
Visualizing Corporate Data

St ephen G. Eic k Visualization is an emerging technology for understanding large. com,
Dan iel E. Fyo ck plex, information-rich data sets. Just as spreadsheets revo lutionized our

ability to understand small amounts ofdata, visualization is revolutioniz­
ing the way we understand large data sets. AT&T has developed a suite
of applications, based on a common software infrastructure, to analyze
strategic data sets and solve keybusinessproblems. Even as these soft­
ware tools are being used internally, AT&T isalso selling theminthe
commercial marketplace.The four case studies presented in this paper
demonstrate the technology's general applicability and its usewithin
AT&T to address strategic business problems and motivate its guiding
research principles.

Introduction
During the last decade. businesses

have experienced anexplosive growthin
theirabili ty togenerate, collect, andstore
data.This has occurred because ofadvances
in technology, includingthe availabilityof
larger, cheaper disks; the widespread use and
standardization ofdatabase management sys­
terns; the ubiquity ofbarcodes; andthe com­
puterization ofbusiness andgovernment As
businesses, both large andsmall, become
more data driven,datais being recognized as
a strategic corporateasset,And as people
gain widespread access to data warehouses,
another problemisemerging: Howcan infer­
mation hidden within the data be extracted?
Theability to understand thislatent informa­
tion and to act on itbefore competitors do lies
at theheart ofsuccessful competition.

Inthe past several years, the
Visualization Research Group has developed
a number of novel techniques andsoftware
systems that depict large quantities oi data
visually. Visualization presents information in
pictorialform and uses human recognition
capabilities to detect patterns within it.1.2 It
links the two most powerfu l infor mation pro­
cessingsystems- the human mindand the
modern computer. Humans have evolved a
sophisticated visualsystem.andtheyexcel at

pattern detection. Researchers at AT&T have
exploited this ability byencodingdata using
characteristics such as color, position, and
texture to render the resultona graphics
workstation.

AT&Ts visualization systems pre­
sentuserswith multiple representations of
their dataembedded in views. Each view
isaninteractive environment thatenables
users toexplore and analyze data. Within the
confines of the dataset being analyzed,
userscan control visual characteristics
such as color, shape, and zoom level.They
canalso link multiple views to observe how
the data are interrelated. By visualizing
data, users gain a better understanding of
their "corebusiness,"enabling them to
improve their business processes and make
better informedbusiness decisions.The tar­
get user ofvisualization is either a knowledge
worker strugglingwith data or a worker who
needsto gain insightfrom a large dataset,

Knowledge Discovery Using Visualization
Traditional tools foranalyzing data,

such as spreadsheets, ad hocqueries, statisti­
cal analysis, and summaries. are no longer
su ffi cie~t for the volumes ofdata that busi­
nesses want to analyze. Spreadsheetscannot



handle massive '.b l;' sets. Ad hoc queries lack task sup­
pari and have Ol1 fal; i : i ;~ :: tor repetitive tasks. St~ ;i :: l i l"a :

analysis, thOl!g;1 ;10\\"':1':111. is a reduction technique and.
as such, mayobscure important informmion. Further­
more. because 1l1l1Si users are not highly trained statist'­
dans . theylack the insigut that business experts nave for
analyzing large amountsofdata and using those results to
solve business problems. Becauseoi aggregation. SUIll ­
maries. such as statistical analyses. may mask information
hidden inind ividual data elements. Visualizationcan over­
come allthese problems.

Knowledge discovery is the overall process oi
extracting insights fromdata.The process involves:
- Problem definition. delineating the overall framework

for the discovery.
- Data access, retrievingthe data fromits warehouse,
- Data cleaning,ensuring its quality and guaranteeing its

integrity.
- Data mining,extracting information,
- Data presentation. showing the results to the decision

makers, and
- Business impact. specifying how the discovery has

resulted in a business decision. modified process, or
confirmed result

The discovery process uses many technologies. including
database management, statistics,machine learning, and
artificial intelligence.

As the followingcase studies illustrate, visualiza­
tion is used throughout the analysis process, from explor­
ing the initial data, to formulating the intermediate model,
and,finally, to presentingthe results. Visualization can
showwhatdataare available and pinpoint outliers-things
out of the norm-that need cleaning. It alsoenables
humansto mine information usingtheir patternpercep­
tion, can communicate the findings efficientlyandcffec­
tively, and enhancesthe other technologies by engaging
the user in the analysis process.

Case Studies

111is section describes four visualization case
studies within AT&T-internationalcalling fraud, commu­
nities of interest in localcalling, customer retention . and
programdifferences.

International Calling Fraud . Telecommunications
fraud is an industry-wide problem. It is alsoan important
issue for AT&T. Each day AT&T handles millions ofinter-

n,1 ::0I:al ;ong distance phone calls. the vast :l::lj,1rily
o: whicl: are legitimate, :\l ;:101Igh the percentage oi
frau dulent Calis is small. th.s number still reoresents
manv thousands ofcalls, constitutinc a sig-dtica:l:
expense and loss of revenue to :\T&1'. It'gitimai t'
customers pay ior losses owingto fraud II: t\\"0
ways-sthrough higher tariffs. and through inconve­
nience when faci litiesan: tied up by fraudulent activ­
ity. Detecting and preventing fraud is a critical busi­
ness challenge for AT&T.

The fraud problem. simplystated, is how to
identify the few fraudulent callswithin the vast
majority oflegitimate calls. On a dailybasis. net­
work switching and monitoring systems collect giga­
bytes ofdata, only a small portionofwhich repre­
sents fraudulent activity To make mattersworse.
fraud is dynamic:as soon as fraudsters realize they
are in danger of being detected. theybegininvent­
ing techniques to circumvent the securitymeasures
that have been put inplace. Furthermore, because
international long distance calls cross national
boundaries and encompass multiple networkser­
viceproviders, it is extremelydifficult to obtain the
completeend-to-end data needed to identify repeat
offenders.

The visualization approach for detecting
international calling fraud involves displaying cus­
tomers' calling activity to uncoverunusualcalling '
patterns. Figure1ashows international calling pat­
terns during an eight-hour period to 23countries
frequently targeted byfraudsters.The node sizeand
color bothencode the total number of callsmade by
a customer; unfilled nodes correspond to countries
and filled nodes tocustomers. links originating
from the nodes encode the distribution ofthe calls
made toeach particularcounty. Several unusual pat­
terns that are readilyvisible became candidates for
further investigation. In Figure 1b the user has
zoomed inon a suspicious calling pattern, later con­
firmed as fraud. for a customerwho made 126 calls
irom the U.S. to various Middle Eastern countries.

Another example of fraud is third-party
billing fraud. Figure 2shows97third-party calls
made during a four-hour period. These calls, billed
to others,were made todestinations around the
world froma single multiline phone system with



Agure 1 . (al A NlcheWorks display showing eight hours 0' International
calling. The nodes represent customers. and lines from the nodes to the
countries encode the total number 0' calls . The large brightly colored
nodes are unusual, and further Investigation revealed that some calls
were fraudulent. (b) A suspicious calling pattern . later confirmed as fraud .
'or a customer making 126 International calls during a holiday weekend .



Fleure 2. Each
vertical spike re~

I1I••nt. an Inter·
national call tl1at
was billed to a
third party. During
this four-hour perl·
od. 97 oJ the calls
made were subse­
quently deter·
mined to be fraud ·
ulent.

Flgure 3. NlctleWortls vlsuaJ.
Ilatlon of local exchange
call1n, pattems. Elich cus­
tomer making 01 receiving a
call Is represented by •
node . with line. between the
nodes depicting IndlvldulIl
conversations. The nod..
• re positioned to .how CIII..
Ing patterns, with the clus­
ter In the cent.r represent·
Ing callers who 1111 talk to
each other. The tim. spent
talking Is coded by a node's
color lind slz•• The link col·
OIS code the len~h of Indl·
vidual connr.lltlons.
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of this paper). TI lt' horizontal axis, or X-:lX ;~ . represents
time: each ven ical :>;Jike represents a call and its dura­
tion.TIl t' three longest cal:s. represented by the green
ant: dark blue spikes with arrows at the top. lasted lL)2.
227. and 333 minutes. respectively. The green spikes
indicate calls to Hong Kong. dark blue to Sweden. red
to Australia, and soon. as shown bvthe color kev on the
right.TIle bar plot shown at the topleft represents the
distributionofcalls by billing type: ior example. live calls
were billed to a calling card.

The "visual signature" shown inFigure :2 is char­
acteristic offraud. Many ofthe callsoverlapped. and near­
lyall the calls were charged to third parties. Ofthese
calls, two were tooffshore Audiotexservices. which 111Ji·
cally are sexlines. a favorite target for hackers.

Communities of Interest In Local Calling. Identifying
customers who are candidates for purchasing advanced
services is a common marketingproblemfor telephone
service providers. Services such as callwaiting. confer­
ence calling, and call forwarding can be highly profitable
to the service provider. Formany specialized services,
the costofmarketing toallcustomers isprohibitive.
making the service uneconomical. Tobesuccessful, the
provider must identify customers with calling profiles
thatwill gain high value from these services, and market
directly to these customers.

Thiscasestudy describes a local phone compa­
nythat was investigating a newtelephone features pack­
ageand wanted to targetpotential customers for the
service. Figure 3 shows the four-hour calling pattern for
customers in acalling area. Each customer is represent­
ed bya node, with the color andthe size ofthe node cod­
ingthe total usage and number ofcalls, respectively.
The lines betweenthe nodes indicatecallsbetweencus­
tomers; a line's thickness and color coding represent the
total talktime.The nodes are positioned algorithmically
todemonstrate communities ofinterest.'

Figure 3 shows clear patterns.The center clus­
ter represents a group ofcustomers who call each other
frequently; this often denotes a virtualtelecommunica­
tions business section ofa calling area.The peripheral
patterns represent customers who are connected less
frequently. perhaps residential customers. Somecus­
tomershave star-shaped callingpatterns-nodcs with
several radial links- indicating that they are actingas

calling hubs. Households witl; teenagers.wh.ch often
exhibit this type ofcalling pattern. canbe targetec a:" Eke;'.­
candidates for a second tet'i1 line orcallwaiting. .

Customer Retent ion. ln the telecommunications
industrv, analvsts estimate that over 1 million customers oer
month switchlongdistance carriers.To manage its cus- .
tomer base. AT&T must be able to understand. track.and
characterize customer migrationpatterns (that is. who is
leaving, who isjoining. whatservices they use, and so onl.

The market managers responsible for AT&T s cus­
tomer base have access to a wealth of tracking data.This
data. often presented in numeric tables. is difficult to
understand. Visualizationcan help byproviding a dynamic
interface that displays patterns and relationshipsamong
these data in a graphical format. Figure 4ashows retention
patterns. banded by revenue, fora sample dataset of 1.152
customers, starting in October 1993.

At the leftof the screen in Figure 4a, a smoothed
banding distribution ofthe averagemonthly revenue for
the sample set is delineatedbycolor-coded revenue
thresholds. The rows ofbars, color coordinated with their
respective revenue segments ofthe smoothed distribution.
portray the retention during the next11 months. The nurn­
ber ofcustomers retained isdisplayed at the baseofeach
bar. Foradded appealand clarity to the user, the height of
each row ofbarsis scaled according to its respective call­
ing revenue segment in the smoothed distribution. In this
sample, customers who spend between $10 and$40 per
month are leaving AT&T at the fastest rate. Theoption but­
tonsalong the topofthe display give the various types of
calling revenue andretention time intervals, enabling the
user to modify the display interactively.

The categorize view, Figure 4b, breaksdown the
individual average monthly service revenues for the 1,152
customers shown in Figure4a bycalltype (for example,
domesticand international) and byAT&T product (that
is, direct dial, credit card.or operatorassisted).The
detailed charts are grouped according to margin totals
for each row and column.

Program Differences. Corporations are accumulat­
ing large databases oftextthatcontainhundreds ofthou­
sands ofdocuments. Ofparticular interest toAT&T are
text databases that store computer source code for AT&T
products andservices.Tomerge related files, computer
users must understand the similaritiesand differences
between them. For example.a maintenance programmer



F1eure 4. RetenUon rates by (e) call1ni revenue ttlrelholda and (b) both
call type and product for a sample data set of 1 .152 cuatomerll who
joined ArleT In October 1993.



f:xillg a recently introduced b l j ~ m,\!' \'." ,,:1: ( I compare
the newer version of a progra:n \';:,:: i ; ~ older working
predecessors to help loca:ea problem. l);; l.'\ iX ' oper­
ating systems. dz';t: the standard too: tor comparing
tiles. is one oi the most freqaentty executedcommands.
Diii is used not only tor comparing source code and
other :\SCIl llles. but also as the engine fo r ma ny other
systemcommands.

Although extensive algorithmic work has been
conducted tocalculate program differences efficiently, lit­
tleattention has been paid to helping users understand
the differences.Two types ofcomparison are important:
many differences between two files. or a fewdifferences
among many files. Figure 5ais a visualdisplayoffile dif­
ferences with two interactive views. one iorside-bv-side
differences between two files , and another for comparing
many files within directories. Differences are color-coded
to highlight text thathasbeen added (green) , deleted
(red), changed (Yellow), or remained the same (grey).
Users may navigate and browse the differences using the
compact graphical representations shown in Figure Sa.

The text files inthis figure come from a study
looking forcodethat is common andunique within two
versions ofa software product Figure Sa compares one
subsystem comprising over 2,000 files across 80 mod­
ules. The largerbackground window is a file browser
showing the side-by-side file differences.The two text
areasare synchronized to align the text identified as com­
mon toboth files. Textis scrolled bymanipulating the
controller in the middle.The centerofthe textbrowser
displays a reduced textual representation ofthe two files,
showing where the differences occur.' Thisisuseful for
identifying codethathasbeenmoved orcopied within a
file.The smallerwindow displays differences bydirecto­
ry level acrossthe top, all files withinone level ofthe
directoryin the middle, andside-by-side comparisons of
all files within onelevelat the bottom right. Aselector on
the left allows theuser to focussolely ondeleted, added,
or changed code. Files may be selected from thisview
anddisplayed in the file browser window.

In production software systems, the source code
is keptinversion control databases (suchas 1'CS5 and
sccsU), whichcontainacomplete history ofthe source
codechanges.These databases are a rich resource for
identifying frequently changed, bug-prone, overly com­
plex,and problematic code. Figure 5b shows change hot

s,~ ,l ;.' ::1a narticular directorv-sareasofLode that have
!)eet: l!1 od~ii t'd repeatedivover lime. Six versions oftill'
rilt' are depicted. take» everv 1'1'0 months fromJuly 19~1~

through :'lay 1995. Each file is represented bva rectang.e
whose height encodes the number ofJines in the file.
Through time this tile monotonically increased insize. as
is commonwith software.TIle color indicates howfre­
quently the code in the files was changed: bright spots
indicate areas ofcode that have been modified repeatedly,
and darker areas represent more stable code.Thescale
on the leftmaps the number oftimes a piece ofcode was
modified to a color scale. TI1e visualization clearlv shows
thai onearea ofcodewas replacedseveral times"through­
outthe process.Thisis problematic; it indicates that the
code might benefit from reengineering or might require
stringent testing.

Software and Technology
AT&Ts visualization technology consists of

about a dozen interactive views, eachtuned to displayone
class ofdata.There areviews for sho....ring:
- Tabular data,
- Relationships using node and links display (see

Figure la),
- Geographic networks,
- Hierarchical structures,
- Market segments,
- Customer retention (see Figure 4a).
- Text (seeFigure Sa), and
- Univariate statistical views.
Each view has a common look andfeel. Alinking mecha­
nism enables interactive operations inoneview to propa­
gateto theothers. Each view functions bothasa display
for conveying information andasa control panel.

Applications arecreated bycombining one or
more views andpopulating themwith data. Users then
apply some ofthe more interesting applications within the
suite to solve business-critical problems. Theseinclude:
- SeeSoft®, textfiles andsource code;
- SeeSlice, dynamic program slices and code coverage;
- SeeData, relational database integrity constraints;
- SeeLog, computer log files and audittrais;
- Nicheworks, communities ofinterest in networks;
- SeeNet, geographic networks;
- SeeCalls. customer calling signatures;
- SegmentationSpreadsheet, market segments;



Figure 5. (a) Differences between two version' 01a lIOttware product. The
lar~er window sho.. s the synchronized dl,play of two compared lies. The
smaller window~ the directory structure and amount 01change 'n
each Ille . (bl The monthly chan,. h15tory of a source code III• • Each col ·
umn representlill version 01 a tile In time. Yellow and red spots Indicate
areas In the code that have been modified repelltedly.



- Sl' t'R t'lt' !i!ill:1. customer rell' :l:i ll :::
- SeeS;l;e:, . inventory .uovemen: and p:"t1 ,e ~ :' ,';)('; ' :' tl ;1 I: t':

productivity: and
- 5l'l'Difi. text fi le differences.

Underlyingall these views is a l' Ol:11110 n son­
ware substrate embodied in an object-o riented. cross­
platform (Microsoft Windows.~ Openfil..' and X; 1) .
C.,. .;. library that handles the interaction and graphics.
The Iz C+.;. library hides platform and operating system
differences, handles display rendering in a portable
manner.contains placement and identification algo­
rithms. and provides a standard "look and reel." It also
facilitates view linking, enables printing and session
management. and includes many utility classesfor data
management. statistics, and mathematics. The library
currentlycontains about 15,000 lines of code, andas'the
foundation fordata visualization. it provides the core
andcommon functions in its system and tools.

Guiding Pri nciples
During the past severalyears. in the process of

handcrafting many viewsfor particular data sets, AT&T
researchershaveformulated somedesignguidelines for
building novel, effective, information-rich visualizations
ofbusinessdata. These heuristic guidelines are firmly
rooted in practicalexperience, arc linked to perception,
andhave enabled AT&T researchers to create many
innovative, effective displaysofdata. They have been
designed to produce systems that allowa user to discov­
er relationships in the datathat enable themto take
actionbased on discovery.

Task Focus. Becausethe needs ofeach user are
unique, the best visualizations are task-oriented; they
help frame. as wellas answer, interestingquestions.
Buildinga successful visualizationinvolves understand­
ing the tasks and analysisgoals ofusers, as wellas incor­
porating their domain knowledge.

Domain-S pecifi c Represen t at io n. 111e representa­
tion determines how the items in the dataset are ren­
dered on the computer display,The best representations
are domainspecific, for example. scatter plots for statisti­
cal data, maps for spatial data, and node andlink dia­
grams for network data. Inventing a representation ior a
newdomain is a difficult. creative, and iterative process.
Representations should take fu lladvantage ofperceptual
cues (for example.size. position. color, and depth),

1:111Iilll: . ar.d perhaps even S,)U;lG. By ·.Iih; t':·s;anding use::
tasks, the representations try 10 provide 1llC;1: dt'!ai: u: ~:

ciobal context.
~ Col o r. Coior processing ill ti.e humanvision sys-
It' ll! isan independent perceptual process. making colt):' ;:
naturalchoice ior encodinginformation. Ising color,0
showdetails allows additional information to be lavered
onto the display. Colorful displaysalso engage the' user ami
are visually pleasing. increasing the appealoi the system.

High Inform at ion Den sity. Representations using
compact. color-coded glyphs pack a lot ofinformation
into an image and thereby display a large data set. A
high-resolution 1280- x 102-l·pixeIworkstation monitor
contains more than 1.310.720 pixels. Usingevery pixel
to displaydata maximizes the informationcontent of the
visualization.

Insomecases. it is possible to display an entire
dataset on a single screen. thereby eliminating the diffi­
cultnavigation problems associated with panning and
zooming interfaces that focus on smallportions ofa data
set. However,information-dense displays often become
cluttered with toomuch detail.

Interactive Fil ters. One approach to solving the
problem ofdisplay clutter is touse interactive filters that
reduce the amount of information shown on the display.
Humans have sophisticated pattern recognitioncapabili­
ties, owing, perhaps, to evolution, and are very efficient
at manipulating interactive controls to reducevisual clut­
tel'. Because humanscan effortlesslysolve complex
computational problems involved with determining
when a displayis too busy for easyinterpretation, inter­
active filters are a natural interface, a good match for the
innate abilityofpeople.

Multip le U nk ed Vi ews. The power ofa visualization
system's representations is magnified through the usc of
interaction and linked views. Whether a view is customor
standard (for example,colorkeys, bar charts. box plots,
histograms, or scatter plots), it fu nctions as both a display
anda control panel.Selecting andfil tering data inone
view instantly propagates to the other views, thereby pro­
viding additional insights. Linking multiple views interac­
tively provides an integrated visualization farmore power­
ful than the sumofthe individual views.

Drill Down. When users discover interesting pat­
terns. thev need to accessthe actual data values.Asa
user touches any itemin the displaywitl: the mouse. the



data values associated witl: tli:, l ilt'm are ct i s ~i ay l." ~ : :lhll i:'t'
( licks are nOII1 COCessan ·.

Anim ation an d Mo tion. ~ lany commonly eucoun­
tered business data sets have a tempora' aspect. Anima­
tion. in which each frame represents a :;:ngie ti.ne period.
is an ideal tool for analyzing large. time-oriented data sets.
Human perception is line-tuned for motion detection,
making animation a natural technique for scanning large
data sets. However. foranimation to be effective. the
frames must change smoothly and continuously. as they
do in a motion picture. Big or unexpected changes are
jarring and stand out perceptually. resulting in a loss
of continuity.

Commercialization by QUEST
Totake advantage oi the full potential ofthe data

visualization prototypes. bothwithinAT&T andin the
commercial marketplace, a partnershipwas formed
between two AT&T BellLaboratories organizations­
Research andQUality, Engineering, Software, and
Technology (QUESD-and several AT&T business units.
including Capital Corporation, Network Systems, and
Global Information Systems. QUEST has assumed key
responsibility for technology transfer. newenhancements,
distribution, andmarketing ofa high-quali ty product.

Future Directions
The role ofthe Visualization Research Group in

its partnershipwith QUEST is to ensure a full pipeline of
new, state-of-the-artviews andinnovative techniques that
can be commercialized byQUEST. Research is currently
investigating five areas ofgreat potential: three-dimen­
sional (3D) representations, sound, geography. time-ori­
entedviews, and built-in pattern recognition.

3D Representat ion s. Forbusiness data visualiza­
tion, 3D has been underexploited, but it isan active
research area. The depth dimension is a naturalway to
pack more information ontothe screen without overload­
ing it. Eventually, after 3D representations ofabstract data
are fu lly explored. it may be possible to increase the infor­
mation content-the ratioofinformation to pixelsl-eby a
factor of10. It is difficult. however, to find natural embed­
dings ofnongeomet:ic 3D data that are easier to interpret
than their two-dimensional (20 ) counterparts.

Perceptually, it is possible for 3Ddisplays to
increase the information density beyond that possible

\\"::h :?) :!is;Jiays bvt'na:>iing our minds to , 1'1':He rinuc!
ri.I\·:5. For example, to :l person watching a periestria .:
\\'alkil:g behind J tall picket fence. the exact P~) S i : :0!l 0:
tilt' pedestrian is clear. even though his or her pos.iion
C:::l only be seen in the gaps between the pickets. :-1\)1);
the frag.nentarv input and motion.our minds create
the position. \\11 1"1: this idea is applied to network visu­
alization. however, users become visually confused by
line crossings depicting too manycomplex :?Dnode
and link displays. Ii. instead. a 3Drepresentation is
used to visualize the same network. it becomes easier
to distinguish the links passing behind or in front of
one another.

Figure 6 shows one frame from an animation oi
a 3Dnetwork visualization ofworldwide Internet traffic.f
TIle height, color. andcurvature ofthe arcs between
nodes encode the packet counts between routers.

Sound. Sound is another underexploited medium
for encoding data? There are many aspects to sound­
such as pitch, timbre, andloudness-and many ways
thatsound can encode data. Sound is fundamentally dif­
ferent froma visual displayin four ways:
- It arrives through an independent channel;
- Its bandwidth is lower than that ofvision;
- It is immediate insteadofpersistent. as with visual rep-

resentations;
- It is serial in time.

Sound works well for alerting,particularly for
monitoring tasks, with its ability tocut through visual
clutter.Because much communication is conducted
through speech, using voice to convey detail is natural.
In animations, researchers have found thatusingvoice to
announce the passage oftime is effective because it
enables users to concentrate on the data display without
having to monitor the current time.

Geographic Representations. Many corporate data
sets have a geographic component, such as demographic
information. Developing spatial views with geographic
information seems to be a promisingdirection for future
research. Figure 7shows an experimental 3D viewof
geographicdata.

Tlme-Orlented Viows . Many business data sets
evolve through time, suggesting that it is advantageous
to tailor the views in relation to time. Although AT&T
researchers have developed several time-oriented 2D
and 3D views. it is possible to use other, more sophisti-



Figure 6. One frame from
an animation showing
worldwide Intemet traffic
over 8 two-hour period .

FIgure 7. A prototype
view showing the per­
centaee of the popula­
tion that II Hispanic,
by county, using 1994
census data . The large
elyph rept'eS8nts Cook
County In illinois,
which Includes the
c"y of Chicago and
many of "_ Immediate
surrounding suburbs.



cared methods 10 l a~~ advantage 0;- this nar.ll'a:ty occur­
ring phenomenon.

Bullt·ln Pattern Recognition. AT&T researchers are
trying TO build automated too s to allow a user \\'1:0 identi
fies an interesting panern to detect all other instances t1i

the pattern automatically and to feed this information to
other programs for action.

Conclusion
Corporate databases have been recognized as

strategic assests. anda successful corporation will make
full use ofitsdataresources togain competitive advantage
to bettermanage its business. Visualization is a key tech­
nology for extracting information from data; therefore. it
is becoming increasingly important inour information­
richsociety. Itcomplements other analytic, model-based
approaches andexploits human pattern perception.
Visualization canhelpusers to navigate and explore the
fast-growing numberofdata warehouses farmoreeasily,
and to rapidly discover the information hidden within vol­
urnes ofdata.

During the past several years,AT&T
researchers have developed an innovative technology
that permits interactive analysis oflargecorporatedata
sets.They havebuilt a suite ofapplications based on
innovative, novel views using a common software infra­
structure. To demonstrate the usefulness of datavisual­
ization, they haveemployed datavisualization within
AT&T, focusing on key business unit problems. In part­
nership,AT&T plansto continue exploiting this technol­
ogyinternally, to address strategic businessproblems,
and externally, to leverage this technology in the corn­
mercial marketplace.
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