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IN THIS WHITE PAPER 

This white paper considers the ongoing trends for business database management, including ever-larger 

workloads, exponential data growth, greater performance demands for OLTP and OLAP, and the need 

for a plan to move to the public cloud for at least some database workloads. It then considers how 

enterprises have responded to these trends, with an overview of their options. Finally, it examines the 

next-generation Oracle Exadata X9M — a purpose-built database platform optimized for Oracle Database 

that is available both as the on-premises Oracle Exadata Database Machine X9M and as Exadata 

Cloud@Customer X9M, an on-premises cloud service platform capable of running Oracle Database and 

the flagship Oracle Autonomous Database (ADB) cloud service. It also considers the enhanced 

recoverability capability that these systems have due to tight integration and co-engineering with Oracle's 

Zero Data Loss Recovery Appliance X9M, which recently had its entry-level price reduced by 50%. 

SITUATION OVERVIEW 

Enterprise Databases and the Cloud 

Approaches to Cloud Migration 

The move is on to migrate production databases to the public cloud. However, while many small and 

medium-sized enterprises are well on their way, larger enterprises have very complex datacenters and 

must take their time, so they are choosing a staged approach that starts with a private database cloud. 

In a recent IDC survey of 406 respondents, a majority of those with 5,000+ employees indicated that at 

least 25% of their operational database workloads were deployed in a private cloud and 46% said that 

at least 25% of their analytical database workloads were so deployed (source: IDC's U.S. Cloud 

Database Migration and Architecture Survey, December 2020). Only small percentages indicated 

deployment in the public cloud or even in hybrid environments. 

The idea is to reorganize and convert (if necessary) both databases and their applications to formats 

that will make sense in the cloud but to do so under the complete control afforded by an on-premises 

private cloud environment. This is necessary because the complex interconnections between 

applications and their data make piecemeal migrations virtually impossible. Naturally, to reduce risk, 

enterprises are seeking to stay with the same database technology that they are currently using, or 

something similar, wherever possible, and to deploy it in a form that makes migration to the cloud 

straightforward. Pre-integrated and optimized database systems and similar cloud-managed local 

database-as-a-service platforms seem to be an ideal way to do this. 
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Challenges in Moving to the Cloud 

For small and medium-sized businesses that operate mainly on simple, focused, commercially 

distributed applications and databases, moving to the cloud often involves simply choosing SaaS 

applications to replace the on-prem ones. For larger enterprises, it's not as simple. Most large 

enterprises have complex datacenters with many applications and databases, a considerable number 

of which are developed in-house, many with custom scripts. Most of these applications are 

interdependent, sharing data or shipping data back and forth. Moving them piecemeal to the cloud is 

not an option due to the complexity and latency issues involved. 

In addition, many, if not most, of the in-house applications need to be redeveloped as "cloud native" 

applications for efficiency reasons and to have new functionality added to them. Many enterprises are 

considering moving from their existing DBMS to a different one in the cloud, but this adds a level of 

complexity to the operation that puts the organizations at risk, so it is desirable to keep the DBMS 

brand the same. Similarly, some organizations are considering using different DBMS types for different 

workloads using, in addition to relational DBMS, specialized databases designed just for documents, 

and ones that just support graphs. Ideally, one product supporting all three would be the simplest way 

to go. 

The most frequently chosen option among large enterprises to move to the cloud with minimal risk is 

the private cloud route. This involves performing the technology migration in the datacenter using an 

environment that is as close as possible to that of the public cloud. This approach enables newer 

applications to interact with older ones and provides an environment that is under the user's control. 

Deploying containers seems to be the preferred approach for applications, but what about databases? 

The ideal solution is a database environment in the datacenter that is exactly the same as the 

database environment in the public cloud. Choosing the existing DBMS for future deployment reduces 

risk associated with training (the more different DBMSs deployed, the more training is required with 

related complexity and added costs) and with establishing desired levels of availability, scalability, 

elasticity, and performance. Also security constraints associated with the data do not need to be 

redefined. 

Consistency Between Existing Database Technology On Premises and  
That of the Cloud 

Choosing the private cloud route ensures consistency in technology and a smooth transition to the 

public cloud over time. When considering different database formats, the best option involves choosing 

a trusted database technology that supports the newer database formats that the organization needs, 

which reduces training and administrative costs. This approach ensures that existing skills can be 

leveraged and existing security settings can be preserved. Ideally, this needs to be done with an eye to 

a smooth future migration and requires no compromise in terms of the database availability, 

performance, scalability, reliability, and so forth. 

The best option would be to start with an on-prem platform that matches the cloud platform for the 

database, then move to an on-prem cloud-managed version of the same platform, and then finally 

move to the cloud to be deployed on the same base technology. This process streamlines the 

database movement to the cloud without requiring changes and minimizing disruptions.  

Oracle has developed for its customers a solution that fully supports the evolutionary path outlined 

above. It is anchored by Oracle Exadata X9M, the latest in the Oracle family of database machines. It 

is available as a database platform for the datacenter (Exadata Database Machine X9M) and as a 
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cloud-managed platform deployed in the customer's datacenter (Exadata Cloud@Customer X9M). 

When the user is ready to move to the cloud, migration is seamless because Exadata 

Cloud@Customer runs the same database on the same Oracle Exadata technology available with 

Exadata Cloud Service or Autonomous Database in Oracle Cloud Infrastructure (OCI).  

Oracle Exadata X9M Architecture 

Oracle Exadata X9M features the architecture of its predecessor, X8M, but with significant software 

and hardware upgrades. Like all Exadata systems, it separates higher-level database "compute" 

functions from lower-level database "storage" functions in distinct compute and storage servers that 

are linked together with a private high-speed network. Exadata X9M takes full advantage of multiple 

100GbE links per compute and storage server as well as RDMA (remote direct memory access) over 

Converged Ethernet (RoCE), allowing compute servers to bypass networking protocols and operating 

system overhead to read and insert data into storage server memory, providing much more rapid 

interaction and higher throughput. This reading and writing of data is done with Intel Optane Persistent 

Memory (PMem) modules in the storage servers, which provide faster access than standard flash 

storage, more densely packed data than DRAM, and a level of persistence that reduces system 

overhead. The result is a more robust database platform that is many times faster than other on-

premises storage systems and latency that is measured in microseconds. Exadata X9M storage 

servers do more than simply store data, they run SQL queries, analytics, machine learning, and other 

algorithms on their CPU cores to minimize access latency, maximize throughput, and free licensed 

database server resources to handle application requests and more complex algorithms. They are also 

designed to optimize data access by keeping the most frequently accessed "hot" data residing in 

PMem, the less frequently accessed "warm" data in nonvolatile flash modules, and the least frequently 

accessed "cold" data on disk. For most workloads, this provides the performance of PMem or flash but 

with the overall cost of disk storage. 

Oracle has improved Exadata Cloud@Customer X9M with compute servers featuring 32-core Intel Ice 

Lake CPUs, PCIe 4.0 dual-port active-active 100Gb RoCE networking, and PCIe 4.0 flash storage in 

storage servers, resulting in less than 19 microsecond OLTP IO latency. According to Oracle, this has 

resulted in 87% more IOPS — to 22.4 million read IOPS (8,000 IOs) — and 47% lower cost per IOPS 

than the previous generation X8M. For analytics, Exadata Cloud@Customer X9M boasts 80% higher 

throughput at the same price, which translates into 45% lower scan costs than X8M. Exadata 

Cloud@Customer X9M storage servers have been made "smarter" with logic to optimize data 

acquisition and speeding up table scans to an unrivaled 1TBps with a new "smart scan" capability that 

further improves parallel throughput in large-scale analyses. Added to that, Oracle's Zero Data Loss 

Recovery Appliance X9M eliminates the risk of data loss due to system or operational failure. The 

Recovery Appliance has also been enhanced with automated database-aware failover and 

synchronization between Recovery Appliances providing redundancy in case of system failure and 

Cyber Vault Architecture to protect against malware and ransomware. 

Oracle Exadata X9M Database Machine 

This is the Exadata X9M technology packaged as a database system installed in the datacenter and 

managed by the user. It functions as described previously as a self-contained system that is easy to 

configure and is commonly used for mission-critical, high-performance transaction processing, data 

warehouse, and database consolidation. Because it is the same technology as those designed to work 

with Oracle Cloud Infrastructure, it also sets up the customer well for moving to the Oracle Cloud. 
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Oracle Exadata Cloud@Customer X9M 

The Cloud@Customer configuration contains the same technology as the Database Machine but is 

continually connected to OCI, is remotely administered by Oracle Cloud operators, and can integrate 

with data assets residing in OCI or in the enterprise's datacenter. Key capabilities and benefits include 

scaling resources up and down on demand to deliver cloud-based consumption economics, cloud 

automation that eliminates many repetitive management tasks, and cloud operations where Oracle 

manages all infrastructure, but the customer retains complete control of the VM running the database. 

An additional key benefit of the Exadata architecture is the regular application of nondisruptive 

infrastructure updates, including security patches by the OCI team. Research has shown that the most 

common source of data breaches is the failure of enterprises to apply security patches in a timely 

manner because applying such patches is often costly and disruptive to enterprises, but customers 

avoid both when the patches are administered as part of a remote cloud service. Customers realize 

these cloud benefits while maintaining data sovereignty within their datacenter. A few of the new 

features on Exadata Cloud@Customer X9M include: 

▪ Oracle Operator Access Control enables the user to grant, audit, and revoke access to the 

Cloud@Customer infrastructure by Oracle cloud operators, to obtain audit reports of all 

actions taken by any human operator, and to terminate the session if warranted. In this way, it 

ensures peace of mind because the user knows that nothing has happened that is not 

permitted and that all actions have a permanent record. This can be particularly important for 

customers in regulated industries. 

▪ Elastic storage expansion allows the user to add storage servers to the Exadata configuration 

and allocate capacity on those servers, without disrupting the currently running workloads. 

Oracle Autonomous Database on Exadata Cloud@Customer X9M 

Another key benefit of using the Oracle Exadata Cloud@Customer X9M is its ability to offer, as an 

option, Oracle Autonomous Database to provide a fully managed, machine learning–powered database 

service in the customer's datacenter. Oracle Autonomous Database is a cloud-based offering of Oracle 

Database that is entirely self-managing, self-securing, and self-repairing. It uses artificial intelligence 

(AI) to optimize all aspects of database operation. Interviews with customers have shown that ADB's 

automation of indexes, partitions, SQL plans, and so forth is generally superior to those of even expert 

Oracle DBAs, and the system is constantly improving itself based on new learnings. 

Oracle began by offering ADB on OCI only but also started offering it on Exadata Cloud@Customer 

with X8M. The X9M version contains the improvements described previously and have made the 

system much faster, smarter, and more efficient. One of the most powerful features is Oracle 

Autonomous Data Guard, an optional feature for disaster recovery, providing a self-managed recovery 

database system that is synchronized with the primary database system. Autonomous Data Guard 

when used with Transparent Application Continuity (TAC) provides a zero downtime experience for 

both planned and unplanned events such as maintenance and site-level outages. 

Oracle Exadata X9M Summary 

The Oracle Exadata platform is customized to be the best platform for Oracle Database, and this latest 

version provides even greater levels of performance and scalability for even the most demanding 

workloads. The new X9M generation is the foundation for Oracle Exadata Database Machine X9M, 

Oracle Exadata Cloud@Customer X9M, and Oracle's Zero Data Loss Recovery Appliance X9M. By 

running Oracle Database and Autonomous Database on Exadata Cloud@Customer X9M, enterprises 

are able to take advantage of automation and advanced self-tuning and self-managing capabilities that 
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allow IT staff to apply their skills to more strategic and high-value activities while maintaining data 

sovereignty and lowering costs. For those who are considering specialized database platforms for 

different database types, such as document, graph, or time series databases, it is useful to note that 

Oracle Database contains native support for these and other database types, enabling users to run all 

types of databases with all types of data on a single system, thereby eliminating the need for costly 

ETLs and the inherent security and availability risks with that blunt force approach. 

Benefits of this platform include: 

▪ High transaction throughput and low latency using the Intel Optane PMem module instead of 

flash to greatly accelerate transaction commits 

▪ Faster, more efficient query processing through improvements to the memory-optimized 

compressed columnar format that include use of Flash for large columns and automatic use of 

the columnar format where necessary to boost query performance 

▪ Increased use of RoCE with PMem to dramatically increase operational efficiency and data 

access speed 

▪ Delegation of more functions, such as smart table scans, to Exadata storage servers for faster 

query response times 

▪ More cores, more memory, and more flash storage in the compute servers to better handle 

complex tasks 

▪ Transparent delivery of cloud services to the datacenter using Cloud@Customer for better 

integrated operation as users embark on their journey to the cloud by providing an ideal 

private/hybrid cloud as an answer to the challenge of blended on-prem and cloud functionality 

▪ Availability, through Cloud@Customer, of more dynamic scaling and better automated self-

management using Oracle Autonomous Database, for faster, more reliable, and more secure 

databases requiring very little human involvement 

FUTURE OUTLOOK 

The move is on to more professionally managed databases both on premises and in the cloud. IDC 

research has shown a mass movement to private, hybrid, and public cloud configurations. These 

configurations require databases that can handle complex mixes of workloads with little human 

involvement in terms of tuning and administration. This process will accelerate, and users need to 

have a plan for moving in this direction. These developments include the adoption of multiple database 

types for different workloads, including document and graph. Oracle's approach is intended to blend 

such data management capabilities in a converged database engine, anticipating the direction of the 

market. Clearly, Oracle Exadata's identical architecture across on-premises and cloud deployments is 

ahead of both the on-premises competition that have no cloud services and cloud vendors that offer 

disjointed on-premises and cloud platforms. Oracle is poised to continue to offer the capabilities that 

users will need as they move to the cloud into the indefinite future. 

CHALLENGES/OPPORTUNITIES 

Users have a variety of choices in considering the database platform or platforms to which they will 

commit as they move to the cloud. While the choice of Oracle Exadata and Oracle Autonomous 

Database seems clear for Oracle users, issues will naturally arise regarding such things as intercloud 

data sharing and other concerns involving a multicloud approach. Although this represents a challenge 
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to Oracle, it also represents an opportunity since they are already present on other cloud platforms, 

have a strategic relationship with Microsoft Azure to support the running of applications in Azure with 

Oracle Database instances running in Oracle Cloud Infrastructure, and may be able to offer the best 

method of realizing a customer's multicloud strategy. According to Oracle, 87% of the Fortune Global 

500 are running Exadata and 44% are running Exadata Cloud. This being the case, Oracle is clearly 

positioned for material market share gains with the new X9M platform. 

CONCLUSION 

While the move is on to the public cloud, most of the larger database users are taking a stepwise 

approach due to the complexity of their datacenters, choosing to move their larger databases from a 

direct infrastructure deployment model to a private cloud, then from private to hybrid cloud, and then 

from hybrid to public cloud. Oracle Database powers some of the most complex and demanding 

database workloads out there, so this kind of evolutionary path could prove quite daunting. 

Fortunately, Oracle has already simplified the situation somewhat by offering Exadata, which is an 

infrastructure and software combination designed at the factory to optimize Oracle Database 

workloads with minimal user effort. 

Users need greater simplicity to exploit the power of Oracle Database. For users working on the 

private-to-hybrid stage, Oracle Exadata X9M is available in a Cloud@Customer format, enabling the 

heavy lifting of managing the database infrastructure to be taken on by Oracle itself. To simplify still 

further, Exadata Cloud@Customer X9M can support Oracle Autonomous Database, taking all the 

guess work, manual labor, and possible human error out of database management so that the 

database staff can concentrate on using Oracle Database to enable the enterprise to excel in its 

business. The many enhancements in this latest version of Oracle Exadata makes a compelling, 

nearly irresistible appeal to any Oracle Database user wishing to face the future with bold confidence. 
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