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IBM Watson @ work

Dr. Axel Koester — Storage Chief Technologist, European Storage Competence Center

IBM Watson technology at work
and the impact on BIG DATA

(or how to compress the English internet in 1TB)
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IBM Watson @ work

Watson Grand Challenge

Current Watson Projects

How to deal with Massive Data

Lab Futures
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IBM Watson @ work
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Fabrice Bellard 's home computer calculated pi to

Lu Chao successfully recited
In 24 hours and 4 minutes

axel.koester@de.ibm.com

of pi from memory
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IBM Watson @ work

Reciting TT= Peanuts for a computer.

" Reading & understanding unstructured documents

Understanding ambiguous human questions and pun
But how about <

Responding in real time, before being 100% sure

9 Taking a 'good guess'
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Jeopardy! all-time champions Ken Jennings & Brad Rutter
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IBM Watson @ work

SYIZEWATSON accesses its knowledge* in parallel

(*) Multiple millions of complex matching searches per second,

within a knowledge base of the English WWW
10 km book stack

200 million memorized book pages,
with Wikipedia alone totaling 2,25 Mio.

mB years to read
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IBM Watson @ work

WATSON s an "information aggregator”

Hemi]

90 x 32 core IBM Power®750 / (16 TB RAM, 1TB di@

*Parallel access to 100% of the data,
no Internet access during games

axel.koester@de.ibm.com

out of 4 TB GPFS disk space, with 16 TB = 15 TiB RAM © 2012 IBM Corporation



IBM Watson @ work

How to achieve full parallel access to data

Volatile Secured Offline
—
—
2012 CPU - > _
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IBM Watson @ work

POWER7 with integrated DRAM

Challenge: CPU = Transistors, SRAM = Transistors, DRAM = Capacitors (denser!)
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IBM Watson @ work

How to achieve full parallel access to data

<90 = 1 ¢yIEMWATSON L ropicaion e

each 4 sockets - Filesystem RAM
x 8 core
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IBM Watson @ work

What is IBM Watson doing with these massive resources?

distribute
“matching" jobs
across cluster
nodes, acoop

6'3. :E;?:__:w ATSON The correct

answer could be
somewhere here
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IBM Watson @ work

How is Watson different from Google?
Here is Google:

In May 1898 Portugal In May, Gary arrived in
celebrated the 400th India after he celebrated

anniversary of this ex- his anniversary in

plorer’s arrival in India. Portugal.

m

explorer

Keyword Matching
(+page ranking)
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IBM Watson @ work

How is Watson different from Google?
Here is Watson.

1 of 100.000 candidates

In May 1898 Portugal On the 27th of May 1498,

ozl e AT Vasco da Gama landed in

anniversary of this ex- e Eet
plorer’s arrival in India. PP :

400th
anniversary

27th of
In May 1898 May 1498

arrival in landed in

/I\ - >
Date math ~/ VL/;\’%‘E\X Lexicon data \/(_ {L/E)I%QS\X
\ NEW
Hempordl Reasomng Statistical Paraphrasing GeoSpatial Reasoning
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Software Architecture

Questlon Multiple Multiple Hundreds of sources

interpretations sub-questions

[l

‘h-l-'.

Question & Decom- Primary Answer
context analysis position search candidates

Hypothesis generation

Hundreds of possible answers Learned models

help combine and welg

the evidence
Thousands of small

evidence pieces

Hundred thousands
scores from many
Deep Analysis
algorithms

Answer
synthesis Final confidence

Answer Deep evidence Evidence

o
scoring retrieval scoring _—

merging & ranking

Hypothesis and evidence scoring

1-3 Answers
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Watson's inventors surprised by amazing correct answers

Dr. Jennifer Chu-Carrol,
Watson algorithms
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A precursor of new informatics — much less deterministic




IBM Watson @ work

Watson @ work
Recent Projects
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IBM Watson @ work

In mid 2011, first Watson projects were started

=
WELLPOINT
Watson reads all medical publications, reports, journals ~l

) using Nuance Clinical Language Understanding CLU
CEDARS SINAI and respond to nurse's questions with DeepQA®

Reduced average call time from 5 to 4 min. by avoiding
full traversal of yes/no questions tree: 20% reduced cost

More "Smarter Planet" ideas were born: fraud detection, justice antecedent case search, traffic flow ...

24 axel.koester@de.ibm.com © 2012 IBM Corporation
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IBM Watson @ work

Since late 2011, Watson projects are multiplying

a Micro-Watson reads all minutes of consultation and establishes
trends and marketing directives based on written client requests.
It also finds omissions & inconsistencies.

a Micro-Watson reads relevant websites in order to quickly
capture client opinion and competitive threats.
Counselors can "ask Watson" for related information.

a Micro-Watson reads competitors' websites & publications in
order to identify potential niches in flight plans / destinations.

Watson scans non-classified repositories for text with
classified content / keywords.

25 axel.koester@de.ibm.com © 2012 IBM Corporation



IBM Watson @ work

German car makers started various Watson projects

“Maintenance & Repair
"There's a rattling noise in the rear when I..."

Watson reads garage reports and helps
identifying defects quickily.




IBM Watson @ work

More car makers' Watson projects

1. Help for complex problems with ambiguous error codes (or no codes)
2. Quick decision support for call centers on red warning light during journey
3. Car owners chat forum scan, public opinion, defect reports, ...

4. Traffic flow prediction for navigation systems

27 axel.koester@de.ibm.com © 2012 IBM Corporation
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IBM Watson @ work

What do Watson projects ‘look like'?

28 axel.koester@de.ibm.com © 2012 IBM Corporation



IBM Watson @ work

Mini-Watson = IBM Content Analytics
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IBM Watson @ work

Ambiguous language processing in Content Analytics

IBM Content Analytics change})
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IBM Watson @ work "Dr. med Watson"

11:28 AM

Diagnosis & Treatment

Differential Diagnosis based on Current Information
Acute Coronary Syndrome (ACS) f 60% I
Pneumonia _ 50% I
Reference |D: 2315-8875 —
. o hd
Allergies: Peanuts, Penicillin, Eimenan snbokst _ 407%
Ragweed Pneumothorax - 15%
Vitals, Observations Cholecystitis - 10% }
& Reports i
Observations

Differential Diagnosis

ﬂ; Uncertain about whether he has had any fever. Did not feel it but did (%)
¥ not measure. Had occasicnal nausea, but denies vomiting; has not
been coughing.

Referral

Patient Goals

Treatment Options

Next Steps
{ Electrocardiography (EKG) Order » I
£ Chest X-ray B> g

kﬂ Joanne Cameron | Sign out

32 axel.koester@de.ibm.com © 2012 IBM Corporation
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IBM Watson @ work

11:28 AM

Diagnosis & Treatment

Pulmonary Embolism
Anderson HPI and Symptoms + 0.56 - =
Age: 48
Reference ID: 2315-8875 Chest pain +0.67 — =
Allergies: Peanuts, Penicillin, Shortness of breath +0.43 - =
Ragweed =
Sudden onset of symptoms +0.28 - =
Vitals, Observations Pain localization +0.19 - =
& Reports =
Differential Diagnosis No Gough - 0.66 - ;.
Nausea - 0.46 -
Referral
Muscle pains =032
Patient Goals - =
Treatment Options Family History +0.09 . -
Clinical Findings +0.61 - +
Demographics -

[} =

kfﬁ Joanne Cameron | Sign out
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IBM Watson @ work
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axel.koester@de.ibm.com

Reference:
"XYZ Principles of Internal Medicine", Textbook, 2005

Abstract:

Pulmonary embolism symptoms can vary greatly, depending on how much of your lung is
involved, the size of the clot and your overall health — especially the presence or absence
of underlying lung disease or heart disease. Common signs and symptoms include:

Shortness of breath. This symptom typically appears suddenly, and occurs whether
you're active or at rest.

Chest pain. You may feel like you're having a heart attack. The pain may become worse
when you breathe deeply, cough, eat, bend or stoop. The pain will get worse with exertion
but won't go away when you rest.

Cough. The cough may produce bloody or blood-streaked sputum.

© 2012 IBM Corporation



IBM Watson @ work

Financial rating:
Automatic evaluation of related news ("optimism" ranking)

- - TE vy U]

Milliarden-Investition in sachsische Werke
Bis zum Jahr 2016 will Volkswagen rund 2,5 Milliarden Euro in seine sdchsischen Werke investieren (06.11.2011)

Volkswagen darf Mehrheit an MAN libernehmen

Volkswagen hat die Genehmigung der chinesischen Wettbewerbsbehérde erhalten und wird voraussichtlich am 9.
November die Mehrheit am Nutzfahrzeugsteller MAN (bernehmen. (03.11.2011)

Anklage gegen Volkswagen und Telekom
Ermittlungen der Staatsanwaltschaft Korruptionsverdacht gegen Telekom und VW (06.11.2011)

Wolfsburger wollen beim Carsharing den Vorsprung von Daimler, BMW und Peugeot einholen. Sechs Euro fiir eine halbe
Stunde (03.11.2011)

VW-Fusion beschert Porsche SE rote Zahlen

Ohne bilanziellen Sondereffekt hatte Porsche nach drei Quartalen Milliardengewinn eingefahren - Fusion noch nicht
absehbar (04.11.2011)

Volkswagen beginnt Testprogramm fiir die WRC 2012
Testfahrten mit dem neuen Pglo R WRC erfolgreich begonnen (04.11.2011)

Volkswagen CC kiinftig als eigenstandiges Modell

VW préasentiert den neuen CC: Kiinftig als%igenstéindiges Modell soll er die Liicke zwischen Passat und dem
Oberklassemodell Phaeton schlieBen (04.11.2011)

() Die Ti

Das ist das Ergebn
die Lieblingsmarke der

&

N
Sg
Q Carsharing-Geschaft Auch Volkswagen steigt ein
AN
N

ings-Automarken der ‘Deutschen sind BMW, Volkswagen und...

iner reprasentativen Umfrage der GMK Markenberatung, fiir die im Juni 2011... Volkswagen ist
serverdienenden (03.11.2011)

Corporation




IBM Watson @ work

Wind turbine planning at Vestas (InfoSphere Biglnsights)

- Analyze petabytes of data
including weather reports, tidal
phases, geospatial and sensor
data, satellite images and
deforestation maps to find the
ideal placement of wind turbines.

1.222 node "SuperWatson"
at Vestas Wind Systems (DK)

37 axel.koester@de.ibm.com © 2012 IBM Corporation
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What "normal" Watsons look like

i = a====
[ o o o o |

|~ Managemaert Node

Based on System x3630:
Ultra-dense, storage-rich
server for Biglnsights

Diata Mode
Diata Mode

Data Mods

il wa=a==n=_ w7
[T e o o o R |
——

Mandgenient Node

DiataFleds
Databode
Datablode
Dataflodes
Datahlode
Ciataklods
DataMode
Datablode

Datablods

i ===y
[ o o o e |

| Management Node
Dwta tade

Dwts Bode
Dwts Rode
Owta Node
Crata Mode
Diata Kode

Data Kode

Duta Kode

Dwts Kode
Diata Mlods
Data Mode
Diata flode
Diata flode
Data hode

Data flode

I 1aTa Moae

Diata Mode

Diata Mode

Data Mods

i = ===y
LT T ]

Oiptional Data Node

Dwata Node

Dwts Bodi
Dwta hode
Outa hode
Crata hode
Diata kode
Data kode
Duta kode
Trama Rode

Dwita hode

Diata Rode

Data hode
Data fode
Diata fode
Data hode
Data fode
Data hode
Ciata hode

Data kot

Starter

Half Rack

1st Thru 4t Full Rack

Additional Full Racks

Up to 108TB

Up to 324TB

Up to 684TB per rack

Up to 720TB per rack

Up to 36TB

Up to 108TB

Up to 228TB per rack

Up to 240TB per rack

38 axel.koester@de.ibm.com
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IBM Watson @ work

Real time traffic jam prediction in Munich (InfoSphere Streams)

95% reliable
prediction of traffic
|ams near Munich
from scanning
induction sensors
on A8, A9 and A99

85% reliability for
2 hours future jam
progn05|s

"Learned" patterns

w-

.. .,g
RS T oLt

http://www.bild.de/auto/auto-news/cebit/ibm-computer-watson-stau-vorhersagen-prognose-23004292.bild.html
http://www.computerwoche.de/hardware/data-center-server/2506319/
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Cognitive Computing

54 axel.koester@de.ibm.com © 2012 IBM Corporation
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IBM Watson @ work

Human brains are incredibly good at "low power"

Recognize a face in a crowd — efficiently

Distinguish own from outside sound

Combine unrelated facts

Filter & distill information

Hypothalamus (1/0)

20 Watt

How?
Brains are not 100% accurate.

http://www.ibm.com/smarterplanet/us/en/business _analytics/article/cognitive_computing.html

55 axel.koester@de.ibm.com © 2012 IBM Corporation
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"Lower power" from abandoning the 100% accurate IT

Patient symptoms

(1%

Root cause
Coronary Syndrome 60%
Pneumonia 25%
Pulmonary Embolism 9%

Road traffic sensors
= R ==

- Congestion prediction
Ring A99in 2 hrs 95%
| Feeder A8in 1 hr 90%

Wind & sun forecast

Energy production
Line load estimation
Production mix %

Approximation

Unreliable input data

Approximations based on unreliable data
56  axel.koester@de.ibm.com ShOUId not requwe b”:_accurate proceSS|ng | © 2012 IBM Corporation




IBM Watson @ work
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Future Microchips = analog technology?

= Digital = low power: or

= no more true at ultrahigh speeds, constantly between 0 and 1

digital control logic B digitalfanalog convertes 128 input neurons

5
.........

3 v T L s L

| e e .

______________________

0 O 0 2 0 [T1
64 output neurons analog weight storage bidirectional LVDS 1O cell

Source: University Heidelberg AnaloG Evolvable Neural Network

57 axel.koester@de.ibm.com
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SYNAPSE and BlueBrain: Simulating the brain

explore large-scale

understand brain simulations
learning down

to synapses

Neuroselence  Supercomputing
Cognitive
computing

Nanotechnology

design a chip
that "learns" at
molecular level

58 axel.koester@de.ibm.com © 2012 IBM Corporation
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"Cognitive Computing Research" at IBM

SYyNAPSE — Systems of Neuromorphic Adaptive Plastic Scalable El ectronics

Research VP

¥ "...simulating the entire human
§ cortex, about 25 billion neurons,
J atfull speed? To do that, you'll
» need to find 1000 times more

computing power (than today's

supercomputers).” Bruce Hillsberg
blh@us.ibm.com
Director, Storage Systems

LEEINC-ELE ]

R
e A SyNAPSE chip could do that at
b a fraction of the required energy.

"I'll have it ready for you within the
next decade."

Dharmendra Modha, I1BM
SyNAPSE program leader

Dharmendra Modha

The initial phase of the SYNAPSE program developed nanometer scale electronic synaptic components capable of adapting the dmodha@almaden.ibm.com
connection strength between two artificial neurons in a manner analogous to that seen in biological systems (Hebbian learning), Manager, Cognitive Computing
and simulated the utility of these synaptic components in core microcircuits that support the overall system architecture.
(Wikipedia)

59 axel.koester@de.ibm.com © 2012 IBM Corporation
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Truth Is in the middle

..

copied nature «

» optimized engineering

60 axel.koester@de.ibm.com © 2012 IBM Corporation






