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Safe Harbor Statement

The following is intended to outline our general product direction. It is intended for 
information purposes only, and may not be incorporated into any contract. It is not a 
commitment to deliver any material, code, or functionality, and should not be relied upon 
in making purchasing decisions. The development, release, and timing of any features or 
functionality described for Oracle’s products remains at the sole discretion of Oracle.
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Autonomous Data Warehouse Cloud

• Easy

– Fully-managed, pre-configured and optimized for DW workloads

– Simply load data and run

• No need to define indexes, create partitions, etc. 

• Fast
– Based on Exadata technology

• Elastic

– Instant scaling of compute or storage with no downtime

• Powerful:  Machine Learning included

– Library of ML algorithms implemented as fully parallelized 
SQL functions
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ADW + Oracle Machine Learning Notebooks

Oracle Exadata Cloud Service

Oracle Database Cloud Service

Express Cloud Service

Data Warehouse Services
(EDWs, DW, departmental marts and sandboxes)

Autonomous Data Warehouse

Service Console

Built-in Access Tools

Oracle Machine Learning

Service Management

Autonomous Database

Oracle SQL Developer

Developer 
Tools

Oracle Object Storage Cloud
Flat Files and Staging

Data 
Integration

Services

Oracle Data Integration 
Platform Cloud

3rd Party DI on 
Oracle Cloud Compute

3rd Party DI 
On-premises 
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Oracle Analytics Cloud

Analytics
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Extract value using SQL analytics Gain insights, make predictions via ML
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Powerful In-Database Machine Learning and Analytics

Classification 
/ Prediction

Regression
Anomaly
Detection

Attribute
Importance

Association 
Rules / 
Market 
Basket 

Analysis

Clustering
Feature

Extraction / 
Selection

Time Series / 
Forecasting

Cognitive 
Text 

Analytics

Ensemble 
Models

Predictive 
Queries

Text
Mining

Hierarchical
Analytics

Summary 
& Descriptive 

Statistics

SQL 
Windowing 
Functions

Tests for 
Statistical 

Correlations

Approximate
Analytics

Pattern
Matching

SQL
Models

Advanced
Aggregations

Ranking Pivoting
Used-Defined

PTFs
Text

Analytics
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Automatically sift through large amounts of data to find 
hidden patterns, discover new insights and make predictions

What is Machine Learning?

• Identify most important factor (Attribute Importance)

• Predict customer behavior (Classification) 

• Predict or estimate a value (Regression) 

• Find profiles of targeted people or items (Decision Trees)

• Segment a population (Clustering)

• Find fraudulent or “rare events” (Anomaly Detection)

• Determine co-occurring items in a “baskets” (Associations)

A1 A2 A3 A4 A5 A6 A7
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CLASSIFICATION
– Naïve Bayes
– Logistic Regression (GLM)
– Decision Tree
– Random Forest
– Neural Network
– Support Vector Machine
– Explicit Semantic Analysis

CLUSTERING
– Hierarchical K-Means
– Hierarchical O-Cluster
– Expectation Maximization (EM)

ANOMALY DETECTION
– One-Class SVM

TIME SERIES
– Holt-Winters, Regular & Irregular, 

with and w/o trends & seasonal
– Single, Double Exp Smoothing

REGRESSION
– Linear Model
– Generalized Linear Model
– Support Vector Machine (SVM)
– Stepwise Linear regression
– Neural Network

ATTRIBUTE IMPORTANCE
– Minimum Description Length
– Principal Comp Analysis (PCA)
– Unsupervised Pair-wise KL Div 

ASSOCIATION RULES
– A priori/ market basket 

PREDICTIVE QUERIES
– Predict, cluster, detect, features

SQL ANALYTICS
– SQL Windows, SQL Patterns, 

SQL Aggregates

•OAA includes support for Partitioned Models, Transactional, data. etc,

ADWC Machine Learning Algorithms

FEATURE EXTRACTION
– Principal Comp Analysis (PCA)
– Non-negative Matrix Factorization
– Singular Value Decomposition (SVD)
– Explicit Semantic Analysis (ESA)

STATISTICAL FUNCTIONS
– Basic statistics:  min, max, 

median, stdev, t-test, F-test, 
Pearson’s, Chi-Sq, ANOVA, etc.

A1 A2 A3 A4 A5 A6 A7
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Oracle’s Data Management and Machine Learning 

• In-Database proprietary implementations of machine learning algorithms 
• Leverage strengths of the Database and adds new ML tech

– Counting, conditional probabilities, sort, rank, partition, group-by, collections, etc.
– Parallel execution, bitmap indexes, partitioning, aggregations, recursion w/in parallel infrastructure, IEEE float, 

frequent itemsets, Automatic Data Preparation (ADP), Text processing, etc.

• Focus on intelligent ML defaults, simplification & automation to enable applications
– ADP, xforms, binning, missing values, Prediction_Details, Predictive_Queries, Model_views

• Machine learning models built via PL/SQL script; scored via SQL functions (1st class DB objects)

– “Smart scan” ML model scoring “push down”;  Supports OLTP and ATPC environments

• Machine Learning and Advanced Analytics are peer to rest of Oracle Data Mgmt features
– Security, Back-up, Encryption, Scalability, “Big Data” eco-system, BDA, Big Data SQL, Cloud, Spark, etc.
– Best ML & analytical development and deployment platform

8

Architectural Strategy

select cust_id

from customers

where region = ‘US’
and prediction_probability(churnmod, ‘Y’ using *) > 0.8; 

True power evident when scoring 
models using SQL functions, e.g.
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 Data remains in Database & Hadoop

 Model building and scoring occur in-database

 Use R packages with data-parallel invocations

 Leverage investment in Oracle IT

 Eliminate data duplication

 Eliminate separate analytical servers

 Deliver enterprise-wide applications 

 GUI for ML/Predictive Analytics & code gen

 R interface leverages database as HPC engine

Major Benefits

Oracle’s Machine Learning & Advanced Analytics

Traditional ML

Hours, Days or Weeks

Data Extraction

Data Prep & 
Transformation

Data Mining 
Model Building

Data Mining
Model “Scoring”

Data  Prep. &
Transformation

Data Import

avings

Model “Scoring”
Embedded Data Prep

Data  Preparation

Model Building

Oracle’s in-DB Machine Learning

Secs, Mins or Hours

Fastest Way to Deliver Enterprise-wide Predictive Analytics
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New!

Multiple Data Scientist User Roles Supported
Oracle’s Machine Learning/Advanced Analytics

Application DevelopersDBAs

Additional relevant data 
and “engineered 

features”

Sensor data, Text, unstructured 
data, transactional data, spatial 

data, etc.

Historical data Assembled  
historical data

Historical or Current Data to 
be “scored” for predictions

Predictions & Insights

Oracle 
Database 
12c

R, Python Users, Data Scientists Data Analysts, Citizen Data ScientistsOML Notebook Users
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OAA Model Build and Real-time SQL Apply Prediction

begin

dbms_data_mining.create_model('BUY_INSUR1', 'CLASSIFICATION',

'CUST_INSUR_LTV', 'CUST_ID', 'BUY_INSURANCE', CUST_INSUR_LTV_SET');

end;

/

Simple SQL Syntax

Select prediction_probability(BUY_INSUR1, 'Yes'

USING 3500 as bank_funds, 825 as checking_amount, 400 as 

credit_balance, 22 as age, 'Married' as marital_status, 93 as 

MONEY_MONTLY_OVERDRAWN, 1 as house_ownership)

from dual;

ML Model Build (PL/SQL)

Model Apply (SQL query)
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Fraud Prediction Demo

drop table CLAIMS_SET;
exec dbms_data_mining.drop_model('CLAIMSMODEL');
create table CLAIMS_SET (setting_name varchar2(30), setting_value varchar2(4000));
insert into CLAIMS_SET values ('ALGO_NAME','ALGO_SUPPORT_VECTOR_MACHINES');
insert into CLAIMS_SET values ('PREP_AUTO','ON');
commit;

begin
dbms_data_mining.create_model('CLAIMSMODEL', 'CLASSIFICATION',
'CLAIMS', 'POLICYNUMBER', null, 'CLAIMS_SET');

end;
/

-- Top 5 most suspicious fraud policy holder claims
select * from
(select POLICYNUMBER, round(prob_fraud*100,2) percent_fraud,

rank() over (order by prob_fraud desc) rnk from
(select POLICYNUMBER, prediction_probability(CLAIMSMODEL, '0' using *) prob_fraud
from CLAIMS
where PASTNUMBEROFCLAIMS in ('2to4', 'morethan4')))
where rnk <= 5
order by percent_fraud desc;

Automated In-DB Analytical Methodology

Automated Monthly “Application”!  Just 

add:

Create

View CLAIMS2_30

As

Select * from CLAIMS2 

Where mydate > SYSDATE – 30

Time measure: set timing on;
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ML Model Deployment for Real-Time Scoring

• On-the-fly, single record apply with new data (e.g. from  call center)

Real-Time Scoring, Predictions and Recommendations 

Call Center
Get Advice

Web Mobile

Branch 
Office

Social Media

Email

R

Select prediction_probability(CLAS_DT_1_15, 'Yes'

USING 7800 as bank_funds, 125 as checking_amount, 20 as
credit_balance, 55 as age, 'Married' as marital_status,
250 as MONEY_MONTLY_OVERDRAWN, 1 as house_ownership)

from dual;

Likelihood to respond:

Oracle Cloud

http://images.google.com/imgres?imgurl=http://standupforamerica.files.wordpress.com/2009/03/citi-bank-front.jpg&imgrefurl=http://standupforamerica.wordpress.com/2009/03/20/industrial-economy-vs-knowledge-economy/&usg=__XTfoCBNtwxDW0eDsj-t03hChc3A=&h=259&w=400&sz=20&hl=en&start=11&sig2=8NbA2Xn9vkALqx4cpX2gMw&um=1&tbnid=j3hZj4kVmFXGtM:&tbnh=80&tbnw=124&prev=/images?q=citi&hl=en&rls=com.microsoft:*:IE-SearchBox&rlz=1I7SUNA_en&sa=N&um=1&ei=jn9YS5DzD6jutAP60cHFBw
http://search.oraclecorp.com/search/search
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Manage and Analyze All Your Data

Big Data SQL / R

SQL / R

Object 
Store

“Engineered Features”
– Derived attributes 
that reflect domain 
knowledge—key to 
best models e.g.:
• Counts
• Totals
• Changes 

over time

Boil down the Data Lake

Data Scientists, R Users, Citizen Data Scientists

Architecturally, 
Many Options 
and Flexibility
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Oracle’s Data Management and Machine Learning 

Market Observations:

• Machine learning, predictive analytics & “AI” now must-have requirements

• Separate islands for data management and data science just don’t work

• Enterprises whose data science teams most rapidly extract insights and 
predictions win 

Conclusions:

• Must “operationalize” ML insights and predictions throughout enterprise

• Multilingual Machine Learning:   SQL, R, Python, Workflow UI, Notebooks, Embed ML in Appls, 

• Evolving towards combined Data Management + Machine Learning 
environment that can essentially to manage and “think” about data

15
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Introducing:
Oracle Machine Learning SQL Notebooks 
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Oracle Machine Learning 

Key Features

• Collaborative UI for data scientists
– Packaged with Autonomous Data 

Warehouse

– Easy access to shared notebooks, 
templates, permissions, scheduler, etc.

• Supports development of 
ML methodologies in-ADW 
– SQL ML algorithms API 

– Predictions, churn, cross-sell, fraud, 
associations, statistics, correlations, 
forecasting, identify clusters, etc.

Machine Learning Notebook for Autonomous Data Warehouse Cloud 
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Oracle Machine Learning Quick DEMO
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Example Oracle ML Customer References
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UK National Health Service
Combating Healthcare Fraud

Objectives

 Use new insight to help identify cost savings and meet goals

 Identify and prevent healthcare fraud and benefit eligibility 
errors to save costs

 Leverage existing data to transform business and productivity

Solution

 Identified up to GBP100 million (US$156 million) potentially 
saved through benefit fraud and error reduction

 Used anomaly detection to uncover fraudulent activity where 
some dentists split a single course of treatment into multiple 
parts and presented claims for multiple treatments

 Analyzed billions of records at one time to measure longer-
term patient journeys and to analyze drug prescribing patterns 
to improve patient care

 “Oracle Advanced Analytics’ data mining capabilities and Oracle 

Exalytics’ performance really impressed us. The overall solution is 

very fast, and our investment very quickly provided value. We can 

now do so much more with our data, resulting in significant 

savings for the NHS as a whole”
– Nina Monckton, Head of Information Services, 

NHS Business Services Authority

Oracle Exadata Database 
Machine

Oracle Advanced 
Analytics

Oracle Exalytics In-Memory 
Machine

Oracle Endeca Information 
Discovery

Oracle Business Intelligence EE

Update:  £300M confirmed fraud
£700M additional potential identified

£1 Billion in savings
…Moving to Cloud
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DX Marketing
Cloud Based Predictive Analytics/Database Marketing

Objectives

Solution

 “Time to market has significantly improved from 4-6 weeks to less 

than a week with the result the company can bring new clients on 

board faster. This has helped boost revenues by 25% in the six 

months since using Oracle’s DBCS..”

– DX Marketing

Oracle Cloud

Oracle Advanced Analytics

 Cloud-based solution

 Increase revenue

 Reduce time-to-market

DX Marketing Expands Customer Acquisition with Oracle Cloud –
YouTube video

https://www.youtube.com/watch?v=W0rag-uXyio
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Zagrebačka Bank (biggest bank in Croatia)

Increases Cash Loans by 15% Within 18 Months of Deployment

Objectives

Solution

 “With Oracle Advanced Analytics we execute computations on 

thousands of attributes in parallel—impossible with open-source 

R. Analyzing in Oracle Database without moving data increases 

our agility. Oracle Advanced Analytics enables us to make quality 

decisions on time, increasing our cash loans business 15%.” 

– Jadranka Novoselovic, Head of BI Dev., Zagrebačka Bank

 Needed to speed up entire advanced analytics process;  
data prep was taking 3 days; model building 24 hours

 Faster time to “actionable analytics” for Credit Risk 
Modeling and Targeted Customer Campaigns

ZabaBank Oracle Customer Snapshot on OTN

 Zaba migrated from SAS to the Oracle Advanced 
Analytics platform for statistical modeling and predictive 
analytics

 Increased prediction performance by leveraging the 
security, reliability, performance, and scalability of 
Oracle Database and Oracle Advanced Analytics for 
predictive analytics—running data preparation, 
transformation, model building, and model scoring 
within the database

“We chose Oracle because our entire data modeling process runs on 
the same machine with the highest performance and level of 
integration. With Oracle Database we simply switched on the Oracle 
Advanced Analytics option and 
needed no new tools,” 

– Sinisa Behin, ICT coordinator 
at BI Dev. Zagrebačka Bank

http://www.oracle.com/us/corporate/customers/customersearch/zagreb-bank-1-adv-analytics-3014721.html
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Get 3300 hours, 2 TB of Exadata Storage on 
Oracle Cloud for free*

42

* Trial expires upon usage of 3300 CPU hours or trial has reached 30 days, whichever comes first.

cloud.oracle.com/try-autonomous-database

https://go.oracle.com/Autonomous-DW


Analytics and Data Summit
All Analytics.  All Data. No Nonsense.

March 12 – 14, 2019

Formerly called the BIWA Summit with the Spatial and Graph Summit
Same great technical content…new name!
www.AnalyticsandDataSummit.org




