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MySQL HeatWave

LAKEHOUSE, REAL-TIME ANALYTICS, MACHINE LEARNING, TRANSACTION PROCESSING IN ONE DATABASE SERVICE
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Scales from 16 GB to 512 TB
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Process ALL workloads with MySQL HeatWave
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HeatWave Generative Al and Vector Store

1. Vector store

2. Vector processing
3.  Generative Al
4. HeatWave Chat MySQL storage
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Content generation
& summarization

Generate insights from
enterprise documents

Generate blogs from pdf
instruction manuals

Summarize logs for root
cause analysis

Generative Al in HeatWave enables new use cases

L.

Retrieval Augmented
Generation

Search on public and
private enterprise data

Search on unstructured
data in vector store

VRER

Natural language
interaction

Natural language
interaction with
proprietary unstructured
data

Personalized content
retrieval and response
back in natural language




Usecase 1: Predictive maintenance
CONTENT GENERATION/SUMMARY

Report Generation:

HW AutoML + Summarization of anomalous logs

=) === ===—""—"==== ===/ — = — |

l Anomaly HeatWave AutoML |
I Detection Unsupervised Anomaly Detection I
“Continuously .’@’. :
ingest @ : '
unstructured - :
lte_xt_logs ________________________ ,
Detect anomalous
Generator sequences of logs
Geqerate P —— $ —_— (Y
InC]den_t prompt LLM Produce incident
summaries i
HeatWave Summarize incidents from Aol ig Rl

Generative Al
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sequences of logs

natural language
for an operator



Usecase 1: Predictive maintenance
CONTENT GENERATION / SUMMARIZATION

Report Generation: Summarization of anomalous logs

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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Usecase 2: Financial fraud detection
CONTENT GENERATION / SUMMARIZATION

REF_SYS_TR_AUD_NO
REF_SUB_SEQ_NO

DAT_VALUE
REF_CHQ_NO
COD_DRCR
COD_TXN_MNEMONIC
COD_TXN_LITERAL
AMT_TXN
FLG_PASBKUPD

REF_USR_NO
TXT_ADDL_INFO
DAT_TS_TXN_INIT
DAT_TS_SENT_FOR_AUTH
DAT_TS_AUTH

DAT_TS_SUB_FOR_PROCESSING
DAT_TS_SENT_TO_HOST
DAT_TS_HOST_PROCESSING

COD_ENTITY_VPD

SET Qcontext

by '"\n\n'.

1601000010862
Balance brought forward

1
2015/02/18 15:38:58
2015/02/18 15:38:58
2015/02/18 15:38:58

2015/02/18 15:38:58
2015/02/18 15:38:58
2015/02/18 15:38:58

240

Transaction to

Natural Language Description

saL
€
APLE
E)E
LLM

Your audience is a bank officer.";
SELECT sys.ML GENERATE (@query, JSON OBJECT (“context”,
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(SELECT txn description FROM open transaction WHERE txn id
SET @query = "Provided is a bank transaction information with field names and field values.
Please provide a concise summary of this bank transaction.

Qcontext)) ;

mule txn id);

Each field is separated
What is suspicious about this transaction?

O



Usecase 3 : Personalization of Online Delivery
RETRIEVAL AUGMENTED GENERATION

Personalized Menu: HW AutoML + Retrieval Augmented Generation

| : R g MySQL HeatWave AutoML Application |
Q : I ecgg]srtgf: S Recommender System : :
I IRestaurant = I |
V I Isuggestion Q é @*ﬁ ! |
| Ibasedon ! |
Online food [0 T (011 ey e B el ' I
| |
delivery | e L‘P et o o e e e e ;
; | “List AL :: “Tofu Curry”
Recommend, Retrieve :  Vegan Retrieval Agent prowibt LM MY Tofu Biryani”
and Generate description l :It;ﬂ;‘" ! :: peas Curty
. |
of dishes based on user i = I
preference 1l Store restaurant menus |
1 «— In vector store |

Slmllarlty Language NACL \A 9 VT s ——
I guag VySQL HeatWave AutoML |y
e I ) S S R et menu
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Usecase 3: Personalization of Online Delivery
RETRIEVAL AUGMENTED GENERATION

Hormet:s Dubaliy Al Bt Restniants> Home > Dubai > AlBarsha 1Restaurants > Geppetto Pizzeria

China Chowk . - ) Geppetto Pizzeria

e ask_question('Recommend three vegan dishes with tofu', color='b

ch of dry chi
sweetness and hea . <
Pepperoni Vegan Pizza

1. Sweet Chili Tofu Stir-Fry - a savory and sweet dish featuring tender
tofu cubes stir-fried with vegetables and coated in a delicious sweet chili
sauce. 2. CustomizeTofu Stir Fry - a customizable dish where you can
choose various vegetables and sauces to accompany your tofu stir-fry.

3. Vegan Pizza - Italian Tomato, Vegan Mozzarella, Tofu, and Basil - a

in a tantal
dfl delicious and satisfying pizza option by customizing with tofu as your

protein choice.

Would you like me to assist you with more vegan dish recommendations

[l ?
— that incorporate tofu?

Mains

Golden tempura-coated shrimp toss thatrio of
colorful ca 1 i and white onion—a

fusion of crispy, savory, y bite!
arella, Mushrooms, Basil And

45 AED
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Svynergy between HeatWave AutoML and Generative Al

A DIFFERENTIATOR

» More accurate LLM results by filtering irrelevant data

« Faster LLM inference due to smaller search space

Traditional ML

\ 4
v Natural language LLM Vector Store
interaction with
data

10 Copyright © 2024, Oracle and/or its affiliates



Usecase 4 : Natural language interaction

EMPLOYEE ASSISTANT

CONTRACTS

Contracts For Jan. 29, 2024

US. TRANSPORTATION COMMAND

Air Transport International, Wilmington, Ohio (HTC71124DCC02); Alaska Airlines Inc.,
Seattle, Washington (HTC71124DCCO3); Allegiant Air LLC, Las Vegas, Nevada
(HTC71124DCC04): American Airlines, Fort Worth, Texas (HTC71124DCCOS); Amerijet
International Inc., Miami Springs, Florida (HTC71124DCCO); Atlas Air Inc., Purchase, New

Contracts For Ja

Contracts For Jan. 25,2024

ARMY

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).

contracts_jan_31.pdf
Page 2 0f 5

@ User’s Contracts in PDF

in Object store .

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

[ole] IS

Contracts For Jan. 26, 2024

NAVY

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

.31,2024

'DEFENSE LOGISTICS AGENCY

ASRC Federal Facilities Logistics LLC, Beltsville, Maryland, has been awarded 2 maximum
$150,000,000 fixed-price with economic:price-adjustment, indefinite-delivery/indefinite-
‘quantity contract for industrial roduct support. This was  competitive acquisition with
three responses received. This s a three-year base contract with two two-year option
periods and one three-year option period. The performance comletion date s Sept. 30,
2027. Using military service is Navy. Type of appropriationis fiscal 2024 through 2027
defense working capitalfunds. The contracting activity i the Defense Logistics Agency
viation, Richmond, Virginia (SPE4AX-24-D-9414).

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,
Philadelphia, Pennsylvania.

ROICOM USA LLC El Paso, Texas, has been awarded a maximum $36,687.299 firm-fixed-
indefinite-quantity 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 laptops?', col

v 16.7s

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(qu '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



HeatWave offers choice for running LLMs

o In-HeatWave LLMs

= Native execution within the HeatWave database
= Run smaller LLMs like LlamaZ2-7B and Mistral-7B
= Secure, lower cost, guaranteed availability

o OCI Generative Al service LLMs

= Support larger models like Cohere-command and Llama2-70B and run on GPUs

= Higher quality, better performance
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Available in Public Cloud, Dedicated Region, Hybrid Environment
VECTOR STORE AND ABILITY TO RUN LLMS INSIDE HEATWAVE PROVIDES FLEXIBILITY OF DEPLOYMENT

Multi-
Cloud Designed for multi-cloud presence — OCl, AWS, and Azure

GenAl/

Vector Dedicated In-database LLMs enables availability of GenAl
Store capabilities in dedicated region

Availability

Hybrid architecture enables processing of on-premise Vector
data

1553 Copyright © 2024, Oracle and/or its affiliates O



Vector Support

Vector Datatype - Introducing new Vector data type
« In-memory hybrid-columnar storage format for vector columns

Vector Processing - Parallelize vector processing across the HeatWave nodes
« Processes at near memory bandwidth

Vector Store - In-database parsing, parallel embedding generation

- Vector stored in the object store

™ Copyrightt © 2024, eatdesargl porntit a ffidiates



All phases of creating a vector store done inside HeatWave

Document
Discovery

Embedding
Generation

155) Copyright © 2024, Oracle and/or its affiliates



HeatWave parses and automatically creates embeddings for documents

AT Text Table

+ | 2

Generate
Vector
embedding

Parse

</>| P2
PDF

™ iR

Unstructured
data

{keyl: vall, ..

Image

ORACLE CLOUD
Infrastructure

FIRST PRINCIPLES ey

Inside MySQL @ =

HeatWave 3
Lakehouse &
on OCI >

(=)

Different ML models used for
l different data modalities

Vector
Embeddings

{keyl: vall, .. Metadata

Automatically generate embedding for text from multiple file formats
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Vector Store creation with HeatWave is parallelized
PARSE SOURCE FILES AND CONCURRENT EMBEDDING GENERATION ACROSS NODES

Customer Bucket HeatWave Cluster HeatWave Storage

———————————————————-\

OIT Encoder Table_
Parser generation [ Lakehouse Vector Store table

- {key1:vall, “Hello
oci://path/a.pdf ey Pl World” [1.0, 2.0, .]
. {key1:vall, “ ”
oci://path/a.pdf ey Pl Program [0.5,3.5,.]

o AWK Encoder Table_
Parser generation

—_— —_— —_— —_— —_— —— _\

- {key1:vall, “MySQL
oci://path/a.pdf ey Pl [0.5, 3.5, .]
o obie beder keyzvain -
(] . ; : oci://path/b.pdf e " [1.0,20,.]
° from object Parse into Create :?Hbsgfv:,r;gz {kkey21.vallé‘: brown ..
store i 3 ey l:val3, « "
A segments embeddings chunks oci//path/bpdf | W [0.5,3.5,.]
3 Encoder Table
| Parser generation

4

\___________________

—» Shuffle tasks (segments) across
nodes
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Vector Store creation in HeatWave scales out

B

Parsing | HW threads | Encoding Vector Store

i S oses Time or nodes |Time (sec)| creation time (s)

Speedup

1 thread

Intra- ,

Inter-
document

“inoses | ar | e | 30 |
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Vector Store can be queried by natural language or SQL

%

N e e o e e e o e e e e o e e o e = =

/
SQL Query /.
= -/

|
|
\
\
\

AN
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Example of using HeatWave vector store

Create Vector Store

Query Vector Store
Native SQL syntax

Query Vector Store
ML_RAG

# Ingest documents from Object Store like any Lakehouse table
CALL sys.heatwave_load(“vector_store”, @load_params) ;

# Example: Find books semantically most similar to input and are in print
SELECT id, title

FROM books b, books_in_print ip

WHERE b.title = 1ip.title

ORDER BY DISTANCE (b.segment_embedding, @query_embedding, "DOT") as distance
DESC LIMIT 10;

# Example: Answer questions using data in documents ingested into Vector Store
CALL sys.ML_RAG("Which state has maximum carbon?", @output);
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Vector data type support

« Standard SQL interface to create tables with vector columns

* Vector data storage
o HeatWave: In-memory columnar format

o InnoDB: BLOB

mysql> CREATE TABLE wikipedia (
id INT,
title VARCHAR(1024)
page data TEXT
page list TEXT,
page url TEXT,
page embedding VECTOR (1024)
ENGINE ATTRIBUTE='{"model":"cohere"}")
ENGINE=1lakehouse,
SECONDARY ENGINE=rapid;

21 Copyright © 2024, Oracle and/or its affiliates

« Example distance functions

L1/MANHATAN

L2 /EUCLIDIAN
L172/MANHATAN SQUARED
L272/EUCLIDIAN SQUARED
COSINE

DOT

HAMMING



HeatWave Chat

NATURAL LANGUAGE INTERACTION

L) [Extension Development Host] mrs_notes

MYSQL SHELL FOR VS CODE U GenAl Dev Instance X

~ OPEN EDITORS

Editor: (%) DB Notebook s GG I ¥ | 2 4 | & 1

[) DB Connection Overview
v W\, GenAl Dev Instance
() DB Notebook

; 2 HeatWave Chat
« For querying unstructured text ~,

o "\ Localhost 8.0 Execute \chat for natural language chat mode.
docu ments ]n La kehouse > T\ Hetzner Execute \sql to switch to SQL, \js to JavaScript and \ts to TypeScript mode. Execute \help or \? for help;
b Backend DB
N MHS DB System
HW OLAP DB System

« Allows for refinement of chat O, © records retrieved in 47.29ms

- - > W\, GenAl Dev Instance chat> *What 1is the MySQL Shell?
SCOpe (query]ng docul | Ients ]n a > W\, GenAl Mike MySQL Shell 1is an advanced client and code editor for MySQL Server. It is an interactive tinterface Refine Chat Scope
that supports multiple programming modes, including JavaScript, Python, and SQL, to allow users to
prototype applications, execute queries, and update data. It is a separate component that can be installed and provides

SpeCIfIC fOIder7 USIng d]fferent additional capabilities beyond the standard MySQL client including scripting capabilities and APIs for working with
MySQL .
ML models)

+*USE vector_store;

Would you like to know more about the functions of the MySQL Shell?

~ ORACLE CLOUD INFRASTRUCTURE
> @ mysqltooling (us-ashburn-1)
> @ mysql2 (us-ashburn-1)
> @ datafiles (eu-frankfurt-1)
> @ mysqltoolingeu (eu-frankfurt-1)
> @ mysqlshelltester (us-ashburn-1)
> @ mysqldocs (us-ashburn-1)
> (® E2ETESTS (us-ashburn-1)
> @ MySQLSE (us-ashburn-1)
> Q heatwavedev (uk-london-1)
> MYSQL SHELL TASKS

®oAo Wo @ P GolLive DOspel Q
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HeatWave AutoML

IN DATABASE MACHINE LEARNING, FULLY AUTOMATED TRAINING, EXPLANATIONS, 25X FASTER THAN REDSHIFT ML

Anomaly Detection

Detect anomalies in supplies
Predict assembly line jam

Classification

Defective part identification

Player churn prediction
Classify warranty claims

|dentify similar users

Recommend movies to viewers
Suggest substitute products
Recommend new products

Recommender System

Copyright © 2024, Oracle and/or its affiliates

|dentify game hackers

Loan default prediction
Predict flight delay

Loan amount prediction
Rain fall amount prediction

Regression

Predict when failure will occur
loT digital twin failure prediction

Predict air pollution
Return on advertising spend prediction
Utilization demand forecasting

Demand forecasting _ _ )
Timeseries Forecasting



Data Drift monitoring in HeatWave AutoML

Reference Distribution Current Distribution Data drift
[ J
Detected
MySQL> sys.ML_TRAIN( 'mlcorpus_v5. diamonds_train'', 'price', JSON_OBJECT( 'task','regression'), @model);
Detected
MySQL> sys.ML_MODEL_LOAD(@model, NULL);
pected MySQL> sys.ML_PREDICT_TABLE( 'mlcorpus_v5. diamonds_test' ', @model, 'mlcorpus_v5. diamonds_predictions_experiment_results'',

JSON_OBJECT( 'additional_details', TRUE));

Detected

MySQL> ml_results diamonds_predictions_experiment_results json_extract(ml_results, '$.drift.metric') > 0.5 10;
|mlresutes O T,«c,c«cTTTT |

Input data Predictions | Creaiceions s Corteats 4100 26501, aruFs onctrets 0100 et pereantes Gt 1000, et b0, iy
?.?%;iedictioﬁs“: {"price": 2610.075439453125}, "drift": {"metric": 0.57, "attribution_percent": {"color": 91.25, "cut": 8.75, "carat":
T'?z;lediciions": {"price": 2725.368896484375}, "drift": {"metric": 0.54, "attribution_percent": {"cut": 100.0, "carat": 0.0, "clarity":
?-0}}} |

« Train a data drift detector based on Autoencoder (AE)

{"predictions": {"price": 7102.55224609375}, “drift": {"metric": 2.49, "attribution_percent": {"z": 64.53, "y": 16.86, "x": 11.58}}}

|
{"predictions": {"price": 3622.7236328125}, "drift": {"metric": 0.55, "attribution_percent": {"color": 81.2, "cut": 18.8, "carat":
.0}}} |
{"predictions": {"price": 3879.93701171875}, "drift": {"metric": 2.24, "attribution_percent": {"z": 70.23, "y": 15.57, "x": 9.89}}}

« The detector: |

| {"predictions": {"price": 566.2338256835938}, "drift": {"metric": 0.67, "attribution_percent": {"color": 96.65, "cut": 3.35, "carat":
. . . 0.0}}} \
U Computes a reconstructlon error for new ]ncom]ng | {"predictions": {"price": 2495.825439453125}, "drift": {"metric": 0.64, "attribution_percent": {"cut": 100.0, "carat": 0.0, "clarity":
0
|

« Use the detector to monitor data drift in production

— O =

-0}}} |
S;EﬂrT]F)]EEE; {"predictions": {"price": 421.9180603027344}, "drift": {"metric": 0.58, "attribution_percent": {"color": 100.0, "carat": 0.0,
"clarity": 0.0}}} |
5 = . | {"predictions": {"price": 325.4655456542969}, "drift": {"metric": 0.53, "attribution_percent": {"color": 100.0, "carat": 0.0,
» updates the cumulative drift metric “clarity": 0.0} |

« If the metric exceeds a threshold, automatically
recommends that the model should be retrained

24



Confidence Interval for forecasting in HeatWave AutoML

24 .Per centof GDP Per cent of GDP

90% confidence interval

* Represents a range where future values are likely to
fall, based on a certain confidence level (e.g., 95%)

Outcome  ——3» » Helps users assess risk, make informed decisions,
and understand the uncertainty in model predictions

70% confidence interval

200607 200708 200809 200910 201011 2011412 2012413 (f) 201314 (f) 201415 (D)

@
MySQL> sys.ML_PREDICT_TABLE( 'mlcorpus. date_test_positive' ', @model4, 'mlcorpus.predictions', JSON_OBJECT( 'prediction_interval', 0.95));
MySQL> ml_results mlcorpus.predictions 55
R S S S R S R e R L L S S e R S S R S L U S s R L S R R S e o e L S N S S L
| ml_results
e

| {"predictions”: {"C1l": 616250423.9112742, "C2": 456582262.8511299, "prediction_interval_C1": [-184191809.507195, 1416692657.3297439], "prediction_interval_C2": [-196645000.461776, 1109809526.164036]}}
| {"predictions": {"C1l": 1636307524.452425, "(C2": 1172929787.002929, "prediction_interval_C1": [724636104.7043328, 2547978944.2005186], "prediction_interval_C2": [425149558.2772062, 1920710015.7286525]}}
| {"predictions": {"C1": 1113801796.688651, "C2": 1296259009.615075, "prediction_interval_C1": [176442284.4147286, 2051161308.9625735], "prediction_interval_C2": [521088058.2289947, 2071429961.0011563]}}
| {"predictions": {"C1": 997977894.4861443, "C2": 1445240945.087429, "prediction_interval_C1": [6166579.356579423, 1989789209.6157093], "prediction_interval_C2": [602453234.1985078, 2288028655.976351]}}
| {"predictions": {"C1": 973596300.6006613, "C2": 1112061057.088149, "prediction_interval_C1": [-84395450.6604342, 2031588051.8617566], "prediction_interval_C2": [247888576.1548234, 1976233538.0214758]}}

R 2 e R R Sro e L e e S e e e e e LR
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New models for anomaly detection : GLOF, PCA

AUGMENTS THE EXISTING GKNN ALGORITHM

Generalized Local Outlier Factor (GLOF) :

An internally developed model, it detects global and
clustered anomalies like GKNN, while also detecting
local anomalies.

toy datset 3

mm

ocz

N
]
)
>
o
-
)
)
©

attribute_1

. Normal cluster . Global anomaly
Micro cluster Local anomaly
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Principal Component Analysis (PCA) :

The model reduces complex data into its main
components to more easily identify outliers

original data space




Anomaly detection for logs
NOW TRAINED FOR MYSQL LOGS

Heatwave processes and generalizes incoming machine

logs, then builds a tailored anomaly detection model

This model helps in identifying anomalies in logs,
enabling effective preventative maintenance and root
cause analysis
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[2024-03-05 13:28:59 - 2024-03-05 13:29:20] Group
replication-related failure

[GCS] Failure reading from fd=<:NUM:> <:*:> from
<:IP:>:<:NUM:>

[2024-03-05 13:29:25 - 2024-03-05 13:29:27]

‘This server is not able to reach a majority of members in the
group. This server will now block all updates. The server will
remain blocked until contact with the majority is restored. It is
possible to use group replication force members to force a
new group membership.’

[2024-03-05 13:40:59 - 2024-03-05 13:41:21] Potential
connection leak in group replication

[GCS] Old incarnation found while trying to add node
[2024-03-05 17:26:31]

Database was not shutdown normally! Starting crash
recovery. Starting to parse redo log at Isn = <:NUM:>



Summary

* In-database vector store for querying unstructured text content

. In-database Generative Al in HeatWave brings power of LLMs to enterprise content
*  Vector processing in HeatWave can be combined with other SQL operators

. Continued innovation in HeatWave AutoML

»  Best performance, price performance, scalability in the industry for querying data

»  Single service for machine learning, GenAl, analytics, Lakehouse and OLTP
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