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Alan Turing, 1950: 
‘’Can Machines Think?’’

Today....
Can A Machine Think 

Like a Human Brain?



3

Any technique which enables 
computers to mimic human 
behavior

AI techniques that give computers 
the ability to learn without being 
explicitly programmed to do so A subset of ML which make the 

computation of multi-layer neural 
networks feasible

ARTIFICIAL INTELLIGENCE

MACHINE LEARNING

DEEP LEARNING

1950’s 1960’s 1970’s 1980’s 1990’s 2000’s 2010s

DATA SCIENCE
Teams, tools and techniques 
to use and deploy artificial 
intelligence

Machine learning uses 
algorithms to parse data, 
learn from that data, and 
make informed decisions 

based on what it has learned

Semantic
Analysis

Can be more efficient than 
other algorithms, but needs 

lot training



CLASSIFICATION
Naïve Bayes
Logistic Regression (GLM)
Decision Tree
Random Forest
Neural Network
Support Vector Machine (SVM)
Explicit Semantic Analysis

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

ANOMALY DETECTION
One-Class SVM

TIME SERIES
Forecasting - Exponential Smoothing
Includes popular models 

e.g. Holt-Winters with trends, 
seasonality, irregularity, missing data 

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

ATTRIBUTE IMPORTANCE
Minimum Description Length
Principal Component Analysis (PCA)
Unsupervised Pair-wise KL Div 
CUR decomposition for row & AI

ASSOCIATION RULES
A priori/ market basket 

PREDICTIVE QUERIES
Predict, cluster, detect, features

SQL ANALYTICS
SQL Windows
SQL Patterns
SQL Aggregates

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

TEXT MINING SUPPORT
Algorithms support text columns
Tokenization and theme extraction
Explicit Semantic Analysis (ESA) for 

document similarity

STATISTICAL FUNCTIONS
Basic statistics:  min, max, 

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

R AND PYTHON PACKAGES
Third-party R and Python Packages 

through Embedded Execution
Spark MLlib algorithm integration

Oracle Machine Learning Algorithms and Analytics
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Oracle ML Sample Use cases

 Detect fraud in customer transactions, insurance claims
 Identify which patients are at risk of developing certain conditions
 Target the right customer with the right offer
 Discover hidden customer segments
 Forecast customer demand for a product or service
 Find most profitable selling opportunities
 Anticipate and preventing customer churn 
 Identify customers likely to churn and why
 Security and suspicious activity detection
 Understand sentiments in customer conversations
 Understand influencers in social networks
 Predict credit risk
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Przykłady ML
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Customer Segmentation
Machine Learning - Clustering
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Customer Segmentation
Machine Learning - Clustering



Predictive Maintenance
Machine Learning - Neural Networks
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Image recognition & classification
Deep learning
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Jaki interfejs wykorzystać?
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OML4SQL: Model Build and Real-time Prediction

BEGIN

DBMS_DATA_MINING.CREATE_MODEL(

model_name => 'BUY_INSUR1',

mining_function => dbms_data_mining.classification,

data_table_name => 'CUST_INSUR_LTV',

case_id_column_name => 'CUST_ID',

target_column_name => 'BUY_INSURANCE',

settings_table_name => 'CUST_INSUR_LTV_SET');

END;

Simple SQL Syntax—Classification Model

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;

Model build (PL/SQL)

Real-time scoring (SQL query)
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Architektura Oracle AI/ML



Oracle Machine Learning Key Attributes
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Automated

Get better results faster 
with less effort –

even non-expert users

Scalable

Handle big data volumes using 
parallel, distributed algorithms –

no data movement

Production-ready

Deploy and update data 
science solutions faster with 

integrated ML platform

Increase productivity, Achieve enterprise goals, Innovate More
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Oracle Machine Learning

OML Microservices*
Supporting Oracle Applications

Image, Text, Scoring, Deployment,
Model Management

* Coming soon 

OML4SQL
Oracle Advanced Analytics

SQL API

OML4Py*
Python API

OML4R
Oracle R Enterprise

R API

OML Notebooks
with Apache Zeppelin on 

Autonomous Database

OML4Spark
Oracle R Advanced Analytics 

for Hadoop

Oracle Data Miner
Oracle SQL Developer extension
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Oracle DV
ad-hoc ML



Data Scientists

Business and 
Data Analysts

DBA and IT 
Professionals

Application / 
Dashboard 
Developers

Executives

OML empowers Enterprise Users

Oracle
Machine
Learning
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Data Scientists

•Popular data science languages: 
Python, R, SQL
•Augment with 3rd party packages
•Scalability and performance
•Automation-enhanced productivity
•Greater enterprise collaboration
•Integrate and analyze data 
across the enterprise

Oracle
Machine
Learning

Data Scientists

Business and 
Data Analysts

DBA and IT 
Professionals

Application / 
Dashboard 
Developers

Executives
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Business and Data Analysts
•Expand analytical tool set with ML
•Enable non-ML experts with AutoML
•Leverage domain knowledge for 
better results
•Collaborate with Data Scientists 
and IT

Oracle
Machine
Learning

Data Scientists

Business and 
Data Analysts

DBA and IT 
Professionals

Application / 
Dashboard 
Developers

Executives
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DBA and IT Professionals

Oracle
Machine
Learning

Data Scientists

Business and 
Data Analysts

DBA and IT 
Professionals

Application / 
Dashboard 
Developers

Executives

•Even greater value from Oracle investment
•Support scalability and performance
•Simpler, streamlined infrastructure
•Maintain data security, backup, recovery
•Use SQL, expand to Python and R
•Leverage Database and Big Data sources
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Application and Dashboard Developers

•Realize intelligent solutions faster through 
Oracle stack integration
•Easily uptake data scientists’ R, Python, 
SQL scripts and rapidly deploy solutions 
•Embed ML in applications and dashboards 
using SQL, REST, and SODA APIs

Data Scientists

Business and 
Data Analysts

DBA and IT 
Professionals

Application / 
Dashboard 
Developers

Executives Oracle
Machine
Learning
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Executives

•Benefit from world-class data 
management technology and support
•Democratize ML across the enterprise 
to enable better data-driven decisions
•Deploy solutions faster to realize ROI

Data Scientists

Business and 
Data Analysts

DBA and IT 
Professionals

Application / 
Dashboard 
Developers

Executives Oracle
Machine
Learning
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Traditional Analytics and Data Source Interaction

Access latency

Paradigm shift: R/Python  Data Access Language  R/Python
Memory limitation – data size, in-memory processing

Single threaded

Issues for backup, recovery, security
Ad hoc production deployment

Deployment
Ad hoc

cron job

Data SourceFlat Files
extract / exportread

export load

Data source connectivity packages

Read/Write files using built-in tool capabilities

?
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Oracle Machine Learning for
SQL (OML4SQL)



Oracle Machine Learning for SQL

In-database, parallel, distributed algorithms

ML models as first class database objects

Export / import models across databases

Batch and real-time scoring 

Explanatory predictive details

Leverage ML across Oracle stack

Component of Oracle Autonomous Database and 
Oracle Advanced Analytics option to Oracle Database

SQL Interfaces
SQL*Plus
SQLDeveloper
…

Oracle
Autonomous

Database

OML Notebooks

Oracle Database
with OAA option
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OML4SQL: Model Build and Real-time Prediction

BEGIN

DBMS_DATA_MINING.CREATE_MODEL(

model_name => 'BUY_INSUR1',

mining_function => dbms_data_mining.classification,

data_table_name => 'CUST_INSUR_LTV',

case_id_column_name => 'CUST_ID',

target_column_name => 'BUY_INSURANCE',

settings_table_name => 'CUST_INSUR_LTV_SET');

END;

Simple SQL Syntax—Classification Model

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;

Model build (PL/SQL)

Real-time scoring (SQL query)
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Oracle Data Miner User Interface

SQL Developer Extension

Automates typical data 
science steps

Easy to use drag-and-
drop interface

Analytical workflows 
quickly defined and shared

Wide range of algorithms 
and data transformations

Generate SQL code for 
immediate deployment

Create analytical workflows – supports “Citizen Data Scientists”
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Oracle Machine Learning Notebooks 

Collaborative UI 
Based on Apache Zeppelin

Supports data scientists, data analysts, 
application developers, DBAs

Easy sharing of notebooks and templates 

Permissions, versioning, and execution scheduling

Included with Autonomous Database
Automatically provisioned, managed, backed up

In-database SQL algorithms and analytics functions 

Soon to be augmented with Python and R

Autonomous Database as a Data Science Platform
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Attribute Importance Model
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Oracle Machine Learning for
R (OML4R)
Python (OML4Py)



Oracle is a founding member of

R Consortium mission
Work with and provide support to key organizations that develop, maintain, distribute and use 
R software through the identification, development and implementation of infrastructure 
projects

Promotes the growth and development of R as a leading platform for data science and 
statistical computing 

Supports and collaborates with the R Foundation, the governing body of the R Project

Funding projects to enhance R and support its users

Fostering the continued growth of R community and the data science ecosystem

Enables the use of R in commercial environments, and fostering collaboration between 
companies investing in R

See https://www.r-consortium.org
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Oracle Machine Learning for R and Python

Transparency layer
Leverage proxy objects so data remain in database

Overload native functions translating functionality to SQL

Use familiar R / Python syntax on database data

Parallel, distributed algorithms
Scalability and performance

Exposes in-database algorithms available from OML4SQL

Embedded execution
Manage and invoke R or Python scripts in Oracle Database 

Data-parallel, task-parallel, and non-parallel execution

Use open source packages to augment functionality

OML4Py AutoML
Model selection, feature selection, hyper-parameter tuning

Components of Oracle Advanced Analytics option to Oracle Database

Database 
Server
Machine

Client SQL Interfaces
SQL*Plus

SQLDeveloperOML4Py OML4R
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Example using OML4R interface

Proxy objects 

data.frame

Proxy
data.frame

Inherits from
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Manipulating Data – SQL equivalent
R

Column selection
df <- ONTIME_S[,c("YEAR","DEST","ARRDELAY")]

head(df)

head(ONTIME_S[,c(1,4,23)])

head(ONTIME_S[,-(1:22)])

Row selection
df1 <- df[df$DEST=="SFO",]

df2 <- df[df$DEST=="SFO",c(1,3)]

df3 <- df[df$DEST=="SFO" | df$DEST=="BOS",1:3]

SQL

Column selection
create view df as 

select YEAR, DEST, ARRDELAY

from   ONTIME_S;

-- cannot do next two in SQL, 
e.g., column selection by number & exclusion

Row selection
create view df1 as 

select * from df where DEST=‘SFO’;

create view df2 as 

select YEAR, ARRDELAY from df where DEST=‘SFO’

create view df3 as 

select YEAR, DEST, ARRDELAY from df

where DEST=‘SFO’ or DEST=‘BOS’

Benefits of ORE transparency:
In-database execution
Deferred execution
Leverage indexes, partitioning, query optimization, parallelism
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Automatic Data Preparation

Supported transformations
• Binning: applies a supervised transformation to numeric data to generate categorical bins

• Normalization: normalizes numeric data to fit required range, e.g., 0..1

• Missing value treatment: algorithm-dependent, replaces missing at random numeric values with 
the mean and categorical values with the mode, or handles missing at random data natively

• Outlier treatment: removes values that deviate significantly from most other values in the 
column, which can affect normalization and binning

Transformation “instructions” embedded in model for automatic 
application during scoring

Can turn off automatic data preparation if user needs more 
control over preparation stages

Automatically performs transformations required by each algorithm



Oracle Data Visualization and ML



Oracle Synopsis

• Smart summaries

• Automatic chart generation

• Ability to filter, sort, and zoom 
in on data

• Fingerprint lock

• 100% on-device analytics

• Works with iOS and Android 
devices

• Works with Excel and CSV files
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Oracle Synopsis

• Smart summaries

• Automatic chart generation

• Ability to filter, sort, and zoom 
in on data

• Fingerprint lock

• 100% on-device analytics

• Works with iOS and Android 
devices

• Works with Excel and CSV files
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Podsumowanie



Cross-Platform Machine Learning
Multiple user interfaces and APIs
Deployed in cloud and on-premises
From database to entire data management ecosystem

Oracle Cloud SQLOML4R

OML4Python

REST

OML4SQL

SQL Developer

Popular R
IDEs

Popular Python 
IDEs

OML Notebooks

Select
User Interface, e.g.

API
Options

Cloud or 
On-premises

Reach broader
Data Sources

Oracle Object 
Storage

Big Data
Service (HDFS)

NoSQL
Databases

Kafka
Streams

Amazon 
S3

Azure Blob 
Storage

Oracle Database

Data Lake

OML4Spark

Oracle Big Data SQL
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OCI Data Science
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