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Abstract

In a trend thatreflects thencreasingdenmand for
intelligert apgications driven by business dta, IBM
today is building ou asignificant number of apgications
that leverge machine learmg technologies to optimize
businessprocess deaions This talk highlights tis trerd;
anddescribes the many different ways in which leading
edge machine learmng corcepts arebeing utilized in
businessapplicaions deeloped by IBM for itsinternal
use ad for clients.

1. Overview

IBM hasembarkel uponamajor strategythat foaiseson
Business Aralytics ard Optimization asakey technology
for helping businesses opmizetheir rouine gperatiordl
ard strategc decisins. This stratey essetially
acknowledgesthe retural progressionand evolution in the
way businessefiavebeenleveraging information, from
the traditional“descrptive” analytics methods,to
increasing usef “predictiveanalytics”, and evgually
“presaiptive” analytics.

Descrtive analytics bdataallows a ser o get a
retrosgective view onthe business, gtting arswers to
guestionslike “what hgppened”, “how many times”, and
“where”. Pralictive analytics allows ase to get a
progpectve view onthe husiness, geting answersto
guestionslike “what could happen”, “whatif these tends
coninue”, ard “what might happen next if ..”.
Prescripive analytics allars a wser to oltain an actiosble
sdution, getting an aswer b the question “what is the
set of rguiredactions” b take to ahieve abusiness
objective, under agiven setof predictions and business
corstraints. Several casestudies hae ovewhelmingly
denpnstated hat businessesglranatically improve heir
conpetitive presencby enbracing prelictive and
prescrigive apflications to optimize treir business
decsion making.

While tradtional detabase nanagement systens ard the
relational framewak haveprovidedthe engine for
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enaling “descrigive” aralytics that permit users to qery
andgetrich reports from data,it is expectedthat Statistics
ard Macthine Learmng will fuel the useof “Predctive
Analytics” from data, ard Optimization Methods and
Stachastic Analysis will provide the besis fa

“Presciptive Analytics”.

IBM’s interestin Machine Learning datesack to the
1950s when Arthur Samuels’ Checkes progran made
history by denonstrating that acomputer programcould
play chekerswell enough tdeathuman experts, and
could lean from its experencein playing ajainsthumans
to beome a béter player Early usagef Staistical and
Machine Leaning methods in IBM wasdrivenby large
scale resealhcand deelopnent prograns in Speeh
Recagnition, Hardwriting Recanition, NaturalLanguage
Understanding. Vision, and Game Playing systens.

While projects likehese hae continued in IBM ever
since he seninal days of the Checkes projed, we have
witnessedasignificant growth recetly in the focus and
interest inmachine learfing as an aplation techndogy
for thesorts of enteprise husiness pplicaions hat IBM
builds ard delivers. The primary driver of this shift has
beenthe vastamount d information thatbusinesses
todayreadily mllect and nanageon all aspets of its
processes

The orgoing rapd growthof on-line data due to the
widegread useof datbasetechrology has diven a nev
appetite for Machine Learring and Data Mhing. The
chalengeof extracing usdul insights from data dravs
uponresearh in statistics, dah managenent, patern
recognition, and @chine learningey advances n
robust ard scahble data mining techiques,methodsfor
fastpatern deecionfrom verylarge datbases, ad
innovaive applicaions ¢ machine leaning for business
applicatiors have cmme from our worldwide researh
laborataries.

Early denonstationsof successiul machine learnng
applications sartedappearinginside IBM in the
marufacturing quality cortrol and computer performance
managerant areas inte early90s. Bah damairs were of
high interest to te canpary given its shguar focus ten



on hardware menufacturing internaly and high

availahility systems dferings exterrally. Superised
learring methods sich as acision trees andule induction
wereshown to be tremely usefulin fastgeneraton of
insightful predictive nodek from daf, that could beusal
to proactively marage quality control issueson the
manufactring line, ard peformance issuef large-scale
computer systems running complex client workloads.

As IBM’s focus started sfting towads servces and
solutionsfor clients in he md 90’'s, accesbecane
possble o vast amounss of busines dat, including
marketing campign data, financial credt data, airlines
resenation systens cata, clirical care ad genomics chta,
call cerier interaction data, telecon cal data, andmuch
more. Many of the sipewvisedlearnng methods that had
been used vg succesfully internally had now started
being applied tovery similar client problems. Sane of the
earliestmachine learmg appication work IBM startedto
work uponwasin theareaof marketingand custorar
relationship managenent. Applicaionsweredeveloped
anddeployed in client locationsfor canpaign
managenent, including targeted narketing and cross
sel/up-sel reommendaton enghes,ushg methodslike
decisiontreesfule induction, and cdlaborative filtering.

As more complex businessproblens havestarted
presening thensdves, teamin IBM have started
leveraging more advancel ideas from machine leaning to
overcome challengs fromspecial charactetiss of he
data, sich as Ink information, insufficient number of
labeled exanples, sprsemss / high dimensionality,
sequertial prediction requremerts, andtimely aralysis
requirenents.This has trggaed the scces$ul use ad
depbyment of applcations based yponemerging machine
learnhg techniques for diverse domains, including Credit
cardfraud detection, Socal media insights, Marketing
optimization, Delinquercy maragement. Life scierces
andheathcare managenent, Customer & consumer
insights, ard Ststairebility maregement.

Same application damains that the IBM teams are
working onin turn areproviding afertile grownd for
machine learning resesh. Sccial mediainsights;where
the problems associatedith learning fromlargescale
community-basedinformation interactian repositories
(eg. blogs), conceps sut as emerging topics ard
sertiment detection, aredriving new directions in actie
learning, sefinsupervised learning,savell as graphical
modeing.

Interest inroot-causediagnastics far complex
instrumented ystens is also driving newdirecionsin
machne learmng researchUnderstandng causality from
spato-tenmpord dat generated by such systens is driving
new advaces n methodsfor learning tenporal causality.

The interday betweenmactine learmng andoptimization
istaking ona rew dimension aswell. The role of
optimization methods within modern machne learing
algorithms is well urderstood However, as webuild out
endto-end dedsion suppat systens that incorporate both
predction andprescrigion, there is arincreasig needfor
coupling predctive nodeling andoptimization for
geneating olution plans The reinforcenentlearnig
paraligmis turning out to bea suprisingly usefil
approachfor many business pplicaions that have tis
need.

As machie learning applicaionsbemme enbeddedn
operatioral IT environmerts, the needfor scalalility,
robustness and automation hes beome of pre-eninent
concen. The requirenment to learnin-situ from massive-
scale dta isdriving the needfor the designard
implementtion of scahble machine leening algorithns,
and franeworks for paallel machine leming arebeing
devebpe to enable a siandads-base& gproach b
devebping such algorithms, sonetime leveragng special-
purposehadware acceleraterand erarging multi-core
architecturs. Furthernore, applications that exhbit the
high-volume low-latency steaming ervironmentare
driving the ned for reattime and on-line rachine
learning nethods,more so tha ever before.
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