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Computer vs
Brain

Computer Brain

Frequency GHz 100 Hz

Power kW (300W/chip) 20 W

Volume ~100 liters (one rack) 2 liters

Good for High Performance
Computing, Analytics,
Enterprise Applications

Sensing, Learning,
Predicting, Adapting,
Pattern Recognition,
Contextualizing

> 1 Billion 100 steps
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Memory Retrieval

3

from Felleman and Van Essen (1997)

Column
O(100) neurons

Macro-Column
O(100) columns

Regions
Many Macro-Columns

from Ramon y Cajal
(wikipedia)

Neuron

Mountcastle 1978from Hill et al. 2012
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Time Sequences

“saccade”
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Cortical Learning
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Spatial-temporal data
stream

Feedback

Lateral Connections Memory Sequences

(show demo)



Graphs

RDF / Property Graph Activity GraphCollective Graph

Attributes Micro & ReasoningMacro

Contextual Analysis Dynamically discovered Relationships

Graph Database Graphical ModelsTopological Analytics

Collective Analysis

Customers who bought these
insurance products also
bought these financial
services

Financial
products

Temporal, spatial, social, economic, hidden

(Show demo)



Ponzi Scheme

Unidirectional
Normal:
(1) Clique-like
(2) Two-way links

Network
Info Flow
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Cyber Security

Analyzes security policy and audit data

Discovers anomalous behavior and misuse of entitlements

– Access to the system

– Use of system

GROUPS

PERMISSIONS

USERS

ROLES



Heart Disease
Gene Essentiality
Alzheimer’s Disease

Amyotrophic Lateral Sclerosis

White House Initiative for Personalized Medicine

Inflamed
membrane
and swollen joint

Eroded cartilage
and narrowed joint
space

Fastest Microprocessor
TBs of Main Memory
Parallelization
SIMD

Rheumatoid
Arthritis



Loan Default

 Input Data
– Gender
– Mortgage
– Debt/Income Ratio
– Balance Outstanding
– Employed
– Married

 Output:
– Default, Confidence Level

 Economics: Labor Market

 Engineering: Failure of a Product, System, Process

 Demographics: Voter Registration
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Credit Card Fraud Detection

 Input Data
– Transaction
– Merchant
– 500 USD
– Credit Limit
– Time
– Item

Output:
–Default
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Model Trees

12

Date

C
P
U

C
O
N
S
U
M
P
T
I
O
N

• Customer Segmentation
• Risk
• Investment
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Deep and Shallow Learning

Stem to Drug Class:

Word: CONCEPT_Olanzapine Position in vocabulary: 473840

Word Distance
------------------------------------------------------------------------

CONCEPT_Atypical_antipsychotic 0.776122
CONCEPT_Antidepressant 0.749192

CONCEPT_Fluoxetine 0.743936
CONCEPT_Escitalopram 0.741167

CONCEPT_Trazodone 0.738563
CONCEPT_Mianserin 0.737606

CONCEPT_Sertraline 0.735966
CONCEPT_Antipsychotic 0.735248

CONCEPT_Norepinephrine_reuptake_inhibitor 0.733836
CONCEPT_Selective_serotonin_reuptake_inhibitor 0.730870

CONCEPT_Mirtazapine 0.729193
CONCEPT_Maprotiline 0.728750
CONCEPT_Lurasidone 0.727250
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Deep and Shallow Learning

Stem to Disease State:

Word: CONCEPT_Truvada Position in vocabulary: 2381858

Word Distance
------------------------------------------------------------------------

CONCEPT_AIDS 0.637585
CONCEPT_HIV/AIDS 0.594723

CONCEPT_Terminal_illness 0.592508
CONCEPT_Leukemia 0.571637

CONCEPT_Heart_disease 0.569702
CONCEPT_Sexually_transmitted_disease 0.567041

CONCEPT_Sexual_health 0.562864
CONCEPT_Lung_cancer 0.561791

CONCEPT_HIV 0.553729
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Deep and Shallow Learning

Disease State to Prognosis:

Source: Symptoms of anxiety and depression and risk of acute myocardial infarction: the HUNT 2 study, Lise Tuset Gustad, Lars Erik Laugsand, Imre
Janszky, Håvard Dalen, Ottar Bjerkeset DOI: http://dx.doi.org/10.1093/eurheartj/eht387 1394-1403



Identifying Costs

- Top utilization members

- Cost of actual high-utilization members

Targeted
Population

# Members
Identified

Identification
Accuracy

Predicted Plan
Year Cost ($M)

Actual Plan
Year Cost ($M)

Cost Prediction
Error (%)

% of Total Cost
Covered

1%
1,485 99.9% $129.21 $128.24 0.76% 11%

2%
2,970 9.5% $206.31 $205.91 0.19% 18%

3%
4,455 99.0% $266.05 $267.19 -0.43% 23%

4%
5,940 97.5% $315.75 $315.91 -0.05% 27%

5%
7,425 95.2% $358.66 $358.18 0.13% 31%

6%
8,910 92.1% $396.73 $396.15 0.15% 34%

7%
10,395 87.6% $430.87 $429.23 0.38% 37%

8%
11,880 83.0% $461.92 $459.78 0.47% 39%

9%
13,365 78.2% $490.33 $487.24 0.63% 42%

10%
14,850 73.7% $516.62 $512.7 0.76% 44%

Note: Results from validation on 2011 Ohio claims data. Validation results for New York can be found in Appendix B, pp. 72, 73
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Cost Trend Detection
Leverage pattern detection technology to identify the emerging cost drivers, understand
factors that drove healthcare cost from going up/down

We analyze individual factors as well
as potential combinations of factors.

We estimate the overall impact that
each factor has on overall costs

We also investigated whether the cost
increase due to a factor is driven by an
increase in frequency (utilization) or an
increase in cost per occurrence (unit cost).



Member Clustering
Provide actionable insights into member cost profiles and health characteristics and serve as an effective
communication tool with other lines of business across the enterprise

$

$

$

$

$

$

$
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Welcome Clusters
Provide unique member cost profiles as soon as a
member enrolls

Medical Clusters
Further identify high-cost individuals by leveraging health

condition data from claims

Unhealthy,
Seasoned
Boomers

Smoking Urban
Professional

Well-Covered
Women

Pregnancy and child birth
complication; High
Cholesterol

Chronic conditions like
diabetes and cancer

Infectious disease like
bronchitis and pneumonia

Highest co-morbidities,
Hypertension

Few high cost
conditions

60%

70%

… …



Welcome Cluster
Summary
Description

Avg
Cost
(PMPM)

Medical Cluster
%
Pop

Avg
Cost
(PMPM)

Health Summary

A
Unhealthy,
seasoned
boomers

Most expensive with the
highest co-morbities.
Oldest smokers.

$1,004 A1
Smoking boomers with
high co-morbidities

4.2% $1,045
Highest in cancer, heart disease,
and co-morbidities

B
Smoking
young urban
professionals

Second most expensive.
Younger smokers

$505

B3
Young smokers with
chronic conditions

1.8% $903
Chronic conditions like diabetes,
cancer, and gastrointestinal
issues

B7
Young smokers prone to
acute conditions

2.9% $296
Infectious diseases such as
bronchitis and pneumonia

C
Proactive,
healthy
boomers

Somewhat expensive.
Second oldest, non-
smokers.

$325

C2
Boomers with costly
chronic conditions

3.1% $1,002
Musculoskeletal and connective
tissue diseases

C5
Boomer with high
cholesterol

11.7% $467 High cholesterol and ADHD

C8 Well managed boomers 27.7% $255
Cholesterol and mood disorder
medications

D
Well-covered
women

Inexpensive. Younger,
non-smoking females
with high plan richness.

$275

D4
Well-covered women
with pregnancy
complications

4.3% $532
Pregnancy and child birth
complications

D9
Busy well-covered
women

10.4% $212
Hypertension, use of
antidepressants

E
Health-
conscious
women

Inexpensive. Younger,
non-smoking females
with low plan richness.

$206 E10
Health-conscious
women with high
cholesterol

7.8% $206
Highest in cholesterol and mood
disorders

F
Busy, well-
covered
young men

Inexpensive. Younger
males, non-smoking
males with high plan
richness.

$156

F6
Busy stressed young
men

4.7% $401
Hypertension and heart
medications

F12
Healthy well-covered
young men

16.5% $102 Few costly conditions

G
Health-
conscious,
young men

Least expensive.
Younger, non-smoking
males with low plan
richness.

$120 G11
Healthy risk-taking
young men

4.9% $120 Few costly conditions



Utilization Pattern Analysis and Hot Spotting

Patient cohort segmentation into
subpopulation with similar utilization patterns

Utilization Profiles



Detecting impairment (intoxication) with Speech Coherence

FEATURE SOBER NON-SOBER
Lemmatized-Nodes 352 350
Lemmatized-Edges 985 1073
Lemmatized-Loop Len 1 8 4
Lemmatized-Loop Len 2 44 64
Lemmatized-Loop Len 3 284 442
Lemmatized-Loop Len 4 1712 2956

Coherence:
Phrase to phrase-median 0.2201 0.0049
Alternate phrases-median 0.2895 0.0045

https://www.youtube.com/watch?v=21z30aNO3cA
https://www.youtube.com/watch?v=e2h-DgYcCtw

(AAAI 2014)
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PolicyHolder Date of Claim Claim Deductible Location Policy

PersonA 2/3/12 100 500 Florida 8,000

PersonB 4/5/13 1,000 3000 Texas 12,000

PersonC 6/3/14 50,000 100,000 New York 100,000



Natural Language Pipeline

Input Text

SQL
Query

Database

User

Detected
Entities &
Relations

Database

Schema

Query Result

NLP Pipeline

Creation of
SQL Queries

Schema independence +

NLP quality improvements +

Language ambiguity



© 2015 IBM Corporation26

What Policy Limit does PersonA have?

SELECT PersonA, Policy Limit

From Table

WHERE PolicyHolder = PersonA

What is the highest claim paid this year?

SELECT MAIXIMUM (claim)

From Table

What is the deductible for PersonB?

What is the location of PersonC?



http://www.reviews.com/tv-providers/att-u-verse/
http://twothriftysisters.com/att-uverse-reviews/

Sentiment Analysis on new Offerings



Pos: Service
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Collaborations

Analytics for:

- Fraud

- Risk

- Temporal Data Patterns

- Health

- Insurance



Stale Data for Analytics
Before:

DB2

Math Models

System Z Separate Systemdata

scores

Pushback SQL



Optimized Real Time Analytics on Z

After:

• Up to 7X increase end to end.

• Neural network. On Z: performance increase by 42x,

• Logistic regression by 1.8x, saving 46%-95% of CPU time;

• Increased the speed of data transformations (by 2x) and aggregate
operations (by 2x)

Math Models

System Z

DB2


