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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,
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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Fully automated, highly scalable, cost-
efficient & superior performance

In-database machine learning

Database developer and business analyst
friendly

Model agnostic explanations for model
and predictions

No additional cost for HeatWave
customers



Classification and regression

More than ten most popular algorithms for classification and regression "1
Classification use-case example: L
« (lassify loan application into loan approve or deny
« Explain why loan was approved or denied based on applicant data \“/
« Determine what can the applicant do to change the outcome \/
Regression use-case example: gl ‘
* Provide APR for a loan applicant based on their data E@ L &I
« Explain what contributed to this APR \_Q’ \“/

N

(®)
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Forecasting

Algorithm Selection

* Predicts values for time series Advanced
observations based on multiple variables g‘me SarEE
yess _ : reprocessor
« Utilities: forecast electricity demand in
winter considering other energy sources

« Commodities: forecast seasonal demand for
corn considering demand other grains

* Novel automation techniques developed
in HeatWave AutoML

Hyperparameter Tuning
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Recommender system
PREDICTS RATINGS, TOP K ITEMS, SIMILAR USERS AND ITEMS

Recommend new products to customers based on purchase
history

Recommender system provides multiple benefits in e-
commerce:

6

Personal and dynamic recommendations based on prior
interactions

Maximize conversion rates and increase in orders
Increase customer satisfaction and improve retention
Simplify product search and generate more revenue
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Anomaly detection

Training a model on unlabeled data is extremely difficult
HeatWave AutoML facilitates training on unlabeled data
Proprietary algorithm detects multiple types of anomalies
Applications span variety of fields:

« Fraud detection in banking and finance

« Failure detection and prevention in manufacturing

* Root cause analysis based on log analysis
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Sensors

loT Devices

ML Analysis

Find anomalies



HeatWave AutoML use-cases

Anomaly Detection

Detect anomalies in supplies
Predict assembly line jam

Classification Defective part identification
Identify game hackers Predict when failure will occur

loT digital twin fail dicti
Player churn prediction ol digital twin tailure prediction

Classify warranty claims Predict air pollution

Return on advertising spend prediction
Utilization demand forecasting

|dentify similar users Loan default prediction

Demand forecasting Timeseries Forecasting
Recommend movies to viewers  Predict flight delay
Suggest substitute products Loan amount prediction
Recommend new products Rain fall amount prediction

Recommender System :
Regression
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HeatWave AutoML functionality exposed via SQL
Any SQL client can leverage HeatWave AutoML

ML_TRAIN - build an optimized model for a given table

ML_EXPLAIN — train additional model or prediction explainers

ML_SCORE - evaluate a trained model

ML_PREDICT_ROW / TABLE - inference on a row / table
ML_EXPLAIN_ROW / TABLE — explanations of predictions on a row / table
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Text column support

HeatWave AutoML now supports text columns in the database

Text columns are converted into numerical vectors and treated as regular features
Text can of type — TINYTEXT, TEXT, MEDIUMTEXT or LONGTEXT

mysql>

CREATE TABLE ~2@newsgroups_train® (" text® LONGTEXT DEFAULT NULL, "category™ VARCHAR(255)
DEFAULT NULL);

CREATE TABLE ~2@newsgroups_test™ LIKE " 2@newsgroups_train ;

mysql-js>

util.importTable("20newsgroups _train.csv",{table: "2@newsgroups train", dialect:
"csv-unix", skipRows:1})

util.importTable("2@newsgroups test.csv",{table: "2@newsgroups_ test", dialect: "csv-unix",
skipRows:1})

mysql> CALL sys.ML_TRAIN( 'mlcorpus.’ 2@newsgroups train™ ', ‘'category', NULL, @model);
mysql> CALL sys.ML_PREDICT TABLE('mlcorpus. 2@newsgroups_test™ ', @model, 'mlcorpus.

" 20newsgroups_predictions™ ', NULL);
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Lakehouse support

Build ML models on data in object store or the database

Use the same APIs as used for data in the database
No additional cost — reuse the same HeatWave Cluster

4

T

Model Model Model
training inference explanations

In-database ML

Query —> My A U
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«— % Parquet
h . _— \‘
ReSUItS 4_ HeatWave g{;
AWS Aurora AWS Redshift  MySQL
export export export
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MySQL log anomaly detection pipeline

Anomaly
Log Feature -
Log Parser . : Detection
Logs & Sequence Embedding
Model
Raw MySQL Mask known repetitive and Group logs to provide Convert textual data into Mark anomalous
logs uninformative patterns context to the ML model numerical vectors log sequences
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Generative Al
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Generative Al in HeatWave enables new use cases

Content generation & summarization

* Generate insights from
enterprise documents

» Generate blogs from pdf
instruction manuals

* Summarize logs
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Retrieval Augmented Generation (RAG)

Search on public and private
enterprise data

Search on unstructured data in
vector store

+ | Q2

Natural language interaction

Natural language interaction with
unstructured data

Content retrieval and response in
natural language




Vector store provides context to LLM for more relevant results

., [

Retrieval Agent

|

—

Vector Store

L.

Similarity
search
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encoder

Augmented

prompt
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——| Proprietary
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Synergy of Generative Al and AutoML

Multiple advantages of combining HeatWave AutoML with
Generative Al:

« More accurate LLM results by filtering irrelevant data

« Faster LLM inference due to smaller search space

Traditional ML

v LLM

Natural language
interaction with data

Vector Store
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Use Case 1 : Employee Assistant

CONTRACT

Contracts For Jan. 25,2024

CONTRACTS

Contracts For Jan. 29, 2024

US. TRANSPORTATION COMMAND ABY;
Hensel Phelps Construction Co, Greeley, Colorado, was awarded a $95,333,600 firm-fixed-
price contract for construction of the Ground Base Strategic Deterrence Integrated
Command Center. Bids were solicited via the internet with two received. Work will be
performed at F. E. Warren Air Force Base. with an estimated completion date of Aug. 3,
2026, Fiscal 2023 military construction, Air Force funds in the amount of $79,310,799 were
obligated at the time of the award. US. Army Corps of Engineers, Omaha, Nebraska, is the
contracting activity (W9128F-24-C-0009).

Air Transport International, Wilmington, Ohio (HTC71124DCCO2); Alaska Airlines Inc.,
Seatle, Washington (HTC71124DCCO3); Allegiant Air LLC, Las Vegas, Nevada
(HTC71124DCCO4); American Airlines, Fort Worth, Texas (HTC71124DCCOS); Amerije
International Inc. Miami Springs, Florida (HTC71124DCCO6); Atlas Air Inc., Purchase, New

User’s PDF Contracts in
Object store

! \CTS
Contracts For Jan. 30, 2024
CONTRACTS

Contracts For Jan. 31, 2024

NAVY

Kay and Associates Inc. Buffalo Grove, Illinois, is awarded a $153,366,987 modification
'DEFENSE LOGISTICS AGENCY

ASRC Federal Faclities Logistics LLC, Beltsville, Maryland, has been awarded a maximum
$150,000,000 fixed-price with economic-price-adjustment, indefinite-delivery/indefinite-
‘quantity contract for industrial product support. This was a competitive acquisition with
three responses received. This is a three-year base contract with two two-year option
periods and one three-year option period. The performance completion date s Sept. 30,

2027. Using military service is Navy. Type of appropriationis fiscal 2024 through 2027
defense working capital funds. The contracting activity is the Defense Logistics Agency
Aviation, Richmond, Virginia (SPE4AX-24-D-9414).

CONTRACTS

Contracts For Jan. 26, 2024

Avon Protection Ceradyne LLC, Salem, New Hampshire, has been awarded a maximum
$39,324,000 modification (P00028) exercising the second one-year option period of a one-
year base contract (SPE1C1-22-D-1516) with four one-year option periods for second
‘generation advanced combat helmets. This is a firm.fixed-price, indefinite-
delivery/indefinite-quantity contract. The ordering period end date s Feb. 6, 2025. Using
military service is Army. Type of appropriationis fiscal 2024 through 2025 defense working
capital funds. The contracting activity is the Defense Logistics Agency Troop Support,

NAVY Philadelphia, Pennsylvania.

East Coast Repair & Fabrication Portsmouth, Virginia (N0002424D4216); General
Dynamics NASSCO, Bremerton, Washington (NO002424D4217); Vigor Marine LLC,
Portiand, Oregon (N00G2424D4218):; Fincantieri Marine Repair, Jacksonville, Florida

ROICOM USA LLC El Paso, Texas, has been awarded a maximum $36,687.299 firm-fixed-
antity contract for men's service uniform all-weather
coats. This was a competitive acquisition with six responses received. This is a five-year
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Vector store
ingest

Employee Assistant: Improve employee productivity

ask_question(query='Which firm was awarded a c ract for Dell lapto

v 156.7s

MCP Computer Products was awarded a contract for Dell laptops. Would you like to know more about this company?

ask_guestion(query='Were there any contracts for the Rolling Airframe Missile?', colo

v/ 10.3s

Yes, Raytheon Co. was awarded a $13.4 million cost-plus-fixed-fee modification contract for design and engineering support services for
the Rolling Airframe Missile. This was awarded on January 25, 2024, and work is expected to be completed by March 2028.
Would you like to know more about this contract?

ask_question(query='Were there any contracts mentioning Lassa Fever?', color='blue')

v 14.2s

Yes, Primmune Therapeutics Inc. based in San Diego, California, was awarded a contract worth $22,480,552 for the development of an
oral broad-spectrum antiviral TLR7 agonist for the treatment of Lassa Fever. The contract is identified as HDTRA1-24-C-0014 and was
awarded by the Defense Threat Reduction Agency (DTRA).

Would you like to know more about this contract?

rieval Augmented Generation




Use case 2 : Personalization

Personalized Menu: HW AutoML + Retrieval Augmented Generation

I I R d MySQL HeatWave AutoML Application !
| S enacs Recommender System ' I
L System I 1
I IRestaurant I |
I Isuggestion ? é oﬁg I |
| Ibasedon [ |
R T (001 et eyt oy i i, oy ) 5 o oS l |
[ |
e STOPIrestal rants i i e SR R P |
. 11 |
Recommend, Retrieve, and 11 I
Generate descriptions of i — . N I
dishes based on user | “List ol I
Ishes base u | Ve Retrieval Agent prompt LLM
gan |
preference | IM “Tofu Curry”
1! enu,, I | “Tofu Biryani”
1l ltems | “Peas Curry”
0 Vector Store I
1! Store restaurant menus |
11 «— In vector store ]
1! Lo ||
11 Similarity Language MySQL HeatWave AutoML |3
|
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Use Case 3: Report Generation

Report Generation: HW AutoML + Summarization of anomalous logs

] Continuously
ingest
unstructured
text logs

Generate

Incident
summaries
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Detect anomalous
sequences of logs

Augmented
prompt

Summarize incidents
from sequences of logs

HeatWave AutoML |

LLM

Unsupervised Anomaly Detection |

—_> (Y

Produce incident

reports in natural

language for an
operator



Generator Example

Report Generation: Summarization of anomalous logs

INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INFO
INF(

INFO
INFO
INFO
INF(

INFO
INFO
INFO
INFO
INFO

1 the threshold 247,45304489135742 GB memory

Ask the question (‘What is the main problem in the following collection of logs. Provide a two-sentence summary.’)

“The main problem in this collection of logs is that the memory usage of a particular process (with ID 8145) is consistently
exceeding the defined memory threshold. This issue is repeatedly highlighted in the logs, and SIGTERM signals are sent to
the main thread to terminate the process when it exceeds the memory threshold. Would you like me to help you with anything
else regarding this collection of logs?"
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Summary - Generative Al with MySQL HeatWave vector store

« Enables querying of unstructured documents

« Allows semantic search of content

« Users can query unstructured documents in natural language

Object Store

csv ‘@?7 Parquet

S e
Q Database

exports

l‘% TXT

| —

OLTP Analytics Generative Al  Autopilot Vector store
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