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EXECUTIVE SUMMARY

This Offering Overview examines the new capabilities of Oracle MySQL HeatWave that were added
in late March 2022. The report describes the underlying market trends, introduces the vendor, and
presents key differentiators for Oracle’s offering. It continues with an analysis of strengths and

weaknesses of the vendor and concludes with a set of tangible and actionable recommendations

for CxOs.!

Business Themes

Data to Decisions (<) jl=chnelosy New C-Suite
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ABOUT ORACLE MYSQL HEATWAVE
Overview

MySQL became part of Oracle via the Sun Microsystems acquisition in 2009.2 Oracle has been a good
steward of MySQL, supporting and enhancing the MySQL platform since the acquisition and adding new
features and capabilities, such as a high-availability (HA) version. Oracle started its MySQL innovation in
December 2020 with the addition of HeatWave, a cloud-native in-memory query accelerator designed to

accelerate OLAP and other complex queries within the MySQL database.

Oracle continued its investments and innovations for MySQL, with the addition of machine learning-
based automation to HeatWave with a component called MySQL Autopilot in August 2021. Autopilot
brings management and performance automation capabilities to an open source cloud-native database
without any additional charge. And in spring 2022, Oracle expanded the MySQL HeatWave service
further, with the addition of HeatWave ML to the already available OLTP and OLAP capabilities inside
HeatWave, automating the machine learning lifecycle and making it less of a data scientist domain.
Oracle announced more innovation with real-time elasticity and doubled the amount of data processed
in a HeatWave node to reduce costs, added support for pause and resume, and provided new benchmark
results. The most prominent features of MySQL HeatWave ML are highlighted in this Constellation

Offering Overview.
Market Definition

Since the 1950s, databases have remained not only central to computing but also a foundational layer for
enterprise software. The persistent nature of enterprise software requires that the information captured

must be available after the user’s session ends. Databases ensure and deliver this persistence.

Moreover, databases must allow software and users to access and process information; how they
accomplish this is a key area of differentiation between database providers. At their core, databases

organize a collection of data objects, including schemas, tables, queries, reports, and views.
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With the advent of the cloud, deployment options now reflect the shift of IT loads from on-premises
to the cloud. As a result, the availability of next-gen databases in the public cloud will become more

attractive as enterprises shift to next-generation applications.

Constellation’s conversations with clients show that database choices matter. Why? Switching databases
is both hard and expensive, and doing so often poses a risk to business continuity and security. Leaders
must make wise decisions about databases that provide a long-term return on investment, reduce overall

operating costs, and deliver on enterprise agility.

Market Trends

Constellation has identified seven key market trends for next-generation databases (see Figure 1):

1. Enterprises expect cloud deployment options. Customers expect their vendors to have a cloud
deployment option. How this is delivered does not matter. For example, offering cloud-native
options, hosting databases in the cloud using third-party infrastructure as a service (1aaS), delivering
on vendor-run cloud infrastructure, or even relying on the infrastructure of a partner are all valid

options. Remarkably, all vendors—except for those offering the two cloud-native options—make their

Figure 1. Seven Market Trends Defining Next-Gen Databases

Source: Constellation Research
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databases available as on-premises products. Notably, the Hadoop-centric database vendors have
been the slowest to offer public cloud deployments, relative to the start date of their first commercial
offerings. CxOs expect elasticity of cloud resources, consumption-based pricing, and flexibility of

licensing models.

2. New designs support in-memory computing. Moore’s Law has not only made hard disk drives
(HDDs) cheaper but also lowered the cost of random-access memory (RAM). The result: Enterprises
can run large parts or, in some cases, the complete transactional enterprise resource planning (ERP)
databases of large multinational enterprises in memory. Performance benefits include the ability to
process information in real time. Traditional vendors keep a subset of data in (expensive) memory.
Consequently, how memory is managed, accessed, and consumed is where the vendors differ.
Hadoop-based vendors use Apache Spark and Hive. Traditional relational database management
system (RDBMS) vendors use memory sparingly and in an organic fashion, moving data to an
in-memory database when beneficial for system performance or placed in memory by system
administrators. In-memory vendors take a more radical approach and always place the entire system
in memory. Meanwhile, cloud-based vendors, given the novelty of their offering, have not shared
their in-memory philosophy, Constellation expects the uptake of in-memory options to be like that of
traditional RDBMS vendors.

3. Options must coexist and integrate with Hadoop. Hadoop has profoundly changed the data storage
and retrieval market while massively transforming enterprise best practices for analytics. For the first
time, enterprises can store all their electronic information in one place, without knowing what they
want to analyze and while remaining commercially viable. In addition, a data storage and retrieval

architecture can bridge data silos.

4. Globalization and regulation increase requirements for multiple locations. Enterprises are more
global than in the past and must act globally more than ever. With limitations in performance
and statutory requirements regarding data residency, database vendors can no longer pass the
responsibility to the customer to solve this challenge. Customers expect solution offerings to support
multiple locations where their databases can be operated, through either their own infrastructure or

a partner’s.
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5. Implementation plans assume ease of deployment. Enterprises need to move faster and cannot
afford to be slowed down. The speed, ease of deployment, and time to go live are key differentiators
for database vendors. Critical success factors include helping customers to use a new product
effectively, partnering closely with customers during first implementations, and making their
product easier to deploy. The application of automation based on ML and Al will improve

implementation success.

6. Open source options increase cost pressures on everyone else. With the rise of mostly open source
cloud-based databases, the cost pressure on the other vendors has increased. Vendors see themselves
forced to justify the license costs of their traditional databases when the base version of an open-
source-based database is free. And the revenue potential and wallet share for the add-ons that can be
licensed in the open source market are not the same as for traditionally expensive database licenses.
All traditional database vendors can already see the pressure on their license prices. Constellation

expects this trend to continue.

7. Security remains paramount to clients. Enterprise-grade use requires a set of security capabilities
to prevent data breaches, cyberattacks, and ransomware to avoid potential liability challenges
for an enterprise. But enterprises are also ready to experiment and evaluate when only limited
security concepts are available; Hadoop databases are an example. In the end, the value of insight
gleaned from data often trumps security. However, large-scale and production workloads require an
acceptable set of security capabilities. To an increasing degree, enterprises expect security capabilities

to be automatically deployed. Finding the right balance between insight and security is key for CxOs.

The Al/ML Conundrum

Traditionally, IT systems have been specialized, for a variety of reasons. Hardware capacity limitations
have been a key constraint, leading to a segmented systems landscape that has deeply determined how IT
is run. With the advances in hardware and the availability of Infinite Computing?® platforms, it is possible
to blur these boundaries and overcome them for better automation of enterprises, which literally powers

Enterprise Acceleration.*
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MySQL Heatwave has already demonstrated that possibility by overcoming the boundaries between
OLTP and OLAP and workload-aware automation through Autopilot. Now MySQL HeatWave is bringing
Al/ML to the data in its database. This method has been tested and proven in the past with the “bring
compute to the data” approach, which has been used in high-performance computing (HPC), operating

applications at the edge, and more.

Traditionally, enterprises would have used an extract, transform, and load (ETL) offering to move the

data out of their databases into a staging area from which they would build their Al/ML applications (see
Figure 2). This approach has key drawbacks, the most prominent being that the data is always delayed,
making real-time decisions powered by Al/ML impossible. Operating ETLs is a cumbersome, slow, often
manual, and error-prone process that can leave the Al/ML automation “stranded” because it is not getting
new data from the source systems—with possibly disastrous consequences for an enterprise relying

on Al automation to guide consumer or sales behaviors. Moreover, moving data and the ML model out

of the database leads to data proliferation and security vulnerabilities. The result is a time-consuming,

expensive, and less than optimally secure path to ML insights and ML-powered applications.

But what if a design could bring the ML to the data, eliminating the need for ETL processes and enabling

faster and close to real-time ML usage? That’s what the MySQL HeatWave team has achieved.

Figure 2. Traditional ML Operations—ML Outside the Database

Source: Oracle
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FUNCTIONAL CAPABILITIES

HeatWave Brings Al to the Data

With its latest release, MySQL HeatWave is ending the separation of database data and data used to
model ML applications. ML models can be built on the HeatWave nodes with HeatWave ML, which
automates the training, inference, and explanation of the ML models. The trained models are stored in the
database and accessed via the MySQL compiler and optimizer. Users can access the models via Apache

Zeppelin and/or popular Jupyter notebooks (see Figure 3).

The result is a tightly coupled, closely integrated data and ML combination that enables faster and
cheaper automation with ML. Moreover, it moves ML execution and modeling closer to real time, because
the elimination of ETL processes enables ML to directly execute on the data stored in the OLTP area of
HeatWave and enhances security, since the data does not leave the database. There are no data movers
or connectors involved—as in this case, in-database literally means inside the MySQL HeatWave

database service.

Figure 3. HeatWave and Its Embedded ML Capabilities

Source: Oracle
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Fully Automated ML Training With HeatWave

Creating ML models requires both the domain experience and expertise of a data scientist. Typically, a
data scientist performs the task—the challenge for enterprise is that there are not enough data scientists

available for the number of business problems that ML can address, solve, and mitigate.

Oracle addresses the shortage of skilled ML professionals by fully automating the training for ML models
inside HeatWave. Practically, HeatWave uses ML to create ML models, employing automation via
MySQL Autopilot.

In detail, this is how HeatWave creates ML models (see Figure 4):

1. Automated preprocessing. HeatWave ML automates the necessary preprocessing steps such as data
cleansing and normalization. This equates to huge cost and performance savings compared with any

manual approach to data preparation.

2. Algorithm selection. Next, HeatWave ML automatically identifies the top algorithms suitable to the
ML problem at hand. These meta learned proxy models allow only one pass at every pipeline stage

and determine the next processing steps as well as feature selection and sampling.

3. Feature selection. HeatWave ML automatically identifies the relevant features for running a
successful model, by determining which columns in the database are the more important ones for

model success.

Figure 4. Traditional ML Operations—ML Outside the Database

Source: Oracle
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4. Adaptive sampling. Next, HeatWave ML selects the appropriate sample size and extent to use for
training the model. Remarkably, HeatWave identifies potential imbalances in the sampling and adjusts

for them.

5. Hyperparameter optimization. Model success stands and falls with optimization of the model’s
hyperparameters. HeatWave ML has a novel gradient-based search space reduction technique that
provides a high degree of parallelism without compromising accuracy while determining

the hyperparameter.

6. Model explainer. HeatWave ML has integrated explanations with model training. As such, all models

generated by HeatWave ML can be explained (see Figure 5).

7. Prediction explainer. HeatWave ML is also able to provide prediction explanations. Since this is done
at the time of training, the system can glean the necessary features and metadata from the training
data and store it in the trained model. For explaining the predictions, HeatWave ML does not require

training data. This is a valuable differentiator.

8. Tuned model. And finally HeatWave ML creates a tuned ML model, ready for use. This tuned model is

stored inside the MySQL database and is secured by the database security mechanisms.

Finally, in the spirit of Oracle’s ambition to make all software autonomous, HeatWave ML provides
automated tuning and training of models, able to accelerate each pipeline stage with unique parallel
algorithm considerations. HeatWave ML scales with the number of available clusters, making it faster,

cheaper, and more secure as a single database service than other, more traditional offerings.

Not only is the training with HeatWave ML fully automated but it is also very fast. The advantage of
having a very efficient training process is that models can be retrained and kept up to date with changes in

the data. This improves the accuracy of the model for making more accurate predictions.
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Figure 5. All Models Created in Heatwave ML Can Be Explained

Source: Oracle

Real-Time Elasticity Comes to HeatWave

Elasticity of computing resources is critical for cost-effective operation of software workloads in the
cloud. Modern software needs to be able to scale both up and down, thus consuming different amounts

of computing resources and, in the process, scaling costs to match consumption.

The dirty secret behind elasticity is that it often is achieved via manual processes and is one way: up. But
manual processes can be slow and are expensive and often error-prone, leaving the database inaccessible
for some time. MySQL HeatWave addresses the elasticity challenge, by parallelizing the resize process for

more capacity, making downtime an experience of the past (see Figure 6).

MySQL HeatWave can provision additional nodes dynamically, without requiring any downtime and any
manual steps on the part of the user. Importantly, the real-time elasticity capabilities of MySQL Heat-
Wave do not limit key database operations (queries, data manipulation, loading, and so forth) during

resizing. They all can happen on the cluster during the process. The process is also flexible, enabling
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users to upsize or downsize to any number of nodes as needed. And in the tradition of elegant architec-
ture approaches’ being applied with MySQL HeatWave, the resizing requires minimal data movement,

because data is loaded at an object level.

The result is excellent elasticity performance, with resize times dropping exponentially when

nodes are added and pauses caused by table loading being measured in the microsecond range.
Furthermore, at the end of the elasticity operation, the data across the various nodes of the cluster

is automatically balanced.

HeatWave Becomes (Even) More Cost-Effective

Oracle has a very long tradition of reducing IT costs—in fact, the company was founded with total cost
of ownership (TCO) in mind. So it comes as no surprise that HeatWave follows the path of other Oracle

products by reducing its footprint and the related operational costs.

Figure 6. The Benefits of Elasticity Over Manual Resizing

Source: Oracle
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Among a plethora of improvements, the one yielding the most in terms of reducing the HeatWave
footprint has been the replacement of standard bloom filters with blocked bloom filters (aided by
parallelized advanced vector instructions [AVXs]), which turned out to be three times as efficient as
the standard bloom filters. Lookup times, for example, were reduced from 45 nanoseconds to

15 nanoseconds.

What is remarkable is the speed at which the HeatWave team has been able to reduce the database’s
footprint, practically doubling the workloads that can run on the same cluster size compared with the
version released in August 2021 (see Figure 7).

Oracle also introduced a new “pause-and-resume” function, which enables customers to pause
HeatWave to save additional costs. When users invoke the “resume” function, both the data and the

statistics needed for MySQL Autopilot are automatically reloaded into HeatWave.

Figure 7. The Impressive Cost Reduction of MySQL HeatWave

Source: Oracle
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ANALYSIS AND OBSERVATIONS

Constellation sees the following strengths and weaknesses for the latest Oracle MySQL HeatWave

release (see Table 1):

Strengths

« It offers a unique combination of OLTP, OLAP, and ML. Enterprises need to accelerate and become
more agile, and that starts with decision management. Insight to action has long eluded CxOs, because
MySQL cloud databases often require ETL to a separate analytical database, thereby delaying insights
that are, at this point, based on stale data. MySQL HeatWave facilitates insight to action in real
time, enabled by its backward compatibility, high performance, and low cost, and with subsecond

transactional changes reflected in analytical insights.

« It provides a high degree of automation with MySQL Autopilot. The MySQL Autopilot capabilities
make HeatWave a highly automated database. In times when there is a dearth of trained resources,

this is a key differentiator for CxOs concerned about the uptime of their next-generation applications.

« ML operates directly on the data. As its latest major innovation, HeatWave is operating ML inside the
database, effectively bringing the ML to the data. This lowers TCO, reduces the need for manual work

and ETL, and accelerates the ML model provision and execution that enterprises need.

« Itis another testament to Oracle’s TCO-focused organizational DNA. By adding ML in the database
with MySQL HeatWave with no additional license cost, Oracle delivers an innovation that is another
proof point of its corporate DNA: It is all about lowering the TCO of running IT—in this case with
MySQL HeatWave. MySQL HeatWave follows in those footsteps, providing leading category
performance while offering lower costs via better technology and engineering, delivering several
innovative capabilities added in the last release. CxOs can count on Oracle to provide better price/
performance, often within short timeframes—in this case, three new major releases for HeatWave in

less than 15 months.
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Weaknesses

« It is a new offering. As with every new product or offering, a healthy degree of technical caution and
procedural skepticism is appropriate. This is also valid for MySQL HeatWave, which new customers
should test thoroughly for both scale and functionality. However, HeatWave is rapidly maturing as a

service, and it is one of the fastest-growing services on Oracle Cloud Infrastructure (OCI).

« Itis available only in OCI. This may well be a moot point in the short term (for instance, Oracle makes
it possible for customers to use Oracle Database in Microsoft Azure), but for now MySQL Database
Service with HeatWave is available only on OCI. Oracle can address this by making HeatWave
available on other cloud platforms. In fact, Oracle Executive Chairman and Chief Technology Officer
Larry Ellison mentioned in the Q3FY2022 earnings call that MySQL HeatWave will be available on
AWS. Enterprises want to avoid cloud lock-in and therefore favor offerings that support/are available

in multiple clouds.

« It is built. How many will come? As with any new offering that requires programmatical uptake, it
must be built first, and then enterprises can see what the uptake will be. Only the future will tell which
analytical and machine learning workloads will be run best and first by MySQL HeatWave and which
independent software vendors (ISVs) will take up the new service. Note that no changes are required

to run MySQL applications on HeatWave.

Table 1. MySQL HeatWave Strengths and Weaknesses

« |s a unique combination of OLTP and « Is a new offering.

OLAP + ML. « |s available only in Oracle Cloud
« Is highly automated with MySQL Autopilot. Infrastructure (for now).
» Operates ML directly on the data. « Itis built. How many will come?

* |s another testament to Oracle’s
TCO-focused organizational DNA.

Source: Constellation Research
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RECOMMENDATIONS

Constellation offers the following recommendations regarding MySQL HeatWave, MySQL Autopilot,
and HeatWave ML.:

1. Enable Enterprise Acceleration. Enterprises need to move faster than ever, and IT/computing
infrastructures cannot continue to be the shackles on agility that they have been in the past.
Therefore, CxOs should look at any information technology that enables their enterprises to
accelerate. Not having to change code to adopt MySQL HeatWave is a major benefit and will help the

adopting enterprise move faster and accelerate with automation provided by MySQL Autopilot.

2. Support and then practice insight to action and accelerate ML adoption. Enterprise decision-making
has been hampered by the delay of OLTP data availability in OLAP systems. MySQL HeatWave puts
an end to this from a technology perspective. With the subsecond inclusion of transactional changes
in analytical decisions, CxOs can equip their fellow CxOs and decision-makers with an analytical
platform that enables real-time insight-to-action best practices. And by bringing ML to the data with

HeatWave ML in a cost-efficient, automated way, HeatWave accelerates ML adoption.

3. Evaluate MySQL HeatWave now. Customers using MySQL or MySQL-compatible databases should
assess the immediate benefits of adopting MySQL HeatWave. Especially with the automation now
available with MySQL Autopilot and in-database machine learning, those benefits are so compelling
that existing Oracle MySQL customers, regardless of on-premises or cloud deployments, should
immediately adopt the new offering. The new ML features, and the reduced footprint, make
HeatWave even more attractive. The benefits clearly outweigh the risks, and putting insight to action

in reach for CxOs and practicing Enterprise Acceleration is a survival strategy for enterprises.

4. Consider the impact of native ML capabilities. MySQL HeatWave has made an already-attractive
offering even more attractive. As if the combination of OLTP and OLAP workloads in a single MySQL
database and the recent addition of MySQL Autopilot were not attractive enough, Oracle has
managed to make the offering even more compelling with HeatWave ML and its in-database machine
learning capabilities. Enterprises need to tap into the powers of ML running close to their transaction

data to build the ML they need in order to excel in the current competitive markets.
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5. Conduct a cost/benefit analysis for a potential switch to Oracle MySQL HeatWave. Non-MySQL
customers need to run the numbers. Oracle has achieved quite an engineering feat with MySQL
HeatWave, which makes it not only a compelling MySQL database offering but also a potential
database to migrate workloads to. Although it is possible to try to copy the Oracle technological
approach to bringing OLTP, OLAP, and ML together inside one database, it requires serious talent and

support to provide a long-lasting, future-proof, and trusted platform.

6. Practice commercial prudence. As always, CxOs need to practice commercial prudence when it
comes to platform decisions. One-time costs, ongoing costs, and lock-in effects are the key areas
to consider before making platform decisions. Database platform decisions are no exception to the

consideration of commercial prudence in all phases of the buying, adoption, and usage cycle.
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For a Constellation ShortList on Paa$S vendors, see: Holger Mueller, “Constellation ShortList PaaS Tool Suites
for Next-Gen Apps,” Constellation Research, February 9, 2022. https://www.constellationr.com/research/
constellation-shortlist-paas-tool-suites-next-gen-apps-5

Also: Holger Mueller, “Constellation ShortList Paa$S Suites for Next Gen Apps,” Constellation Research,
February 16, 2022. https://www.constellationr.com/research/constellation-shortlist-paas-suites-next-gen-
apps-4

For additional laaS and PaasS selection criteria, see: R “Ray” Wang and Holger Mueller, “Key Questions for
Every Public Cloud laaS/Paa$ Decision Matrix,” Constellation Research, January 24, 2018. https://www.
constellationr.com/research/key-questions-every-public-cloud-iaaspaas-decision-matrix

For an example of digital transformation, see: Holger Mueller, “Lufthansa Digitally Transforms the Workplace
for Flight Managers,” Constellation Research, February 27, 2018. https://www.constellationr.com/research/
lufthansa-digitally-transforms-workplace-flight-managers

For an example of digital transformation, see: Holger Mueller, “How Oracle GraalVM Supercharged Twitter’s
Microservices Platform,” Constellation Research, December 11, 2019. https://www.constellationr.com/
research/how-oracle-graalvm-supercharged-twitter-s-microservices-platform
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ENDNOTES

' For more coverage on Oracle’s MySQL HeatWave offering, also consider looking at:

Holger Mueller, “There Is a HeatWave for Databases: Oracle MySQL Database Service Merges OLTP and
OLAP,” Constellation Research, June 3, 2021. https://www.constellationr.com/research/there-heatwave-
databases-oracle-mysql-database-service-merges-oltp-and-olap

Holger Mueller, “Oracle Switches to Autopilot, Turns Up the Heat With MySQL Database Service,”
Constellation Research, September 16, 2021. https://www.constellationr.com/research/oracle-switches-
autopilot-turns-heat-mysql-database-service

? For more on the history of MySQL, see: MySQL, Wikipedia. https://en.wikipedia.org/wiki/MySQL

* For more on Infinite Computing, see: Holger Mueller, “The Era of Infinite Computing Triggers Next-Generation
Applications,” June 1 2018. https.//www.constellationr.com/research/era-infinite-computing-triggers-next-
generation-applications

4 Mueller uses the term Enterprise Acceleration to refer to the need for enterprises to move faster and
become more agile. For more, see: Holger Mueller, “Why the C-Suite Must Embrace Enterprise Acceleration,”
May 2, 2019. https://www.constellationr.com/research/why-c-suite-must-embrace-enterprise-acceleration
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