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Introduction

Thank you very much for buying the second edition of Expert Oracle Exadata. Us current authors have
been standing on the shoulders of giants while putting this together. Whenever writing a second edition of a
successful book, the authors face the pressure of creating at least as good, if not better, edition than the first
edition was. And good it was, the first edition. We hope that we have been able to provide you, dear reader,
with a suitable introduction to Exadata. In fact, our hope is to give you enough information to get started
with Exadata. It is not uncommon to find database administrators in situations where they have

been introduced to Exadata. only to ask the question, “Now what?” We have tried to structure the book

to help you answer this question. You will read about what Exadata is before diving into the various
optimizations that make it so unique in the world of Oracle database processing hardware. While some of
the material, particularly in the earlier chapters, paints a broad picture, we gradually go into a lot of detail.
Access to an Exadata development system can help you a lot in understanding the more advanced material.
We have tried very hard to make it possible for you to follow along, but please bear in mind that the Exadata
platform is not static at all; new releases in hardware and software can change the documented outcome of
commands and SQL statements. We will try to address major differences on our web site,
http://www.expertoracleexadata.com/ and our personal blogs listed in Appendix B.

Note that we have used various undocumented underscore parameters and features to demonstrate
how various pieces of the software work. Do not take this as a recommended approach for managing a
production system! In fact, there is usually no reason to deviate from the defaults. Setting underscore
parameters is allowed only with the explicit blessings from Oracle Support and as the result of a
recommendation as part of a service request you raised. Remember that we have had access to a number
of systems that we could tear apart with little worry about the consequences that resulted from our actions.
This gave us a huge advantage in our investigations on how Exadata works across various hardware
generations.

The Intended Audience

This book assumes that you are already familiar with Oracle. We do not go into a lot of detail explaining how
Oracle works except as it relates to the Exadata platform. This means that we have made some assumptions
about the readers’ knowledge. We do not assume, for instance, that you are an expert in Oracle performance
tuning, but we expect that you are proficient writing SQL statements and have a good understanding of the
Oracle architecture. Since Exadata is a hardware and software platform, you will inevitably see references

to Linux administration in some of the chapters more closely related to the hardware. Do not be
intimidated—as an Exadata administrator, there are only a handful of commands that you need to know

in day-to-day managing of the platform.
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INTRODUCTION

A Moving Target

We had this exact same section in the introduction of the first edition of this book, and the message is still the
same, even after all these years. What keeps us amazed to this day is the pace of development of the Exadata
platform. It is not only hardware that evolves and keeps up with the development of new technologies, but
also the software that is constantly pushing the limits of what is possible. A new software release does not
require you to upgrade the hardware. Except for the very first Exadata system, the current Exadata software
version is compatible with every hardware generation.

The changes mentioned in the previous paragraph include substantial additions of new functionality,
visible in Appendix A in the Exadata Database Machine System Overview. As you can imagine, trying to
keep track of what Oracle released at a rapid pace was the most difficult part of the project. Every chapter
had to go through multiple revisions when new hardware and software was released. The latest version we
try to cover in this book is Oracle 12.1.0.2.2 RDBMS with cell software 12.1.2.1.x. Unlike the first edition of
this book, which came out when Oracle 11.2.0.2 was current, there are quite a few releases now that Exadata
supports technically. From an Oracle Support point of view, right now you should probably be in a migration
phase to Oracle 12c. This is one of the reasons we gave the latest RDBMS release so much space in the book,
even though many users are yet to migrate to it. Another consideration while writing this book was that we
had to be quite careful to cite the correct version when a new feature was introduced. If you only have just
started with Exadata, you might find the release numbers confusing; however, once you have your first few
weeks of Exadata administration under your belt, you will find that quoting Exadata cell software releases
becomes second nature.

The way Exadata evolves will undoubtedly make some of the book’s contents obsolete, so if you observe
differences between what is covered in this book and what you see it is probably due to version differences.
Nevertheless, we welcome your feedback and will address any inconsistencies that you find.

Many Thanks to Everyone Who Helped!

We have had a great deal of support from a number of people on this project. Having our official technical
reviewer take on writing a few chapters is almost an occurrence of history repeating itself. Writers and
reviewers swapped roles to reply to the question, “Quis custodiet ipsos custodes?” We are also very grateful
for everyone at Oracle who may have even known us from the first edition of this book and helped us
overcome the stumbling blocks along the way. Finally, we want to give a big “thank you” to everyone at
@Enkitec who helped keep the machines up and running, patched when a new release came out, and
troubleshot when something seemed broken. The list of people is really long, so we won’t be able to mention
everyone by name. However, it is fair to say that if you worked at @Enkitec while this book was being written,
you almost certainly contributed—thank you.

The first book helped generate interest in the second edition, and we have published some research
that was too comprehensive on our personal blogs and web sites, prompting e-mail, twitter, and comments
to start flying our way once an article went online. The same is true for the feedback we had with the Alpha
Programme; without the community’s feedback, this book would probably be less complete, and we would
like to explicitly thank you for your comments.

And last, but not least, we would like to give a very special “thank you” to the authors of the first edition
of the book, who allowed us to update what they wrote. Kerry, Tanel, and Randy have been instrumental in
understanding the intended message of the chapters as well as chapter layout and tests. Without you, we
wouldn’t have been able to finish the chapters while maintaining the spirit of the first book.
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INTRODUCTION

Who Wrote What

Following the tradition set in the first edition, we would like to list which of us worked on each chapter. The
authors of the second edition (in alphabetical order) are Karl Arao, Martin Bach, Andy Colvin, and Frits
Hoogland. It really was a team effort between all of us involved, and we cannot even think about counting
the hours of useful conversations and instant messages exchanged among all of us to bounce off ideas and
make sure that we did not overlap contents in our chapters.

Karl: contributions to Chapters 5, 6, 7, 12
Andy: Chapters 1, 8, 9, 14, 15, 16, Appendix D
Martin: Chapters 2, 3, 5, 10, 11, 12, 13, 17, Appendices A, B, C

Frits: Chapters 4, 6, 7

Have Fun!

Writing the book was, for the most part, fun for all of us—especially when we knew about a complex
problem, but had trouble reproducing a situation allowing us to research it. The moment the experiment
came to a successful conclusion, the moment when we had all the output and steps to reproduce it recorded
in our log files, was very often a moment of great joy and also relief. We hope his book provides a platform
from which you can build your own knowledge. Although having spent a lot of time with both Exadata and
Oracle Database 12c, there are still things we learn every day. Somehow it still feels we are only scratching
the surface, still.
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CHAPTER 1

What Is Exadata?

No doubt, you already have a pretty good idea what Exadata is or you wouldn’t be holding this book in your
hands. In our view, it is a preconfigured combination of hardware and software that provides a platform for
running Oracle Database (either version 11g Release 2 or version 12c Release 1 as of this writing). Since the
Exadata Database Machine includes a storage subsystem, different software has been developed to run at
the storage layer. This has allowed Oracle product development to do some things that are just not possible
on other platforms. In fact, Exadata really began its life as a storage system. If you talk to people involved in
the development of the product, you will commonly hear them refer the storage component as Exadata or
SAGE (Storage Appliance for the Grid Environment), which was the code name for the project.

Exadata was originally designed to address the most common bottleneck with very large databases—the
inability to move sufficiently large volumes of data from the disk storage system to the database server(s).
Oracle has built its business by providing very fast access to data, primarily through the use of intelligent
caching technology. As the sizes of databases began to outstrip the ability to cache data effectively using
these techniques, Oracle began to look at ways to eliminate the bottleneck between the storage tier
and the database tier. The solution the developers came up with was a combination of hardware and
software. If you think about it, there are two approaches to minimize this bottleneck. The first is to make
the pipe between the database and storage bigger. While there are many components involved and it’s a
bit of an oversimplification, you can think of InfiniBand as that bigger pipe. The second way to minimize
the bottleneck is to reduce the amount of data that needs to be transferred. This they did with Smart
Scans. The combination of the two has provided a very successful solution to the problem. But make no
mistake—reducing the volume of data flowing between the tiers via Smart Scan is the golden goose.

In this introductory chapter, we will review the components that make up Exadata, both hardware and
software. We will also discuss how the parts fit together (the architecture). In addition, we will talk about
how the database servers talk to the storage servers. This is handled very differently than on other platforms,
so we will spend a fair amount of time covering that topic. We will also provide some historical context.

By the end of the chapter, you should have a pretty good feel for how all the pieces fit together and a basic
understanding of how Exadata works. The rest of the book will provide the details to fill out the skeleton that
is built in this chapter.

An Overview of Exadata

A picture is worth a thousand words, or so the saying goes. Figure 1-1 shows a very high-level view of the
parts that make up the Exadata Database Machine.
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Figure 1-1. High-level Exadata components

When considering Exadata, it is helpful to divide the entire system mentally into two parts, the storage
layer and the database layer. The layers are connected via an InfiniBand network. InfiniBand provides
a low-latency, high-throughput switched fabric communications link. Redundancy is provided through
multiple switches and links. The database layer is made up of multiple Sun servers running standard Oracle
11g or 12c software. The servers are generally configured in one or more Real Application Clusters (RAC),
although RAC is not actually required. The database servers use Automatic Storage Management (ASM) to
access the storage. ASM is required even if the databases are not configured to use RAC. The storage layer
also consists of multiple Sun x86 servers. Each storage server contains 12 disk drives or 8 flash drives and
runs the Oracle storage server software (cellsrv). Communication between the layers is accomplished via
iDB, which is a network-based protocol that is implemented using InfiniBand. iDB is used to send requests
for data along with metadata about the request (including predicates) to cellsrv. In certain situations,
cellsrv is able to use the metadata to process the data before sending results back to the database layer.
When cellsrv is able to do this, it is called a Smart Scan and generally results in a significant decrease in the
volume of data that needs to be transmitted back to the database layer. When Smart Scans are not possible,
cellszrv returns the entire Oracle block(s). Note that iDB uses the RDS protocol, which is a low-latency,
InfiniBand-specific protocol. In certain cases, the Oracle software can set up remote direct memory access
(RDMA) over RDS, which bypasses doing system calls to accomplish low-latency, process-to-process
communication across the InfiniBand network.

History of Exadata

Exadata has undergone a number of significant changes since its initial release in late 2008. In fact, one of
the more difficult parts of writing this book has been keeping up with the changes in the platform during the
project. Following is a brief review of the product’s lineage and how it has changed over time:

V1: The first Exadata was released in late 2008. It was labeled as V1 and was a
combination of HP hardware and Oracle software. The architecture was similar
to the current X5 version, with the exception of Flash, which was added to the
V2 version. Exadata V1 was marketed exclusively as a data warehouse platform.
The product was interesting but not widely adopted. It also suffered from issues
resulting from overheating. The commonly heard description was that you could
fry eggs on top of the cabinet. Many of the original V1 customers replaced their
V1s with V2s or X2-2s.
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V2: The second version of Exadata was announced at Open World in 2009. This
version resulted from a partnership between Sun and Oracle. By the time the
announcement was made, Oracle was already in the process of attempting to
acquire Sun Microsystems. Many of the components were upgraded to bigger

or faster versions, but the biggest difference was the addition of a significant
amount of solid state-based storage. The storage cells were enhanced with 384G
of Exadata Smart Flash Cache. The software was also enhanced to take advantage
of the new cache. This addition allowed Oracle to market the platform as more
than a Data Warehouse platform, opening up a significantly larger market.

X2: The third edition of Exadata, announced at Oracle Open World in 2010,

was named the X2. Actually, there were two distinct versions of the X2. The

X2-2 followed the same basic blueprint as the V2, with up to eight dual-socket
database servers. The CPUs were upgraded to hex-core models, where the V2s
had used quad-core CPUs. The other X2 model was named the X2-8. It broke the
small 1U database server model by introducing larger database servers with 8x8
core CPUs and a large 1TB memory footprint. The X2-8 was marketed as a more
robust platform for large OLTP or mixed workload systems due primarily to the
larger number of CPU cores and the larger memory footprint. In 2011, Oracle
changed the hardware in the X2-8 to 8x10-core CPUs and 2TB of memory per
node. For customers that needed additional storage, storage expansion racks
(racks full of storage servers) were introduced. In January 2012, Oracle increased
the size of the high-capacity disks from 2TB to 3TB.

X3:In 2012, Oracle announced the Exadata X3. The X3 was the natural
progression of the hardware included in the X2 series. Compute node updates
included eight-core Intel Sandy Bridge CPUs and increased memory, up to
256GB per server (although it originally was equipped with 128GB per server
for a short time). Storage servers saw upgrades to CPUs and memory, and

flash storage increased to 1.6TB per server. The X3-2 family also introduced

a new size—the eighth rack. X3-8 racks saw the same improvements in the
storage servers, but the compute nodes in X3-8 racks are the same as their X2-8
counterparts.

X4: Oracle released the Exadata X4 in 2013. It followed the traditional new
features: processing increased to 2x12 core CPUs, the ability to upgrade to 512GB
of memory in a compute node was added, and flash and disk storage increased.
The X4-2 also saw a new model of high-capacity disk, trading out the 600GB,
15,000 RPM disks for 1.2TB, 10,000 RPM disks. These disks were a smaller form
factor (2.5” vs 3.5”). The other notable change with the X4-2 was the introduction
of an active/active InfiniBand network connection. On the X4-2, Oracle broke
the bonded connection and utilized each InfiniBand port independently. This
allowed for increased throughput across the InfiniBand fabric.

X5: In early 2015, Oracle announced the sixth generation of Exadata, the X5-2.
The X5-2 was a dramatic change in the platform, removing the high-performance
disk option in favor of an all-flash, NVMe (Non-Volatile Memory Express) model.
High-capacity disk sizes were not changed, leaving them at 4TB per disk. Once
again, the size of the flash cards doubled, this time to 6.4TB per storage server.
Memory stayed consistent with a base of 256GB, upgradeable to 768GB, and the
core count increased to 18 cores per socket. Finally, the requirement to purchase
racks in predefined sizes was removed. The X5-2 rack could be purchased with
any configuration required—a base rack begins with two compute nodes and
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three storage servers. Beyond that, any combination of compute and storage
servers can be used within the rack. This removed discussions around Exadata
configurations being “balanced” based on the workload. As was seen by many
deployments before the X5, every workload is a little bit different and has
different needs for compute and storage.

Alternative Views of What Exadata Is

We have already given you a rather bland description of how we view Exadata. However, like the well-known
tale of the blind men describing an elephant, there are many conflicting perceptions about the nature of
Exadata. We will cover a few of the common descriptions in this section.

Data Warehouse Appliance

Occasionally, Exadata is described as a data warehouse appliance (DW Appliance). While Oracle has
attempted to keep Exadata from being pigeonholed into this category, the description is closer to the truth
than you might initially think. It is, in fact, a tightly integrated stack of hardware and software that Oracle
expects you to run without a lot of changes. This is directly in line with the common understanding of a DW
Appliance. However, the very nature of the Oracle database means that it is extremely configurable. This flies
in the face of the typical DW Appliance, which typically does not have a lot of knobs to turn. However, there
are several common characteristics that are shared between DW Appliances and Exadata:

Exceptional Performance: The most recognizable characteristic of Exadata and
DW Appliances in general is that they are optimized for data warehouse type
queries.

Fast Deployment: DW Appliances and Exadata Database Machines can both be
deployed very rapidly. Since Exadata comes preconfigured, it can generally be
up and running within a week from the time you take delivery. This is in stark
contrast to the normal Oracle clustered database deployment scenario, which
generally takes several weeks.

Scalability: Both platforms have scalable architectures. With Exadata, upgrading
is done in discrete steps. Upgrading from a half-rack configuration to a full

rack increases the total disk throughput in lock step with the computing power
available on the database servers.

Reduction in TCO: This one may seem a bit strange, since many people think
the biggest drawback to Exadata is the high price tag. But the fact is that both

DW Appliances and Exadata reduce the overall cost of ownership in many
applications. Oddly enough, in Exadata’s case, this is partially thanks to a
reduction in the number of Oracle database licenses necessary to support a given
workload. We have seen several situations where multiple hardware platforms
were evaluated for running a company’s Oracle application and have ended up
costing less to implement and maintain on Exadata than on the other options
evaluated.

High Availability: Most DW Appliances provide an architecture that supports
at least some degree of high availability (HA). Since Exadata runs standard
Oracle 12c or 11g software, all the HA capabilities that Oracle has developed
are available out of the box. The hardware is also designed to prevent any single
point of failure.



