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ORACLE

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, timing and pricing of any features or
functionality described for Oracle’s products may change and remains at
the sole discretion of Oracle Corporation.
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“INouyemy Oracle?
MoToMy YTO TaM XpaHATCA
BalluX AaHHble!”

Larry Ellison

Executive Chairman and CTO of Oracle Corporation




ORACLE

ILmardpopma Data Science-kak-Cepsuc

Ha ctaHpapTHbIX TexHonorusx Oracle

[Mpon3BOAUTENBHOCTb

MacwiTabrpyemocTb g% Machine

3alMTa UHBEeCTULMIA Leammg

Be3sonacHocCTb




Tonbko 1 U3 10 npoektos Data Science sHeapsietcs B
MPOMBILLUIIEHHYIO SKCMnyaTaumto

HeaddekTnBHaa kornnabopaumns -

knioyesoe npenstctave ans DS npoektos (>60%0)

KnbepbesonacHoOCTb 1 3aLiuTa

NAdHHbIX — Hanbonee akTyanbHble pasgensl DS
NMPOEKTOB

NcTouHuk 1, UCTOYHUK 2



https://venturebeat.com/2019/07/19/why-do-87-of-data-science-projects-never-make-it-into-production/
https://newvantage.com/wp-content/uploads/2018/12/Big-Data-Executive-Survey-2019-Findings.pdf

OnpepeneHue

ObnayHbIM cepBUC (HacTHOE NN rmopuaHoe obs1ako),
NpeaoCcTaBAAOLWMN 3KCMepTaM HEOH6X0aAUMbIE MHCTPYMEHTHI,
BblUMNCINTENbHbIE PeCcypCbl U JaHHbIE A9 peanm3aumm npoeKToB Mo
MaLLUVNHHOMY OBYYEHUIO N UCKYCTBEHHOMY UHTENSIEKTY




PeuenTt nnatcopmbl DataScience - as a -Service ot Oracle
Llenesble nokasaTenu

1. Co3pgaHune cepBuca < 15 munyr

2. COop 1 noAarotoBKa AaHHbIX MUHUMYM BpemeHw

3. YTunusauuna CPU > /0%
4. CxxaTne AaHHbIX 5-TU kpaTHoe n Gonee
5. be3onacHoCTb Bce texHonorun CYb[

Oracle E




Peuent DataScience - as a -Service ot Oracle
JK1N3HeHHbIN uMKn cepBuca

Bnagenbupbl 4aHHbIX Mnatdopma Bbiaenser JKCrnepT NCNONb3YyIOT

ny6AnKYyOT MHGOPMALUIO BblYUC/IUTE/IbHbIE CO34aHHbIN CEPBUC U3

O AOCTYMNHbIX Habopax MOLHOCTN U MeCTo ANA SQL nHctpymeHTOB, Bl
AaHHbIX B KaTanore AaHHbIX NN HOYTOYKOB

1 p. 3 4 6

Delete
Service

Data es  Self-Service =4  Provision Provision
Catalogue Portal Service Data

5 n Mnhatdopma co3gaeT 06 BEKTDI CepBuC MOXKET ObITb
HCNEPT NCNONIb3yeT °6pTa” ANA B, (tables, views, external yAaneH vepes MopTan
3anpoca cepsuca: Tpebyemble tables) 1 HacTpanBaer AN aBTOMaTUYECKU No
Bbl'-MCJ'IMTeJ'IbeI6e MOLLIHOCTH, MeXaH13Mbl MHTErpaLLim MCTEYEHUIO 3a4aHHOTO
AaHHble U cnocob nx AOCTaBKU (Oracle Big Data SQL, ODI) CpOKa rogHoCTH




Cobupaem pelneHne N3 UMEKOLLNXCS KOMIMOHEHTOB
n nobnpaemM HeobxoaNMbIE TEXHONOIrUN

Bce! CepBricamm MO>XHO NoOsb30BaTbCS!

YpoBeHb CepBUCOB
ORACLE MULTITENANT + OEM

N\
AN

In-Database ML / Python / R

ORACLE ADVANCED ANALYTICS

Y4
AN

XpaHunuuie gaHHbIX
ORACLE DB EE

N/
VAN

AnnapaTHasa MHPPaACTPYKTYpa

- J




Cobupaem pelneHne N3 UMEKOLLNXCS KOMIMOHEHTOB
n nobnpaemM HeobxoaNMbIE TEXHONOIrUN

YpoBeHb CepBUCOB
ORACLE MULTITENANT + OEM

AN

\_
(
In-Database ML / Python / R

ORACLE ADVANCED ANALYTICS

Y4
AN

XpaHunuuie gaHHbIX
ORACLE DB EE

\_
p

VAN

AnnapaTHasa MHPPaACTPYKTYpa
- J




CobupaeM pelleHue U3 UMeLLNXC KOMMOHEHTOB

YpoBeHb CepBNCOB
ORACLE MULTITENANT + OEM

Y4
AN

In-Database ML / Python / R

ORACLE ADVANCED ANALYTICS

\_ J
[ )
AkcenepaTtop aHaNIUTUKN -
ORACLE DB IN-MEMORY O L
_ % osE 4
4 ) Q5 3 <
besonacHoCTb g m i
ORACLE ADVANCED SECURITY o
J <
) I_
XpaHunuuie AaHHbIX <> <
ORACLE DB EE Q

AnnapaTHasa MHPPaACTPYKTYpa

J\_
[ Oracle BD SQL }
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ILmardpopma Data Science-kak-Cepsuc

TexHonoruum Oracle

[Mpon3BOAUTENBHOCTb

MacwiTabrpyemocTb g% Machine

3aLmTa MHBECTULIMIA Learning

Be3sonacHocCTb




TpapguuuoHHbIn vs. Oracle In-Database ML nogxoabi

TpaduyuoHHb1U— “[lepeHocume daHHble” ORACLE  — “MlepeHocume anzopummer”

The Predictive Modeling Process: Data Flow
) Statistical Software

[ 1
Data Warchouse - | = =] \ Eﬂp Hlllltalli':.. PSS
Modeling Data Extract > LY sap Procictivo Anatysi
T
[lpowie, yMHee yrpasneHue gaHHbIMU

+ AHanuTuka / Machine Learning




CVb/ Oracle: In-Database Machine Learning

Onuusa Oracle Advanced Analytics

» In-Database peanunsaumna >30 Hanbonee MWUHMIN3AUNA TCO

nonynapHbIX anroputMmos ML
* BcTpoeHHble MexaHM3Mbl MOArOTOBKN OAHHbIX He Tpe6yech AVIMJINKaunNAa OaHHbIX

« Co3pgaHue cNoXXHbIX Moaeneu
- SQL, R nnm Python
- Oracle Data Miner
- Oracle AutoML 2

* He TpebyeTcsa oTaenbHas MHAPACTPYKTYpa 3a LUTa cOae/iIaHHbIX MHBECTU LI,I/IVI
(ML BbinonHsieTcsa Ha cepepe b Oracle)

He TpebyloTcsa BblaeneHHble cepsepa

« MacwTtabupyemble, napannenbHbie anropuTMbl

Data Mining & simpe SQL bbicTpbin time-to-market




Anroputmbl Oracle In-Database Machine Learning

Ay A AAAAAA
A0 AA@AA/ AAAAAA

CLASSIFICATION 240 ~ 000
O O 4

— Naive Bayes

— Logistic Regression (GLM)
— Decision Tree

— Random Forest

— Neural Network

— SupPort Vector Machine

— Explicit Semantic AnaIySIS

AAA
CLUSTERING +.\ = o0
— Hierarchical K-Means %_ S
— Hierarchical O-Cluster T A

— Expectation Maximization (EM)

ANOMALY DETECTION e o
— One-Class SVM '%'.

TIME SERIES

— State of the art forecasting using
Exponential Smoothing A,/»/\
— Includes all popular models
e.g. Holt-Winters with trends, seasons,
irregularity, missing data

REGRESSION

— Linear Model

— Generalized Linear Model

— Support Vector Machine (SVM)
— Stepwise Linear regression

— Neural Network

— LASSO *

ATTRIBUTE |MPORTANCE

— Minimum Description Length

— Principal Comp Analysis (PCA)
— Unsupervised Pair-wise KL Div
— CUR decomposition for row & Al

ASSOCIATION RULES
— A priori/ market basket

%

A1 A2 A3A4 A5 A6 A7

PREDICTIVE QUERIES dﬁ- ;F'/u
— Predict, cluster, detect, featu‘.gs g‘t\“ J.

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

(=2

TEXT MINING SUPPORT "

— Algorithms support text

— Tokenization and theme extraction

— Explicit Semantic Analysis (ESA) for
document similarity

STATISTICAL FUNCTIONS "

— Basic statistics: min, max,
median, stdev, t-test, F-test,

~ A

Pearson’s, Chi-Sqg, ANOVA, etc.

R PACKAGES

— CRAN R Packages
through Embedded R Execution
— Spark MLIib algorithm integration

EXPORTABLE ML MODELS
— REST APIs for deployment




NMpumep: CozpaHune knaccudmkaTopa

Co3spaHue ML mogenu (PL/SQL)

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;

MpumeHeHue mogenun (SQL 3anpoc)

Select prediction probability (BUY INSUR1l, 'Yes'

USING 3500 as bank funds, 825 as checking amount, 400 as credit balance, 22 as age, 'Married'
marital status, 93 as MONEY MONTLY OVERDRAWN, 1 as house ownership)

from dual;

as

& B, ) 5k 50U | Al Rows Fetched: 1in 0.043 seconds

i} PREDICTION_PROBABILITY(BUY _INSUR.1,"YES'USING3500ASBANK_FUNDS,825ASCHECKING_AMOUNT, 400ASCREDIT_BALAMCE
10.9276956709910801




Mpumep: OnpepeneHne 3Ha4YNMbIX aTpMbyTOB

CospaHue ML moaenu (PL/SQL)

BEGIN
DBMS DATA MINING.CREATE MODEL (
model name => 'BUY INSURANCE AI',
mining function => DBMS DATA MINING.ATTRIBUTE IMPORTANCE,
data table name => 'CUST INSUR LTV',
case id column name => 'cust id',
target column name => 'BUY INSURANCE',
settings table name => 'Att Import Mode Settings');

END;

MpumeHeHue mogenu (3anpoc SQL)

SELECT attribute name, explanatory value, rank
FROM BUY INSURANCE AT
ORDER BY rank, attribute name;

ATTRIBUTE NAME RANK ATTRIBUTE VALUE
BANK_FUNDS 1 0.2161
MONEY MONTLY OVERDRAWN 2 0.1489
N TRANS ATM 3 0.1463
N TRANS TELLER 4 0.1156

T AMOUNT AUTOM PAYMENTS 5 0.1095 E




Npachnuecknun KOHCTPYKTOP ANA npoeKkTos no ML

Oracle Data Miner
* [MocTpoeHne mogenu drag / drop
* He TpebyeTca rnybokux nosHaHmm B ML

e Jlerko B CNosib30BaHUU, HE HAOO
KoOMpoBaTb

* OnpeneneHve pasnensieMblx
aHaNINTUYECKNX
NpoLeccos

» [eHepaymsa SQL koga

@

£

Histograms & Statistics Box & Scatter Plots

Insurance Customers

@

=

R Script & model

AGEByLTV BN

B < §F -4 -

Prep and Clean Data

Anomalies Predictive Query  POS Sales Transactions

Cluster Segments New Customers

]

Predictive Models Likely Customers

= B2 — %

Market Basket Analysis

L1 l;

DIVORCED WIDCWED
MARRIED SINGLE

MARITAL_STATUS

1




ABTOHOMHbIN ML

Oracle AutoML2* AutoML2

* lcnonb3yeTt ML onga cosgaHua A futog\?tii \
HOBbIX Mogenen ML eature Selection

~50% reduction in features

» CyLiecTBeHHOE COKpaLleHme —] 2L
BpPEeMeHM Co3[aHus Moaene N Automatic g.%jg
- Model Selection 0 | 0
 CylecTBeHHOe yBennu4yeHme Training | Production-Ready
TOUYHOCTW Data 4x faster than exhaustive search ML Model

« He TpebyeTcs cnewmanbHbIX Autor

3HaHUM B ML gnga co3oaHums
NPOAVYKTUBHbIX N TOYHbIX As much as 24% accuracy improvement
Mopaeneu

Hyperparameter Tuning

*Planned for Q12020 with Oracle Machine Learning for Python component of
Oracle Advanced Analytics Option




Oracle AutoML B peucreum

m Exhaustive AS Auto AS m Pipeline without FS m Pipeline with FS
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BapuaHTbl ncnonb3osaHusa Oracle AutoML

Python

Knaccndoumkaums

from automl import Pipeline

est = Pipeline(task="classification’,
scoring="accuracy’)

est.fit(X_train, y_train)

y_pred = est.predict(X_test)

Perpeccus

from automl import Pipeline

est = Pipeline(task="regression’,
scoring='neg_mean_squared_error’)

est.fit(X_train, y_train)

y_pred = pipe.predict(X_test)

GUI

AutoML Experiments
& Oser
Name - Notes Created Created By Status
AutoML 1 Classification 08-03-19 user.name®@oracle.com Running
AutoML 2 Regression 08-04-19 user.name@oracle.com Completed
Name Histogram Importance | Type Percent NULLs Distinct Average Mode Median Min Stddevi  Variance
4 GENDER » . e | | VARCHARZ  0.000 2
& AGE T Il gy | — N Data Models Notes
& BANK_FUNDS » (— ] | NUI
I [ | I (111 Name Accuracy - AUC F1
o uv S T1 [T TT R Il LV YVP—" 091 U
4 SALARY v Balanng | =— | N Insight | Deploy | Predict | Create Notebook
g MTG_AMOUNT » I I I I I I I I:l NU' Important Features LwthOf ‘Conlusion Matrix
™
™
fom
H
gvlﬂ
o
b ain ] e o 3 o ] w
« S O e+ S g b+ ooy + okl Ay
* Random Forest Classifier 2 0.90 O LI

» SVM Linear 1 0.87 KK HK 2000.20¢




PaboTtaeM c gaHHbIMU N3 UCTOYHNKOB BigData
TexHonorus Oracle BigData SQL

ORACLE SQL AJiA BIGDATA

ORACLE 50L Engine

* AHanuM3 1 ConocTaB/ieHMe JaHHbIX 13
reTeporeHHbIX NICTOYHMKOB

* He TpebyeTcsa MeHATb 3anpochl
NPUNOXEHNM

ORACLE DB SECURITY BHADOOP TMMPOU3BOAUTEJIbHOCTDb

Jagh
) :
o

2 & @ M
> P N Ghaee
“p O e

|

' , Push processing
' ; tl // /’\
& A & |

@Rl on  Jon Jon  Jon

ACLs | Sentry | HDFS Encryption | Encryption in Motion B Big Data SQL Cell on Data Nodes

*  YHMDULUMPOBAHHbIE NOUTUKU « SmartScan Ha ypoBHe Hadoop
6e3onacHocTun ans BigData v B[], QunbTpauyms, arperayms,

¢ MO>XHO NpMMeHATb YHKLMK, TaKne NcnonHeHne PyHKLUWM Ha y3nax
Kak data redaction gns ces3ku (join) AaHHbIX

OaHHbIX N3 Pa3/IN4HbIX NCTOYHNKOB
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N3mMmeHnao1aa poab DBA:
Ot pazpaboTunka b/l k Data Scientist 3a 6 Hexeb!




= /4

Mbl HaxoauUMCA Ha 3ape UHTeJITIeKTYa/lbHOM,
AaBTOHOMHOM 3N0XU, U HaNInune 6a3bl AaHHbIX
C CAMOCTOAATE/IbHbIM YNPaB/I€HUEM -
ecTeCcTBeHHbIU nporpecc ...

1 4yBCTBYIO, UTO aBTOHOMHbIe 6a3bl AAHHbIX
CTAaHVYT NOBCEMECTHbIMM B byayuiem.”

— Clark A. Kho

Senior Technology Architect, Accenture

/ / eInternaI/Restricted/Hi/’;ﬂcm\ Restacted — ‘\\\ o ": accenm



ABTOHOMHas 6a3a AaHHbIX U30aBIFAET OT PYTUHbI

Bonblie BpeMeHu Ansg MHHOBALUWIM U yny4dlleHus busHeca

- 3apaum, cneunduyHblie aona 6usHeca U UHHOBALLUA LLikana ueHHoCTH
— ApXUTEKTYpa, NAaHMPOBaHMe, MOAENINPOBaHNE AaHHbIX MihHoBalHu
— Be30MacHOCTb AaHHbIX U YNpaBeHMe XN3HEHHbIM unKno

— THOHUHI NPUNOXEHUN

— KomnnekcHoe ynpasneHne ypoBHEM o6cny>|<MBaHV|9|

O6cny)xnsaHue

17
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Jsonouus paspabotumnka b/l B OkcnepTa no AaHHbIM
OHu y)Ke BbINONHAKT 60nbLIYIO YAaCTb paboT

Bbirpyska gaHHbIX
NMoarotoBKa AaHHbIX Ao 80% npoekKkTa

BbiaBneHue HOBbIX anM6yTOB BONbLWWMHCTBO 3KCNEPTOB TPATAT TONbKO 20% BpemeHn Ha aHann3

« . . ” AaHHbIX 1 00 80% BpemMeHMn - Ha NOUCK, OYUCTKY U peopraHu3auunio
(“feature engineering”) I it

TYT npoucxoaut «marna» Machine Learning  *2s

@ u
eee
—_— > P oo

—

UmnopT pe3ynbraTtos

BHegpeHue ML UcKnoueHo nnm mmHmmmnsunposaHHo Oracle

ABTOM3TM3a unA Mnatdopma ynpaBneHna AaHHbIMM CTaHOBUTCA NAaTGoOpMONn ANS

— NPOEKTOB MaLLUMHHOIO 0by4yeHUs




Ot paspabotuuka b/l kK Data Scientist 3a 6 Hegenb!

- cchenoBaHue bm3Heca — Henenga 1

Business Data
Understanding Understanding
Data
Preparation

Modeling
= eon
a o /g @ python

.- [loHMMaHWe faHHbIXx —Hegena 2
. [loorotoBka oaHHbIX — Henenga 3
- MopgenuposaHue (ML)— Hepens 4

. OueHka — Henensa 5

Deployment

- PasBepTbiBaHMe —Hepens 6

ite

27
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Ot paspabotuuka b/l kK Data Scientist 3a 6 Hegenb!

Business Data
Understanding Understanding
Data
Preparation

Modeling
= eon
; o /g @ python

Deployment

28
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O6JIaKo Oracle

Ucnonbsyute obnako Oracle ansa pacyeta TpyaoeMKuUx Mmogenemn

ABTOHOMHOCTb

MacwiTabrpyemocTb g Machine

Mpon3BOAUTENBHOCTD Learning

SDKOHOMMKA




Oracle ML aHanornyHbin B Bawem LIO/fle n B o6nake Oracle
Ncnonb3yem HPC obnako Oracle anga pacyeTta pecypcoeMKnx Mmogenem

B Bawem LlOe O6nako Oracle
Oracle DB EE Oracle DB Cloud /
Autonomous DB

Data In-Database Analytical Data In-Database Analytical
Warehouse ML Data Mart Warehouse ML Data Mart

Fully-Autonomous: Provisioning, Securing,
Patching, Management, Scaling

Oracle Multitenant




Oracle In-Database ML B HoyTbyKe
Oracle Autonomous DataWarehouse Cloud

¥script
BEGINM
/* Populate settings table =/
INSERT INTO glmr_sh_sample_settings (setting_name, setting_wvalue) VALUES
{dbms_data _mining.algo_name, dbms_data_mining.algo generalized linear model);
-- output row diagnostic statistics into & table named GLMC_SH SAMPLE_DIAG
INSERT INTCO glmr_sh_sample_settings (setting_name, setting_value) VALUES
{doms_data_mining.glms_diagnostics_table_name, 'GLMR_SH_SAMPLE_DIAG');
INSERT INTO glmr_sh_sample_settings (setting_name, setting wvalue) VALUES
{dbms_data mining.prep_auto, dbms_data_mining.prep_auto on);

-- turn on feature selection

INSERT INTO glmr_sh_sample_settings (setting_name, setting wvalue) VALUES
{dbms_data mining.glms_ ftr_selection,
dbms_data_mining.glms_ftr_selection_enable);

-- turn on feature generation
INSERT INTO glmr_sh_sample_settings (setting name, setting walue) WALUES
{dbms_data_mini| gsq1
dbms_data_minir SELECT caselD, elect, year,
PREDICTION{GLMR_SH_Regr_sample USING #) pr
END; FROM usa_elect_cons ORDER BY year;

B bl & e & - settings~

15,590.689

20,000 __/_,/

15,000 /

10000 . /

7,681.141"
1960 1065 1970 1075 1930

Escript
/¥ (Clean up any previous GLM Models for notebook repeatability */
BEGIM
DEMS_DATA_MINIMG.DROP_MODEL( 'usa_elec_cons_model');
EXCEPTION WHEN OTHERS THEM MNULL;

END;
!
declare
v_xlst dbms_data_mining_transform.TRANSFORM_LIST;
BEGIM
DEMS_DATA_MINIMG.CREATE_MODEL(
model_name =» "usa_elec_cons_model’,
mining_function =» dbms_data_mining.regression,
data_table_name =» "usa_elect_cons',

case_id_column_name =»> 'caseld’,
target_column_name =} "elect”,
settings_table name => 'glmr_sh_sample settings’',

wform_list =» w_xlst);
EMD;
@ELECT PR
T—— T -,
1905 2000 2005 2010 2015 2019
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