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Discover Load Transform Model

& B & = A @

ZIRBURE
XHEL ISON. XML, El. =@, OLAP, Xkt

Graph Spatial Cubes Document Relational %WI{’Fﬁﬁ
FEERS. 9. PlE83ES). In-memory. #IBXM. MR, ZHEF.
RARNGFEESE

&

Auto AutoML
Insights

ZMAaaER-FAA RS HRHIH
e (%GR LB SQLAIE S, Java. JavaScript. MLASQL .

‘ ML4Python. AutoML. #AiRZS. Hf. ClI/CD. APEX
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TH

#@ Apache Zeppelin

» SQL Developer

@ SQL*Plus

O &

jfupyt\er Python client,

e  Jupyter Notebooks

W

- R client,

(studio RStudio

N

(] SQL Developer
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Oracle Machine Learning 4H

%
OML4SQL
OML Notebooks —| OMLA4Py
OML4R*
OML4SQL
OML4Py
OML4R
Oracle Data /

Miner

&

OracleBiEET &

%%%@

Oracle

Autonomous Database

—

Oracle Database

Oracle Database
Cloud Service

* i
— == Ccoming soon




Oracle#IEER BRIV ZZF IS S L ITEE

A E-S

Naive Bayes

Logistic Regression (GLM)
Decision Tree

Random Forest

Neural Network

Support Vector Machine (SVM)
Explicit Semantic Analysis
XGBoost*

=3 ol
 One-Class SVM
o« MSET-SPRT*

BX

» Hierarchical K-Means
e Hierarchical O-Cluster
« Expectation Maximization (EM)

B (el 51l
» Forecasting - Exponential Smoothing
* Includes popular models
e.g. Holt-Winters with trends,
seasonality, irregular time series

7 Copyright © 2023, Oracle and/or its affiliates.

[o])3
* Generalized Linear Model (GLM)
* Support Vector Machine (SVM)
» Stepwise Linear regression
* Neural Network
« XGBoost*

BHEZEE

* Minimum Description Length

* Principal Component Analysis (PCA)
» Unsupervised Pairwise KL Divergence
* CUR decomposition for row & Al

K ECHR
* Apriori

T2 1)
e Predict, cluster, detect, features

SQL &3t
* SQL Windows
* SQL Patterns
* SQL Aggregates

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

TEEN
* CUR Decomposition
H&
» XGBoost*
XA 4
 Algorithms support text columns

« Tokenization and theme extraction
 Explicit Semantic Analysis (ESA)

21T BRI 21
* min, max, median, stdev, t-test, F-test,
Pearson’s, Chi-Sq, ANOVA, etc.

RFIPYTHONES
» Third-party R and Python Packages

through Embedded Execution

» Spark MLIib algorithm integration

*New in 21c
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4 Sack

Credit Score Predictions

Review Data by Occupation

Esgl
-- This
Sl

ENWS

an alternative presentation style - a

[ I o laby A9 wee will wse O
more interesting perspectives.

select customer id, age, income, tenure, loan typs,

marital status

from credit_scoring_18@k_v where rownum < leee

L L |~ settings >
'.F'TIJTESSNJI'I‘:'I Clerical & Farmmer Manager .W(}‘-"kﬂr
Technician

Technician

Army o meirofessiol
.,-mrke'\

2

SEGILE
P 3

pie chart. Hote that Zepplin
aracle Data Yisualization o
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nal

‘Clnnnal
AT

Manager




n

= ORACLE machine Learning

Shared Templates

== Create Notebook | # Edit || X Delete

Anomaly Detection

Author: USERDT

Date Added: 8/13/19 11:31 PM

*olikes Ao Eo

Credit Score Predictions W...

Author: USEROT

Date Added: 8/14/19 7:31 PM

*olkes S0 Eo

SQL Query Scratchpad

Author: USEROT

Date Added: 8/13/19 11:51 PM

*oLkes Ao Ko
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Association Rules

Author: USERDT

Date Added: 8/13/19 11:32 PM

* otikes A1 B

Credit Score Predictions W...

10k version

Author: USEROT

Date Added: 8/16/19 8:03 PM

*otikes Ao K

SQL Script Scratchpad

Author: USEROT

Date Added: 8/13/19 11:35 PM

*olikes Ao Ko

Attribute Importance

Author: USERDT

Date Added: 8/14/19 6:00 PM

* 1Lkes A3 Ea

Credit Score Predictions W...

10k version

Author: USEROT

Date Added: 8/16/19 7:55 PM

*otkes Ao E:

SQL Statistical Functions

Author: USEROT

Date Added: 8/13/19 11:36 PM

*olikes Ao Ko

Classification Prediction M...

Author: USERDT

Date Added: 8/13/19 11:32 PM

*1likes Ao Eo

My First Notebook

Author: USEROT

Date Added: 8/13/19 11:37 PM

*oLkes A2 Es

Targeting Top Customers 1...

100K version

Author: USEROT

Date Added: 8/15/19 9:46 PM

*oltkes Ao Eo

% USERO7 Project [USERO7 Workspa... ¥ o MARK ~

Search b.. S\ EY

Clustering

Author: USEROT

Date Added: 8/13/19 11:33 PM

*1kes Ao Ko

Regression

Author: USEROT

Date Added: 8/13/19 11:34 PM

*otkes A1 Eo

Time Series Forecasting

Author: USEROT

Date Added: 8/13/19 11:35 PM
Tags: ‘Time Series Forecasting'

*olikes Ao Ko




Oracle Machine Learning for
SQL (OML4SQL)
Python (OML4Py)
R (OMLA4R)

{66 SQL A 8Ef% 37 BN 18] Oracle #4#EZEH Oracle B &8#EERAY ML
NERRERIBETIRIFIE
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Read/Write files using built-in tool capabilities
Flat Files

Data Source

extract / export

«— —
export a load a

Data source connectivity packages

IAIREIR

SEVER T . R/Python > ##Ei1AIRIIES 2> R/Python
NFREH] - IEAR/N. RFLIE

=P

FHiD. ME. 2R

IEAY £~ EFE

read

OracleDB

v
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- BHEESL/FNRE

- HEMKIITS
- FERETIFAGESR
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SQL Interfaces

SQL*Plus Ny
SQLDeveloper o

OML Notebooks
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Oracle Database

Oracle
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OMLA4SQL:#= B4 22 41 5< B 35000
28 SQL iE5% — AR
=i E (PL/SQL)

BEGIN
DBMS_DATA_MINING.CREATE_MODEL(
model_name =>"'BUY_INSURT',

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;
LB (SQL &Ei8)
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; 3 5 ) Bk s0L | Al Rows Fetched: 1in 0.043 seconds
i} PREDICTION_PROBABILITY(BUY _INSUR.1,"YES'USING3500ASBANK,_FUNDS,325ASCHEC

10.527695670595910801
15 Copyright © 2023, Oracle and/or its affiliates. E
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« BIEEAHTHZHIWNSFEIEA OML4Py OML4R SQLDevelopeiFg
- B Oracle HUREF R AFINTR

v

\ 4
Database

Server

v Machine
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Oracle Machine Learning for R and Python
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2 FF OMLASQL 1R EIEERER A
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£ Oracle #iBEHREIEFNIER R 3¢ Python RlZs
SEFHIT. ESFHITHNIEHFITHRT
ERFIRERIGRINEE
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REEITR

Sepal.Length Sepal.Width Petal.Length Petal. Width Species

1 51 35 14 0.2 | setosa
_“_ — 2 4.9 3.0 14 0.2 | setosa
ﬁ 0ML4R & I Egll\ﬁlj 3 4.7 3.2 1.3 0.2 setosa
- 4 46 3.1 1.5 0.2 setosa
5 5.0 3.6 14 0.2 setosa
R 54 349 17 N4 =etnsa
_ = str{iris)
‘data.frame”: 150 obs. of 5 variables:
% sepal.Length: num 5.1 4.9 4.7 4.6 5 5.4 4.6 5 4.4 4.9
da‘ta frame $ sepal.width : num 3.5 3 3.2 3.1 3.6 3.9 3.4 3.4 2.9 3.1 ...
= % petal.Length: num 1.4 1.4 1.2 1.51.41.7 1.4 1.51.41.5.
% petal.width : num 0.2 0.2 0.2 0.2 0.2 0.4 0.3 0.2 0.2 0.1 ...
$ Species : Factor w/ 3 Tlevels "setosa","versicolor”,..: 111 1111111...
= str(IRIS) '
y ‘data. frame”: 150 obs. of 5 variables:
Inher’ts from Formal class 'ore.frame' [package "OREbase"] with 12 slots
..® .Data : Tist()
..@ datagry : Named chr "( select /*+ no_merge(t) */ ""Sepal.Length%" wvaL00l,%"sepal.wid
th'" waL00Z,""Petal.Length"” vaL003,""Petal.width\" vaLOO4 "5p"| _truncated__
P — attel* "moames "o che 2530 9"
roxy "{ select /*+ no_merge(t) */ *'"sepal.Length” wALOOLl,%"Sepal.width'"” waL
d t f ‘ 002,%"Petal.Length'” VvALOO3,""Petal.width'" vALOO4,%"Species’” VALDOS fro
dla.frame m ROQUSERMNTVNIRISVNT T )"
..@ sglName : chr
..@ sglvalue : chr "“"sepal.Length'"" "% '"sepal.width"" "% '"Petal.Length'"" " "Petal.width
WL,
..@ sglTable : chr "\ "RQUSER"".'"IRIS"""
..@ sgqlpred : chr ""
.. @ extref o Tist()
& names : chr
@ row.names: int
@ .53Class : chr "data.frame"

19 Copyright © 2023, Oracle and/or its affiliates.




4

1SR = oython
9& 4 Ij;_I’HEHb_ %gl\ Ei@ﬁﬁﬂﬁ\ ‘ "?i-'l‘ﬂzx ﬁz
A B AIEX R IELIEESIE: oml.DataFrame DATA.shape
DATA.head()
 # Create table from Pandas DataFrame data :
DATA = oml.create(data, table = 'BOSTON') DATA.describe()
- DATA.std()
# Get proxy object to DB table boston DATA.skew()
DATA = oml.sync(table = 'BOSTON')
ERAAZERY Python 1B AR FEIERE 2R TRAIN, TEST =
SHIGIHREFR IR SQL AY Python X%k DATA.split()
TRAIN.shape
TEST.shape
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Hi7. pHANRA
P B3 TR R E

[
i

from oml import svm
thon

. P
# create proxy object Python Client
ONTIME_S = oml.sync(table="ONTIME_S')

# define model object
settings = {"svms_outlier_rate' : 0.01}

svm_mod = svm('anomaly_detection’, Oracle Database
svms_kernel_function =
'dbms_data_mining.svms_linear’, Etég b ®
**sattings) User tables

# build anomaly detection model

svm_mod = svm_mod.fit(x=ONTIME_S, y=None)
# view model object

svm_mod

21 Copyright © 2023, Oracle and/or its affiliates.



ERATVRTT pgl t!on
S =K aHITRITS XEHE R

t
# user-defined function using sklearn Python Clienth
def build_Im(dat):
from sklearn import linear_model

Im = linear_model.LinearRegression()

on

X = dat[['PETAL_WIDTH']] Oracle Database
y =dat[['PETAL_LENGTH']] E':é:g

D05 Y, User tables
return Im

# select column(s) for partitioning data
index = oml.DataFrame(IRIS['SPECIES'])

ﬂ extproc extproc
# invoke function in parallel on IRIS table pUthon
Python Engine

mods = oml.group_apply(IRIS, index,
funcabulld_Im, m
parallel=2)

mods.pull().items()

pothon
Python Engine

22 Copyright © 2023, Oracle and/or its affiliates.



AutoML - OML4Py HYHTThEE
IR SRR R TR - FD ST E R )

a Auto Model Auto Feature AutoTune
.— = Selection Selection -
Much faster than >50% reduction in Significant score
-E exhaustive search features Improvement
- Bopkd -  HBohIneeikRE - BohAREESEK
- MELDESEREENEE " BOIGIERIINERRAE . g2 Eawm
NESE EE/DZ IMFIERER = o .
. . . = M AET M R - BRFEIFRINERFEAN
. %E%ﬁéﬁ’?\ﬁ?%ﬁﬂﬁ?ﬂ%&
E |

LT KA P RERT BYEFS
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B BTN HEEHEE

@ IR 5 B AKX BT RER R M IE R =
RS TERENERTE

4 ) ( I
ML training time Prediction Prediction Accuracy
i Accuracy L
o 0.9
O 1
e} %
= 20 33x 0.98 4% ? 0.8 +18%
& reduction > =
i S 096 o 07
g) 10 S
I% < 0.94 0.6 I
~ 0 - 0.92 0.5
299 9 299 9 184 309
97% reduction 60% reduction
\ J \_ 1.3X time reduction to build SVM Gaussian model  /
OpenML #4#E% 312, ®1& 192517, 299 5 OpenML #3EE 40996, B7& 56K 17, 784 5
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Oracle Machine Learning

ORACLE MACHINE LEARNING ON O.COM
https://www.oracle.com/machine-learning

OML TUTORIALS
OML LivelLab: https://apexapps.oracle.com/pls/apex/dbpm/r/livelabs/view-workshop?p180 id=560

Machine Learning on Autenomous Database workzhop
F cmdira malieoaEre goeae ron diae nenlk deee

OMLA4Py LivelLab: https://apexapps.oracle.com/pls /apex/dbpm/r/livelabs /view-workshop?
Interactive tour: https://docs.oracle.com/en/cloud/paas/autonomous-database /oml-tour

ORACLE #138F 314

https://docs.oracle.com/en/database/oracle/machine-learning /index.html

OML4SQLX#Y: https://docs.oracle.com/en/database/oracle/machine-learning /oml4sgl /index.html
OMLA4SOQL 5l : https://github.com/oracle/oracle-db-examples/tree /master/machine-learning /sql/21c
OML4Python3#4: https://docs.oracle.com/en/database/oracle/machine-learning /oml4py/index.htmi
OML4RI#: https://docs.oracle.com/en/database/oracle/machine-learning /oml4r/index.html

Oracle Data Miner3#: https://docs.oracle.com/en/database /oracle/sql-developer/21.4/books.html
OML4Spark>#i: https://docs.oracle.com/en/database/oracle/machine-learning /oml4spark/index.html

25 Copyright © 2023, Oracle and/or its affiliates. All rights reserved.



https://www.oracle.com/machine-learning
https://apexapps.oracle.com/pls/apex/dbpm/r/livelabs/view-workshop?p180_id=560
https://apexapps.oracle.com/pls/apex/dbpm/r/livelabs/view-workshop?wid=786
https://docs.oracle.com/en/cloud/paas/autonomous-database/oml-tour
https://docs.oracle.com/en/database/oracle/machine-learning/index.html
https://docs.oracle.com/en/database/oracle/machine-learning/oml4sql/index.html
https://github.com/oracle/oracle-db-examples/tree/master/machine-learning/sql/21c
https://docs.oracle.com/en/database/oracle/machine-learning/oml4py/index.html
https://docs.oracle.com/en/database/oracle/machine-learning/oml4r/index.html
https://docs.oracle.com/en/database/oracle/sql-developer/21.4/books.html
https://docs.oracle.com/en/database/oracle/machine-learning/oml4spark/index.html
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