquesworks better
than using them separately.

Users can get explicit and implicit information while they
move around in each subview of the WING system. Infor-
mation such as the location of a temple is explicit, while
knowing where to find old templesisimplicit. Navigating in
theviewsof the WING system, users can easily and smoothly
acquire many implicit information. Thisisto say, using only
one searching strategy is like looking at vast information
through a narrow pipe, but using various techniques working
in combination, users can view and manipulate vast amounts



of information at will. Thisisjust liketheway peopleusually
look for and find things. People look around the scene, find
aclue, see the cluein more detail and find ancther clue, etc.

Applying The Technique to Other IR Tasks

The idea of using multiple related views is useful for many
kinds of information retrieval tasks. The Map View can be
substituted by any kind of existing data visualization tech-
niques, including 3D visualization techniques, distortion-
oriented visualization techniques, zooming-based visualiza-
tion techniques, etc. The Content View can always show
relevant information, and the Category View and the Index
View can be generally used to narrow the search space. Here
we show examples of applying the technique to other appli-
cation aress.

Visualizing and Searching a Large File System File sys-
tem visualizerg[5, 11] can be augmented by putting more
views around them. Figure 15 shows a file system visualizer
augmented with the category view, the index view, and the
content view. Users can search afile not only using the 3D
view of thefile system, but also using theindex view and the
category view.

TITLE : ZAURUSLtIff  SIZE : 500k
TYPE : tiff file DATE : Spr 24 15:46

TITLE : ZAURUS.doc  SIZE : 10k

TYPE : document DATE : Spr 24 15:00
CONTENT :

A major feature of theunit is its graphical

user interface(GUI) which makes operation
easyto ...

TITLE :mail.ZAURUS SIZE : 2k

TYPE :document DATE : Spr25 19:21

TITLE : WIZARD.doc SIZE :7k |

wizard.topdraw
WizardOfOr

Or

Vi - "
| — Roman:visualization
Wolff:Visualizatior
DOCUMENTS IMAGES 1994 Stasko:
Imazato:HyTime
tm_zaurs.ht|
mail.zaurus

EOURCES I LPPL|CAT|0N§I 995 zaurus.dof

zaurus.tey

Figure 15: Visualizing a large file system.

On-line Manuals Theon-line manual isanother areawhere
multiple-view approach is effective. When a user wants to
know how aparticular portion of amachineworks, he usually
must check the manual to find out what it does. However, if
he has no idea about the name and the function of the portion,
he cannot find the answer either in the table of contents nor
in the index, and he has to look for figures in the manual
to find out the name of the portion first, and then check the
index. Using avisualization system in addition to the table of
contents and the index, users can easily get the information
they need.

Writing
ifNotes
Notes provides a simple yet powerful means of recorffihg
information. Notes lets you easily record handwritten
notes and drawing.
To make a notes entry:
1. Touch NOTES.
2.Touch EDIT and select "New Note".
* Press NEW ENTRY
3. Use the touch pen to write your notes directly on|fle
display.
4. When you complete your Notes entry, press EN
5. To change the title, touch EDIT and select "Topit
Title".
6. Enter the title, then touch OK.

Optional Cards

A range of optional cards are available to suit your 8
These include RAM Cards, Flash Memory Cards(Ngall
types of PCMCIA Card can be used.

VT100 Keypad

Keyword Search
ICALENDAR I Making Calls

Checking Memory
Checking Real Time and Date

I SCRAPBOOK I

~ DATABASH Marking Secret Entries
Backing up Data
Workir|g with Blocks of Text
[DOCUMENTS DATA LINK Unlocking
ﬁ ﬁ Weekly Graph View

Figure 16: Visualizing an on-line manual.

Current Status and Future Works

We are trying to use more sophisticated input devices to
enable more intuitive and smooth interaction. A LCD pen
tablet with pressure sensor is a promising candidate for this
purpose. Weare also trying to use various 3D display devices
for more realistic information visualization.

CONCLUSIONS

We introduced a new unified approach for various informa-
tion retrieval tasks. Integrating a visualization technique, a
keyword search technique, and a category search technique
with a consistent smooth zooming interface, variousforms of
intuitive information retrieval became possible. We believe
this technique can be used in wide range of applications.
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