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Machine Learning Enabling Business Applications



A simple mortgage request approval application

Mortgage approval decisions made based on the customer credit scores.

◦ A simple business process for customers with known credit scores.    

◦ Limitation: What if the customer’s credit score is unknown?

Machine Learning Enabling Business Applications
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An intelligent mortgage approval application for customers with unknown credit score

◦ Predict customer credit scores based on pre-trained credit score model.

◦ Add intelligence to the traditional  business applications with predictive capability through Machine Learning. 
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Next generation enterprise applications are more data driven and more intelligent. 
◦ Transform massive volumes of data into meaningful insights 

◦ Using AI and ML methods in business applications. 

84% of organizations are using at least one emerging technology — AI, IoT, digital assistants, 
blockchain according to a recent survey by Oracle.

(https://www.oracle.com/a/ocom/docs/esg-research-oracle-emerging-technologies.pdf)

Machine Learning Enabling Business Applications



Advanced Analytics and Machine Learning bring great business values 
◦ Transform massive volumes of data into meaningful insights:

Started with historical report and moved to advanced analytics such as   

Prediction, Pattern Discovery, Grouping and Actionable information 

◦ ML enabled applications.

Machine Learning Enabling Business Applications



Business Problems involving machine learning

◦ Pattern discovery: discovers certain patterns or trends from a large set of data

◦ Prediction: predict the probability  of a future event based on historical data

◦ Grouping : find the nature group of data

◦ Actionable information: generate actionable decision from a large set of data

Supervised Learning vs unsupervised learning

Supervised learning:

◦ Directed by previously known output target and its dependent input attributes

◦ ML model:  the target value as a function of a set of independent attributes based 

on a known data set . 

◦ Supervised Learning Functions: Attribute Importance, Classification, Regression

Machine Learning Enabling Business Applications



Unsupervised Learning:

◦ Used when we  do not know  the target value.

◦ There is no previously known results like the ones in supervised learning to train the model and test the 
model.  

◦ Unsupervised learning functions: 

Anomaly Detection: for example, finding customer’s different  purchasing pattern           

Association Rules: discover the rules that defines the  items that tend to occur 

together, for example, the products that customers tend to buy together. 

Clustering: groups the items 

Feature Extraction: creates new attributions using liner combinations of the 

original attributions

Machine Learning Enabling Business Applications



Some special challenges and considerations:

◦ Enterprise data may be generated by transactional applications

◦ Large Data set used for model training and model validation

◦ Data are stored in structured format like in relational database tables.

◦ Data preparation and data exploratory on large data set

◦ Real time data may be needed

◦ The ML models may be deployed with traditional applications     

Machine Learning Enabling Business Applications



Machine Learning in Oracle Database

OML4SQL and OML4Py



Move the Algorithm, Not the Data ➔ In Database Machine Learning

Oracle “moves the algorithms to the data” : Make the machine learning algorithms available  

within Oracle Database 

Minimizes or eliminates data movement 

Machine Learning in Oracle Database



Built-in machine learning functions in database process large data sets

◦ Built-in functions in Oracle database support supervised and unsupervised ML functions such as 

classification, clustering, prediction, regression etc. 

◦ Provide over 30  ML algorithms: Decision tree, k-means, linear regression, logistic regression,

◦ Data processing tool SQL interface for data gathering and preparation

◦ Support entire major machine learning process: Data Gathering and Preparation, Model Training, 

Model Evaluation, Model Scoring and deployment with SQL and/or database built-in functions & 

procedures.

Machine Learning in Oracle Database



Machine Learning: algorithms automatically examine large amount of data to identify patterns, 
discover new insight am make predications

Machine learning algorithms implemented as SQL functions inside Oracle DB

Machine Learning in Oracle Database



Simple SQL Syntax – Classification Model:

◦ Setting mode parameter values with insert statements     Model build(PL/SQL):

BEGIN 
DBMS_DATA_MINING.CREATE_MODEL(

model_name                      =>‘N1_CLASS_MODEL’,

mining_function                 =>’dbms_data_mining.classification,

data_table_name              =>’N1_TRAIN_DATA’,

case_id_column_name     => ‘CUSTOMER_ID’,

target_column_name        =>’CREDIT_SCORE_BIN’,

setting_table_name           =>’N1_BUILD_SETTINGS’)  

END;

◦ Real-time scoring(SQL query):
select prediction_probability(N1_CLASS_MODEL, 'Good Credit’  

USING 'Rich' as WEALTH, 2000 as income, 'Silver' as customer_value_segment) Prediction_Probability

from dual;

Oracle Machine Learning for SQL (OML4SQL)



In-database, parallel, distributed algorithms 
◦ No extracting data to separate ML engine 

◦ Fast and scalable 

◦ Batch and real-time scoring 

◦ Explanatory prediction details 

ML models as first class database objects 
◦ Access control via permissions 

◦ Audit user actions 

◦ Export / import models across databases

New OML4SQL features added in 21c
◦ OML MSET-SPRT Algorithm for Sequential Probability Ratio Test ;

◦ OML XGBoost Algorithm: a highly-efficient, scalable gradient tree boosting machine learning algorithm for 
regression and classification.

◦ Adam Optimization Solver for the Neural Network Algorithm; new Neural Network Algorithm Settings

Oracle Machine Learning for SQL (OML4SQL)



Oracle Machine Learning for Python (OML4Py)
◦ Enables the opensource Python environment to 

operate on database data at scale. 

◦ Allow you to run Python commands and scripts  for 

statistical analysis and machine learning on data stored 

in Oracle Database.

◦ Use in-database machine learning algorithms with OML4Py

◦ Leverage database server and minimizing data movement

◦ Use AutoML for automatic algorithm selection, feature 

selection, and model tuning

◦ Execute user-defined Python functions in non-parallel, 

data-parallel, and task-parallel fashion

◦ Store and manage Python objects in the database

Oracle Machine Learning for Python (OML4Py)



OML4Py OML Classes that provide access to In-Database Machine Learning Algorithm, example:

1 .Create an OML SVM model object

2. Train the model with training data

3. Export the model to svm_model
table

4. Import the model

5. Apply the model to make 
predictions on new data

Oracle Machine Learning for Python (OML4Py)



OML4Py OML classes that provide access to In-Database Machine Learning Algorithm:

Oracle Machine Learning for Python (OML4Py)



Use popular languages 

▪ SQL: Oracle Machine Learning for SQL: (OML4SQL)

▪ Python: Oracle Machine Learning for Python (OML4Py) 

▪ R: Oracle Machine Learning for R (OML4R) 

▪ REST :API interface 

GUI Interfaces

▪ Oracle Machine Learning Notebooks

▪ Oracle Data Miner User Interface (Oracle SQL 

▪ Developer extension)

▪ Oracle Machine Learning AutoML User Interface

Support entire major machine learning process: 

▪ Data Gathering and Preparation, 

▪ Model Training,  Model Evaluation, 

▪ Model Scoring and deployment with SQL and/or 

database built-in functions & procedures.

Machine Learning in Oracle Database



Automated Machine Learning in OLM4Py                 The Automated Machine Learning classes **
. Introduced in Oracle 21c
. Provided the following AutoML capabilities:

Automate algorithm selection, 
Automate feature selection
Automated  hyperparameter 

Machine Learning Algorithms Supported by AutoML **

** Refer to Oracle® Machine Learning for Python User's Guide Release 1.0 E97014-16 December 2021

Automated Machine Learning (AutoML)



Running Machine Learning with Oracle 

Autonomous Databases



OML in Oracle Autonomous Databases Overview

Oracle Autonomous Database Environment:



Oracle Machine Learning: a part of Autonomous Database collaborate environment

◦ A web-based development to create data mining notebook 

◦ Used by data scientists, developer and business to users to 

perform data analytics, data discover and data virtualizations.

◦ Leverage the ADW scalability and performance in Oracle cloud 

Key Features:

◦ Collaborative UI for data scientists

◦ Packaged with Autonomous Data Warehouse 

Cloud Easy access to shared notebooks, 

templates, permissions, scheduler, etc.

◦ SQL ML algorithms API 

Running Oracle Machine Learning with Autonomous Database 



Machine Learning: algorithms automatically examine large amount of data to identify patterns, 
discover new insight am make predications

Machine learning algorithms implemented as SQL functions inside Oracle DB

Running Oracle Machine Learning in Autonomous Database



Use Oracle Machine Learning: start  with Oracle ML users from Oracle ML Admin

Running Oracle Machine Learning with Autonomous Database



Use Oracle Machine Learning: Login to Oracle ML, taken into OML home 
page

Running Oracle Machine Learning with Autonomous Database 



Machine Learning Example Templates: OML4SQL

Running Oracle Machine Learning with Autonomous Database 



Machine Learning Example Templates: OML4Py

Running Oracle Machine Learning with Autonomous Database 



Use Oracle Machine Learning: Login to Oracle ML, taken into OML home page ;Run SQL 
Statement in SQL Query Scratchpad

Running Oracle Machine Learning with Autonomous Database 



The report menu bar lets you change the result to a graph and/or export result

Changing the display                                               Specify the statistical functions

Oracle Machine Learning SQL Notebook



OML4Py is a Python module that enables Python users to manipulate data in database tables and views using 

Python syntax.

Available in two environments:

▪ In Oracle Autonomous Database, we can use the Python interpreter in Oracle machine Learning notebook. 

▪ In an on-premises database, we can install OML4Py client connecting  to OML4Py in database.

need to install Python, the required Python libraries, anOML4Py client , the OML4Py server components in the db

Learn OML4Py with Oracle Autonomous Database through examples

Oracle Machine Learning for Python(OML4Py)



Import  libraries supporting OML4Py                         Creating a new table with oml.create based on data from                   

sklearn datasets.           

Oracle Machine Learning for Python(OML4Py)



An Example: Building Machine Learning 

Model with OML



Building Machine Learning Model with OML



OML Example: predicate customer credit score:
Based on existing customer information with known credit_sore in customer table 

◦ Customer_id

◦ Age

◦ Income

◦ Tenure

◦ Loan_type

◦ Loan_amount

◦ Occupation

◦ Marital_status

◦ Wealth

◦ Credit_limit

◦ ….

◦

◦ Credit_score_bin

To create a machine learning model that can predict the potential credit scores for 

new customers whose credit scores are unknown

You can try this by yourself by following this link:
(https://github.com/oracle/learning-library/blob/master/workshops/adwc4dev/L300.md)

Building Machine Learning Model with OML

https://github.com/oracle/learning-library/blob/master/workshops/adwc4dev/L300.md


Data Gathering and Preparation 

ML Model Building, Evaluation and Application

Building Machine Learning Model with OML
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Prepare Data set: 

create view credit_scoring_100k as select * from credit_score

Exploratory Data Analysis: bin the variable

PL/SQL code:

Data Gathering and Preparation with OML

dbms_data_mining_transform.create_bin_num(

bin_table_name     => 'bin_num_tbl');

dbms_data_mining_transform.insert_autobin_num_eqwidth(

bin_table_name   => 'bin_num_tbl',

data_table_name  => 'CREDIT_SCORING_100K_V',

bin_num            => 5,

max_bin_num   => 10,

exclude_list       => dbms_data_mining_transform.COLUMN_LIST('CUSTOMER_ID'));

dbms_data_mining_transform.xform_bin_num(

bin_table_name      => 'bin_num_tbl',

data_table_name     => 'CREDIT_SCORING_100K_V',

xform_view_name => 'mining_data_bin_view');



Exploratory Data Analysis: bin the variable

Data Gathering and Preparation with OML

Data Gathering 



Attribute Selection aka Feature Engineering/Feature Selection
Create attribute importance Machine Learning model for Good Credit

Data Gathering and Preparation with OML

Attribute 
Selection

Top N Attributes 
for Good Credit

Top N Attributes 
for max spent



Attribute Selection aka Feature Engineering/Feature Selection
Create attribute importance Machine Learning model for Good Credit

Data Gathering and Preparation with OML

Top attributes for good credit customer



. Split Data into Train data  (60% data): N1_TRAIN_DATA
Test Data   (40% data) : N1_TEST_DATA

Data Gathering and Preparation with OML
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Create or replace view N1_TRAIN_DATA 
as SELECT * from CREDIT_scoring_100k_V SAMPLE (60) SEED (1)

Create or replace view N2_TEST_DATA 
as SELECT * from CREDIT_scoring_100k MINUS 

SELECT * FROM N1_ TRAIN_DATA 



Create Predictive Model to Target Good Credit Customers
◦ Add parameter settings to n1_build_settings table   

Model Building, Evaluation and Application with OML
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Create Predictive Model to Target Good Credit Customers
◦ Build a Classification model 

BEGIN

DBMS_DATA_MINING.CREATE_MODEL(

model_name                      =>‘N1_CLASS_MODEL’,

mining_function                 =>’dbms_data_mining.classification,

data_table_name              =>’N1_TRAIN_DATA’,

case_id_column_name     => ‘CUSTOMER_ID’,

target_column_name        =>’CREDIT_SCORE_BIN’,

setting_table_name           =>’N1_BUILD_SETTINGS’)  

END;

Model Building, Evaluation and Application with OML

Create 
Model

Build_
settings

Train 
Data

Class 
Model



Model Evaluation 
Test the Model by generating an apply result 

Execute DBMS_DATA_MINING.APPLY Procedure:                                                                                    
DBMS_DATA_MINING.APPLY(‘N1_CLASS_MODEL’,’N1_TEST_DATA’,’CUSTOMER_ID’,’N1_APPLY_RESULT’) 

Test Data:        N1_TEST_DATA        

Apply Result:   N1_APPLY_RESULT

Lift Result:         N1_LIFT_TABLE

◦ Create a lift result : Execute DBMS_DATA_MINING.COMPUTE_LIFT Procedure:                                                      

DBMS_DATA_MINING. COMPUTE_LIFT (‘N1_APPLY_RESULT’, ’N1_TEST_DATA’, ’CUSTOMER_ID’, ’CREDIT_SCORE_BIN’, 
’N1_LEFT_TABLE’, ’GOOD CREDIT’, ‘PREDICATION’, ‘PROBABILITY’, 100)

Model Building, Evaluation and Application with OML
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Model Evaluation 
◦ Review Lift result :View Model's Cumulative Gains Chart and decide if its a good model

ML Model Building, Evaluation and Application with OML



Apply Model to New data:
Apply the Oracle Machine Learning Model to New Customers to Show   
Customers Most Likely to Have Good Credit
(for new customers in credit_scoring_new_cust_v)

Model Building, Evaluation and Application with OML

%sql

select a.customer_id , a.prob_Credit_Score_Bin , b.age, b.income, b.tenure, b.loan_type, b.loan_amount, 

b.occupation, b.education_level, b.marital_status

from (select * from (select Customer_id, round(prob_Credit_Score_Bin *100,2)   

prob_Credit_Score_Bin

from (select Customer_ID, prediction_probability(N1_CLASS_MODEL, 

NULL using *) prob_Credit_Score_Bin from 

credit_scoring_new_cust_v))) a,    

credit_scoring_100k_v b

where a.customer_id = b.customer_id order by a.prob_Credit_Score_Bin desc

New Data

Apply Model 

Class 
Model

New 
Predictions



Apply Model to New data:

Model Building, Evaluation and Application with OML
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Apply Model to New data:

Model Building, Evaluation and Application with OML

Apply a ML Model to a Single Record  in a Transactional Application:

select prediction_probability(N1_CLASS_MODEL, 'Good Credit’  USING 'Rich' as    WEALTH, 2000 as  income, 
'Silver' as customer_value_segment)   Prediction_Probability from dual;



An example: Using Machine Learning for a mortgage approval application

Enabling Business Applications with machine Learning
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