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Abstract

Wepropose asimpleand powerful graphical interfacetool called the
LensBar, for filtering and visualizing alargelist of data. Browsing
and querying are the most important techniques for information
retrieval, and LensBar integrates the two techniques into a simple-
looking scroll window with a slider. While it looks familiar to
users of conventional graphical interface tools, its filtering and
zooming mechanism offers sophisticated handling of large lists of
text-oriented data.

CR Categoriesand Subject Descriptors: 1.3.6 [Computer Graph-
ics]: Methodology and Techniques - Interation Techniques, H.3.3
[Information Storage and Retrieval]: Information Search and Re-
trieval - Information Filtering; H.5.2 [Information Interfaces and
Presentation]: User Interfaces - Graphical User Interfaces.
Additional Keywords: zooming interface, approximate string
matching, slider, LensBar

1 INTRODUCTION

Recently, various visualization techniques for browsing large data
have been proposed. Also, anumber of information retrieval tech-
niques for filtering huge data using query keywords are also pro-
posed. In some systems, visudization and filtering are integrated
and users can filter and browse the data at the same time.

Although the combination of browsing and querying is much
more powerful than using each of the techniques separately, most of
the existing systems suffer from the following shortcomings. First,
most of the visualization techniques are far from general-purpose,
andthey areapplicableonly to special application domains. Second,
specia interaction techniques are usually required to effectively
filter data and control the visualization result. For example, using
the FilmFinder system[2], users can get the information of movie
titles by providing information such as the names of actors and the
year of the production, and they can control the visualized query
result shown asascattered plot ona2D space. However, thefiltering
and visualization method is only valid to this particular application,
and thewhole design of the visualization and interaction techniques
should be modified for different applications.

It is natural that handling special data requires special visual-
ization and interaction techniques, but it seems strange that even
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for handling a common data structure like a text or a smple list
of data, not many effective techniques for query and visualization
have been proposed and used widely.

We propose a simple and powerful interface tool called the
LensBar for filtering and visualizing a large list of data. LensBar
worksasan extensiontoaconventional scroll window or asubstitute
for a hierarchical menu, and it can be applicable to wide range of
applications where these tools are currently used.

2 VISUALIZATION AND INTERACTION TECH-
NIQUES

Our technique is based on the following strategies.

¢ Browsing the whole list using a precisely-controllable slider
and a scroll window

e Controlling the amount of data to be displayed by keyword
filtering and zooming

¢ Visualizingthe distribution of filtered datain the background
of the slider

We will describe the techniquesin more detail in the following
sections.

Integrating browsing and querying To browse a largelist,
we use a slider (scroll bar) with an accompanied scroll window,
which isavery common combination in current graphical user in-
terface systems. In addition to them, an extra text input area is
attached for filtering the list of items, and only those entries that
match the specified pattern are selected and displayed in the scroll
window. At the same time, corresponding positions in the dlider
background are highlighted to show the locations of entries which
match the pattern. For example, if thefirst entry inthelist match the
pattern, the top line of the dlider background is highlighted. When
no pattern isspecified, all thelinesinthedlider background are high-
lighted, yielding a highlighted rectangle in the slider background.
When a user tries to move the slider knob, it only moves on the
highlighted portion. The highlighted region within the slider knob
always corresponds to the displayed itemsin the scroll window.

When the user modifies the query pattern, string matching is
immediately performed to all the entriesin thelist, and the display
of the dlider background and the scroll window also change im-
mediately. With this dynamic query[18] feature, users can easily
find the relation between query pattern and the distribution of data
items.
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Figure 1: Initia display of the dictionary application

Dynamic approximate string matching When no entry in
the list matches the specified pattern, dynamic approximate string
matching[12] is performed automatically, and entries which are
closest to the pattern are treated as being matched. Thisis usualy
much more convenient than giving no query result when no match-
ing isfound, and especially useful when users are not very sure of
the spelling: e.g. searching for aword in adictionary of aforeign
language.

Zooming interface Users can control the amount of informa
tion to be displayed by zooming operations. Before zooming out,
all the entries that match the query can be displayed by moving
the slider knob, just like a conventional scrolling window. Using
LensBar, auser can control the amount of items to be displayed by
changing the zooming level. A DOI (degree of interest) value is
dynamically assigned to each entry automatically, and only those
entries whose DOI value is bigger than the zooming level are se-
lected to be displayed. For example, when the zooming level is set
to alarge value, items with small DOI values disappear to produce
azooming out effect.

Zooming interface is essential in 3D interaction systems, and it
isalso proved to be effectivein 2D GUI[3, 15]. Although zooming
interfaces for handling a (1D) large list is not as widely used as
handling 3D/2D objects, it is convenient to control the amount of
displayed data smoothly.

Precise control of the slider Usingaconventiona slider, pre-
cisescrolling of avery largedataisdifficult, since the resolution of
the display and the pointing device is low. To enable precise con-
trol, conventional scroll bars sometimes have up and down arrows
around the knob or at the top and bottom of the bar. Other tech-
niques for fine control of the slider have also been proposed[1, 13],
and we adopted the technique described in[13]. When auser clicks
themouse onthe knob of the slider, hecan movetheknob directly to
any place on the bar, just like a conventional slider. When the user
clicks the mouse on the scroll bar other than on the knob, the knob
will move gradually to the mouse cursor, in a speed proportional to
the distance between the mouse position and the knob, and users
can control the moving speed of the knob easily.

3 EXAMPLES

It would be best to use examplesto show how each of thetechniques
described in the previous section actually works. Since LensBar is
ageneral-purpose tool for visualizing and filtering alarge list, we
introduce various examplesto show how thetechniqueisapplicable
to different applications.

3.1 Example 1: Searching Words In a Dictio-
nary

First, we show the behavior of LensBar using a simple dictionary
application.

Figure 1 shows the initial display of a dictionary application
using LensBar. In the left side, a slider with a transparent knob
is displayed. In the background of the slider area, a highlighted
rectangle is displayed, showing that all the entries in the dictionary
arecurrently selected for display. In Figure 1, only ten wordswhich
correspond to the position of the knob are shown in the scrollable
area at the right. The highlighted line at the center of the knob
shows the position and the size of the ten wordsin thewhole list.

The dictionary contains more than 30,000 words. The user can
drag the knob to any position of the dictionary, and he can click
other place in the slider to move the knob precisely (Figure 2).
He can also drag the scroll window by clicking the mouse in the
window and dragging it vertically.
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Figure 2: Scrolling the window
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Table 1: Assignment of DOI values

Inthisdictionary application, DOI valueisassigned toeachline,
asshowninTablel. Since“gr aphi cs” iscurrently selected, it has
thelargest DOI value. Whentheuser clicksthemouseonaword and
drags it to theleft, the zooming level changes accordingly, and the
number of words to be displayed are gradually reduced and wider
range of words appear in the scroll window. For example, when
the zooming level is 2.0, every two word around “gr aphi cs” is
displayed. InFigure3, every 256 wordin thedictionary isdisplayed
(zooming level is around 9), and in Figure 4, every 4096 word is
displayed. Hidden entries are shown as gray lines between words.
At the same time, the background of the slider changes to show the
distribution of the selected words. As the range of the displayed



words becomes larger, the slider knob also becomes larger to cover
thearea.
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Figure 3: Zooming out to show every 256 word
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Figure 4: Zooming out more to show every 4096 word

The zooming level is determined by the horizontal movement
of the mouse. Since the scrolling window follows the vertica
movement of the mouse, the mouse cursor is always on the line
of the same word (“gr aphi ¢s”, in this case) during the zooming
operation, and when the user moves the mouse cursor back to the
previous position, the system goes exactly back to the previous
state. This continuous and reversible characteristic of zooming
interface[ 14] helps users recover from erroneous operations easily.

When the user enters a pattern string, dynamic approximate
pattern matching is performed and only those entries that match the
pattern are selected for display. Figure 5 showsthe display after the
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Figure 5: Filtering by “g”

user specified“g” asthe pattern string. Thewholelist isfiltered and
only those words which begin with “g” are selected and displayed.

A space character (“.)") is used as a wildcard character, just
like the pattern “. *” used in regular expressions. So when “,,q”"
is specified as the pattern, al the words which include the letter
“q" are selected (Figure 6). Since those words are scattered in the

dictionary, the highlighted areaiin the dlider looks like a comb.
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Figure 6: Filtering by “,.q”

Let’sconsider finding aword with difficult spellinglike“Pi t hecant hr o]

Figure 7 shows the display of LensBar after a user typed a wrong
spelling “pi t e”, showing that only two words in the dictionary
beginswith “pi t e”.

piteous
piteously

Figure7: Typing“pi t e”

At this moment, the user can tell that “pi t e...” is not the right
spelling for “Pi t hecant r opus”, but he can continue giving
more |etters as the pattern.
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Figure 8: Typing “pi t ec”



Pithecanthropus

Figure9: “Pi t hecant hr opus” found from “pi t eca”

When the user types “c” next, the string matcher notices that
there is no word in the dictionary that begin with “pi t ec”, and
al the words that match the pattern “pi t ec” with one error are
searched and displayed. Many words including “pi t ch” and
“pi t eous” match “pi t ec” with one error, and they are dis-
played in the scroll window. The text input area becomes darker,
showing that no exact matching was found. When the user types

a” next, wordslike“pi t ch” disappear becausethey do not match
“pi t eca” with one error, and only “Pi t hecant hr opus” be-
comes visible. In this way, by dynamically changing the parame-
ter of the approximate string matching algorithm and showing the
words closest to the pattern, users can always see the candidates
closest to the given pattern and have better chance of finding the
desired information.

When the user is not sure of the spelling, he can explicitly use
wildcard characters instead of specifying uncertain letters. Figure

10showsthesituation whereauser triestofind“Medi t er r anean”,

and specifies only small number of characters that he thinks must
existin that word. Since there are onIy fivewordsin the dictionary
which have“nt, “d”, “t ", “r " and “n” inits spelling, the user can
easily find the desired Word |n the IlsI.
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Date: Thu, 19 Mar 1998 16:18:43 +0300 (JST)

From: Hisaaki Tanaka <htan@cslsony.co.jp>

Message-Id: <1998031307 18.0AA15448@hotaka.cslsony.cojp>

To: shain@csl.sony.co.jp

Status: U

Dear all

| We have a technical talk during the general meeting on Thursday March 26
| atthe core room on 3F. The talk will be in Japanese.

Figure 11: File/Message Browser

Monroe Doctrine

Figure 10: Typing “m,dyt ,r un”

3.2 Example 2: File/Message Browser

Handling huge number of files and e-mail messagesisnot atrivia
task, especialy when a user sends and receives a number of e
mail messages every day. LensBar is very useful for file/message
browsers, since integration of browsing and querying hel psthe user
finding desired document or message easily.

In the file/message browser shown in Figure 11, two LensBars
areused. The one at the top shows the titles of files and messages
listed in chronological order. The LensBar at the bottom showsthe
contents of the selected message. It does not have atext input area
for filtering, but it isused as a substitute for conventional scrollable
text window (with a scrollbar with uniform background.) When
the user entersakeyword, messages which contain the keyword are
selected, and the content of the selected message is shown in the
scroll window at the bottom.

Juser/masuiMallfoutbox/87135] =?|50-2022-JP?B?GyRCTOBK
Juser/masuiMailfoutbox/87 133] =7150-2022-JP?E?GyRCTOEK
user/masuifaiioutbox/J645 1] Fe hi Infessage <1996803070
user/masulDOCibibib/e/Bederson:Padplusplus] Benjamin B. Bederson
user/masulfallics ebsites HilMasui-san,l gotyo
Juser/masul/DOCiblb/b/aBarram:ContinuousZoom Lyn Bartram: The C
user/masuiaifoutbox efriday In Message <

user/masulDOCibibie/Rennison GalaxyOfNews] E. Bennison: Galax

con Erence pruces ings

id AADS243; Fri 27 Feb 98 11:55:41 JST
IMessage-Id: <3802270255.AA03243@peach pdp.crlsony.co jp>
To: masui@cslsony.cojp
Cc: amf@pdp crl.sony co.jp

gotyour CD today; thank you for sending it. | actually had trouble
ooking at the papers in the Acrobat reader. Both the CHI38 paper and
he 'WIS536 paper give me an "font contains a bad ChMap/Encoding” error.

| But | gotthe Posiscript version from your'Web pages and they work
| fine.

Figure 12: Filtering messages by “ui st ”

When auser entersa pattern “ui st ”, messages and filesrelated
to the UIST conference are selected and listed. Since the messages
and files are listed in chronological order, he can see his activity
related to the keyword. In this case, he can tell that he was active
on the subject around 3/17 and 1/27, and he can check what he was
doing around that time by checking other files and messages around
it. Itisuseful for remembering what the user was doing when he



received a message. In this sense, this browser can be viewed as
another implementation of the Lifestreams system[7], with more
powerful searching and browsing mechanism.

3.3 Example 3: Program Browser

LensBar isalso useful for browsing program texts. Figure 13 shows
how the program | ensbar . ¢ can be viewed using LensBar.

#include <stdio.h>

| #include <stdlib.h>

- | #include <math.h>

| #include <gl.h>

| #include <gl/device.h>

| #include <fmclienth>
| #include «strings.h>

. | #include "lensbar.h”
| #include "fonth”
| #include "graphics.h”

| #cdefine LBBGCOLOR  0xcOffff

| #define LBTEXTCOLOR  0x000000
| #define LBSELCOLOR  Oxc0c0c0
| #define LBGAPCOLOR  0x608888

| static int
| displine(LensBar "lb, int line, int %, inty, int displayp);

| LensBar
| newlb(char **words, char **pats, int nitems, int x, int y, int width, int
| €

inti,n;

Figure 13: Program browser

When a variable name “nousex” is specified as the filtering
pattern, declaration statements and assignment statements related
to the variable are selected and listed in the scroll window (Figure
14). Positions corresponding to the lines are also shown in the
background of the dlider, showing where in the program those lines
exist.

startx = x = mousex — origx; * J.r > FUREHE X/
mousex = getvaluatofMOUSEX);
X = mousex - origx:  [* > FOPREEE %/
tvall H

X = mousex - origx; /D¢ FORIEER "/

Figure 14: Selecting lineswith “nmousex”

DOl value | Entry
0 [ displine()
014
-1 i f(displayp){
o L
0 | | brouse(LensBar *Ib)
0
5 | ong nousex, mousey;
-1 I ong origx, ori gy;
5 nousex = getval uat or ( MOUSEX) ;
5 startx = x = nousex - origx;
3 o nousex = getval uat or ( MOUSEX) ;
2 nousex = getval uat or ( MOUSEX) ;
-4 di splay();
1 }
01}

Table2: Assignment of DOI values

Since lines with less indentation is usually more important in
C program texts, large DOI values are assigned to lines with small
indentation, as shown in Table 2. Lines which match the pattern
string have positive DOI values, and other lines have DOI values
smaller than or equal to zero. When the user drags the mouse
to the right to expand the list, lines with large DOI values will
emerge. In this case, function definitions can be seen in addition to
the lines which contain “nousex” (Figure 15). In this way, users
can focus on a variable and examine a long program text, while
seeing the global context, just like using the Fractal View editor[10]
or other editors which supports focus+context editing based on the
generalized fisheye views technique[8].

| Ibdisplay(LensBar Ib)
| {

i | 1
| staticint // 1ERRUV—F, RIISICE 2 TS
displine(LensBar *Ib, int line, int x, int y, int displayp)
{
1
Ibmouse(LensBar “1b)

long mousex,mousey; [/ Y OREZE "/

calcmatch(LensBar *Ib, char *pattern)

1

static int

bits(int n) // n=FBET SOIMTI 'y MR
{

| 1

Figure 15: Showing important linesin addition to selected lines

Since this program browser isline-oriented, extending it to work as
atext editor can easily be done.

3.4 Example 4: Hierarchical Menu

LensBar can also be used as a substitute for a hierarchical menu.
Although hierarchical menus are widely used in current graphical
user interfaces, it suffers from many shortcomings. First, users
can't see how large and deep the menu is. Second, users can't tell
whether the menu containsthe entry they want, until they searchthe



hierarchy intensively. Third, the operation isusually not reversible.
That is, when a user does something wrong (e.g. selecting awrong
menu entry), he sometimes cannot go back to the previous state
by moving the mouse in the reverse direction, but he has to do the
entire selection operation from the start.

Using a LensBar in place of a conventiona hierarchical menu,
al of the above problems are solved. We show this by using the
directory structure of Unix asan exampleof avery largehierarchical
menu.

Figure 16 shows the initial display of the menu. Files and
directories under / usr/ | i b/ islisted. In this application, large
DOI value is assigned to higher-level menu entries.

Figure 16: Showing the top menu

When the user clicks the mouse on X11 and drags to the right,
morefilesand directories with smaller DOI values become visible,
and subdirectories of the X11 directory are displayed as if the
directoriesis expanded like a hierarchical menu. (Figure 17)

| cvstruct
| X117
: LangAvail
XErrorDB
XKeysymDB
app-chests/

app-defaults/

fonts/

input/

ja_ JP.EUC/

locale/
nodesktop.chestrc
rgb.dir

rgb.pag

Figure 17: Expanding a sub menu

The user can further expand the subdirectories and find an entry
k14. pcf. Z (afontfile) inthe X11/ f ont s/ m sc/ directory.

glx.so
speedo.so
typel.so

xdps.so
fonts/
100dpi/
75dpi/
CID/

Speedo/
Typel/
misc/
k14.pcf.Z
ps2xlfd_map
ps2xlfd_map.japanese
ps2xlfd_map.japanese.outline
pszxlfd_map.optional.japanese.outline

Figure 18: Finding an entry

When the user drags the mouse to the left from the position,
the menu will be shrunk to look like Figure 19. Thisis similar to
Figure 17, but all the operation is continuous and reversible, and
unlike conventional hierarchical menu, the user can easily go back
and forth between Figure 18 and Figure 19, just by dragging the
mouse horizontally.

cvstruct

| X1/
LangAvail
XErrorDB
XKeysymDB
app-chests/
app-defaults/
config/
dyDDX/

inp

ja JP.EUC/

locale/
nodesktop.chestrc
rgb.dir

Figure 19: Shrinking the menu

4 RELATED WORK

Many visualization and interaction techniques have been proposed
for browsing and filtering large data. Examples include Xerox
PARC's Information Visualizer[4] and TableLens[16], nonlinear
magnification systems like Generalized Fisheye Views[8], Graph-
ical Fisheye Views[17] and Hyperbolic Visualizer[11], visudliza-
tion systems using fractal[10], 2D zooming systems like Pad[15]
and Pad++[3], 2D/3D zooming information retrieval system like
the WING system[14], various information visualization systems
developed at University of Maryland including FilmFinder[2], etc.
and most of the systems supports methods for browsing the whole
data, methods for filtering the data, and methods for showing the
focal point while retaining the context.

Although these techniques are useful in various application do-
mains, they tend to be specia to particular applications, or their
interaction method is completely different from existing GUI tools,
as we have shown in Section 1. Also, most of the techniques are
not applicable to visualizing simple list of many number of items.

Ontheother hand, LensBar isasimpleextension to conventional
dlider and scrolling window, and its appearance and interaction
method are not very different from conventional GUI tools. In spite



of that, LensBar provides many powerful mechanismsfor browsing
and filtering alarge list of items.

Various extensions to conventional sliders have been proposed.
With AlphaSlider[1], users can control the sensitivity of the slider
knob by clicking different portion of the knob. FineSlider[13] also
enables users to move the dider knob precisely, and LensBar is
taking the same approach.

Furnag[9] argued that appropriate data structure is necessary
for navigating in a large data set, and as an example, he proposed
adding atree structurefor the efficient view traversal of alargelist.
LensBar’sassignment of DOI valuesyieldsthe same effect, without
using an additional tree structure.

LensBar’smethod of using thebackground of the dideris some-
what similar to Eick’s “data visualization sider”[6] in that both of
them aretrying to make moreuse of the screenreal estate. Although
data visualization slider is useful for visualizing a large list, sup-
ported user operations are very different from conventional sliders
and should be considered as a completely different visualization
tool. Filtering and zooming are not supported in the data visual-
ization slider. Chimera's ValueBarg[5] is an approach to display
additional information of thelist itemsin adjacent to a conventional
dlider. This technique is useful in browsing various attributes of
listed items, and it would be interesting to add similar features to
LensBar.

5 CONCLUSION

Weintroduced a new powerful visualization and filtering technique
caled the LensBar. Although LensBar looks and acts very much
like a conventional scroll window with a slider, its filtering and
zooming mechanism makes various sophisticated interaction possi-
ble. LensBar can be usedinwiderangeof applicationswhich handle
any kind of large lists, ranging from text browsers to hierarchical
menus.
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