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1. Introduction

This article is a summary of the panel held at3fénternational
Conference on Data Mining and Knowledge Discov&®D-03
on August 27, 2003 in Washington, D.C. The panetigipants
included the following:

e Usama Fayyad of DMX Group (Panel Organizer)

¢ Rakesh Agrawal of IBM Almaden Research Center
e Daryl Pregibon of AT&T Shannon Laboratories

e Gregory Piatetsky-Shapiro of KDnuggets

¢ Raghu Ramakrishnan or the University of Wisconsin —

Madison
¢« Ramasamy Uthurusamy of General Motors

The goal of the panel was to gather representattives academia
and industry and to ponder where the field starftis aearly a
decade and a half of KDD meetings. We all have saen
significant growth in demand for data mining teclugy driven
by a glut in data. We have observed data miningvigrg as a
healthy research community. However, we still sgfagon two
important fronts: the scientific and the commerci@n the
scientific front, Data Mining still needs to reaahstronger level
of attracting steady contributions from the relafietls. On the
commercial fronts, the huge opportunity has nothgstn met with
adequate tools and solutions. This panel was ampttto address
the possible future directions for Data Mining a¢aD.

Questions that the panelists considered prior ts {manel
included: Will we continue a healthy evolution teilg a
scientific field of study with a healthy contribng community?
Will we go more down the path of systems and eraging? What
are the next challenge problems? What are the tmiles that
define healthy growth and significant advances®d& mining
destined to continue to be a visible area of famus research, or
will it evolve towards embedded technology studad part of
other systems? The presence of a significant seteséarch
challenge problems against which measurable prsgtas be
made is a crucial component for the growth of @rstfic field.
What will these challenge problems be for KDD aratdDMining
over the next 10 years and beyond?

Below is a summary of views of the panelists. Wkt it with a
summary of some of the topics discussed duringpéme!.
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2. Position Statements

Position Statement by U. Fayyad (DMX Group)
The field is still vibrant, and the level of intstén it seems to be
increasing dramatically, but many serious challengeahead of
us. My biggest fear about the field is the slowepat which we
are seriously engaging researchers from differaidd. This is
perhaps normal in the beginning, but | worry whetive have
what it takes to change it in the future.

| think that the biggest stumbling block from tiseientific
perspective is the lack of a fundamental theorg olear and well-
understood statement of problems and challenges. Situation
is in contrast to the very intense level of intenes are getting
from practitioners and people interested in apfibcs. These
folks come from a large variety of folks. But witltcthe scientific
foundation and the continued academic progressfigltecannot
grow and solidify.

Some of the other worries | have, as a data miegolve around
the following observations:

e In a typical data mining session, | spend most gf m
time extracting and manipulating data, not realynd
data mining and exploration

e The trail of “droppings” | leave behind in any give

data mining session is enormous, and it seems every

time it is replicated and repeated, almost fronatstr,
again.

e There is little theory, or even engineering pragtito
what we do: It is all a "black art" today. We nezd
theory for what we do, and how we do it. The theory
can drive engineering recipes so we can teachrife c
to others effectively

e Without the participations of the relevant commigsit
we are doomed to a fate of badly re-inventing wheel
not a very bright future. How do we get people from
other fields to engage?

e The core problems, we are too fuzzy about them. We
need to start stating them crisply and we needitdhe
effort into showing other fields how our problente a
fundamental to them and of great scientific intetes
them

e Industry/environment: very encouraging, with some
signs for worry.

Volume 5,Issue 2 - Page 191



Let me expand on this last point regarding the remvhent. The
growth in storage and advances in hardware are ighdtiving
demand for data mining, and unfortunately not on@ag success
as a field. Stored data seems to double every @hwpgrowing
twice as fast as the infamous Moore's Law, and thiakes
demand for data mining and reduction tools
exponentially, However, areas of particular condeatude:

e The fact that no strong emerging standards existhf®
field that makes adoption and exchange reallyaiffi

e Privacy concerns are becoming a serious threauto o
field

On the positive side, | see many applications armkd many
companies recognizing the pain associated withgldata mining
and trying to make the process easier. The magkerowing
because data sets are growing. If we effectivelyelbdge the
science of data mining, tools, companies, produats, services
will emerge to do it right because the market er¢h

A list of grand challenges for data mining is imgamt and should
be developed. Primarily, we need these challengesthe
scientific level. There are plenty of applicaticaral challenges on
the applications side. A list of these grand cmajieproblems, at
least in my opinion, is a high priority for thelfie

One such initial proposal for a set of Grand Cmajéss in the field
is provided in the Editorial to this issue SiGKDD Explorations.

Position Statement by G. Piatetsky-Shapiro (KD
Nuggets):

Data Mining —the Past 10 Years

The most significant technical development of thst I10 years
was clearly the World Wide Web. It ushered a new m
communication and processing information, drambyica
increased the rate of information growth, and e@ahany new
fields, including web mining, with its own subfieldof web
content mining, web usage mining, search enginess land
intelligent agents.

After the excitement and growth of 1990-s, followsd dot-com
hype and bust period of 1999-2001, the data mirfialyl is
reaching a plateau of maturity. We can see ittiandance in
conferences and state of health of data minindeglaompanies.
One indicator, the number of subscribers to KDniggéhe
leading newsletter on Data Mining), has been gngwiast in
1996-2001, but remained essentially flat in 2002220 This
plateau, however, is likely to produce new growilséveral areas.

The few e-commerce companies that have survivedititeeom
crash and are doing well, such as Amazon, eBayGuatle, all
have active data and web mining programs and aneghilata
mining experts.

The Grand Challenges Today
Here are some of the technical grand challengesldta mining
today:

1) "Drop-in" classification. Drop in data set(s) and system
produces a good classifier (including data preparat

level 1: for one domain

level 2: for 3 different domains, e.g. banking, gecs, fraud
detection
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increase

2) "What's New and Different" report. What is new in this data
compared to past data, past knowledge, past exjpeta Good
progress on this topic was made recently with WSAgyEtem
(Wong et al, 2003)

3) A General Theory of "Interestingness”. What makes this
rule, pattern, finding more interesting than anothe Many

theories have been proposed here, including obgedtatistical

measures of validity and surprise, and subjectieasures based
on user preferences and domain knowledge. Howaveggeneral

theory has emerged yet. Perhaps, one part of ttgdgon is that

what is interesting is intimately tied to domainokvedge and

domain, and instead of one general theory we mag fhat

dozens of little theories would be adequate.

Social Issues

From a social point of view, the hottest technolagg society
topic in 2003 year was the controversy over thegg@&rnment
efforts in using data mining for anti-terror acties. While data
mining has been just one component of those aesyithe press
frequently used "data mining" when used in pressieen mostly
associated with the unfortunately named Total ([&&zrorist)
Information Awareness (TIA) program,. See (headfinen PC
World: PC World, July 18, 2003: Senate Kills DatanMg
Programwww.pcworld.com/news/article/0,aid,111626,00;asp
Washington Times, July 18, 2003: Senate votes mata mining
funds http://washingtontimes.com/upi-breaking/200B®
070600-8337r.htm )

Even though Congress has closed TIA, we have rest #e end
of this controversy, because there is an inhemmion between
intelligence agencies that see an effective tootata mining-
based application and civil liberties advocates vgke only an
invasion of privacy.

Too often we have seen a very naive criticism @hsprograms,
e.g. if there are 5% errors in data, and 300 nmill&mericans,
then there would be 15 million (=5%%*300 million) délse
positives.  Such criticism ignores the power of eatpd
observations and link analysis in reducing falsesitp@s to
acceptable level.

People are willing to accept false positives id@mttions and

some invasion of privacy if they believe that thedps reduce the
risk of terrorism. Consider that millions of aiatelers in 2003
have removed their shoes and all of them were fadséive. Yet

few complained about that obvious erosion of pyvgeg. a hole

in a sock was revealed), because most accept shpections as a
way to prevent another shoe-bomber.

In addition, there are a number of technical sohsi for

preserving privacy while data mining, such as ramidmg

results, removing identifying information, etc (SBechnological

Solutions for Protecting Privacy, Roberto J. Bagard
Ramakrishnan Srikant, IEEE Computer, Sep 2003)

| believe that it is important to take a balane@slv of this issue
and consider potential effectiveness of analytiogpams and
weigh potential benefits versus erosion in privacy.

The Next 10 Years
Hot applications for data mining next 10 years:

e Text and web-content mining Web mining will reach
new level with XML and Semantic web applications.
Web is already a vast repository of useful knowtedg
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but with advances in intelligent agents, widespread that these are the most important issues. My drigsthis a little

XML adoption, and web services, web mining will
reach the semantic level.

Relational mining and link analysis This will have
applications in many fields, including biology, Iess,
library and information science, marketing, seguaihd
perhaps will create completely new areas.

E-commerce. We already see that the successful
ecommerce companies like Yahoo, Amazon, and eBay
are investing in data mining in order to extractuea
from their data. We expect these efforts to cargiand
expand also into intelligent bots.

Bioinformatics and in silico drug design this includes
analysis of genomic data, DNA microarrays, etc. In
silico drug design is still a very promising area.
Successful results have already been reported, e.g.
highly accurate microarray-based diagnostics.

Multi-media data mining. We already can find images
and video based on a keyword. Combined with image
recognition, we can envision many interesting tasks
based on actual understanding of images, video and
audio.

Finally, | expect the social issues of data minithgeat detection
and privacy will remain a significant concern fata miners and
for the society at large,

Position Statement by Daryl Pregibon (AT&T

Research)

The challenges and opportunities facing the dataingi
community are greater than ever, yet it is veryidift to claim
that the effort has yielded much success. Even ayotke
pejorative connotation that data mining had inistias (it ain't
science) is now almost universally held in soc{gbpls to invade
my privacy).

In order for the field to survive the short termdabuild for the
long term, another threat needs to be addressedelyathe
fickleness of the research community. There are\vaoying
degrees of activity, several emerging fields thratiaherently data
mining activities, e.g., discovery informatics anuetwork
forensics. These have the potential to peel offit@aresearchers
from the data mining field, and more importantlitract the best
new researchers. There is the very real possiltilay data mining
will go the route of expert systems some twentyrye@o as the
community jumped onto the neural networks bandwagpavy
train).

KDD has a history of being very inclusive, and leegn viability

will depend on this model even more in the comiegrg. The
field needs to be perceived by the research contgnasivibrant,
exciting, leading edge, and fun. But history comamany sad
stories of what happens to leaders that are nceloperceived to
lead. KDD should take note lest we become a mermfae in the
march toward fully realizing the goals of knowleddiscovery
and data mining.

Position Statement by Raghu Ramakrishnan (U. of

Wisconsin — Madison)
Data mining has several challenges and opportsréiead of it,
and I'll bring up some that | think are importamit with no claim
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cloudy...

I see three distinct kinds of challenges: Technisakial, and
economic. The technical challenges consist of tifjémg
interesting research thrusts that keep the fielgondus and
moving in high-payoff directions. The social chaljes consist of
how to rise beyond the perception that we primagityable junk
mail and other, more serious, intrusions of privaldye economic
challenges consist of making the field pay forlffsnd achieving
widespread recognition of this fact. We are atoss roads where
the initial enthusiasm has steadied, and theseleciygs are
squarely in front of us.

The technical challenges that | plan to highligtet a

(1) Finding ways to address the real bottleneck in data
mining, which is the human cycles spent in analyzin
data. Fast algorithms are sexy, but real advandiks w
come from techniques that will lead to more effitie
management of the process of data mining, and that
reduces the cycle time in arriving at useful ingigh

Data mining is often perceived as a bag of tridke
need to at least provide a vision of how thesekdriit

into a coherent tool-kit. In the process, we need t
understand the scope of the field---machine leggnin
statistics, databases, information retrieval, métlia
analysis---and how to create synergy between the
different communities that intersect here, ratheant
isolated pockets that occasionally share a conferen
venue.

The social and economic challenges are closelyeataif we can
enable significant use of data mining techniqued #re seen as
positive applications of the technology, and thanerate
significant revenue, we're in good shape. If noe have a
problem. Can KDD researchers directly influences thspect of
the field? We need to consider this, and take @iasteps in our
research, our outreach, and our peer review procésle these
are "soft" considerations that we as engineerssaightists often
feel uncomfortable quantifying (which means “"evéhgt, for
most of us!), these are nonetheless difficult e@mges that will
have a much bigger impact on the field than alnaosttechnical
difficulties that we face.

@)

Position Statement by R. Uthurusamy (General

Motors)

A casual surfing of the web yielded two extremeva®f the
KDD field. One vendor declared (1997) “KDD is oke.” In
the other (1998) Arno Penzias claimed that “If yoa not doing
KDD, you are out of business.” | suppose the tnftthe state of
KDD lies somewhere in between. Here is my assassafe
“KDD: Past, present, and future.”

KDD started out to be an application-driven muigeiplinary
field, and still continues to be so, and | expedtill also be so in
the future. It may not ever become a pure scierdiea in its
own right like Statistics or Database (DB) or MaehLearning
(ML). This might not have been the original or e\tke current
intent. The slow progress thus far and other alisibns caused
by the web and vendors to its efforts are movirayiay from its
possible and potential scientific quest. Whileefh years is too
short a time to have a great scientific impact, K& make
progress and accomplished the following:
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KDD created a sharp discontinuity in economic affaand
opened up opportunities for businesses to do thintsdata that
had not been done before, and allowed things tddoe in new

ways.

Three fundamental issues distinguish it from offedds. First, it
did bring awareness to the scientific communitg tieed to deal
with and make sense of ever growing data that idestry and
business communities are facing. It is not just\bry large size
of the database, but also the very high dimensignail the data
that demanded new research efforts. Secondlysdt einphasized
the need for a discovery component, the fundameuatal of any
KDD application and solution. Thirdly, it attemptdo steer
practitioners towards a process and system-cevigig of KDD
for it to be effective in solving real world probis.

It had been a catalyst in educating the profestsona
the need for data cleaning through the discoveay th
only ten percent of collected data is ever usedfartg
percent of all collected data have errors in them.

It had accelerated the need for and the developofent
data warehouses and the requirement of a team of
consultants who understand the KDD process and for
team of multi-disciplinary experts for a systemsdsh
approach to solutions.

This awareness actually was a catalyst in gettivg t
ideas and techniques of KDD used not by people and
businesses that had and now have to deal with veassi
data but by small and medium industries and regaile
who have relatively small and medium databases, but
who saw an opportunity to make better sense of and
effective use of this data.

It has also spawned many new industries and new
research areas apart from the original KDD focus.
Some examples of these are CRM, web mining, text
mining, collaborative filtering, database marketiatg.

KDD is not one-to-one marketing or mass
customization or even database marketing termed as
relationship marketing. Original KDD efforts andee
KDD papers and articles paid very little attentitm
these areas, which turned out to be a major moker o
this field and sometimes even mistaken for it.

KDD has seen only incremental advances in tools and
techniques. A fragmented focus on bits and pie€es
the field had resulted in some disappointing pregia
the following, not just because KDD issues werahar
but because of less attention being paid to th&sene

of these have been left to other fields to pursue.

Some notable difficulties are in getting a handiendnat

are K, D, KD, and KDD in KDD. What is more
disturbing is that some KDD practitioners don’tree®
care much on this when compared to the original zea
on these topics. If the field does not seem te dar
“the reason for its being” and “specify explicityhat it

is about,” there is the danger of it being pulledoi
many different avenues.

The key issues of “interestingness,” “privacy,”
“standards,” “data cleaning,” and more importaritig
“process and system centric approaches,” have been
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recognized but have seen very little progress tdsvar
addressing them. These were also the originalesosc
of the field but the current trend indicates thuaeyt will
not be addressed well for a long while.

Even obvious and immediate needs like visualization
massively parallel computation, and the core need o
integration have not received their much-deserved
attention, even though they have seen some advances
The original process centric view of KDD espoudes t
three “I"s (Integrated, Iterative, and Interacties) basic

for KDD. These are central to the ideas of “Coreput
Assisted Human Discovery” and “Human Assisted
Computer Discovery.” There has been very little kvor
on these in recent years.

The issue of evaluating the discovered knowledge an
making it actionable was also part of the original
concerns. More work is warranted here. More so
because, to do it right required collection of mdega
and analysis where KDD itself becomes the driving
force. This difficult area demands more research.

Even in successful areas like database marketing;, o
to-one marketing, customer profiling, etc., theu®has
been on reducing cost and improving the profit ref t
firm doing these. While this is a start, further
development of tools and techniques are needed to
focus on the customer, to whom these are targeted,

will benefit by all these mining of data and foctdse
marketing.

A key disappointing lack of progress is in gettiting
Database, ML, and Statistics communities to work
closely and cooperate to focus on solving KDD issue
There have been efforts to foster their interagtite
connecting KDD conferences with Stat and ML
conferences, joint talks and sessions, and summary
sessions.  These have not yielded the expected
collaborative efforts. Even the gathering of KDD
luminaries in 1997 in Seattle along with luminaries
from the Statistics, Database, and Visualization
communities for a KDD summit has not produced any
measurable and notable outcome. | did request thbem
focus on system and common issues but to no afail.
much closer cooperation and interaction do notlresu
soon, the KDD field will remain fragmented with
occasional interdisciplinary  contributions. The
interaction issue will become much more difficuttda
complex due to the current KDD trend demanding
closer interaction from additional fields like Imfoation
Retrieval (IR), Natural Language Processing (NLRJ a
Understanding (NLU), and the web community. My
earlier attempts to get these areas well repreddraee
only been a start but this needs to be accelerated.

Vendors have not yet provided truly integrated KDD
tools and thus leaving customers with unfulfilled
expectations. The education of the user community
the KDD process and what is and what is not passibl
becomes paramount.

The major advances that benefited KDD in the pest t
years were not directly due to KDD needs but whee t

Volume 5,Issue 2 - Page 194



results of other pursuits and objectives. ID3/C4.5
MARS, and Association Rules are examples of
contributions from other areas that have been
instrumental and influential in KDD’s growth. Neura
Networks and Visualization areas had their share of
contributions to KDD as well. But, KDD itself nextb
contribute scientific advances that are in linenviliese

in terms of impact and use.

As far as the future of KDD, especially its sciéotprogress, is
concerned, it seems easy to predict what will happehe next
two or three years. These short-term trends wikenaredicting
long-term contributions very difficult.

External influences like the phenomenal growth asd of the
web and some vendor hype will in the short-term seau
distractions to the field. They will cause thddi¢o focus more
efforts on CRM, Database Marketing, OLAP, etc.ntba efforts
that will cause fundamental scientific KDD advancéhe basic
research community needs to ignore these tempdiatmactions
and focus on solving the right KDD problems. Thiggs up the
issue of what will happen versus what should happere trends
in KDD by necessity depend on the trends in its ponent
science and technologies that also depend on m®dnerelated
areas.

The definite trend seems to be the split of KDDpef into two
parallel areas of progress. Both will demand @ergxientific

advances and both will meet some real world neéd=all these
two GM-way and Microsoft-way. The Microsoft-way limnove

the field towards “data mining for the masses.”e BM-way will

move it towards “KDD for business and industry,”am massive
data is easy to collect but difficult to exploitdanse. The two
have parallels in mainframe computing and desktpputing.

Looking back ten years, | see there were realljyro® predictions
of things to come, but wish lists. In the intereSmaking the
point, | might take the extreme view and prediétt thone of the
following important KDD issues will show any meazbile and
notable scientific progress!

¢ Process and System-Centric KDD

¢ Well integrated and closer cooperation among its
constituent fields DB, Statistics, ML, IR, Al, NLP, .

e Assisting users on how to select data as well as
appropriate and relevant methodologies that aligh w
the properties of that data

¢ Interestingness
¢ Incorporating domain knowledge

Apart from the above Grand Challenge problems taduressed
by the KDD community, the issues facing the figfohi a
social/utility perspective are:

¢ Educating the public and government on tKBD
Process

¢ Privacy and Security

¢ Scalability

¢ Mining Data Streams

¢ Standards
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e Minimizing the hype

I envision the convergence of Semantic Web, P2®erriet2, Grid
Computing, Web Services, and Ontological Enginegtirat will
lead to interesting new avenues of KDD research.reMo
importantly, the KDD community should pay attentian“KDD
for Strategic Intent” that | believe to be a vempmising high
impact business application area. An example is Riarrah’s
achieved significant growth and gains over competiasinos by
formulating strategies based on the results ofirgircustomer
data. The concept of utilizing KDD tools and teicjues to
formulate corporate strategies that provide cortipetedge is at
the core of the intent of KDD to start with.

KDD started as a field by integrating results frother fields like
ML, DB and Statistics but it needs to make manyetru
contributions of its own. KDD will survive becausesolves some
immediate business problems and provide measutadefits
and it will do better if the above basic issuesatdressed. With
today’s tools and techniques, it is the case whed®, while
drowning in the data glut, is drowning in opporties.

3. The Panel Discussion

The panel consisted of expansions on the variousitipo
statements listed above. This was followed by aesepf
guestion/statements from the audience. The higisligf the
discussion section of the panel that are not cagtin the above
position statements are summarized below.

Rakesh Agrawal chose to present in the contexteiDD-2001

panel discussion on a similar topic. He presenteserges of
comparisons between the problems that the panglistsented
then and whether, in his judgment, there has bégmifisant

progress over the past 2 year. He noted that thesebeen little
progress made on the front of defining what dataimgi is and
evolving a theory behind it. On the front of priyabe concluded
that some progress is being made on the privacsepring data
mining, and that this remains an area ripe witleaegsh and can
benefit greatly from randomized algorithms and txgsresearch
in cryptography. One of his primary themes is ih& a mandate
on the field to solve the problems of privacy aratadmining.

(Note: Rakesh Agrawal has recently been honore&digntific

American as one of top 50 leaders for his work dmagy and

data mining).

On mining on the web beyond simple click-stream airdple
html analysis, Agrawal noted that there has beemesgood
recent progress as evidenced by papers, butabigdarly to judge
whether this progress is sustainable and significan

On the front of mining for actionable patterns andluding
domain knowledge, some serious progress has beate, ma
especially in classification, but we still haveomd way to go. A
similar prognosis holds for several other interesttechnical
problems presented in KDD-01. On the front of whaiblems
not to work on, the situation remains the samés tbo early to
judge, as we still know too little.

Agrawal concluded by listing his grand challenge as
augmentation to the prior discussion on mining sdvelata
sources simultaneously (to which he added new satimces to
the 2001 list). His Grand Challenge is summarizgd Find
What's there, What has changed, Across sovereigia da
repositories.
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R. Uthurusamy gave a colorful presentation drawimgy a
multitude of analogies. He drew on several industkamples
including MCI, Harrah's, GM, and some others. Haaduded
with material from industry analysts covering theigus “hype”
curves for new technologies and argued that KDD Brada
Mining are still in the very early stages despiteatwe think has
been a lot of unjustified hype.

R. Ramakrishnan discussed the challenges for KRingathree
major fronts: technical, social, and commercial.Highlighted in
particular the challenge of Faster KDD” versus Faster
Algorithms”, focusing on the fact that the human factor in ngnin
needs much attention. The other major challenge iwhat he
called ‘Data Minding” systems:systems that monitor data
streams and can maintain themselves and their moafethe
world, and automatically manage and retire/purda dad models
as appropriate. He concluded on a warning notewbas a field
have a chance to either disintegrate into sepamtenunities, or
come together and contribute to the problems adielde

4. Concluding Remarks

While the job of predicting the future is riskylzst and likely a
losing proposition, we can learn from discussing amalyzing

the challenges of today. At the highest level, fibld is facing

healthy and interesting challenges. We do not belany of them
are insurmountable. Besides, the opportunity itagge, the need
so great, and the advances so far so small in aisopathan any
advance going forward will stand a great chancebeing

significant. The community is healthy and standssel to a
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crossroads. The big “social” challenges lie in ceemning issues
such as privacy concerns and “bad press” and aldhe KDD

community figuring out a way to communicate its kgemns

crisply and clearly to other fields. Without actieentributions
from the other related fields, we stand to miss autimportant
advances and achievements, and we as a commuritybevi
doomed to re-discover and re-invent solutions tobf@ms that
have been tackled before. On the technical frdm, wealth of
problems and challenges are sure to keep us busgsaarchers
and applied practitioners.

One interesting thought is to work on what appé¢arbe a very
effective approach to address both technical anghischallenges
is to formulate a set of grand challenge probleds. initial
proposal of what these Grand Challenges might lpeogided by
Fayyad in the Editorial to this issue 8iGKDD Explorations
These challenge problems can serve as a beacogstarchers in
the KDD community as well as a bridge for contrdostin other
fields who can spot and understand these probl8ome of these
challenge problems were discussed in the panelwiVdollow
up with a more crisp statement of the challengéleras along
with an endorsement from members of the KDD comitguthiat
this list of problems is worthwhile and significaie should all
be thankful that we work in an area that is richthwopen
problems.
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