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Building Watson

What Impact will Watson Have on the Use of Analytics in
Business?

Crispin Keable
HPC Systems Architect @ IBM UK
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Watson answers a grand challenge

dan we design a computing system tnat rivals a numan's anllity 10 answer

questlons posed In natural Ianguage interpreting meanmg and context and
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A Grand Challenge Opportunity

= Capture the imagination
— The Next Deep Blue

= Chess
— A finite, mathematically well-defined search space
— Limited number of moves and states

— All the symbols are completely grounded in the mathematical rules of the
game

» Human Language
— Words themselves have no meaning
— Only grounded in human cognition
— Words navigate, align and communicate an infinite space of intended meaning
— Computers can not ground words to human experiences to derive meaning
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Informed Decision Making: Search vs. Expert Q&A

Decision Maker

Has Question

Search Engine

Distills to 2-3 Keywords

Finds Documents containing Keywords
Reads Documents, Finds

Answers

Expert

iSiOn Maker Understands Question

Asks NL Question

Produces Possible Answers & Evidence

Considers Answer & Evidence

Analyzes Evidence, Computes Confidence

Delivers Response, Evidence & Confidence
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What Computers Find Easier (and Hard)

In((12,546,798 * = )" 2)/34,567.46 = 0.00885

Select Payment where Owner="David Jones” and Type(Product)="Laptop”,

Owner | Serial Number
David Jones === 45322190-AK o ————————— s

fM&NWOSQS MyBuy $104 56 1
Serial Num!ier | Type
45322190-AK  LapTop  INV10895
David Jones Dave Jones
A RN AA- -

David Jones David Jones
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What Computers Find Hard

Computer programs are natively explicit, fast and exacting in their

calculation over numbers and symbols....But Natural Language is implicit,
highly contextual, ambiguous and often imprecise.
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A. Einstein ULM
=\Where was X born?

One day, from among his city views of Ulm, Otto chose a water color to
send to Albert Einstein as a remembrance of Einstein’s birthplace.

"~ person | _Organization _

= X ran this? J. Welch GE

If leadership is an art then surely Jack Welch has proved himself a
master painter during his tenure at GE.

Unstructured

© 2010 IBM Corporation
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The Jeopardy! Challenge

A palpable, compelling and notable way to drive the technology of Question Answering
along Key Dimensions

$200 $400
Broad/Open If you’re standing, A round type of this
Domain it’s the direction you structure, with the
should look to silo inside it, was
check out the popular in the
Complex wainscoting 1900s; it’s rare now
Language $2000
Of the 4 countries in the
High world that the U.S. does
Precision not have diplomatic
relations with, the one
that’s farthest north
Accurate
Confidence $600 $_1 000
In cell division, mitosis The first person
splits the nucleus & rr:entloned by name in
High cytokinesis splits this MThE’Ma?h!n :\he |r°f“
Speed liquid cushioning the LU E LU G R
nucleus previous book by the

same author




IBM Research

Basic Game Play

Technology TECHNOLOGY Bef:;te and 6 Categories
er
$200 | $: $200
ALL POLICEMEN CAN THANK
$400 | % STEPHANIE KWOLEK FOR $400 5 Levels of
HER INVENTION OF THIS
$600 $ POLYMER FIBER, 5 TIMES $600
$800 $¢ TOUGHER THAN STEEL $800
$1 OOO $1 (VALY P TUUU v TUUU P TUUU $1 OOO

01 of 3 Players Selects a Clue - IF

»earns $ value

Host reads Clue out loud »selects Next Clue

U IF wrong
> loses $ value
» other players buzz again
(rebounds)

O All Players compete to answe

Q 15t to buzz-in gets to answer

O Two Rounds Per Game + Final Question
@ ONE Daily Double in First Round, TWO in 2"4 Round © 2009 IBM Corporation
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Broad Domain
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We do NOT attempt to anticipate all

We do NOT try to build a formal
questions and build databases. model of the world

In a random sample of 20,000 questions we found
2,500 distinct types*. The most frequent occurring <3% of the time.

The distribution has a very long tail.
And for each these t

pes 1000’s of different things may be asked.

Even going for the head of the tail will

barely make a dent

BOLOWO>0DOE >SS 000 REE 0o 0R >
om0 000YT8SENCcElo P8R G RERSOE®
= nwEoCcoC = WO WO=XL =208 s = — O
BoE -5 ©27Sc+ 00l pg29552C02080=
e © - go WLWEE+- 30~ pgo Eo §
o © = = - W TG cc o ©°

a w = Q

Our Focus is on reusable NLP technology for analyzing vast volumes of as-is text.
Structured sources (DBs and KBs) provide background knowledge for interpreting the text.
9
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Automatic Learning for “Reading”
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Inventors patent inventions (.8)
Officials Submit Resignations (.7)
People earn degrees at schools (0.9)
Fluid is a liquid (.6)

Liquid is a fluid (.5)

Vessels Sink (0.7)

People sink 8-balls (0.5) (in pool/0.8)
®

© 2010 IBM Corporation
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Evaluating Possibilities and Their Evidence

In cell division, mitosis splits the nucleus & cytokinesis

splits this liquid cushioning the nucleus.

» Organelle »Many candidate answers (CAs) are generated from many different searches

> Vacuole »Each possibility is evaluated according to different dimensions of evidence.
» Cytoplasm

> Plasma »Just One piece of evidence is if the CA is of the right type. In this case a “liquid”.
» Mitochondria

» Blood ...

“Cytoplasm is a surrounding the nucleus...”

Is(“Cytoplasm”, .I|qu|d ) = O.ZT ~

Is("organelle”, “liquid”) = 0.1 Wordnet - Is_a(Fluid, Liquid) > ?
Is(“vacuole”, “liquid”) = 0.2

Is(“plasma’, “liquid”) = 0.7 Learned > Is_a(Fluid, Liquid) = yes.

© 2010 IBM Corporation
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In May 1898 Portugal celebrated

Different Types of Evidence: Keyword Evidence

the 400th anniversary of this

explorer’s arrival in India.

celebrated

Keyword Matching

Keyword Matching
400th
anniversary

Keyword Matching

Portugal

Keyword Matching

Keyword Matching
12

explorer

© 2009 IBM Corporation
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Different Types of Evidence: Deeper Evidence

IBM Research
In May 1898 Portugal celebrated
the 400th anniversary of this
explorer’s arrival in India.

> Search Far and Wide

»Explore many hypotheses

celebrated >Find Judge Evidence
Portugal v inferer ithr

May 1898 400th anniversary

arrival

in
Geo..:atial
Reasoning

explorer
© 2009 IBM Corporation
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Not Just for Fun

A long, tiresome speech

\)iatribe

Harangue

Some Questions require
Decomposition and Synthesis

deliverec1 by a frothy pie topping

Wream

Meringue

Answer:Meringue Harangue

Category: Edible Rhyme Time

© 2009 IBM Corporation
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Missing Links
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Shirts,

TV remote controls, Telephones

O ot
Everest Edmund
Hillary

N

On hearing of the discovery of

© 2009 IBM Corporation
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What It Takes to compete against Top Human Jeopardy! Players

Our Analysis Reveals the Winner’s Cloud
Each dot — actual historical human Jeopardy! games

Top human
players are
remarkably

good.
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DeepQA: The Technology Behind Watson
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Question &
Topic
Analysis

17

Massively Parallel Probabilistic Evidence-Based Architecture

DeepQA generates and scores many hypotheses using an extensible collection of
Natural Language Processing, Machine Learning and Reasoning Algorithms.

These gather and weigh evidence over both unstructured and structured content to

determine the answer with the best confidence.

Answer

Evidence
Sources

Sources

Answer
Scoring

Primary

Candidate
Search

Answer
Generation

Evidence

Retrieval EVIOSTI g

Scoring

Hypothesis

Hypothesis and
Generation

Evidence Scoring Synthesis

— B — N

Models Models

Models

— B

Models

— B

Models Models

Final Confidence
Merging &
Ranking

Answer &
Confidence
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Grouping features to produce Evidence Profiles

Clue: Chile shares its longest land border with this country.

® Argentina Bolivia

Bolivia is more Popular due to a
commonly discussed border dispute. But
Watson learns that Argentina has better
evidence.

Positive Evidence |

Negative Evidence

© 2010 IBM Corporation
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Evidence: Time, Space, Source, Type etc.

Clue: You'll find Bethel College and a Seminary in this “holy” Minnesota city.

m Saint Paul
South Bend

There’s a Bethel College and a Seminary in
both cities. System is not weighing location
evidence high enough to give St. Paul the
edge.
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Evidence: Puns

Clue: You'll find Bethel College and a Seminary in this “holy” Minnesota city.

Humans may get this based on the pun since St. Paul
since is a “holy” city. We are adding a Pun Scorer that
will discover and score Pun-like relationships.

© 2009 IBM Corporation
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DeepQA: Incremental Progress in Answering Precision: 6/2007-4/2010

100% v e omipe, e e e -
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Optimized & Scaled out on 3000-Core IBM HPC using UIMA-AS,
Watson is answering in 2-6 seconds.

m 1000°s of 100,000’s scores from many simultaneous
Text Analysis Algorithms

One Jeopardy! question can take 2 hours on a single 2.6Ghz Core

Pieces of Evidence

100s Possible
Answers
Final Confidence

100s sources
Merging &

Multiple
l Interpretations
Sl Question Hypothesis Hypothesis and :
: : : Synthesis
Generation Evidence Scoring :
Ranking

Generation

TOpIC_ Decomposition
Analysis
Hypothesis Hypothesis and Evidence
Scoring Answer &
Confidence

© 2010 IBM Corporation
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Confidence is King

23

All questions are not equal —
some take longer, some are
less certain than others

Watson ring-ins ONLY IF it
can compute a confidence
fast enough

It considers the category,
question and a self-
assessment of its own
algorithms

Uses confidence to make
betting decisions and
manage the risk associated
with possibly getting wrong
answers

WIDE WORLD OF Pollen
SPORES

SPORES ARE OFTEN Fungi

SCATTERED BY THESE
WINDBLOWN PLANTS; AS
THE SONG SAYS, THEY'RE
"DRIFTING ALONG WITH THE
TUMBLING..."

Tumbleweed

flowers

$200 Playert %  Watson $0

Player3

© 2010 IBM Corporation
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Potential Business Applications

Healthcare / Life Sciences: Diagnostic Assistance, Evidenced-
Based, Collaborative Medicine

Government: Improved Information Sharing
and Security

© 2009 IBM Corporation
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Institute for Business Value

==

MITSloan

Management Review

© 2009 IBM Corporation



Key finding 1
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Analytics correlates to performance

Organizations that lead in
analytics outperform

Top Performers are
those more likely to use an
who are just beginning analytic approach over
to intuition*
adopt analytics

Source: Analytics: The New Path to Value, a joint MIT Sloan Management Review and IBM Institute of Business Value study. Copyright © Massachusetts
2lnstitute of Technology 2010.
g within business processes

© 2009 IBM Corporation
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Key finding 2
Organizational, not data or financial concerns, are holding

back adoption
Primary obstacles to widespread analytics adoption

Knowing how to use analytics to improve the business ¢
Management bandwidth due to competing priorities ®
Lack of skills internally e—
Ability to get the data «—
Existing culture discourages info sharing e
Data Ownership is unclear or governance is ineffective e
Lack of executive sponsorship e
Concerns with the data e . Organizational
Perceived costs outweigh the projected benefits o 21% Data

No case for change °_m . Financial

2Source: Analytics: The New Path to Value, a joint MIT Sloan Management Review and IBM Institute of Business Value study. Copyright © Massacl€i2e@8 IBM Corporation
7lInstitute of Technology 2010.
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Key finding 3
Organizations want to “see” insights more clearly and act
on them
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Analytic techniques providing the most value:

Today In 24 months

Historic trend

analysis Data visualization
and forecasting

Standardized Simulations and

scenario

reporting development

Analytics applied Increased or
Data visualization within business sustained value

processes . Decreased in value

2Source: Analytics: The New Path to Value, a joint MIT Sloan Management Review and IBM Institute of Business Value study. Copyright © Massac/&i4@31BM Corporation
gInstitute of Technology 2010.
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Imagine if you had all the answers you need to win

IBM Business Analytics and Optimization solutions can ensure that you
do

Watson represents a culmination of IBM’s
century-long dedication to research and
innovation.

This same investment in research

is driving the creation of new

Business Analytics and Optimization
capabilities, allowing the innovations from
Watson to be applied to solve business
and societal problems — for example,
diagnosing disease, handling online
technical support questions, and parsing
vast tracts of legal documents - and to
drive progress across many industries.

© 2010 IBM Corporation
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Any questions?

© 2010 IBM Corporation
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