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Making Cognitive 
Computing A Reality:

Watson's road to real world 
applications.

D.J. McCloskey

IBM Watson Group
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What is Watson?
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Word spread virally of the victory with Twitter reaching Word spread virally of the victory with Twitter reaching Word spread virally of the victory with Twitter reaching Word spread virally of the victory with Twitter reaching 
11.7M, 30,121 blog mentions, and 15,025 forum posts11.7M, 30,121 blog mentions, and 15,025 forum posts11.7M, 30,121 blog mentions, and 15,025 forum posts11.7M, 30,121 blog mentions, and 15,025 forum posts

On February 14, 2011, IBM Watson changed history . . .
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The Jeopardy! Challenge: A compelling and notable way to drive and 
measure the technology of automatic Question Answering along 5 Key Dimensions

Broad/Open 
Domain

Broad/Open 
Domain

Complex 
Language
Complex 
Language

High 
Precision

High 
Precision

Accurate 
Confidence
Accurate 

Confidence

High SpeedHigh Speed

$600
In cell division, mitosis 

splits the nucleus & 
cytokinesis splits this 
liquid cushioning the 

nucleus

$200
If you're standing, it's the 
direction you should look 

to check out the 
wainscoting .

$2000
Of the 4 countries in the 
world that the U.S. does 

not have diplomatic 
relations with, the one 
that’s farthest north

$1000
The first person 

mentioned by name in 
‘The Man in the Iron Mask’
is this hero of a previous 
book by the same author.

What is down?
Who is 

D’Artagnan?

What is 
cytoplasm?

What is North 
Korea?
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The boy saw the girl with the telescope.
Queen Mary Has Bottom Scraped
HOW WILL LOSS OF JOBS AFFECT APPLE?
Money burns up vs. houses burn down
Noses that run and feet that smell…
Iraqi Head Seeks Arms

Humans and our language

Je suis le guide.
L’amour aveugle le guide.
« Le président a-t-il toujours sa connaissance ? »



© 2013 IBM Corporation



© 2013 IBM Corporation

Unstructured Data

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

Person Organization

L. Gerstner IBM

J. Welch GE

W. Gates Microsoft

Structured Data Unstructured Data

Welch ran this?Welch ran this?Welch ran this?Welch ran this?
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Competing against the Top Human Players
Our Analysis exposes ”The Winner’s Cloud”

Winning Human 
Performance

Winning Human 
Performance

2007 QA Computer System2007 QA Computer System

Grand Champion 
Human Performance

Grand Champion 
Human Performance

Each dot – historical human Jeopardy! gameEach dot – historical human Jeopardy! game

More ConfidentMore Confident Less ConfidentLess Confident
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Baseline 12/06

v0.1  12/07

v0.3 08/08

v0.5  05/09

v0.6  10/09

v0.8  11/10

v0.4  12/08

DeepQA: Incremental Progress in Answering Precision 
on the Jeopardy Challenge: 6/2007-11/2010 

v0.2  05/08

IBM Watson
Playing in the Winners Cloud

V0.7  04/10
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How Watson Works
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DeepQA : The Technology Behind Watson
Massively Parallel Probabilistic Evidence-Based Architecture

. . .

Answer 
Scoring

Models

Answer & 
Confidence

Question

Evidence 
Sources

Models

Models

Models

Models

ModelsPrimary
Search

Candidate
Answer

Generation

Hypothesis
Generation

Hypothesis and 
Evidence  Scoring

Final Confidence 
Merging & 
Ranking

Synthesis

Answer 
Sources

Question & 
Topic 

Analysis

Question
Decomposition

Evidence
Retrieval

Deep 
Evidence 
Scoring

Hypothesis
Generation

Hypothesis and Evidence 
Scoring

Learned Models
help combine and 

weigh the Evidence

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.

1000’s of 
Pieces of Evidence

100,000’s Scores from 
many Deep Analysis 

Algorithms
100’s Possible 

Answers

Balance
& Combine
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“Minimal” Deep QA Pipeline

Hypothesis
Generation

Hypothesis and 
Evidence  Scoring

Final Confidence 
Merging & 
Ranking

Answer & 
Confidence

Question 
Analysis

Question

Primary 
Search

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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“Minimal” Deep QA Pipeline

Question 
Analysis

Question

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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Step 1: Question Analysis

Keywords:
1894
C.W. Post
created
warm
cereal
drink,
Postum
Michigan 
City

Focus : “this Michigan city”
LAT: Michigan city

Parsing 
LAT Detection

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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“Minimal” Deep QA Pipeline

Question 
Analysis

Question

Primary 
Search

LAT

Mitchigan
City

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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Step 2: Primary Search

The keywords (1894, C.W. Post, created, warm, 
cereal, drink, Postum, Michigan, city ) are used to 
search over millions of documents to find relevant hits.  
55 documents are found, and 30 passages are found.

Passage Search Results

Rank Passage

0 C.W. Post came to the Battle Creek 
sanitarium to cure his upset stomach. He 
later created Postum, a cereal-based coffee 
substitute

1 The caffeine-free beverage mix was 
created by The Postum Cereal Company 
founder C. W. Post in 1895 and produced 
and marketed by Postum Cereal Company 
as a healthful alternative to coffee

2 1895: In Battle Creek, Michigan, C.W. Post 
made the first POSTUM , a cereal 
beverage. Post created GRAPE-NUTS 
cereal in 1897, and POST TOASTIES corn 
flakes in 1908

3 1854 C. W. Post (Charles William) was 
born. He founded the Postum Cereal Co. in 
1895 (renamed General Foods Corp. in 
1922) to manufacture Postum cereal 
beverage

4 The company was incorporated in 1922, 
having developed from the earlier Postum
Cereal Co. Ltd., founded by C.W. Post 
(1854-1914) in 1895 in Battle Creek, Mich. 
After a number of experiments, Post 
marketed his first product-the cereal 
beverage called Postum-in 1895

5 …

Document Search Results

Rank Title

0 General Foods

1 Battle Creek

2 Post Foods

3 Will Keith Kellogg

4 Breakfast Cereal

5 John Harvey Kellogg

6 C. W. Post

7 Kellogg Company

8 Postum

…

Indri Passage 
Search

Lucene Passage 
Search
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“Minimal” Deep QA Pipeline

Hypothesis
Generation

Question 
Analysis

Question

Primary 
Search

LAT

Mitchigan
City

Document 
Search Results

R Title

0 General 
Foods

1 Battle Creek

2 Post Foods

3 Will Keith 
Kellogg

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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Step 3: Hypothesis Generation

Candidate Answers (possible answers to the question)  are identified in the search results.  
They are found by looking at document titles (including a variety of title variants and 
expansions) and possible answers in the text of the documents and passages, such as named 
entities, noun phrases, anchor text, dates, etc.  The Candidate Answers are get their first 
evidence feature scores from their corresponding document search rank and passage search 
rank.

Candidate Answers Evidence Feature Scores

Doc 
Ran
k

Pass 
Rank

General Foods 0 1

Post Foods 2 1

Battle Creek 1 2

Will Keith Kellogg 3

Grand Rapids

1895 0

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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“Minimal” Deep QA Pipeline

Hypothesis
Generation

Hypothesis and 
Evidence  Scoring

Question 
Analysis

Question

Primary 
Search

Candidate 
Answers

General 
Foods

Post Foods

Battle 
Creek

LAT

Mitchigan
City

Document 
Search Results

R Title

0 General 
Foods

1 Battle Creek

2 Post Foods

3 Will Keith 
Kellogg

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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Step 4A: Hypothesis Scoring
(Answer Scoring Features)

Other Answer Scorers can be applied depending on different relations or constraints 
detected in the question.  For example, this question focus with modifiers is “Michigan 
city.” Watson can detect this as a geospatial relation that indicates the correct answer 
must be a city spatially located within the sate of Michigan.

Candidate Answers Evidence Feature Scores (Answer Scoring + Passage S coring)

Doc Rank Pass Rank Ty Cor Geo

General Foods 0 1 0.1 0

Post Foods 2 1 0.1 0

Battle Creek 1 2 0.8 1

Will Keith Kellogg 3 0.1 0

Grand Rapids 0.9 1

1895 0 0.0 0

Tycor
Temporal
Spatial
Popularity
…

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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It was named after C. W. Post, the founder of 
the Postum Cereal Company that later 
became General Foods. The cereal company 
unit was later sold off and is now Post Foods

It was named after C. W. Post, the founder of 
the Postum Cereal Company that later 
became General Foods. The cereal company 
unit was later sold off and is now Post Foods

Step 4B: Hypothesis Scoring
(Passage Scoring Features)

In Deep Evidence Scoring, Watson retrieves evidence for each candidate answer, then evaluates the evidence using a 
large number of deep evidence scoring analytics.  The evidence for a candidate answer may come from the original 
document or passage where the candidate answer was generated, or it may come from an evidence retrieval search 
performed by taking the keyword search query from Step 2, replacing the focus terms with the candidate answer, and 
retrieving the relevant passages that are found.  The passages, or “context” in which the candidate answer occurs are 
evaluated as evidence to support or refute the candidate answer as the correct answer for the question.

C.W. Post came to the Battle Creek 
sanitarium to cure his upset stomach. 
He later created Postum, a cereal-
based coffee substitute

C.W. Post came to the Battle Creek 
sanitarium to cure his upset stomach. 
He later created Postum, a cereal-
based coffee substitute

The company was incorporated in 1922, 
having developed from the earlier 
Postum Cereal Co. Ltd., founded by 
C.W. Post (1854-1914) in 1895 in Battle 
Creek, Mich. After a number of 
experiments, Post marketed his first 
product-the cereal beverage called 
Postum-in 1895

The company was incorporated in 1922, 
having developed from the earlier 
Postum Cereal Co. Ltd., founded by 
C.W. Post (1854-1914) in 1895 in Battle 
Creek, Mich. After a number of 
experiments, Post marketed his first 
product-the cereal beverage called 
Postum-in 1895

1854 C. W. Post (Charles William) was 
born. He founded the Postum Cereal Co. 
in 1895 (renamed General Foods Corp. 
in 1922) to manufacture Postum cereal 
beverage

1854 C. W. Post (Charles William) was 
born. He founded the Postum Cereal Co. 
in 1895 (renamed General Foods Corp. 
in 1922) to manufacture Postum cereal 
beverage

Post Foods, LLC, also known as Post Cereals 
(formerly Postum Cereals) was founded by 
C.W. Post. It began in 1895 with the first 
Postum, a "cereal beverage", developed by 
Post in Battle Creek, Michigan. The first 
cereal, Grape-Nuts, was developed in 1897

Post Foods, LLC, also known as Post Cereals 
(formerly Postum Cereals) was founded by 
C.W. Post. It began in 1895 with the first 
Postum, a "cereal beverage", developed by 
Post in Battle Creek, Michigan. The first 
cereal, Grape-Nuts, was developed in 1897

General Foods' products go from breakfast 
(Post's cereals) to warm nightcaps (Postum, 
Sanka), also wash the pots and pans that its 
foods are cooked in (S.O.S. Scouring Pads

General Foods' products go from breakfast 
(Post's cereals) to warm nightcaps (Postum, 
Sanka), also wash the pots and pans that its 
foods are cooked in (S.O.S. Scouring Pads

1895: In Battle Creek, Michigan, C.W. 
Post made the first POSTUM , a 
cereal beverage. Post created 
GRAPE-NUTS cereal in 1897, and 
POST TOASTIES corn flakes in 1908

1895: In Battle Creek, Michigan, C.W. 
Post made the first POSTUM , a 
cereal beverage. Post created 
GRAPE-NUTS cereal in 1897, and 
POST TOASTIES corn flakes in 1908

Battle Creek

Post Foods

General Foods

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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“Minimal” Deep QA Pipeline

Hypothesis
Generation

Hypothesis and 
Evidence  Scoring

Final Confidence 
Merging & 
Ranking

Question 
Analysis

Question

Primary 
Search

Candidate 
Answers

General 
Foods

Post Foods

Battle 
Creek

LAT

Mitchigan
City

Document 
Search Results

R Title

0 General 
Foods

1 Battle Creek

2 Post Foods

3 Will Keith 
Kellogg

Evidence Features

Ty Cor Geo

0.1 0

0.1 0

0.8 1

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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Step 6: Merging Candidate Answers and 
Scoring the Confidence

In the final processing step, Watson detects variants of the same answer and merges their feature 
scores together.  Watson then computes the final confidence scores for the candidate answers by 
applying a series of Machine Learning models that weight all of the feature scores to produce the 
final confidence scores.

Candidate 
Answers

Evidence Feature Scores

Doc 
Rank

Pass 
Rank

Ty Cor Geo LFACS Term 
Match

Temp-
oral

General Foods 0 1 0.1 0 0.2 22 1

Post Foods 2 1 0.1 0 0.4 41 1

Battle Creek 1 2 0.8 1 0.5 30 0.9

Will Keith Kellogg 3 0.1 0 0 23 0.5

Grand Rapids 0.9 1 0 10 0.5

1895 0 0.0 0 0 21 0.6

Apply
Machine 
Learning 

Model 

Apply
Machine 
Learning 

Model 

Final Answers Confi-
dence

Battle Creek 0.946

Post Foods 0.152

1895 0.040

Grand Rapids 0.033

General Foods 0.014

Correct 
Answer

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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“Minimal” Deep QA Pipeline

Hypothesis
Generation

Hypothesis and 
Evidence  Scoring

Final Confidence 
Merging & 
Ranking

Question 
Analysis

Question

Primary 
Search

Battle Creek

Candidate 
Answers

General 
Foods

Post Foods

Battle 
Creek

LAT

Mitchigan
City

Document 
Search Results

R Title

0 General 
Foods

1 Battle Creek

2 Post Foods

3 Will Keith 
Kellogg

Evidence Features

Ty Cor Geo

0.1 0

0.1 0

0.8 1

Final Answers Confi-
dence

Battle Creek 0.946

Post Foods 0.152

1895 0.040

Clue: In 1894 C.W. Post created his warm cereal drink Pos tum in this Michigan city
Category: MICHIGAN MANIA
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Automatic Learning: Watson learns to “read”

Officials Submit Resignations (.7)
People earn degrees at schools (0.9)

Inventors patent inventions (.8)

Volumes of Text Volumes of Text Syntactic FramesSyntactic Frames Semantic FramesSemantic Frames

Vessels Sink (0.7)
People sink 8-balls (0.5) (in pool/0.8)

subject verb object

Sentence

Parsing Generalization & 

Statistical Aggregation

Fluid is a liquid (.6)
Liquid is a fluid (.5)
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Prismatic and Tycor

Semantic Type Disambiguation:

The Thunder outscored opponents by 8 points per game.

� Is Thunder a TEAM or a SOUND?
– Hypothesis 1: Thunder is a TEAM

• Frame: “TEAM outscore opponents”→ 1182 occurrences 

– Hypothesis 2: Thunder is a SOUND
• Frame “SOUND outscore opponents”→ 0 occurrences 

27
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Prismatic and Tycor

� What are the common relations between PERSON and TEAM, between TEAM and TEAM?

28

Frequency Subj Type Verb Obj Type

5168 PERSON lead TEAM

2586 PERSON coach TEAM

2367 PERSON join TEAM

2260 TEAM sign PERSON

2212 TEAM draft PERSON

2096 TEAM trade PERSON

Frequency Subj Type Verb Obj Type

1446 TEAM play TEAM

1204 TEAM beat TEAM

1115 TEAM defeat TEAM

556 TEAM face TEAM

196 TEAM host TEAM

192 TEAM sweep TEAM
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Watson in the real world
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“Medicine has become 
too complex. Only about 
20% of the knowledge 
clinicians use today is 
evidence-based.”

Steven Shapiro
Chief Medical & Scientific Officer 

University Pittsburgh Medical Center

Healthcare is “dying of thirst in an ocean of data”
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Trend in PubMed Articles
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� Reuters publishes the 
equivalent of 9000 pages of 
financial news every day1

� Five new research 
documents come out of 
Wall Street every minute1

� Asset managers receive up 
to1,000 e-mails daily1

Financial services firms face complex information challenges

“The sheer amount of newsflow has made it difficult for people to take positions confidently” 4

-Adam Margolis, Citi trader

Sources:  1 - www.financial-domain.info/integrating- qualitative-and-quantitative-information/
2- IBM Client experience with ForEx traders
3 – Derived from NYSE data
4 - http://www.marketoracle.co.uk/Article31954.html
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Watson at Play Watson at Work

Beyond Jeopardy!: A new set of Challenges…

10s of thousands concurrent users

Pages of input (e.g. medical record)

Noisy text with errors and shorthand

Dynamic content ingestion

Supporting evidence integral

Text, tables and images as input

Both Q&A + Conversation model

High security (e.g. HIPAA)

1 User 

Max. input was two sentences

Input perfect prose

5+ days to retrain

Evidence not present

Text-only input

Q&A model

Basic security
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Hardware and Performance Details

2880 Processing 
Cores

16 Terabytes 
Memory (RAM)

90 IBM P750 
Servers

20 Questions / min

(And Now...)

64 Processing Cores

1 IBM P750 Server

512 GB Memory 
(RAM)

50 Questions / min

NLP   x10 faster
using x50 less RAM

(Then...)

Beyond Jeopardy!
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� Real world knowledge
– Deeply encoded
– Unstructured data

� Many forms of Unstructured Data
– Well formed grade level prose
– Semi/ Explicitly structured
– Ambiguous
– Ungrammatical
– Domain specific language
– Scanned hand-written notes (OCR)

� Required technology often exists!
– Not integrated well
– Not scalable, or evolved

During a raid on the suspects house, the search tea m led by 
DC125 (Willis) discovered an address book containing  the 
following details:

J Smith North Rd 01232 456 7123
John 291271
Steve R 23 Cleveland Drive, Fareham 4235671
Graham Knowles Peterlee 2741567

Further items discovered during the raid were 3 for ged driving 
licenses with the following names and numbers:

John Smith 2234 1212 1211VT
Brian Smythe 5643 7382 9234ZX
John Guest 2763 9012 6572AB

What kind of Data? BMD T-score Z-score 
LWK (L1-L4) :  0.69 g/cm2 -3.2 (66%) -3.1 (67%) 
Femurhals links : 0.75 g/cm2 -0.9 (88%) -0.9 (88%) 

<Claim>
<ClaimNumber>1</ClaimNumber>
<AccidentDate>30/05/2004</AccidentDate>
<ReportDate>06/06/2004</ReportDate>
<CloseDate>19/01/2005</CloseDate>
<ClaimHistory><CreateDTM>07/06/2004</CreateDTM>
<NoteSubject>016</NoteSubject>
<NoteID>3620034694854</NoteID>
<NoteText>"ICP 1 Assist (Saddlebrook/Christina Sham as) Clt
known with known injures....clt has 30 stitches in h is nose. 
Discussed claim with T/M Rita Ryan
Assigned task to Maureen Nugent to investigate

Tamoxisen is an etcelleut treatment for 
bneast cancer .

in patients over GO years of aye.
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� Watson as virtual agent (Customer service/advice, s ales, support…)
– Insurance
– Telecommunications
– Banking sector

� Generic mass market offering
– Take company data e.g. product manuals, help notes, research docs…etc
– Answer questions over this content
– Direct conversation with company’s clients

• or as a 3rd party to conversation between human agent
– Improves client experience and satisfaction

� Questions…?
– “How much stuff is in a typical dorm room ?”
– “When will I be able to retire ?”
– “Which bank account/ data plan should I use?”
– “How much will it cost to send my daughter to school ?”

� Interactive Q&A with Watson
– Responds with weighted confidence
– Full data transparency
– Active dialog in natural language
– Leverages multiple data sources
– Systematically learns from user responses, new data, and outcomes

Watson Engagement Advisor
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A Brief History of Watson

R&D

Demonstration

Commercialization

IBM
Research 

Project 
(2006 – )

Jeopardy!
Grand 

Challenge
(Feb 2011)

Watson 
for

Healthcare
(Aug 2011 –)

Watson 
Industry 

Solutions
(2013+ )

Watson 
for Financial 

Services
(Mar 2012 – )

Expansion
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Understands
natural language 
and human 
communication

Adapts and learns
from user 
selections and 
responses

Generates and 
evaluates
evidence-based 
hypothesis

…built on a massively parallel 
architecture optimized for IBM POWER7

IBM Watson brings together transformational technologies

1

2

3
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www.ibmwatson.com

www.facebook.com/ibmwatson

www.twitter.com/ibmwatson
(Tweet #ibmwatson )

www.youtube.com/ibm

Learn more at:

About.me

http://about.me/djmccloskey

Twitter:

http://twitter.com/djmccl

Join me on:


