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Preface

IBM WebSphere® eXtreme Scale provides a solution to scalability issues through caching
and grid technology. It provides an enhanced quality of service in high performance
computing environments.

This IBM® Redbooks® publication introduces WebSphere eXtreme Scale and shows how to
set up and use an eXtreme Scale environment. It begins with a discussion of the issues that
would lead you to an eXtreme Scale solution. It then describes the architecture of eXtreme
Scale to help you understand how the product works. It provides information about potential
grid topologies, the APls used by applications to access the grid, and application scenarios
that show how to effectively use the grid.

This book is intended for architects who want to implement WebSphere eXtreme Scale.

The original edition of this book was based on WebSphere eXtreme Scale version 6.1. It was
published in 2008 and described as a “User’s Guide”. This second edition updates the
information based on WebSphere eXtreme Scale version 8.6, and covers key concepts and
usage scenarios. For more information about what has changed, see 1.5, “What is new in
WebSphere eXtreme Scale Version 8.6” on page 16.

Authors

This book was produced by a team of specialists from around the world working at the
International Technical Support Organization, Raleigh Center:

Jonathan Marshall is a Consulting IT Specialist working in the UK as a WebSphere
Technical Professional with 13 years experience in IBM. He has worked with a wide range of
clients on WebSphere Application Server and related technologies, including Liberty Profile,
WebSphere eXtreme Scale, WebSphere Virtual Enterprise, and IBM Workload Deployer. He
is also currently the mobile lead in the UK WebSphere team, covering mobile technologies
such as IBM Worklight®. He has published developerWorks® articles and previous Redbooks
on WebSphere eXtreme Scale, including being one of the authors of the first edition of this
book. Jonathan can be reached on Twitter @jmarshall1 and through his blog at
https://www.ibm.com/developerworks/community/blogs/WASFAQs/entry/extreme_developme
nt with websphere extreme scale and Tiberty?lang=en.

John Pape is an advisory software engineer in Raleigh, NC in the United States. He has 13
years of experience with WebSphere Application Server, and has been with IBM since 2005.
His areas of expertise include IBM WebSphere Application Server, WebSphere Virtual
Enterprise, WebSphere eXtreme Scale, WebSphere DataPower® XC10 Caching Appliance,
virtualization, Linux, and the Java Virtual Machine. He holds a degree in Management
Information Systems. John was also one of the authors of the first edition of this book, and
blogs externally at http://johnsrandommusings.tumblr.com.

Kristi Peterson is an advisory software engineer in Rochester, MN in the United States. She
works on the WebSphere eXtreme Scale development team. Kristi has been involved in the
inner workings of WebSphere eXtreme Scale and the IBM WebSphere DataPower XC10
Appliance since 2006. She began her IBM career with WebSphere Application Server doing
high availability customer scenario testing. She holds a BA degree in Computer Science and
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book.
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Federico Senese is a Consulting IT Specialist who is based in Rome, Italy. Federico works
as a WebSphere Application Infrastructure technical leader in Europe. His mission is to
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Introduction to WebSphere
eXtreme Scale

IBM WebSphere eXtreme Scale provides a high-performance, highly scalable caching
framework. This chapter introduces WebSphere eXtreme Scale and its place in a modern
application environment.

Product name: The WebSphere eXtreme Scale product name is often shortened to
eXtreme Scale. Both names are used interchangeably throughout this document.

This chapter explains scalability challenges that exist in today’s application environment, and
how caching and grid technologies can help to resolve this challenge. The key features of the
eXtreme Scale product are introduced, illustrating how they can help to solve these issues.
Possible entry points to eXtreme Scale are also proposed. The chapter closes with a
comparison of eXtreme Scale to in-memory databases, and introduces the IBM WebSphere
DataPower XC10 Appliance.

This chapter includes the following sections:

“The scalability challenge” on page 2

“Caching” on page 4

“Introduction to WebSphere eXtreme Scale” on page 6

“Installation modes and deployment topologies” on page 11

“What is new in WebSphere eXtreme Scale Version 8.6” on page 16

“Entry points for WebSphere eXtreme Scale” on page 19

“Comparing WebSphere eXtreme Scale to in-memory databases” on page 22
“IBM WebSphere DataPower XC10 Appliance” on page 24
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1.1 The scalability challenge

Scalability is the ability of a system to handle increasing load in a graceful manner. This
implies that a system can be readily extended. A system has perfectly linear scaling
capabilities if doubling its processor capacity also doubles its maximum throughput. In
general, there are two ways an IT system can be scaled:

» Horizontally, by adding more hosts to a tier. This is called scale out.

» Vertically, by enlarging the capabilities of a single system. For example, adding
processors. This is called scale up.

Consider a classical three tier application such as the one shown in Figure 1-1. The
application server tier is both scaled out by having three hosts and scaled up by having three
application servers on each host. The database tier is scaled up by using a single powerful
system with many processors. The database tier is scaled out by having a shadow database
that uses log shipping capability to support reports, analysis, and so forth.
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Figure 1-1 Scaling options in a traditional three tier application

Scaling is successful if all involved resources can cope with the increased load indefinitely.
But at some point a resource reaches its maximum throughput, limiting the overall throughput
of the system. This point is called the saturation point and the limiting resource is called a
bottleneck resource.
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Figure 1-2 shows the correlation between load and throughput that can typically be measured
for an application.

Throughput vs. Load

>~ Saturation Point

= === Theoretical unlimited scalability

Through put [Transactions/Sec]

4 ——Practical scalability limit when
bottleneck resource is fully utilized

Load [# Concurrent Users]

Figure 1-2 Correlation between throughput and load that shows scalability limits

In a well-crafted application, the database is often the limiting bottleneck resource. This is
because when application servers become bottlenecks, they can be scaled out horizontally
effectively. They scale out well because they primarily communicate only with the database,
with little communication between each other. Scaling out a database is not nearly as easy
nor effective.

When the load on the database increases, the usual response is to scale it up by adding more
processors and/or memory to the database server. At some point, either because of practical,
financial, or physical limits, enterprise databases are unable to continue to scale up. The next
approach is to scale out by adding more database servers and using a high speed connection
between them to provide a cluster of database servers. This, however, can be quite costly,
and poses challenges in keeping the database cluster members synchronized.

It is important to ensure that the databases are kept synchronized for data integrity and crash
recovery. For example, consider two concurrent transactions that modify the same row. When
these transactions are run by different database servers, communication is required to ensure
the atomic, consistent, isolated, and durable attributes of database transaction are preserved.
This communication can grow exponentially as the number of involved database servers
increases, which ultimately limits the scalability of the database back end. In fact, although
examples of application server clusters using more than 100 hosts can be easily found, a
database server cluster with more than four members is rare.

The scalability challenge, then, is to provide scalable access to large amounts of data. In
almost all application scenarios, scalability is treated as a competitive advantage. It directly
impacts the business applications and the business unit that owns the applications. This is
because applications that are scalable can easily accommodate growth and aid the business
functions in analysis and business development.
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1.2 Caching

The obvious approach to solve the scalability challenge is to reduce the number of requests
that are made to the bottlenecked resource or resources. Often the most practical way to
accomplish this is by introducing a cache.

Cache A cache can be defined as a copy of frequently accessed data that is held in a
relatively nearby location, such as within process memory. The intent of any
caching mechanism is to reduce response time by reducing access time to
data, and to increase scalability by reducing the number of requests to a
constrained resource.

Virtually every major business application incorporates some caching techniques. A frequent
example is a database cache, as illustrated in Figure 1-3. Here, the cache sits between the
application and the database to reduce the load on the database.
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Figure 1-3 Introducing caching as a response to the scalability challenge

A cache is used to hold the syntax of prior requests to the resource and its response. This
allows subsequent requests of the same syntax to be quickly served up from the cache rather
than making another request to the resource.

Caches can be introduced at any tier, and in multiple places within each tier. In an end-to-end
request from a browser to an e-commerce system, for example, there might be significant
caching used:

» Within the browser, for images and CSS files.

» In a caching proxy within the user's company intranet, for identical image requests made
by other users in that company.

» In an edge-of-network service as provided by, for example, Akamai.
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» At the web server tier, for static content.

» In the application server tier, for caching various oft-used items, and copies of browser
pages or page fragments already rendered for a request.

» In the database, caching past read and write data to avoid having to read them from disk.

» At other back-end systems that are used to complete the request. For example, use
caches in a server that is used to handle a web service call to return appropriate municipal
and state taxes for a locale.

Caching is a universally accepted and commonly implemented practice to increase
performance while reducing system requirements. The appropriate uses of caching are ever
expanding.

1.2.1 Holding the cached data

After you determine that caching is valuable at a particular tier, the next decision is where to
hold the cached data. Usually the easiest and fastest place is within the local addressable
memory of the component that is using the cache. But being easiest does not make it right for
every circumstance.

At the application server tier in particular, the amount of cached data can be substantial, in
the hundreds of megabytes. It often includes caching of HTTP session data, servlet/JSP page
fragments, commands, inventory, prices, and many other application objects, all working to
reduce back-end system loads while improving responsiveness. If the number or sizes of
these caches can be increased, the cache hit ratio can be further improved, saving even
more calls to constrained back-end resources.

The amount of cached data at the application tier can lead to several issues:

» How to ensure all Java virtual machines (JVMs) within the application server tier have a
consistent copy of each cached object.

» How to propagate a cache invalidation from one JVM to the others so that none use a
stale cache entry.

» Performing both of the above in a timely manner so that caches are synchronized as
changes are made.

» How to hold all of the cached data within the limited application server JVM heap size.

» Excessive garbage collection (GC) pause times because of increased application server
JVM heap size.

In a modern WebSphere Application Server Network Deployment environment, built-in Data
Replication Service (DRS) features are available to address the first three bullets. But this
service comes at extra cost in terms of processor and network bandwidth usage. As the
number of application server JVMs in the cluster is increased, the DRS “network chatter” to
keep all of the caches synchronized can become a significant portion of the overall work done
by each JVM. A point of negative return can be reached, where adding another application
server JVM to the cluster actually decreases responsiveness of the overall application.

Furthermore, if the cached data is held within the application server’s JVM heap, it can
become constrained in the total size of its caches. In 32-bit mode, there is an address ability
limit of around 2 GB as a usable heap size. Switching to 64-bit mode is not a cure either, as
there can be excessive GC overhead as heap sizes grow over 4 GB or more. As the caches
grow bigger, GC activity and pause times can rise to 10% or more of the total processor
usage. Users can also experience excessive response time delays when lengthy full-GC
operations freezes the entire JVM, sometimes for several seconds at a time.
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1.2.2 Disk offload

Another refinement as the cache sizes become unwieldy is to offload some of the in-heap
cached data onto disk. Disk offload functionality is also provided by a modern WebSphere
Application Server Network Deployment environment’s built-in dynamic caching (DynaCache)
facilities. Dynamic cache can be configured to hold, for example, the 1000 most recently used
cache items within the JVM heap. It then offloads the lesser-used cached content onto local
disk or SAN.

This process can help to keep the JVM heap usage down to a manageable size. However, it
involves another performance cost of writing to and reading from the disk, which is much
slower than from memory. And cache invalidation still must be handled, which can now
involve disk activity across all JVMs in the cluster.

1.2.3 Data grids

Taking the caching approach to the extreme leads to data grids as a scalable solution.

Grid A grid in general is a form of loosely coupled and heterogeneous computers that
act together to run large tasks. To accomplish this task, a grid must be highly
scalable. There are several different forms of grid, depending on the task at
hand.

Data grid A data grid focuses on the provisioning and access of information in a grid
manner, that is, using a large number of loosely-coupled cooperative caches to
store data.

1.3 Introduction to WebSphere eXtreme Scale

WebSphere eXtreme Scale provides an extensible framework to simplify the caching of data
that is used by an application. It can be used to build a highly scalable, fault tolerant data grid
with virtually unlimited scaling capabilities beyond terabyte capacity. Because its capacity can
be dynamically increased to an extreme size, it can be thought of as an elastic cache.

Figure 1-4 on page 7 illustrates many business and application challenges that suggest an
elastic caching solution. WebSphere eXtreme Scale is the IBM response for this need in
modern application environments.

WebSphere eXtreme Scale enables infrastructure with the ability to deal with extreme levels
of data processing and performance. When the data and resulting transactions experience
incremental or exponential growth, the business performance does not suffer because the
grid is easily extended by adding more capacity (JVMs and hardware).
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Business challenges

Scalability issues
*» Adding hardware not easy
» Database already maximum
configuration available
« Licensing cost

Large data volumes
« 5x traffic surges during product
launches, sales
* JVM heap caches impacting
application performance

Fault tolerance
» Ensure data integrity

Data redundancy
» Maintain data reliability in case of
failover

Elastic Caching

« Virtually unlimited
capacity

Scales to 100s of
servers without
slowdown
Dynamically add
more servers as
required
Automatic
mechanisms to avert
system failure

« Replication to avoid
data loss

Application challenges

HTTP session or
Application state
* Persistence
+ Consistency
» Capacity
« Fault tolerance

Dynacache
* One copy kept in synch
» One copy to invalidate
* Free up JVM heap for
application needs
* Reduce GC overhead

SOA
* Reduce load on backend
systems
* Improve response time

XTP

« Parallel data processing
« Data collocated with logic

Figure 1-4 Challenges that lead to elastic caching

1.3.1 Architecture and terminology

This section provides a brief overview of how eXtreme Scale holds cached data in the grid
and introduces some key terms and concepts. For more information, see Chapter 2,
“Architecture and topologies” on page 27.

Map

Partition

Shard

Catalog

A map is a memory structure to hold key-value pairs. It allows an
application to store and retrieve grid values that are indexed by keys.

Maps support optional indexes that can be used to index attributes of the
key or value. These indexes are automatically used by the eXtreme Scale
query engine to determine the most efficient way to run a query.

For faster access to many keys, the set of keys in a map is typically split
into a configurable number of partitions. It is also possible to configure a
map that contains a single partition to hold all of your key/value pairs.

You can think of the entire set of keys as being hashed across the number
of configured partitions, which is always a prime number.

A shard represents a partition that is placed on a container. Multiple
shards that represent different partitions can exist in a single container.

Each partition has an instance that is a primary shard and a configurable
number of replica shards. The replica shards are either synchronous or
asynchronous. The types and placement of replica shards are determined
by eXtreme Scale by using a deployment policy, which specifies the
minimum and maximum number of synchronous and asynchronous
replicas.

The catalog service parses the deployment policy and grid configuration
files. It uses their definitions to control placement of shards across the
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available container servers (or simply containers) participating in the data
grid. It also discovers and monitors the health of the containers,
automatically balancing shard placement as necessary when a new
container is added to the configuration, or if a container is stopped or
killed.

In a normally functioning grid, there is little work for a catalog server to
perform, and so it has little influence on scalability. It is built to service
hundreds or thousands of container servers.

There can be one or several catalog servers running in your grid
environment. However, only one is chosen automatically as the master
catalog. All others run in standby mode in case of a failure of the master
catalog server.

Container A container server physically holds the application data for the grid. Each
partition is represented by a primary shard hosted on a container, and
optionally one or more replica shards that are hosted on other containers.

Any number of containers can be run on a host node (vertical scaling) and
any number of host nodes can run extra containers (horizontal scaling).

A key feature of an eXtreme Scale grid is that more containers can be
added dynamically on any node in the network. By specifying the same list
of catalog server end points and the same grid configuration files, the new
container startup is added to the same grid. It can therefore immediately
participate in accepting primary and replica shards, adding to the capacity
of the grid. Rebalancing of the shards across available containers is
automatic, or can be requested manually at any time.

WebSphere eXtreme Scale uses logical placement rules (implemented by
the catalog server) to ensure that replica shards are held in containers that
are running on different host machines than the primary shard.

Client Clients initially connect to the catalog service, retrieving a description of
the current server topology. This connection is actually to a list of possible
catalog servers. The current master catalog will respond.

Knowing the topology, the client logic can itself determine which key is in
what partition, hosted on what container, and therefore access the
appropriate container directly. Further catalog communication is no longer
required unless there is an unexpected change in the container topology.
Because changes rarely occur in practice, the clients are almost always
talking exclusively and directly with the containers. This makes the
communication protocol very efficient.

Clients can read or update keyed data within multiple partitions in a single
transaction.

High availability When the container topology changes because a new container is added
or an existing container fails, the catalog service gets involved to update all
client topology knowledge (known as the routing table) so that the client
retries the request to the appropriate container. This automatic rerouting
happens quickly and is transparent to the application.

If a container fails, an available replica of each of the primary shards
originally hosted by the failing container is automatically promoted to
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become the new primary shard. A fresh replica is then created on another
available container so the system has the configured number of
asynchronous and synchronous replicas.

If the master catalog server fails, one of the remaining catalog servers
within the same catalog service domain is automatically promoted to
become the new master catalog server. Although in this current eXtreme
Scale release, extra catalog servers cannot be dynamically added to the
configuration, the failed one can be restarted and act as another standby
catalog.

For more information about how eXtreme Scale manages its routing tables
and propagation to clients for failover, see 2.2.4, “Placement work and
route table flow” on page 39.

Agents With the WebSphere eXtreme Scale product, you can install and run
user-supplied logic, which is known as an eXtreme Scale agent, on each
shard in a grid. An agent has direct memory visibility to all key/value data
within that shard, for retrieval or update. When grid data are partitioned, as
is typical, a copy of the agent logic runs on every primary shard in parallel.
In this way, eXtreme Scale provides powerful grid computing capability,
where the processing logic is collocated with the data and run on parallel
threads. This is also known as eXtreme Transaction Processing (XTP). A
tremendous amount of data processing potential is unleashed by this
approach. For more information, see 4.5, “Server-side development with
agents” on page 132.

eXtreme Scale has the following key features:

Transaction support
Securability
Scalability

High availability

vyvyyy

These features are addressed in detail in the following sections.

1.3.2 Transaction support

Custom caching solutions often use a java.util.Map to store data. Updates are put into the
map. However, a single user transaction can update several objects in the cache, and the
whole transaction might be rolled back because of some business exception. The system
must ensure that all changes are rolled back in the cache.

WebSphere eXtreme Scale has built-in transaction support for all changes that are made to
the cached data. Changes are committed or rolled back in an atomic way. WebSphere
eXtreme Scale augments the database and acts as an intermediary between the application
and database. Transaction processing ensures that multiple individual operations that work in
tandem are treated as a single unit of work. If even one individual operation fails, the entire
transaction fails.

WebSphere eXtreme Scale uses transactions for the following reasons:

» To apply multiple changes as an atomic unit at commit time
To ensure consistency of all cached data

To isolate a thread from concurrent changes

To act as the unit of replication to make the changes durable
To implement a lifecycle for locks on change

vVvyyy
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WebSphere eXtreme Scale implements transactions by providing copies of cached objects to
the application. Any changes to these copies by the application are tracked by a difference
map. In a successful commit, the changes are applied to the objects in the grid. A locking
strategy ensures that the data is not changed in between. Optimistic and pessimistic locking
strategies are supported.

In a transaction rollback, the difference map is discarded and existing locks on the entries are
released. As a result, no changes occur to the grid data.

For more information about eXtreme Scale transaction support, see Integrating WebSphere
eXtreme Scale transactions with other transactions at:

http://www.ibm.com/developerworks/websphere/techjournal/1205 jolin/1205_jolin.html

1.3.3 Securability

Depending on the sensitivity of the data that is stored in the cache, security can be an
important point to consider. As with a database, eXtreme Scale security provides fine-grained
control on which client is allowed which grid data access. It includes the following security
features:

» Authentication

Allows you to authenticate the identity of the requester or client. WebSphere eXtreme
Scale supports both client-to-server and server-to-server authentication.

» Authorization

Provides the appropriate level of access control to authenticated clients. The authorization
includes controlling operations such as reading, querying, and modifying the data in the
grid. It also secures grid management operations such as replication of data, starting,
stopping, and querying of grid containers.

» Transport security

Ensures secure communications between the remote clients and grid servers by using
encrypted SSL protocol. Encrypted SSL communication is also used between catalog
servers and container servers.

» System security

Includes overall system security for the access and operational management of the grid
itself, such as issuing commands to start, stop, or query servers.

It is also possible to run your grid in an unsecured manner. This configuration is easier to
configure and runs with somewhat reduced overheads. This approach is often acceptable
where a network firewall is used to restrict communication with the grid so that only your
otherwise secured application server clients can access the grid.

1.3.4 Scalability

As the product name suggests, eXtreme Scale supports substantial scale outs. It is designed
to scale to thousands of grid containers, each of which are able to handle tens of gigabytes of
data. That is terabytes of tested available capacity. If you find that you initially sized your grid
too small, more grid containers can be added dynamically, adding capacity without
interruption.

As explained in 1.1, “The scalability challenge” on page 2, the amount of communication
between grid servers is a crucial limiting factor for scalability. The eXtreme Scale servers limit
their communication to a bare minimum. This configuration allows large scale outs with

10 WebSphere eXtreme Scale V8.6: Key Concepts and Usage Scenarios


http://www.ibm.com/developerworks/websphere/techjournal/1205_jolin/1205_jolin.html

almost perfectly linear performance. That is, doubling your number of container servers gives
you double the grid capacity with nearly equal grid performance.

Because clients communicate directly with the correct grid container for each key request, the
number of containers does not affect performance whatsoever.

Necessary communication between grid containers occurs for two reasons:
» Availability management

Periodic communication occurs to track which containers are available. This
communication is minimized by grouping the containers into chunks of around 20 in size,
and by using small data packets for this “heartbeat” function.

» Data replication

Replication of cached content is used to ensure high availability in a container JVM or
node failure. This is the only peer-to-peer communication between containers in the grid.
Replication can be configured to be synchronous or asynchronous, or none at all, as the
needs of the application failover behavior dictate. If no replication or asynchronous
replication is specified, application writes to the grid do not wait before control is quickly
returned to the application.

In tests, WebSphere eXtreme Scale ran smoothly with more than 1000 JVMs participating in
a data grid managing more than a terabyte of data. Performance tests conducted did not
identify any bottleneck, suggesting that it could have been increased still further. The scale
out test was only limited by available hardware.

1.3.5 High availability

When the grid becomes the system of record, high availability is a crucial requirement. The
grid must ensure that no loss of data will occur for a wide range of different failure cases.
WebSphere eXtreme Scale accomplishes this by allowing for redundant copies of cache data,
called replicas. An object can have a configurable number of replicas throughout the grid. A
replica can be synchronous with the primary object (transactions commit only when all
synchronous replicas are changed) or asynchronous (an update of replicas occurs after
commit).

Furthermore, unique zones can be configured to ensure replicas are on different physical
hosts (although this is done automatically for most topologies). And Multi-Master Replication
(MMR) can be used to further replicate data between geographically distant data centers to
ensure availability in disaster scenarios.

High availability requires careful planning, sizing, and configuration. More information about
high availability and failure modes can be found in the WebSphere eXtreme Scale Version 8.6
Information Center at:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/cxsavail.html

1.4 Installation modes and deployment topologies

WebSphere eXtreme Scale provides for three possible ways of installing the product binary
files, and for two possible ways of deploying its catalog and container servers. This section
introduces these key concepts.
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1.4.1 Installation modes

You install eXtreme Scale product binary files onto your host machines by using the IBM
Installation Manager. In this process, you decide which of the following that you want to do:

>

Install the client and server binary files into a stand-alone directory structure.

Using this installation choice, the eXtreme Scale binary files are installed into a new
directory structure of your choice. There is no implicit knowledge nor integration with any
existing application server environment, or any augmentation of any WebSphere
Application Server profiles. This installation mode is called a stand-alone installation, as it
provides no inherent management of your catalog and container JVMs. You are provided
with some sample scripts (or Windows batch files) to start and stop your JVMs.

For more consideration about choosing this installation mode, see 5.1.1, “Benefits” on
page 152 and 5.1.2, “Limitations” on page 152.

Install the client and server binary files into an existing WebSphere Application Server
environment.

In this installation mode, specify to the Installation Manager the location of your existing
WebSphere Application Server environment. The required eXtreme Scale client and
server binary files are installed into that directory structure. Specifically, they go into an
ObjectGrid subdirectory within your <was_install_dir> location.

As a post-installation step for this type of installation, run a process called “Profile
Augmentation”. Specify an existing WebSphere Application Server profile, or request that
a new profile is created. In either case, that profile is extended with the following eXtreme
Scale specifics, among others:

— New and modified pages of the WebSphere Administration Console that you can use
to create a Catalog Service Domain for your eXtreme Scale catalogs, manage your
dynamic cache offload location, and install support for eXtreme Scale HTTP session
management.

— Integration with WebSphere Application Server security.

— Integration with the WebSphere Application Server’s Object Request Broker (ORB)
provider, if ORB communication is used. However, use the new XIO communication if
possible.

This installation mode is most commonly called a WAS managed installation, or simply
managed or integrated installation.

Note: This is the only place in this book where you will see the term “WAS” used. It is
shown here because you might see the term used in other documentation and wonder
what it means. It is a convenient and oft-used acronym for the WebSphere Application
Server, but is not officially sanctioned by IBM. Therefore, this book henceforth uses the
term “Integrated installation”.

This is a convenient installation mode if you already have WebSphere Application Server
installed and want to use the WebSphere Administration Console and wsadmin scripting
facilities to configure and manage your eXtreme Scale topology.

An integrated installation also offers the benefit of the Performance Monitoring
Infrastructure (PMI) facility and performance MBean capability within the WebSphere
Application Server JVM environment. This means that you can, for example, examine PMI
metrics to visualize your eXtreme Scale container thread pool usage. Or use one of the
many third-party MBean collector tools to draw graphs of your container JVM heap usage.
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This additional capability and convenience comes at some minor performance cost,
however. With the eXtreme Scale containers running within a WebSphere Application
Server provided JVM, a not insignificant amount of “extra stuff” is loaded into that JVM.
This uses some additional JVM heap and increases certain code paths. In comparing a
managed installation to an otherwise identical stand-alone installation, several customers
have estimated a 5-10% reduction of eXtreme Scale grid performance. This is seen by
many as a small price to pay for the additional convenience that the managed installation
offers. However, you might consider it as wasting that 5-10% and prefer to extract as much
performance as possible from your available system.

For more information about these and other considerations, see 5.2.1, “Benefits” on
page 179 and 5.2.2, “Limitations” on page 182.

» Install only the client binary files into an existing WebSphere Application Server
environment, with the server binary files installed elsewhere.

This installation process is similar to the integrated installation process described above.
You again specify the location of an existing WebSphere Application Server installation
directory, but this time choose to install only the eXtreme Scale client binary files there.

In this case, your eXtreme Scale servers (catalog and container JVMs) run as a remote
deployment elsewhere, typically using a separate stand-alone installation. Profile
augmentation is still performed so that you can use the WebSphere Administration
Console to easily configure how your clients find and connect to the remote grid.

The client binary files that are used in this installation continue to integrate with the
WebSphere Application Server security infrastructure and with its ORB, if ORB
communication is used.

It is supported to install eXtreme Scale in multiple modes on the same machine. For example,
an integrated client installation and a stand-alone server installation. And you can even have
several stand-alone installations if you want, which must be in unique directories. Each binary
installation acts independently, so they can be at different maintenance levels.

1.4.2 Deployment topologies

No matter which installation mode you choose, you have a further choice of how you start
your eXtreme Scale container processes:

» Run within the same JVMs as the client

This is known as an embedded deployment, and can be further refined into three
suboptions:

— Embedded-local

With embedded-local, the container logic runs within the same JVM as your application
client and forms the entire grid. There is only one container forming your grid, and that
container has only one partition.

This is useful in a development environment to test your usage of eXtreme Scale
without having to set up a complete grid environment. It has no practical use outside of
development and testing because it offers no advantage over the application managing
data in its heap directly by using a standard HashMap.

— Embedded-partitioned

With embedded-partition, you typically define a cluster of several application servers,
with each application server JVM also holding an eXtreme Scale container. Each of
those containers participates as a peer to form your grid, with each container holding a
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roughly equal number of partitions. You can also set up replication between partitions
so that you have the benefit of high availability if a JVM fails.

The automatic management of the data across partitions in separate JVMs does have
some advantages over what you might do with a HashMap. However, the data is still
contained in your client JVMs so it offers no heap reduction. Also, in a WebSphere
Application Server environment, its ObjectMap API used with the Data Replication
Service offers high-availability. Therefore this deployment option has limited practical
use, although it might offer more capability to a non-WebSphere Application Server
environment.

— Embedded intra-domain

New with eXtreme Scale V8.6, the embedded intra-domain deployment option has a
niche application of supporting a JPA Level 2 cache with higher performance than an
embedded-partitioned topology. There is a single partition in each container that is a
primary partition, as with embedded-local. However, the containers are configured to
work together to form the overall grid. With all of those primary copies of the same
data, there will be contention with their grid updates. Special “mediation” logic
arbitrates between partition updates, deciding which one “wins” in an update race.
Every JVM holds its own local copy of the data, so the JVM can read and write it
directly within the JVM heap for best performance. The background mediation
processing ensures that other primary copies are kept reasonably in sync.

» Run in their own JVMs

This is known as a remote deployment because the container servers run in JVMs different
from (remote from) the application client JVMs. There is a complete separation between
the client and grid JVMs, which offers several advantages in terms of isolation, client-side
JVM heap reduction, and failover considerations.

Tip: In most cases, this is the preferred deployment topology.

One slight disadvantage when compared to an embedded-partitioned topology is that with
a remote topology, every client request to the grid involves a TCP/IP network call to the
container that hosts the wanted partition data. There is some performance cost to this
network “hop.” However, modern systems and networks typically keep this under a few
milliseconds, which is in the imperceptible “noise” range when considering a second or
more for a typical website page rendering.

In an embedded-partitioned deployment with, for example, four application server JVMs,
there is a one-in-four chance that the wanted partition for a grid GET or PUT operation was
hosted within the same JVM making the request.

Note: This four-dVM example can be improved to approximately a one-in-two chance
by using the replicaReadEnabled=true option of the grid configuration. This option
allows the client to read from a replica copy as well as the primary copy. If the primary
copy is not hosted in the same application server JVM, the replica copy might be,
doubling the odds of reading local memory for a GET request. The caveat with
replicaReadEnabled=true is that an asynchronous replica is slightly “stale” compared to
the primary. But in many application usage scenarios, this is not of any practical
concern.

This situation offers a fast path direct memory access to that partition content. The
possibility of a direct JVM heap read is sacrificed with the remote topology. However, this
slight disadvantage can be nullified by providing for a near cache, as described in 2.7.5,
“Remote cache (with optional near cache)” on page 59.
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In summary, with the possible exception of development and test environments, select a
remote deployment unless there is a requirement or a proven advantage in running an
embedded deployment topology.

1.4.3 Mixing and matching

An interesting yet confusing feature of eXtreme Scale is that it places virtually no limits on
how you decide to combine your installation and deployment decisions. You can mix them in
whatever way makes sense for your particular needs.

There is also no requirement that your catalog servers must be deployed in the same
environment or topology as the container servers. You can, for example, host your catalog
servers in an integrated remote topology on your WebSphere Application Server node agent
JVMs, while the container servers run as stand-alone remote JVMs.

The following are the most commonly used topologies:

>

Integrated client using embedded integrated servers

This is popular for a development environment, perhaps within an Eclipse framework,
where you run your application logic, an eXtreme Scale catalog, and an eXtreme Scale
container all within the same JVM.

Integrated client using a remote integrated server

In this topology, you install the eXtreme Scale client and server binary files into an existing
WebSphere Application Server environment, and augment the Deployment Manager and
Application Server profiles. You then configure an application server cluster to run your
integrated catalog servers, and another cluster to run your integrated container servers.

Finally, you configure a Catalog Server Domain to define how the eXtreme Scale client
logic that is used by your existing application server JVMs connects to the integrated
catalog cluster that you set up. The catalog server then tells the client how it
communicates with the integrated container server cluster.

This is still termed a remote deployment topology, even though all of the server JVMs
(application, catalog, and container) are running within the same WebSphere Application
Server environment. It is “remote” because the containers are running in separate JVMs
from the client application JVMs.

An example of this common topology is used in 5.2.5, “Introducing the sample topology”
on page 187.

Integrated client using a remote stand-alone server

This is a typical topology for customers who are running WebSphere Application Server
Network Deployment, and want to get the maximum performance from their remote grid.
This is instead of running the grid containers in the integrated environment, with the slight
performance penalty as mentioned earlier.

Install the eXtreme Scale client into an existing WebSphere Application Server
environment. As with the previous example, you then configure a Catalog Server Domain
to connect to your remote catalog server and container servers.

Those remote JVMs are typically provided by a stand-alone installation for maximum
performance. However, it is also possible that they are hosted by a separate WebSphere
Application Server cell.

Stand-alone client using a remote stand-alone server

This topology is commonly used for environments using a Java Platform, Enterprise
Edition application server technology other than WebSphere Application Server such as a
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Liberty profile or an Apache Tomcat application server. The application uses the client
binary files that are supplied by the stand-alone installation to connect to and use the grid
catalog and container JVMs supplied by the same stand-alone environment binary files.

For an example of this topology, see 6.6, “Scenario 3: Implementing with Apache Tomcat”
on page 288

1.5 What is new in WebSphere eXtreme Scale Version 8.6

This book is an update to User’s Guide to WebSphere eXtreme Scale, SG24-7683-00, which
was based on WebSphere eXtreme Scale version 6.1. Many enhancements have been made
to the WebSphere eXtreme Scale product, and this second edition brings things up to date
current with version 8.6.

There have been so many enhancements and new features that it is no longer practical to
address all of them in a comprehensive user’s guide. Instead, the focus is on the key
concepts that you need to know, and the most common usage patterns being used. Hence
the retitling of this book to WebSphere eXtreme Scale v8.6 Key Concepts and Usage
Scenarios, SG24-7683.

Each of the WebSphere eXtreme Scale Information Centers for the intervening product
releases (v7.1, v7.1.1, v8.5, and v8.6) provides a “What’s new in this release” section. See
the following links for the complete detail of each WebSphere eXtreme Scale release:

» WebSphere eXtreme Scale v7.1 Information Center, What is new in this release:

http://publib.boulder.ibm.com/infocenter/wxsinfo/v7rl/topic/com.ibm.websphere.e
xtremescale.over.doc/rxsfeatures.html

» WebSphere eXtreme Scale v7.1.1 Information Center, What's new in Version 7.1.1:

http://publib.boulder.ibm.com/infocenter/wxsinfo/v7riml/topic/com.ibm.websphere
.extremescale.doc/rxsfeatures.html

» WebSphere eXtreme Scale v8.5 Information Center, What's new in Version 8.5:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r5/topic/com.ibm.websphere.extremes
cale.doc/rxsfeatures.html

» WebSphere eXtreme Scale v8.6 Information Center, What's new in Version 8.6:
http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremes
cale.doc/rxsfeatures.html

This section covers only the most important of those many updates and changes, which are

broadly categorized as follows:

» Architectural enhancements
» Programming enhancements
» Monitoring and management enhancements

1.5.1 Architectural enhancements

16

The following are some of the key architectural enhancements:

XIO transport A new network transport protocol, eXtremelO (XIO) offers
significantly better performance and throughput than the original
ORB protocol. For more information, see 2.1.5, “Transport protocol:
IBM eXtremelO (XIO)” on page 34.
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XM

XDF format

Liberty profile support

JTA

Intra-domain for JPA

MMR

By configuring eXtremeMemory (XM), you can store objects in
native memory instead of within the Java heap. By moving objects
off the Java heap, you can avoid garbage collection pauses,
leading to more constant performance and predicable response
times. For more information, see 2.8.3, “IBM eXtremeMemory” on
page 67.

WebSphere eXtreme Data Format (XDF) is a new, more efficient
means of representing object data. It is specifically optimized for
the way that eXtreme Scale stores objects in the grid. The new
format is a prerequisite for the introduction of support for Microsoft
.NET, leading to the support for a true enterprise data grid. For
more information, see 2.8.2, “IBM eXtreme Data Format” on

page 66.

The Liberty profile is a highly composable, fast to start, dynamic
application server runtime environment. WebSphere eXtreme
Scale is easily added to a Liberty profile by the selection of certain
eXtreme Scale features. For more information, see 5.2.8, “Testing
the sample topology and application” on page 227.

WebSphere eXtreme Scale provides support for the Java
Transaction APl (JTA). Through JTA, client management is
simplified by using Java Enterprise Edition (Java EE). Through
support from an eXtreme Scale resource adapter, applications can
look up eXtreme Scale client connections, and demarcate local
transactions using Java EE local transactions or the eXtreme Scale
APls. For more information, see 4.8.2, “JTA transactions” on

page 148.

By configuring an intra-domain topology for a JPA L2 cache, a
primary shard is placed on every container server in the
configuration. Each primary shard contains the entire content of the
partition. Performance is increased because clients can locally read
and write to their own primary copy. You can find more information
about this enhancement in the WebSphere eXtreme Scale Version
8.6 Information Center at:
http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ib
m.websphere.extremescale.doc/cxsjpacache.html#cxsjpacache
intradomain

Multi-Master Replication (MMR) can be configured to
asynchronously replicate grid data between geographically distant
data centers. This supports failover to a disaster recovery site with
its grid content already current, satisfying another key requirement
for high availability. For more information, see 2.8.4, “Multi-master
replication” on page 69.

1.5.2 Programming enhancements

The following are some of the key programming enhancements:

Microsoft .NET support

Enterprise data grids use the XIO transport protocol and the
XDF data format. With the new transport and serialization
format, you can share data between Java and Microsoft .NET
clients that are connected to the same data grid. A native .NET
programming interface for accessing the data grid is now
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REST gateway

Near cache invalidation

Upsert method

Lock method

Spring annotation

Continuous query

Default local index

Global index

provided. For more information, see 2.4.4, “Microsoft .NET” on
page 53.

The Representational State Transfer (REST) gateway provides
non-Java clients access to eXtreme Scale grid data. For more
information, see 2.4.6, “REST gateway” on page 54.

You can configure near cache invalidation to remove stale data
from the near cache as quickly as possible. When an update,
deletion, or invalidation operation is run against the remote
data grid, an asynchronous invalidation is triggered in the near
cache. For more information, see 4.6.5, “Using near cache
invalidation in WebSphere eXtreme Scale version 8.6” on
page 140.

The upsert and upsertAl1 methods can be used more
efficiently than the original ObjectMap put and putAll
methods. The original methods required that a getForUpdate
be run before the put/putAl1. With the new methods, only one
call is made, reducing path length and lock contention on the
grid. Example 4-7 on page 111 shows an example.

When you use pessimistic locking, you can use the Tock
method to lock data, or keys, without returning any data values.
In previous releases, you used the get or getForUpdate APls to
lock keys in the data grid.

With Spring cache abstraction, you can enhance your existing
Spring application to use eXtreme Scale as the cache provider.
For more information, see 2.4.3, “Spring framework” on

page 51.

You can use continuous query to be automatically notified in
your client application when data is added or changed in the
data grid. For more information, see 4.4.4, “Continuous query”
on page 131.

To iterate through all keys and values in a local map, an agent
(running on each shard in the grid) can use the default index.
This index does not require any configuration, and is always
available. For more information, see the WebSphere eXtreme
Scale Version 7.1 Information Center at:
http://publib.boulder.ibm.com/infocenter/wxsinfo/v7rl/t
opic/com.ibm.websphere.extremescale.prog.doc/cxsidxnonk
ey.html.

The global index extends the built-in HashIndex plug-in, and
runs on shards in a distributed, partitioned data grid. Global
index tracks the location of indexed attributes in the data grid,
and provides an efficient means of finding partitions, keys,
values, and entries in the grid. For more information, see 4.4.2,
“Optimizing query performance using the global index” on
page 127.

Multi-partition transactions WebSphere eXtreme Scale now supports updates to multiple

partitions in a data grid within a single transaction. In prior
releases, only a single partition could be updated within a
transaction. For more information, see 4.8.3, “Multi-partition
transactions” on page 148.
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OSGi support

Using the OSGi framework, you can expose your plug-ins as
OSGii services so they can be used by the eXtreme Scale run
time. In addition, you can start eXtreme Scale servers and
clients in an OSGi container, so you can dynamically add and
update eXtreme Scale plug-ins to the runtime environment. For
examples of using OSGi packaging, see Chapter 4,
“Developing with WebSphere eXtreme Scale” on page 95,
especially 4.4, “Querying data using Object Grid Query
Language” on page 122.

1.5.3 Monitoring and management enhancements

Following are some of the key monitoring and management enhancements:

xscmd

Web console

Log analyzer

Message center

The xscmd utility is the new supported version of the original (and not
formally supported) xsadmin utility. For more information about the
commands that are provided by the xscmd utility, see 7.2, “Command
line access: xscmd” on page 310.

The graphical web console provides current and historical views into
eXtreme Scale server statistics. You can view the keys of the cache
entries in your data grid in the console (and with the xscmd utility). You
can run UNIX-style regular expressions to query keys and their values
from your grid. And you can invalidate sets of data based on the
regular expression or partition. For more information, see 7.1, “The
web console” on page 304.

With the new xsloganalyzer tool, you can generate reports from your
log files that can help you analyze the performance of your
environment and troubleshoot issues. For more information, see 7.3,
“Log analyzer” on page 324.

The message center provides an aggregated view of event
notifications for log file and first-failure data capture (FFDC)
messages. You can view these event notifications in the web console,
the xscmd utility, or programmatically with MBeans. The message
center is described in the WebSphere eXtreme Scale Version 8.6
Information Center at:
http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.
websphere.extremescale.doc/cxshealthmonitor.html.

1.6 Entry points for WebSphere eXtreme Scale

This section addresses how eXtreme Scale can be implemented into an existing IT
infrastructure by showing possible entry points, and providing a decision tree based on typical
problems an organization might face.

1.6.1 Possible entry points

Figure 1-5 on page 20 shows three possible entry points for adopting eXtreme Scale. It can
be used in scenarios that range from a simple in-process cache to an enterprise-wide
distributed data grid. The diagram also provides a roadmap. An organization can start with
one of the lower entry points and evolve continuously to the higher levels of grid computing.
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The first entry point uses eXtreme Scale as a sophisticated caching layer for an application.
This proven and well-supported IBM product can be used instead of investing in the custom
development of a home-grown solution. The replacement or augmentation of an existing
caching implementation that has reached its limits (for example, transactionality, scalability, or
security) is also found in this category.

The second entry point uses eXtreme Scale as a data grid to store large amounts of data.
Although a traditional in-memory data cache has a practical size limit, a data grid can be
configured to hold a tremendous quantity of data. Furthermore it is fault-tolerant and can be
dynamically extended to accommodate an ever-increasing amount of cached data as your
needs grow.

The third entry point uses the scalability eXtreme Scale supports to build an enterprise-wide
complex data grid solution. It can include parallel grid-style computing by bringing the
algorithms to the data. This is as opposed to the traditional distributed computing approach
where the algorithms retrieve the required data from a back end.
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Figure 1-5 Entry points for adopting WebSphere eXtreme Scale
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1.6.2 Decision tree

When you consider adopting eXtreme Scale as an enterprise-wide object caching grid,
engage the IT department in detailed systems and design analysis. This is an important
exercise in determining a roadmap for adoption of any new technology. Depending on the
issues at hand and the findings from the analysis, the decision tree that is shown in Figure 1-6
shows possible solutions based on eXtreme Scale.

Problem
|
Response Show Data Database
/ Time AC(fSS Load \
Analysis show Analysis suggest Analysis suggest
caching as an Data Access Layer Database tuning
option Performance Tuning and scalability
v v v
e )\ e )\ e )\
Caching Options Data Access Layer Database Options
» Edge cache Options * Hardware scale up
» Session cache * L2 cache * DBMS cluster scale out
* Web Tier cache » Database tuning and e Tuning
* Middleware cache or query optimization - IMDB
side cache
J \ J \ J
\4 \4 \ 4
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WXS can be exploited: WXS can be exploited: WXS can be exploited:
* HTTP Session cache * L2 cache for data » Data Access Layer for
» Middleware cache access layer applications
+ Side cache * Intermediary between
application and
database
\ J \ J \ J

Figure 1-6 Decision tree for adopting eXtreme Scale

The decision tree focuses on the scalable distributed computing platform. With the
ever-changing landscape of enterprise computing, a modular approach toward solving
scalability issues becomes imperative. This necessity arises from the manageability and
performance requirements of the distributed components.

The decision tree breaks down the problem components into following three broad
categories:

» Caching

The intent of any caching mechanism is to improve performance by enabling easy access
to data, which, in the absence of a cache, must be fetched from a database. Repeated
access to a database for data can be computationally expensive and might impact the
overall application performance. Caching can also be employed as a front-end web tier,
and at the edge for static application contents. WebSphere eXtreme Scale can be
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employed to cache HTTP sessions, which are typically cached in the same address space
as the application. For more information about the HTTP session and side cache scenario,
see Chapter 3, “Application scenarios” on page 75.

» Data access layer

Also known as the data persistence layer, the data access layer provides access to
persisted data that is stored in a database. The data access layer is used by the
applications to access the data. This layer relieves the application from dealing with the
complexities inherent in this access. Because eXtreme Scale stores the data in the form of
an object in the grid, the data access layer potentially acts as a loader. It therefore
manages the entity relationship (Object Relational Mapping [ORM]) and converts the raw
data into Java objects that can be stored in the grid.

The data access layer can be either custom-built Java Connection Architecture
(JCA)-based or standard JPA-based. Other commercial ORMs are also commonly used
as data access layers. WebSphere eXtreme Scale can be used with data access layers in
various scenarios, such as a L2 cache or even a layer above the ORM layer, as a data
access layer itself. For more information about data access layer scenarios, see

Chapter 3, “Application scenarios” on page 75.

» Database scalability

Traditionally, databases were notorious culprits in hindering scalability, and were
considered incapable of meeting the needs of a high-performance distributed computing
design. With the new advancements in technology around the hardware that hosts the
databases, network (10 GigE, and so forth), and disk access technologies (Fibre Channel,
and so forth), coupled with the advancements with the multi-processing DBMS
technologies, the databases have risen to the scalability challenge. WebSphere eXtreme
Scale as a data grid technology enhances rather than replaces the role of an enterprise
database.

WebSphere eXtreme Scale acts as an intermediary to the enterprise database. By
reducing the access to the databases, it not only improves the application performance,
but also relieves the database for business activities. These activities can include business
intelligence analysis, data mining, and data analysis. This approach allows for an
enterprise to save costs, serve as the focus from database scalability shifts to data grid
scalability, and easily adapt to growth in data demand. For more information about
WebSphere eXtreme Scale as a network-attached cache scenario, see Chapter 3,
“Application scenarios” on page 75.

WebSphere eXtreme Scale is a versatile platform for extending scalability across all
components of the enterprise architecture.

1.7 Comparing WebSphere eXtreme Scale to in-memory
databases

Introducing a caching layer or data grid is not the only solution to address the scalability
challenge described in 1.1, “The scalability challenge” on page 2. Another viable solution is
an in-memory database (IMDB). This section compares a data grid solution to IMDBs.

1.7.1 Introducing IMDBs

An in-memory database (IMDB) has all the qualities of a traditional relational database
management system (RDBMS), but is entirely in memory, eliminating the need for a database.
Although this notion of a purely in-memory database pleases technologists, it has never
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settled well with the business community that usually own the data and the application. The
reasons for this dissatisfaction are simple. A business has requirements and functions such
as audits, history, legal requirements, operations, and business analysis, all of which require
data to be persisted for subsequent retrieval and mining.

IMDBs attempt to bring data closer to the application. An IMDB solution involves holding an
entire database in memory, as a single entity. The application treats the IMDB layer as the
primary database, and the IMDB is backed by a relational database. The advantage of this
approach is faster data access times.

IBM solidDB® is a current example of a highly performance and capable IMDB. For more
information about solidDB, see IBM solidDB: Delivering Data with Extreme Speed,
SG24-7887.

IMDB solutions provide all the database-like enterprise service quality features such as ACID
(Atomic, Consistent, Isolated, Durable) transactions, high availability, fail over, clustering, and
SQL support.

Although IMDB technology provides much needed relief to address costly scalability issues
and business needs, it does have some limitations. An IMDB can hold only a finite amount of
data because the data must fit into a single address space. To address this issue, applications
and data can be partitioned according to a relevant business need. For example, you can
create partitions based on customer location, with one installation for east coast customers
and another for west coast customers.

1.7.2 Explaining the difference

Figure 1-7 provides an overview of the difference between a data grid and an IMDB.

Database
Capabilities
Sophisticated In-memory
Query Support Database

Data Flexibility

Simple OLTP data grid
- Grid
Fast In-Memory Access Data Linear Capabilities
Data Access as POJOs Scale-Out

Figure 1-7 IMDB versus data grid

WebSphere eXtreme Scale is considered an in-memory data grid as opposed to an IMDB.
The distinction is because eXtreme Scale is intended to compliment a database and not
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compete with it. WebSphere eXtreme Scale provides an in-memory store of objects that is
distributed and closer to the application. It provides the enterprise with a caching fabric that
manifests itself as a grid that is a layer before the database.

The grid provides a scalable infrastructure for data that can expand as the needs of the
application grow. Because the grid is self-managed, it can grow with the environment by
adding new JVMs to the grid until there is a single partition or shard per JVM. This
differentiating feature makes the adoption of eXtreme Scale attractive because grid
management and maintenance becomes a routine administrative task.

Although data grids scale linearly and provide an enterprise-wide shock absorber to the
back-end database, they also have their limitations. For instance, the data that are contained
in a data grid are stored in the form of an object, compared to raw data stored in an IMDB.
Therefore, a data grid must work with a persistence framework to convert the data into
objects while pulling it into the grid. Similarly, it must be converted to raw data while writing it
back to the database. This adds another framework to the overall solution, which might add
extra architectural planning.

Data grids do not support a full SQL syntax for complex queries of the data. Instead, eXtreme
Scale supports its simpler Object Grid Query Language (OGQL) which is similar to the Java
Persistence Query Language (JPQL).

Although data grids and IMDBs differ in their approach, it is important to understand the pros
and cons of these data caching technologies when you select an in-memory data cache
solution.

1.8 IBM WebSphere DataPower XC10 Appliance

Much of the functionality that is provided by WebSphere eXtreme Scale software product is
also available in an easy-to-install “appliance” called the IBM WebSphere DataPower XC10
Appliance. This section provides a brief overview of the WebSphere DataPower XC10
Appliance. It also provides guidance when you might want to consider it rather than installing
the WebSphere eXtreme Scale software on your systems.

The IBM Redbooks website lists several documents that talk in detail about the WebSphere
DataPower XC10 Appliance, including Elastic Dynamic Caching with the IBM WebSphere
DataPower XC10 Appliance, SG24-4851. This book contains a chapter with a detailed chart
that compares and contrasts the features available in the WebSphere eXtreme Scale
software and the WebSphere DataPower XC10 Appliance. Figure 1-8 on page 25 provides a
simple flowchart to determine the cases where a WebSphere DataPower XC10 Appliance
can be used as an alternative to a WebSphere eXtreme Scale software installation.

The key point to consider about the WebSphere DataPower XC10 Appliance is that, as a
pre-configured and secure ready-to-go “black box”, it does not allow you to install any
software onto it. You can use its administration console to configure it as you want, but you
cannot install any of your own software on it. This means that you cannot use some of the
more advanced features that you might want to use eXtreme Scale for, such as in-line
loaders, agents, or parallel grid processing. Each of these advanced features requires that
your unique code is available on the grid side.

However, there are still a vast number of more common tasks at which the WebSphere
DataPower XC10 Appliance excels, including all of the typical side-cache scenarios. As such,
you can use it for caching HTTP session data, offloading dynamic cache data, or as an
application side-cache. As with the eXtreme Scale software installation, the WebSphere
DataPower XC10 Appliance supports transactions, scalability, security, and high availability.
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If you want to explore the capability of the WebSphere DataPower XC10 Appliance before
purchasing one, the IBM Elastic Caching Community blog has announced the availability of a
virtual image of the appliance for download:

https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766c0d5
5a21lc/entry/introducing_a_developer_xcl0_appliance_virtual_image

At the time of writing this book, the image of the WebSphere DataPower XC10 Appliance
V2.5 was based on WebSphere eXtreme Scale V8.6, so it matches the software capabilities
outlined in this book.

Inline cache
(via Loader)

Cache type

Side cache (HttpSession,
Dynacache, Application)

Logic needed
on grid side?

XC10

WXS |«
Yes (Agents, XTP,

custom evictors,
custom serializers)

TCO and operational >
considerations

Figure 1-8 Simple flowchart for determining if a DataPower XC10 appliance can be used for caching

After your decision flow gets you to the final TCO and operational considerations diamond
shown in Figure 1-8, you might decide on a solution for numerous reasons:

» A WebSphere DataPower XC10 Appliance offers a “plug in and go” solution, compared to
the “install and configure” steps of the WebSphere eXtreme Scale software.

» If you already have extensive monitoring infrastructure for existing JVMs in your
enterprise, the WebSphere eXtreme Scale software solution might be more attractive.

» The WebSphere eXtreme Scale software solution is licensed by processor value units
(PVUs), as with most other IBM software. The WebSphere DataPower XC10 Appliance is
instead purchased outright, with a smaller yearly support cost. Talk to your IBM sales
representative for the details.
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Architecture and topologies

This chapter provides an overview of the architecture of the IBM WebSphere eXtreme Scale
product. It explains the terminology for the main components, which in turn provides a strong
basis for defining eXtreme Scale topologies.

This chapter includes the following sections:

“WebSphere eXtreme Scale architecture” on page 28
“Catalog server” on page 35

“Replication: Primary and replica shards” on page 44
“APIs used to access the grid” on page 48

“A simple example” on page 54

“Scalability sizing considerations” on page 56
“Common topologies” on page 57

“Common topology options” on page 60
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2.1 WebSphere eXtreme Scale architecture

This section addresses the basic concepts required to understand how a grid is structured
and how applications use the grid.

2.1.1 Grid architecture

28

Figure 2-1 on page 29 is an illustration of the following components that are used to define a
grid:

» Java virtual machine

A Java virtual machine (JVM) is an execution environment that is platform independent. In

the context of eXtreme Scale, a JVM can host one or more grid containers. A JVM can be

either an application server or a stand-alone JVM.
» Grid
WebSphere eXtreme Scale forms a grid for caching across a loosely coupled network of

grid containers. The term grid, as it applies to WebSphere eXtreme Scale, means that
eXtreme Scale emulates grid-like distribution and self-governance to allow a set of JVMs

to act like a single entity. The grid layer provides qualities of service such as scalability and

replication of data.
» Grid containers

Like a typical container in a Java EE context, grid containers provide grid application
services such as security, transaction support, JNDI lookup service, remote connectivity,
and so on. The grid containers house shard distribution and placement, and enable easy
management of the grid infrastructure. Like other containers such as Web and EJB
containers, a grid container can also take advantage of the configuration service provided
by the WebSphere Application Server infrastructure in a managed environment.

» Partitions

Partitioning is the process of splitting data into smaller sections. Partitioning allows the
grid to store more data than can be accommodated in a single JVM. The data is

partitioned by using an application-defined schema. The grid can have many partitions,
depending on the application, and these partitions must be factored in when you configure
and design for a scalable infrastructure.

» Shards

The term shard is used to define a single instance of a partition. Each partition has a
primary shard and an optional set of replica shards. The shard distribution algorithms

ensure that the primary and replica shards are never in the same container to ensure fault

tolerance and high availability.
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Figure 2-1 WebSphere eXtreme Scale components

Figure 2-2 shows four partitions with a single replica each, making eight shards in total. All of
the shards are in two grid containers. In this case, each grid container holds four shards.
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Figure 2-2 Shards distribution

Primary shards: A primary shard is sometimes referred to as the primary partition.
Although you might see these two terms used interchangeably, a partition is a collection of
a primary and zero or more replica shards.

Shard placement is the responsibility of catalog servers. As the grid membership changes
and new JVMs are added to accommodate growth, the catalog server pulls shards from
relatively overloaded containers and moves them to the new empty container. With this
behavior, the grid can scale out by simply adding more JVMs.

Conversely, when the grid membership changes because of failure or planned removal of
JVMs, the catalog server attempts to redistribute the shards that best fit the available JVMs.
In this case, the grid is said to scale in. The ability of WebSphere eXtreme Scale to scale in
and scale out provides tremendous flexibility to the changing nature of infrastructure.
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2.1.2 Internal components

Figure 2-3 is an illustration of the internal components that are found in WebSphere eXtreme
Scale.

Grid

Session

[
[
ObjectMap _IJ
1
[
BackingMap _IJ ||

Figure 2-3 WebSphere eXtreme Scale internal components

Session

When a grid client initially interacts with the grid, a session is established. A connection to a
session can be made directly by a user or through a front-end application. Sessions are
single threaded. When another user connects to the grid, another session is established.

Map

A map is an interface that stores data as key/value pairs. There are no duplicate keys in a
map. A map is considered an associative data structure because it associates an object with
a key.

ObjectMap

An ObjectMap is a type of map that is used to store a value for a key. That value can be an

object instance. An object instance can require its corresponding class file to be in the JVM
because the bytecode is needed to resolve the object class if it is deserialized on the server
side.

An ObjectMap is always on a client, and is used in the context of a local session.
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Figure 2-4 shows three different ObjectMaps. An ObjectMap holds the following key objects

and value objects:

» The first ObjectMap on the left contains a primitive key and primitive value (of primitive

data types char, int, and string).

» The middle ObjectMap contains a primitive key and a compound value.

» The last ObjectMap on the right contains a compound key and compound value.

All keys and values must be of the same type.

ObjectMap ObjectMap ObjectMap
Key Value Key Value Key Value
John:Person John Key::Person Key John:Person
. Name: Jchn Last name Doe Lastname: Doe
1 Daniel A123B45C L5t meE B Birth date: 08.07.1999 | || Birth date: 08.07.19%
! Name: John
Birth date: 08.07.1999 Gender. Male
Jane:Person Jane Key::Person Key Jane:Person
. Name: Jane Last name Doe Lastname: Doe
2 Jennifer DS67E89F || i rone Doe Birth date 03.05.1979 | || Birth date: 03.05.197
Name: Jane
Birth date: 03.05.1979 Gender. Female
E— —_——

Figure 2-4 ObjectMap examples

BackingMaps

A BackingMap contains cached objects that are stored in the grid. An ObjectMap and a

BackingMap are related through a grid session. The session interface is used to begin a

transaction and to obtain an ObjectMap, which is required for running transactional
interactions between an application and a BackingMap object.

ObjectMaps and BackingMaps can be in the same JVM that is hosting the local grid. For

more information, see 2.7.4, “Embedded-partitioned application and cache” on page 58.
BackingMaps can also be in a JVM separate from the ObjectMaps. In this configuration, the
two maps communicate remotely to persist data. In both cases, objects are copied between
an ObjectMap and a storing BackingMap.

Chapter 2. Architecture and topologies

31



Each entity has its own backing map. Any serializable entity attributes are persisted to the
BackingMap. A BackingMap can optionally have a loader. In a loader scenario, the
BackingMap requests any needed data that it does not contain from its loader, which in turn,
retrieves it from the database. This process is illustrated in Figure 2-5. For more information
about using loaders, see 3.4.2, “EIS shock absorber” on page 85.

Grid
Grid Container Grid Container
containgrA containerd
[[ Rackinallao for Shard 1 ] Partition 1 [ mggglrgé Shard 1 ﬂ

1 I I

[[ mﬂ@ggglfgg Shard2 ) partition 2 [ Backinallao for Shard 2 ”

A4

|Qm,g\§1§,[j\g Lnaderplug—in]

Figure 2-5 Example of using a BackingMap with a loader

2.1.3 Grid clients and servers

The following terms are used when describing how an application interacts with the grid:
» ObjectGrid Instance

Applications must obtain an ObjectGrid instance to work with a grid. This is done so that
the application can interact with the grid and run various operations, such as create,
retrieve, update, and delete the objects in the grid.

» Grid server

Catalog servers and the JVMs that host grid containers that hold the cache are defined as
grid servers. The catalog server’s primary function is to serve routing information, whereas
the other grid servers or container servers host the cache (stored in BackingMaps).

Servers: The terms “grid server” and “ObjectGrid server” are interchangeable.
» Grid client
Clients connect to a grid and are attached to the whole grid. Clients must examine the key
of the application data to determine to which partition to route the request. Any entity that

is attached to the grid with any kind of request becomes a client. A client contains an
ObjectMap and can contain a near-cache copy of a BackingMap.

Clients: The terms “grid client” and “ObjectGrid client” are interchangeable.
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A grid server and client can have independent BackingMaps (far-cache and near-cache).
The server-side, or far-cache, BackingMap is always shared between clients. The
client-side, or near-cache, BackingMap (if in use) is shared between all threads of the grid
client. Clients can read data from multiple partitions in a single transaction. However,
clients can only update a single partition in a transaction.

2.1.4 WebSphere eXtreme Scale meta model

This section explains the operational components that make up WebSphere eXtreme Scale and
the relationship between these components. This model can be used to better understand the
WebSphere eXtreme Scale product itself, and can be instrumental in the design of a scalable

topology.

The WebSphere eXtreme Scale meta model can also be used for analysis of sizing
requirements of the grid. Figure 2-6 shows the relationship between various components of
the grid.

JVM / 1..N . ) N..N . N..1
L »  Grid Container > Grid < MapSet
Application Server
1..N
v N..1
Partition > BackingMap
1..N
1..N
Y
Shard

Figure 2-6 WebSphere eXtreme Scale meta model

The following describes the relationship between the components in an eXtreme Scale
environment:

>

The JVM can be either an application server or a stand-alone JVM and can host many grid
containers. A JVM contains a run time and a number of containers, usually one.

A grid container in a JVM can host many ObjectGrid instances, or many ObjectGrid
instances that are spread across many grid containers.

A MapSet is a collection of maps that are typically used together. Many MapSets can exist
in one ObjectGrid instance.

An ObjectGrid consists of a number of partitions. Each partition has a primary shard and
N replica shards.

One partition is a portion of the overall ObjectGrid. A partition can host many
BackingMaps. A partition hosts only one MapSet. If an ObjectGrid has two MapSets
defined, the ObjectGrid has two sets of partitions: Partitions hosting MapSet1 and
partitions hosting MapSet2.
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ObjectGrids, MapSets, the number of partitions, and the types of replicas must be defined at
server startup. A finite list of maps can be defined, or a map template can be used to add
maps during run time. For more information about adding maps during run time, see the
Configuring dynamic maps topic in the WebSphere eXtreme Scale Version 8.6 Information
Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txsdynmaps.htm]

2.1.5 Transport protocol: IBM eXtremelO (XIO)

WebSphere eXtreme Scale v8.6 provides a new transport protocol for catalog server,
container server, and client communication called eXtremelO (XIO).

Object Request Broker (ORB): The previous transport, ORB, is now deprecated in
WebSphere eXtreme Scale v8.6. Although, the ORB is a general-purpose transport, it is
more common to use it with Java native clients.

IBM eXtremelO has the following benefits:

» Enables new language integration such as Microsoft .NET.
» Performance and reliability enhancements.

IBM eXtremelO has the following requirements:

» You must configure eXtremelO for all the catalog servers in your catalog service domain.
Container servers and clients detect the transport that is used by the catalog server and
do not need to be specifically configured. Catalog and container servers must be at the
WebSphere eXtreme Scale Version 8.6 release level or higher.

» On stand-alone catalog servers, XIO is enabled by default when you use the new
startXsServer start script in the WebSphere eXtreme Scale installation bin directory.

» On servers running in WebSphere Application Server, enable XIO on the catalog service
domain by using the administrative console:

a. Select System administration & WebSphere eXtreme Scale & Catalog service
domains O catalog_service_domain.

b. Select Enable IBM eXtremelO (XIO).

» On Liberty servers, enable eXtremelO by setting the transport attribute to eXtremelI0 in
the server.xml file.

» Command-line arguments and server properties can be used to configure eXtremelO.
For more information, see the Configuring IBM eXtremelO (XIO) topic in the WebSphere
eXtreme Scale Version 8.6 Information Center:
http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txsconfigxstransport.html

Also, see the Tuning IBM eXtremelO (XIO) topic in the WebSphere eXtreme Scale Version
8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/rxstunexio.html
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2.2 Catalog server

The catalog server is the engine that drives the grid operations. The catalog server maintains
healthy operation of grid servers and containers. The catalog server becomes the central
nervous system of the grid operation by providing the following essential operational services:

Location service to all the clients
Health management of the grid itself
Shard distribution and redistribution
Policy and rule enforcement

High availability and group service

vyvyyvyyvyy

The term catalog service refers to general actions provided by a catalog server or a group of
catalog servers. Some actions can occur only on the primary catalog server and some can
occur on any catalog server. A catalog service domain is the group of catalog servers and
container servers that are all running as the same logical group.

A single catalog server can run a grid, but configure a production system to use three catalog
servers. Running with three catalog servers provides fault tolerance during maintenance
windows and unexpected failures.

There is always a master or primary catalog server. The primary catalog server handles
placement and fail over. All of the catalog servers share information. When the primary
catalog server stops, a standby or replica catalog servers takes over and retains the same
information about placement, the route table, the container servers, and other grid
information.

2.2.1 Access point for clients

The client begins its access to the grid by obtaining a route table from the catalog servers.
The route table enables the client to locate the partitions. During a JVM failure or
redistribution of partitions because of a change in grid membership, the catalog server can
push the route table to the client. The client can also pull a new route table when it receives a
communication failure.

For more information about client routing and recovery, see 2.2.4, “Placement work and route
table flow” on page 39.

2.2.2 Maintaining the catalog service domain

Container or grid servers start and connect to the catalog service. They pass their objectgrid
and deployment policy files to the catalog service to indicate which ObjectGrids they can
host. The catalog service registers and processes the container servers.

The catalog server is responsible for maintaining which container servers are running, and
moving and replacing shards.

The speed of fail over detection is set by using the heartbeat frequency settings. For more
information about tuning the heartbeat settings, see 7.6.1, “Tuning the heartbeat frequency
level” on page 329.

Catalog servers heartbeat each other. When a catalog server disappears from the group, a
new master or primary catalog server is selected if needed. If a WebSphere eXtreme Scale
domain experiences network problems that last long enough to trigger heartbeat failures, the
catalog server initiates fail over protocols. If the network problem heals itself, the catalog
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service domain can be left with two master or primary catalog servers. When this happens,
the catalog service domain cannot determine which catalog server is correct. This error
condition can be resolved only by restarting the domain. The quorum setting resolves this
scenario.

A catalog server cannot be demoted. The catalog service domain cannot determine which
catalog server is correct and the domain must be restarted. Setting quorum on the catalog
service can stop a domain from splitting and trying to run with multiple primary catalog
servers.

When catalog servers run with quorum enabled, the catalog servers all must be in view to
allow changes to happen to the grid. If the catalog servers are out of quorum, then action is
not taken on server starts, stops, or failures. The grid is frozen until all catalog servers are
back in view or a user takes action on the grid.

A JVM loss where the catalog server dies also puts a domain out of quorum. When the
catalog server restarts, quorum is established again. A user requested stop of a catalog
server does not start an out of quorum state.

Enabling quorum: Enabling quorum protects against intermittent network issues.
However, it adds a responsibility to the administrator to provide manual override in the case
of more serious network issues.

If a domain runs without quorum enabled, the following scenario can occur in a three catalog
server domain where cat0 is the primary catalog server:

1. A network partition or brown out occurs between the catalog server, cat0, and the other
two catalog servers, cat1 and cat2. The brownout also splits the container servers.

2. The catalog servers begin checking heartbeats.

3. The heartbeats fail. Cat0 thinks catiand cat2 are down, and cat1 and cat2 think cat0 is
down.

Cat1 promotes itself to primary or master catalog service.
Cat1 rebalances any shards that were running on servers in the brown out zone.
Cat0 also rebalances any shards running in the brown out zone with cat1 and cat2.

Times passes and the network heals, restoring communication.

© N o 0o &

The catalog servers attempt to rejoin each other, but are now running too many primary
catalog servers and too many copies of shards. The catalog service domain must be
restarted.

When quorum is enabled, the same scenario heals without multiple master catalog servers:

1. A network partition or brown out occurs between the catalog server, catO, and the other
two catalog servers, cat1 and cat2. The brownout also splits the container servers.

2. The catalog servers begin checking heartbeats.

3. The heartbeats fail. Cat0 thinks cat1and cat2 are down, and cat1 and cat2 think catO is
down.

4. The QuorumManager determines that quorum was lost between the three catalog servers
and no action can be done on the catalog servers. Placement is suspended. Depending
on client access, clients might receive TargetNotAvailableException errors when they try to
reach servers in the network brown out section.
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5. Time passes and the network heals, restoring communication.
6. The catalog servers and containers rejoin each other. No placement action is taken.

The following is a second scenario running with quorum enabled, where the user takes action
by overriding the quorum:

1. A network partition or brown out occurs between the catalog server, cat0, and the other
two catalog servers, cat1 and cat2. The brownout also splits the container servers.

2. The catalog servers begin checking heartbeats.

3. The heartbeats fail. Cat0 thinks catiand cat2 are down, and cat1 and cat2 think cat0 is
down.

4. The QuorumManager determines that a quorum has been lost between the three catalog
servers and no action can be done on the catalog servers. Placement is suspended.
Depending on client access, clients might receive TargetNotAvailableException errors
when they try to reach servers in the network brown out section.

5. Time passes. A user notices there is a network problem. The user stops cat0 and runs the
xscmd overrideQuorum command.

6. Cat1 promotes to primary and rebalances shards that are lost in the same network
brownout as cat0.

7. The network problems are resolved. Any container servers that were heartbeat out by cat1
are told to restart.

8. The user restarts cat0. Cat0 joins the other catalog servers as a replica catalog server.

For more information about the use of quorum, see the Catalog server quorums topic in the
WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/index.jsp?topic=%2Fcom.ibm.webspher
e.extremescale.doc%2Fcxsquorcatsr.html

Also, see the Configuring the quorum mechanism topic in the WebSphere eXtreme Scale
Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/index.jsp?topic=%2Fcom.ibm.webspher
e.extremescale.doc%2Ftxsquorcatsr.html

When quorum is enabled and a network problem happens between catalog servers, clients
experience routing problems only when the container servers that it needs to access are also
experiencing the network problem. If container servers die during the out of quorum state,
they are not replaced and the clients fail to connect to the primary shards lost with those
container servers. The client asks for a new route table, but the catalog server does not
balance and move shards until the network problem resolves or a user intervenes. New
clients can start when a catalog service domain is out of quorum.

If you cannot tolerate an out of quorum state, use a highly available network solution between
catalog servers to prevent network brown out problems.

2.2.3 Placement and balancing shards

Catalog servers play an important role in replication, distribution, and assignment of the
shards to the grid containers. As the grid containers join the grid, they register themselves
with the catalog server. Based on the total number of JVMs, catalog servers are aware of the
total number of grid participants. Catalog servers then use this information to calculate the
total number of primary shards and their replicas for each partition available for distribution.
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The catalog service pushes out the placement work to the container servers and the
container servers run the tasks.

The catalog service balance and placement algorithm takes several constraints and rules into
consideration to distribute shards across the available container servers. The catalog service
provides balanced distribution of the number of shards across containers and automatically
rebalances and moves shards based on change events. Common change events include
container server failure, container server start, container server stop, and user requested
placement changes.

The goal of catalog server balance algorithm is to place the ideal number of shards on each
container. The ideal number of shards is calculated by the total number of shards divided by
the number of container servers able to host those shards. The total number of shards on
each container might not be equal, especially if you are using a prime number of partitions.
The difference between containers normally is one shard. In a seven partition environment
with one replica defined running on three container servers, there are 14 shards to place. The
spread on each container would be 4, 5, and 5 shards.

The location of primary and replica shards and whether the requested number of maximum
sync or async replica shards can be met depend on several factors:

» Primary and replica shards for the same partition are not placed on the same container
server.

» When the deployment policy property developmentMode is set to false (preferable for
production and production level testing), primary and replica shards are not placed on the
same host machines.

» Any defined zone rules are met. For more information, see 2.8.1, “Zones” on page 60.

As servers start, stop, or fail, shards move from one container server to another to maintain
an optimal number of shards relative to the number of containers available. As more servers
become available, existing shards are moved to them. If servers leave, more shards are
added to existing servers.

An exact balance of primary to replica shards on each container server is not guaranteed. For
example, when new servers are added, shards are moved to the new servers. The priority for
the catalog service is to place any unplaced shards and to create equal shard distribution.
Sometimes this process results in more primary than replica shards (or the reverse) on a
container server. For example, in a two server environment with primary and asynchronous
replica shards, the primary shards are placed on the first container server. When the second
container server starts, replicas are placed on it. The shard types are not balanced because
the catalog server’s priority was to place all of the waiting replica shards.

The balance of shard types can be adjusted by using the xscmd balanceShardTypes
command. Using placement constraints during starts and stops help maintain shard type
balancing. For more information, see 2.3, “Replication: Primary and replica shards” on
page 44. For more information about placement commands, see 7.2.1, “Placement layout:
showPlacement command” on page 311.

When there are server failure events, the catalog server identifies all of the lost primary
shards and promotes one of the replicas. Synchronous replicas are chosen first, then
asynchronous replicas. After promotion, the catalog service balances again and tries to place
replicas to replace the shards that were promoted.

During a requested server stop (rather than a JVM or machine failure), the catalog server
balances and move shards to maintain shard distribution. Because the system is not
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experiencing a fail over, the shard movement to new containers can be done in a balanced
manner instead of an emergency promotion.

There are several ways to tune the timing of placement events. For more information, see
7.6.2, “Tuning and controlling placement” on page 330.

Figure 2-7 shows four partitions, each with a primary and one replica shard, distributed
across four JVMs.

Grid

Grid Grid Grid Grid
Container 1 Container 2 Container 3 Container 4

l - I Partition 1 Partition 4 Partition 3
Faen i (replica) (replica) (replica)

” " e Partition 2
l Partition 4 I l Partition 3 I I Partition 2 I (replica)

(. S

Figure 2-7 Shards placed with all available JVMs

Figure 2-8 shows how the shard placement would adjust if one of the JVMs failed and only
three JVMs were available for placement.
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Figure 2-8 Shard placement and redistribution after grid container 4 JVM failure

2.2.4 Placement work and route table flow

This section outlines a basic placement and fail over flow using a single partition and two
containers. In any placement event, placement work is sent to the primary shard or target
location for a new primary shard. If the receiving container does not have an existing shard to
receive the work, it creates a shard. The shard then runs the work. If the shard is new or a
replica, it promotes itself to primary. A new primary shard is responsible for stopping the old
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primary shard (if one exists). A primary shard is also responsible for adding or removing
replicas.

The master route table details the location of all of the primary and replica shards for each
partition. It is stored on the catalog servers. Each primary shard is responsible for reporting
the routing information for its partition to the catalog server.

Figure 2-9 shows a newly started catalog server, container servers, and client. The catalog
server sends placement work to the containers to create shards. The client asks the catalog
server for a route table.

Route Table Client requests new route table [ Copy of Route Table

Catalog Server ’ Client1

Placement work:
* Primary shard onContainer1
* AsyncReplica shard on Container2

Container1 Container2

Figure 2-9 Catalog service starts placement
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Figure 2-10 shows the primary shard completing the placement work from the catalog
service. Container1 creates the new primary shard and starts adding an async replica shard
on Container2. The primary shard reports its new route information to the catalog service.
The catalog server broadcasts the new route table to the client.

[F] Broadcast route update (( Rodte Tab
oute Table | | Copy of Route Table

Catalog|Server Client1

Send Route update
with Primary location

| Primary Shard I Add AsyncReplica on Container2

Container1

Container2

Figure 2-10 Primary shard created

Figure 2-11 details the client routing to the primary shard, the successful creation of an async
replica, and the primary shard updating the route table to include the new async replica.

Broadcast route update (

Route Table | Copy of Route Table
Catalog[Server Client1

+ Send route update

with Replica location Client routes to
» Send work complete Primary shard
notification
Replication
Primary Shard AsyncReplica Shard
Container1 Container2

Figure 2-11 Primary shard sends a route update with the replica shard
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Figure 2-12 illustrates a container server failure with a dead primary shard. The client and
replication requests fail when attempting to talk to the primary shard.

Route Table Client requests new route table Copy of Route Table
Catalog Server Client1
Client request fails
Replication fails
AsyncReplica Shard
Container1 Container2

Figure 2-12 Container server failure with dead primary shard

Figure 2-13 shows the catalog service telling the async replica to promote to primary. In the
meantime, the client checks for a new route table from the catalog service.

Route Table Client requests new route table ; Copy of Route Table

Catalog Server Client1

Placement work:
* Primary shard on Container2

Replication fails

‘[ AsyncReplica Shard

Container1 Container2

Figure 2-13 Catalog server detects failure and promotes a new primary shard
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Figure 2-14 shows the promotion of a replica to the new primary, the route table being

updated with the new primary location and new route updates being made available for the

client.

Route Table

Catalog Server

Client requests new route table -

Copy of Route Table

Client1

* Send route update with Primary location

+ Send work complete notification

‘I Primary Shard

Container2

Figure 2-14 Replica shard completes promotion to primary and updates the route table

Figure 2-15 shows the client successfully routing to the new primary shard. If Container1 is
restarted, the catalog service tells the primary shard on Container2 to add an async replica

shard to Container1.

Route Table

Catalog Server

[ Copy of Route Table

Client1

Client routes to new
Primary shard

A

Primary Shard

Container2

Figure 2-15 Client receives updated route table and routes to the new primary shard
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Broadcasting route table updates: The catalog server broadcasts route updates to
clients only in an XIO transport environment. In both XIO and ORB transport environments,
the route table updates are returned on existing route requests from container servers.
Route table updates can always be pulled directly from the catalog service.

For more information about client recovery from failures, see 7.6.6, “Recovery for client
failures” on page 333.

2.3 Replication: Primary and replica shards

Replication of data within a partition is a vital part of WebSphere eXtreme Scale. To provide
consistency of data, a partition can be defined with replicas. Replicas receive data from the
primary shard and are promoted to be the new primary shard for a partition if the primary
fails.

WebSphere eXtreme Scale offers synchronous and asynchronous replicas. There are
advantages and disadvantages for either type:

» Synchronous replicas are best when the grid is high write and prefers consistency over
speed. They are most efficient on fast and stable networks. Synchronous replicas recover
from failures, but have a higher recovery processor usage than asynchronous replicas.

» Asynchronous replicas are best when some staleness in the grid is tolerated or the grid is
read only. If the grid is a read only grid, an asynchronous replica provides faster fail over
than preinstalling a new shard. An asynchronous replica can tolerate a slower or unstable
network. Asynchronous replicas can be used in most scenarios.

Update actions can only occur on primary shards. Reads can be done on replicas if they are
read enabled, which can be set by changing the replicaReadEnabled option to true in the
deployment policy file. The replicaReadEnabled option is false by default.

Reading on replicas in a read only or read mostly ObjectGrid is useful for spreading out client
get requests. For more information, see the Reading from replicas topic in the WebSphere
eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/cxsreadreplx.html

2.3.1 Selecting data to replicate: Revisioning
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Data in an ObjectGrid is versioned. The versioning tracks keys and values, and allows shards
in a partition to be compared and the difference between them identified. The version
includes data points to make comparisons and is called a revision. When an asynchronous
shard replicates, it sends a packet of revision data that reflects its current state to the primary
shard. The primary shard compares the replica shard’s revision data to its local data and
creates a packet to return to the replica shard. The replica shard applies the new revision
data locally.

Both a new synchronous replica entering peer mode and asynchronous and primaries in
multi-master replication (MMR) use the same replication method with revisioning. For more
information about the different types of replicas, see 2.3.2, “Synchronous replicas” on

page 45, 2.3.3, “Asynchronous replicas” on page 47, and 2.8.4, “Multi-master replication” on
page 69.
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The following is the general process for replicating with revisions:

1. Replica queries the primary shard with its current revision packet.

2. The primary shard assembles a return packet.

3. The replica applies the new revision packet.

4. The replica sleeps for an interval before another query to the primary shard.

To avoid sending too much data over the network at one time, the target maximum size of the
revision packet returned by the primary shard is 0.5 MB. If less than 0.5 MB is available, the
primary shard still sends the revision packet. If there is no data to replicate, the primary shard
returns an empty packet.

The sleep or polling interval is not a single set amount of time. WebSphere eXtreme Scale
varies the polling interval in response to the time it takes to complete a revision query. It also
varies the time if communication failures are detected. Finally, a shard relaxes the polling
interval when it catches up with the primary and does not receive any new data for several
queries.

A shard calculates poll times in three ways:
» Active poll: The shard receives data in its revision packet.

Each active poll interval is calculated based on the time it took to receive a response from
the primary shard, with a minimum and maximum allowed time. If the primary took three
seconds to return, the next active poll time is three seconds.

» Error poll: The shard receives communication errors.

Each error poll increases until it reaches a maximum error poll. After contacting the
primary shard succeeds, the poll resets to an active poll.

» Idle poll: The shard receives empty packets.

Each idle poll increases until it reaches a maximum idle poll. When a query receives data,
the poll resets to an active poll. If an error is received, the poll resets to an error poll.

Synchronous replica shards do not go into the idle poll. After they receive empty revision
packets, they are ready to complete the peer mode process and receive data from the
primary in real time. For more information about entering peer mode, see 2.3.2,
“Synchronous replicas” on page 45.

Poll times: Poll times are not configurable. Poll times automatically adjust based on the
replication situation.

2.3.2 Synchronous replicas

Synchronous (sync) replica shards receive data in real time during transactions on the
primary shard. Each transaction must commit on the primary shard and the sync replicas
before a transaction completes the commit. This process means that a transaction takes
longer with a sync replica because the primary must know whether the replication was
accomplished. Synchronous replicas are defined with a minimum and maximum number.
When the minimum number of synchronous replicas is set, any transactions committed on the
primary must also have the transaction commit successfully on the minimum number of
synchronous replicas set by the deployment policy.

Multiple sync replicas can be configured, but each additional sync replica lengthens the
transaction time. The performance impact for multiple synchronous replicas is linear. For most
cases, a single synchronous replica provides enough fail over support.
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For more information about troubleshooting sync replicas, see 7.6.8, “Troubleshooting
synchronous replication” on page 334.

Lifecycle of a sync replica shard

The main two steps of a sync replica are entering peer mode and receiving data from the
primary shard during transaction commit time.

Figure 2-16 shows an example of a sync replica shard’s lifecycle.

Synchronous replica shard creation
(CWOBJ15111)

Primary shard creates or adds

. New Repli
synchronous replica ew Replca

Copy existing data from primary
shard

A4

Enter peer mode
(CWOBJ15261)

A 4

Receive data real time from primary
shard on session commit

7

Yes

Failure, re-register (CWOBJ1524l)

Figure 2-16 Basic lifecycle for a synchronous replica

A new sync replica shard must copy all existing data from the current primary shard before it
is ready to receive data in real time. This process is called entering peer mode. After sync
replica shard creation, the sync replica shard polls the primary for data. The polling continues
until the primary shard has no additional changes for the sync replica. For more information
about the polling replication model, see 2.3.1, “Selecting data to replicate: Revisioning” on
page 44.

The peer mode transition happens where the grid is momentarily locked to swap the sync
replica shard from polling for data to receiving data in real time. This step includes the sync
replica shard sending a peer mode message to the JVM log that includes the time it took to
enter peer mode. Example 2-1 shows an example of the messages that are logged on the
sync replica shard’s JVM log when the shard is created and it enters peer mode.

Example 2-1 JVM logging of a new sync replica shard entering peer mode

SynchronousRe I~ CWOBJ1511I: grid:mapSetl:0 (synchronous replica) is open for
business.

SynchronousRe I ~ CWOBJ1526I: Replica grid:mapSetl:0:payroll entering peer mode
after 0.78 seconds, replicating from primary on xsContainerl C-0
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SynchronousRe I~ CWOBJ1526I: Replica grid:mapSetl:0:payroll12 entering peer mode
after 0.78 seconds, replicating from primary on xsContainerl C-0

When a deployment policy defines one or more minimum synchronous replicas
(minSyncReplicas), the success of the sync replicas determines the fate of each transaction.
For example, if the deployment policy for a grid sets minSyncReplicas="1", the transaction
must commit on at least one sync replica shard before the transaction is successful. If the
transaction does not commit on a sync replica shard, the transaction rolls back with a
ReplicationVotedToRollbackTransactionException. For more information, see
“ReplicationVotedToRollbackTransactionException” on page 335.

2.3.3 Asynchronous replicas

Replication for an asynchronous (async) replica does not interfere with transactions that are
committing on primary shard partitions. An async replica polls the primary shard for new data
at a varying interval. It receives committed data from its primary shard when it polls for data.

A maximum number of async replica shards can be defined. For most cases, one async
replica shard provides enough failover capability. If there are two or more async replicas
defined, they all poll the primary shard independently.

To troubleshoot async replicas, see 7.6.9, “Troubleshooting asynchronous replication” on
page 337.

Lifecycle of an async replica shard

An async replica shard mainly spends its lifecycle polling for data from the primary shard. An
async replica shard can be caught up with a primary shard. Whenever the primary writes new
data, the async replica can be behind again.
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2.4 APIs

Figure 2-17 shows the basic lifecycle of an async replica shard. If an async shard must be
promoted to a primary shard, the async shard attempts to close the potential gap between
itself and the primary shard by briefly becoming a sync replica. This process can occur when
container servers are started or stopped and shards must move to maintain the ideal number
of shards per container. If the previous primary died, the async replica promotes straight to
primary.

Primary shard creates or adds
asynchronous replica

Asynchronous replica shard creation

New Replica (CWOBJ15111)

Copy existing data from primary
SEL Primary online
(CWOBJ1543| or
CWOBJ15511)
Yes Ping prim.arylslhard
for availability
Success Failure (CWOBJ1550W)

Figure 2-17 Basic lifecycle of an asynchronous replica

used to access the grid

There are multiple APIs that can be used to access the grid:

2.4.1, “ObjectMap API” on page 48
2.4.2, “EntityManager API” on page 50
2.4.3, “Spring framework” on page 51
2.4.4, “Microsoft .NET” on page 53
2.4.5, “REST data service” on page 53
2.4.6, “REST gateway” on page 54

vyvyvyvYyYyvyy

2.4.1 ObjectMap API

48

The ObjectMap API provides a transactional map-based API that allows typical create, read,
update, and delete operations to the grid cache.

A com.ibm.websphere.objectgrid.ObjectMap is accessed by the client application through a
session. The stored data is either targeted for or retrieved from the BackingMap.
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For more information about the ObjectMap programming API, see the Interface ObjectMap
topic in the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.javadoc.doc/topics/com/ibm/websphere/objectgrid/ObjectMap.html

For more information, see 4.2.2, “Using the ObjectMap API” on page 109.

Benefits

ObjectMaps provide a simple and intuitive approach for the application to store data. An
ObjectMap is ideal for caching objects that have no relationships. ObjectMaps are like Java
maps, allowing data to be stored as key/value pairs. Access is easy and fast with primary-key
based access. Because ObjectMaps are like Java maps, they are generally familiar to
programmers who know java.util.Map.

Using the ObjectGrid copyMode COPY_TO_BYTES with eXtreme Data Format (XDF) to
handle serialization removes the need for Java serialization. XDF is available in WebSphere
eXtreme Scale V8.6. It improves the speed and density of the stored data. XDF also provides
object evolution to provide interoperability between old and new versions of objects that are
stored in the grid. For more information on XDF, see 2.8.2, “IBM eXtreme Data Format” on
page 66.

Limitations

ObjectMaps are not ideal if object relationships are involved in your data storage scheme.
When you run in copy modes other than COPY_TO_BYTES, there are also performance
considerations because of the reliance on Java serialization. To serialize data in eXtreme
Scale, you can use Java serialization, the ObjectTransformer plug-in, or the DataSerializer
plug-ins. See the serialization decision tree in the Serialization overview topic of the
WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/cxsserializer.html

Data that cannot take advantage of XDF must take into account changes in the objects and
serialization. WebSphere eXtreme Scale depends heavily on Java object serialization to
transfer object instances between JVMs. Objects in the grid might exist there for a long time,
perhaps for month and years. But new releases of an application occur much more frequently.

A new release might not able to read objects from the grid that were placed there by a
previous release. This can be caused by incompatible changes in the class (for example,
changing the type of an attribute from “String” to “Integer”). A simple solution would be to
completely bring down the grid for redeployment and bring it back (hopefully with
preinstalling) afterward.

Java offers a sophisticated class versioning mechanism for serialization. A good starting point
is the Java Object Serialization Specification document (Chapter 5, “Versioning of Serializable
Objects”) which can be found at the following link. Be sure to fully understand the concept of
compatible and incompatible changes.

http://java.sun.com/j2se/1.5.0/docs/guide/serialization/spec/serialTOC.htm1

The Java API documentation is also worth reading and can be found at the following website:
http://java.sun.com/j2se/1.5.0/docs/api/java/io/Serializable.html
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Leading practices for serialization versioning:

» Ensure every class that is used to store objects in the grid (that is, keys and values) has
an explicitly declared static final Tong serialVersionUID with a value generated on
initial release.

» Establish a build process that can verify that a new version of your application can still
deserialize all object types that are serialized by the previous version. This can be
accomplished by storing serialized sample objects in the version control system, and
de-serializing these objects at build time to verify integrity. You can implement this as a
JUnit Test, for example.

» Make sure that the object classes are available to the grid container.

2.4.2 EntityManager API

The EntityManager APl is a simple and intuitive programming model for interacting with the
ObjectGrid cache. As an alternative to the ObjectMap API, objects are represented as
entities, which allows relationships and can help optimize performance. Relationships are
defined in a schema or through Java annotations. The EntityManager API uses the existing
Map-based infrastructure, but it converts entity objects to and from tuples before storing or
reading them from the Map. An example of using the EntityManager API can be seen in
Example 2-2.

For more information about the EntityManager programming API, see the Caching objects
and their relationships (EntityManager API) topic in the WebSphere eXtreme Scale Version
8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/cxsemgrapi.html

Example 2-2 EntityManager APl example

import com.ibm.websphere.objectgrid.ObjectGrid;

import com.ibm.websphere.objectgrid ObjectGridManagerFactory;
import com.ibm.websphere.objectgrid.Session;

import com.ibm.websphere.objectgrid.em.EntityManager;

public class EntityManagerExample {

static public void main(String [] args)
throws Exception
{
ObjectGridManager ogManager = (ObjectGridManager)
ObjectGridManagerFactory.getObjectGridManager();
ObjectGrid objectGrid = ogManager.createObjectGrid("Company");

Session session = objectGrid.getSession();
EntityManager em = session.getEntityManager();
EntityTransaction tran = em.getTransaction();

tran.begin();

Manager manager=new Manager("Joe");

Employee employee=new Employee("John", "Doe","50000");
employee.setManager(manager) ;
employee.setSSN("012-34-5678") ;
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// Persist the manager to the persistence context
// Employee is automatically cascaded by default.
em.persist(manager);

tran.commit();

// Verify that we can find our employee

tran.begin();

Employee emp=(Employee)em.find(Employee.class, ("012-34-5678");
tran.commit();

// Remove the employee entity

tran.begin();

Employee employeetoremove =(Employee)em.find(Employee.class,
("012-34-5678");

em.remove (employeetoremove );

tran.commit();

}

Benefits

The EntityManager API is ideal when object relationships are involved. It provides an easy
way to interact with a complex graph of related objects or Object graphs. It has a slight
performance advantage over the ObjectMap API, as the EntityManager API uses tuple sets of
primitives only with no reliance on serialization. There is optimized performance for queries
and for loading objects from the back-end data source. The EntityManager API also might be
easier to use because of its reliance on plain old Java object (POJO)-style programming,
which has been adopted by most enterprise application architectures.

Limitations

The ObjectMap API is the leading practice API over the EntityManager API. The
EntityManager requires the definition of schema in an entity.xml file. Applications might
have to be rearchitected to avoid complex relationships between objects and to ensure that
there is an absolute relationship between a root and its branches. This relationship is known
as a constrained tree schema. Two applications might not be able to share a cache if both
applications use different objects for the same data. Also, complex queries might not perform
well because of the partitioned nature of the data.

2.4.3 Spring framework

WebSphere eXtreme Scale provides integration for the popular Spring framework. The Spring
framework can manage WebSphere eXtreme Scale transactions and configure grid clients
and servers. You can also use WebSphere eXtreme Scale as the cache provider for the
cache abstraction that was introduced in Spring Framework Version 3.1.

For more information about the Spring framework, see the SpringSource website:

http://www.springsource.org/
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For more information about the Spring framework and WebSphere eXtreme Scale, see the
Developing applications with the Spring framework topic in the WebSphere eXtreme Scale
Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txsprogspring.html

Benefits

Spring managed transactions can be used with local or remote WebSphere eXtreme Scale
topologies. WebSphere eXtreme Scale provides an implementation of a Spring
PlatformTransactionManager. With annotated POJOs, Spring automatically acquires
sessions from eXtreme Scale to begin, commit, roll back, suspend, and resume eXtreme
Scale transactions. For more information, see the Managing transactions with Spring topic in
the WebSphere eXtreme Scale Version 8.6 Information Center::

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txsspringint.html

For an example, see the Getting Started with Integrating eXtreme Scale and Spring article on
the IBM Elastic Caching Community:

https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766c0d5
5a2lc/entry/getting started with _spring4?lang=en

With WebSphere eXtreme Scale as a cache provider to Spring, the grid caches the return
value from methods. On future invocations, the method does not need to run again. Methods
are identified for caching by using annotations or XML. WebSphere eXtreme Scale runs as a
remote topology and responds with the same fast fail features as using WebSphere eXtreme
Scale with dynamic caching. If the grid is unavailable, cache returns are null. Normal
operations continue when the grid is available again. For more information, see the
Configuring a Spring cache provider topic in the WebSphere eXtreme Scale Version 8.6
Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txsspringprovide.htm]

For an example, see the Integrating eXtreme Scale and Spring on the XC10 Appliance article
on the IBM Elastic Caching Community:

https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766c0d5
5a2lc/entry/getting started with _spring5?1ang=en

Limitations

WebSphere eXtreme Scale does not support JTA or two-phase commit. It does support the
last participant as a single-phase participant. For more information about last participant
support, see the Transaction processing in Java EE applications topic in the WebSphere
eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/cxstransoverview.html

Using WebSphere eXtreme Scale as the Spring cache is a remote topology only. The user
configures WebSphere eXtreme Scale servers with Spring ObjectGrid descriptor and Spring
deployment policy files. For more information, see the Starting a container server with Spring
topic in the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txssprngcont.html
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2.4.4 Microsoft .NET

The .NET client is installed by using a self-contained, 32-bit Windows installer. After it is
installed, .NET developers have access to a native .NET WebSphere eXtreme Scale data
access programming interface with standard create, remove, update, and delete operations,
and transactional support.

The .NET client also provides a plug-in implementation to facilitate user ID and password
credential authentication with WebSphere eXtreme Scale servers, similar to the Java client. If
you install the .NET client development environment feature, the .NET client provides sample
.NET code, an API reference help file, and Visual Studio IntelliSense Quick Info extensions.

For more information about the WebSphere eXtreme Scale Client for .NET, see the Client for
.NET API documentation topic in the WebSphere eXtreme Scale version 8.6 Information
Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.netapi.doc/htm1/2473b261-be75-50a4-c13d-43c6d4df65be.htm

Benefits

Previously, .NET applications, such as ASP.NET web applications, could only access the data
grid by using the REST interface or the REST data service. With the .NET client, .NET
applications can now use a richer .NET programming interface to access the data grid. Also,
the .NET client provides full support for generic APIs and more of the batch APIs like GetAll
and DeleteAll.

Limitations

The .NET client API is similar to the Java API, but initially limited features are available. The
.NET client has some limitations, including no availability of near cache or EntityManager. The
connection is still TCP/IP based, but all .NET client/server traffic must flow over XIO
(ORB-based environments are not supported). Also, any map that is accessed by the .NET
client must be configured with pessimistic locking. Also, even though WebSphere eXtreme
Scale supports various "copy" modes in this release, the .NET client is limited to
COPY_TO_BYTES.

2.4.5 REST data service

The WebSphere eXtreme Scale REST data service is a Java HTTP service compatible with
Microsoft WCF Data Services (formally ADO.NET Data Services) and implements the Open
Data Protocol (OData). The REST data service allows any HTTP client to access a data grid.
RESTful applications can be developed with the rich tools provided by Microsoft Visual
Studio.

For more information about the REST data service, see the REST data services overview
topic in WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/cxsrestintro.html

Benefits

The REST data service is a Java servlet. The REST data service communicates with the
WebSphere eXtreme Scale data grid by using the WebSphere eXtreme Scale Java APls. It
allows WCF Data Services clients or any other client that can communicate with HTTP and
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XML to interact with an ObjectGrid. Various client platforms can interact with REST, such as
PHP using HTTP, Atom Publishing Protocol (AtomPub), and JSON.

You can do common data access operations like create, read, update, merge, delete, and
query. You can update and retrieve data from the REST data service by using a single remote
procedure call to the REST data service. This process allows multiple requests to participate
in a single transaction.

Limitations

The REST data service must be deployed on a web servlet container such as a WebSphere
Application Server or Apache Tomcat. The WebSphere eXtreme Scale servers must be
started before the REST data service web application.

2.4.6 REST gateway

The Representational State Transfer (REST) gateway allows access to a catalog server
domain from non-Java environments by using HTTP requests. For more information, see the
Deploying the REST gateway topic in the WebSphere eXtreme Scale Version 8.6 Information
Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txsrestliberty.html

Benefits

You can use the POST and GET HTTP methods to insert and get data grid map entries. You
can also run operations like creating template maps, clearing the grid, and setting TTL type
evictors.

Limitations

The REST gateway can only be used in Liberty or WebSphere Application Server
environments (or with the WebSphere DataPower XC10 Appliance). The gateway must be
deployed at the server startup. Access to the REST servlet must be secured with web
application security, or unauthorized users could access and change the ObjectGrid.

2.5 A simple example

The following example shows the different components that make up a grid and illustrate the
flow from the application to the grid. This example is taken from a simple distributed cache
topology. Figure 2-18 on page 56 shows an application that retrieves an object for a key from
the grid. It updates the object’s value and commits the change to the grid.

1. The application requests an object from the grid for a key. Because this request is the first
time that the object has been accessed, it is not yet present in the local session
ObjectMap.

2. The grid client uses the ObjectMap to attempt to retrieve the object from the client
near-cache (which is actually a local instance of a backing map). Assuming no other
thread in the application has accessed this particular object, there is also a miss here.

3. The grid client determines the partition number in which the object for the key should be.
Usually, the primary shard of that partition is accessed. If readFromReplica is enabled, a
replica shard might be accessed instead. If the grid container is collocated with the
application in the same JVM or host, this adjustment can increase speed. In either case,
the grid client connects to the selected shard and asks for the object.
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8.
9.

The shard checks whether an object for the requested key is present in its backing map.
The object might be already available through preloading, but do not assume this is the
case. In this case, the grid returns nul1, which indicates that the key is not available. The
client is then responsible for loading the data from the back-end datastore and using a
put () to place it into the grid. In this example, a loader has been configured for the grid.
This simplifies client programming, as only the grid must be accessed to retrieve and store
what is needed from the back-end datastore.

The loader is started to bring in the data from the back-end datastore, for example by
using JDBC, and the object is constructed. All previous calls store a copy of that object in
its corresponding map and return it to the caller. Therefore, the object eventually arrives in
the client.

. The client changes the object for a key and puts it back in the ObjectMap by using the

update () command. The changes occur only in the session’s local copy of the object.
Other sessions that access the object cannot see this change yet.

The client commits the change, which sets off a sequence of calls to propagate the
changes into the grid and down to the back-end datastore.

The object is updated in the client near cache.
The update is propagated to the backing map of the primary shard.

10.The backing map updates the entry for the key. If replicas are configured, they are now

contacted and informed of the update (not shown in this example). This can happen in
synchronization (the operation returns only after the replica has been updated
successfully) or asynchronization (the operation returns immediately). The backing map
informs the loader to update the value. By default, this updating is also a synchronous
operation. If write-behind is activated, this updating happens asynchronously. The client
sees a successful update operation even when the back-end datastore is offline.

11.The loader writes the changes to the back end. All calls unwind and return.
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Figure 2-18 Component interactions for simple grid access

2.6 Scalability sizing considerations

WebSphere eXtreme Scale provides a scalable framework with a choice of runtime
topologies to linearly extend the scalability of a data-driven transactional application. Linear
scalability is the ability to grow the grid with increase in demand and data without increasing
resource usage. The discussion around performance, metrics, and sizing is beyond the scope
of this book, but the following are some significant sizing considerations. Sizing is an
important topic, as stability and health of the grid is of paramount importance in ensuring a
reliable enterprise caching system.

For detailed JVM and ObjectGrid as well as other capacity planning information, see the
Capacity planning and tuning chapter in the IBM Redbooks publication WebSphere eXtreme
Scale Best Practices for Operation and Management, SG24-7964.

Catalog servers play a central role in eXtreme Scale grid management. It is vital to plan for
catalog server high availability and sizing requirements. Three catalog servers provide a good
balance between reliability and scalability.

The catalog servers replicate information about the catalog service domain. They compress
the data for replication. In a large topology that scales to several hundred container servers,
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the default compression algorithm performance degrades. The compression algorithm for
catalog server replication can be changed for better performance. Current options include
Optimizedl or turning off the compression.

For more information about catalog server properties, see the Server properties file topic in
the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r5/topic/com.ibm.websphere.extremescal
e.doc/rxscontprops.html

In a large-scale environment, review the the heartbeat settings periodically to maintain a
balance between a stable environment and fail over detection. For more information, see
7.6.1, “Tuning the heartbeat frequency level’ on page 329.

2.7 Common topologies

Before you design your topology, consider what type of software that you will install on your
servers to house your grid. There are two types of servers: Stand-alone and managed
(WebSphere Application Server or Liberty). You can use a combination of both types of
servers. This section reviews the following common topologies:

» Managed grid

Stand-alone grid

Embedded cache

Embedded-partitioned application and cache
Remote cache (with optional near cache)

vvyyy

2.7.1 Managed grid

You can use WebSphere Application Server servers to host your eXtreme Scale JVMs. The
main benefit of this configuration is that you can more easily manage your environment using
the administrative capabilities available in the WebSphere Application Server Network
Deployment product.

WebSphere eXtreme Scale can use the security that is provided by WebSphere Application
Server, such as the LDAP plug-ins. The clustering and high availability management features
offered by the managed environment can be used. Grid extensibility becomes easier in a
managed environment because creating grid servers to extend the grid is only a matter of a
few clicks. However, this is true only if the capacity supports the grid expansion.

Additionally, any commonly available monitoring tools that are already employed to monitor
the performance and availability of your environment can be used to monitor the grid servers.

2.7.2 Stand-alone grid

Stand-alone servers can use the client JVM of your choice to host the ObjectGrid. The main
benefit of this configuration is the use of less expensive Java SE (JSE) containers as grid
servers that can hold the cache. Environments that already use JSE for their applications
might also be inclined to use JSE/stand-alone containers. In this case, the inclusion of
WebSphere eXtreme Scale as a platform might be the only new addition.

While there are obvious cost advantages to using stand-alone servers, the downside is the
possible lack of available management and monitoring solutions for the JSE containers that
host the grid servers. The advantage is less memory usage of a whole application server.
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A common scenario is the use of a WebSphere Application Server Network Deployment
managed environment to host enterprise applications, and the use of a readily available JSE
runtime environment as the grid layer.

Regardless of which type of server is chosen, the core capability of WebSphere eXtreme
Scale, which is a transactional, secure, and scalable application cache fabric, is available to
be used. The issues around management and monitoring are environment-specific and a
personal choice. Each topology that is described below can be implemented on either type of
server or by using a combination of servers of both types.

2.7.3 Embedded cache

The embedded cache topology (Figure 2-19) is only recommended for a development
environment when the application logic runs in the same JVM as the data in the grid. Each
application only accesses the local ObjectGrid instance to store or retrieve data from its
cache. WebSphere eXtreme Scale, in this case, is used as a simple near cache.

This topology can be faster than using a database if the needed data can be found in the
embedded ObjectGrid. This process avoids a Remote Procedure Call (RPC) to the back-end
datastore. Using WebSphere eXtreme Scale as an embedded cache can also reduce the
load on your back-end datastore.

This topology is not recommended for fault tolerance or high availability. Also, you might find
duplicated data if you have more than one grid server acting as an embedded cache. For
more information, see 4.6, “Dealing with data eviction and stale data” on page 137.

JVM

Application

Grid

Figure 2-19 Embedded cache topology

2.7.4 Embedded-partitioned application and cache

In the embedded-partitioned application and cache topology (Figure 2-20 on page 59), the
application logic runs in the same JVM as the data in the grid. However, the data that are
stored in the grid are spread across all the JVMs that have WebSphere eXtreme Scale
installed and configured.

This topology can be faster than using a database because an application can take
advantage of the embedded-partitioned to compensate for the RPC calls made when the
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requested data is stored on another server in the grid, or can be found only in the back-end
datastore. This topology can also reduce the load on your back-end datastore.

With this topology, replica shards that sit in a JVM other than the primary can be used to
ensure fault tolerance and high availability.

For some applications, sharing the JVM between the application and grid container can limit
scaling or performance. For more information, see 2.7.5, “Remote cache (with optional near
cache)” on page 59.

/ Grid \

JVM JVM
Application Application
Container Container
Partition
Partition
I I
R ~ y 4

\\ //
3

Figure 2-20 Collocated application and cache topology

2.7.5 Remote cache (with optional near cache)

In the distributed cache topology (Figure 2-21 on page 60), the application logic runs on
application servers separate from the grid servers. The application servers host a grid client
with an optional near cache. A near cache provides local in-memory access to a subset of the
entire cached data set that is stored remotely and must be memory managed with an evictor.
The data that is stored in the grid is spread across all the JVMs that have WebSphere
eXtreme Scale installed and configured. In this case, the WebSphere eXtreme Scale
distributed grid is more like a data service proxy for the back-end system. This topology can
also reduce the load on your back-end datastore.

This is the default WebSphere eXtreme Scale topology. There are several benefits to using
this topology. Replica shards can sit in JVMs separate from the primary shards to ensure fault
tolerance and high availability. The application servers can be restarted without interrupting
the availability of the grid servers. If you want to employ clustering, cluster the application
servers that host client applications separately from the grid servers. This configuration allows
the application cluster to be restarted without affecting the grid layer.

Clients can optionally have a local, in-line cache when eXtreme Scale is used in a distributed
topology. This optional cache is called a near cache. It is an independent ObjectGrid on each
client that serves as a cache for the remote, server-side cache. The near cache is enabled by
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default when locking is disabled. The near cache is also enabled when it is configured as
optimistic. It cannot be used if it is configured as pessimistic. The near cache can be set on
optimistic or no locking maps by using the ObjectGrid descriptor nearCacheEnabled property.
The size of the near cache can be managed by using evictors. For more information, see
4.6.2, “Using time-based eviction strategies” on page 138.

JVM JVM
Application Application
Grid Client Grid Client
Near cache Near cache
N /
AN /
N Fi
/ Grid \
JVM JVM
Container Container
Partition
Partition
| | L
\ N /7 /
N 4

Figure 2-21 Distributed cache topology

2.8 Common topology options

With stand-alone or managed topologies, there are several topology options that can be used
separately or together. The following topology options are addressed in this section:

» Zones

IBM eXtreme Data Format (XDF)
IBM eXtremeMemory (XM)
Multi-master replication

vYyy

2.8.1 Zones

WebSphere eXtreme Scale provides high availability of partitions by not placing replica
shards on the same container server or host machine based on host name or IP address
when the deployment policy developmentMode option is false. To further tune placement
decisions, WebSphere eXtreme Scale provides zones to create collections of administratively
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grouped grid containers. Instead of limiting placement by machines, a group of machines or
servers on virtual machines can be grouped to improve high availability. Zone-based
replication factors in the possibility of network partitions, latencies, and network congestion.

In prior releases of WebSphere eXtreme Scale, zones were used to improve high availability
of data cache across geographies. The current leading practice is configuring multi-master
replication to support data centers in remote locations. For more information about
multi-master replication, see 2.8.4, “Multi-master replication” on page 69.

Multiple zones can be envisioned to exist across WANs and LANSs, or even in the same LAN,
but one zone is not intended to span across a WAN. This limitation stems from maintenance
and management constraints that are imposed by group service and HAManager. However,
this internal limitation can be overcome by defining multiple zones across a WAN. Adding
zones to a topology includes the following advantages:

» Primary and replica can be placed in different zones, satisfying disaster recovery
requirements.

» Placing synchronous or asynchronous replicas in different zones based on network
latency or geographic location.

» Controlling placement grouping with virtual machines, blade centers, or other groups of
systems.

Zones are configured by assigning container servers to two or more zones. In a stand-alone
topology, the zone for container servers is defined at start up. In a WebSphere Application
Server managed topology, node groups are used to create zones. For more information, see
the Defining zones for container servers topic in the WebSphere eXtreme Scale Version 8.6
Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txszonedef.html

The catalog service stripes primary and replica shards across zones. For more control, the
zone rules listed in the deployment policy file dictate placement of synchronous or
asynchronous replica shards in different zones. For examples of zone rules, see the Example:
Zone definitions in the deployment policy descriptor XML file topic in the WebSphere eXtreme
Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/rxszonedepl.html
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Figure 2-22 shows two zones with several containers grouped in each zone. A primary shard
in zone A is not replicated to a container in the same zone. Each primary shard in zone A has
a replica shard in zone B. Primary shards that are placed in zone B must have replicas placed
in zone A.

Grid

@ e\

Figure 2-22 Zone placement
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A typical environment (Figure 2-23) has two Linux server machines, with several virtual
machines (VM). Each one of them has one or more partitions. The VMs look like different
machines to the catalog service, and it does not recognize that two VMs are actually on the
same physical machine. If the primary and replica shards are placed in different VMs on the
same machine, all data for some partitions might be lost. To avoid this, you can create a zone
and put all the container servers on the same machine together at the same zone.
WebSphere eXtreme Scale places primary and replica shards in different zones to avoid data
loss.

Grid
/ Server 1 Server 2
/ VM — IP 10.x.x.100 VM — IP 10.x.x.102 \
Grid Container Al Grid Container B1
1 I

[[ Shard 1 ] Partition 1 [ Shard 1 Replica ]]

= [[ Shard 3 Replica ] Partition 3 [ Shard 3 ] ] T~
| | | |
VM - IP 10.x.X.101 VM - IP 10.x.X.103
Grid Container A2 Grid Container B2

[[ Shard 2 ] Partition 2 [ Shard 2 Replica ]] /—/

[[ Shard 4 Replica ] Partition 4 [ Shard 4 ] ]
| l |
A\ 7N 2/

Figure 2-23 Virtual machines and zone placement

Zone capability is useful to ensure that replicas and primaries are placed in different zones.
Zone rules can be configured for more precise control for which types of shards are placed in
which zones. For example, rules can be set so that the replica shards are placed in separate
zones (in a different building or even in a different geographic location) from the zone that
hosts the primary shard.

It is a standard practice to place a synchronous replica in the same LAN (for high availability)
and an asynchronous replica when you are using WAN. This configuration ensures high
availability for a JVM failure in a local zone (synchronous replica) and ensures high availability
in a complete data center failure (asynchronous replica).
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This flexibility assures the availability of data to the application regardless of its zoned
location. The catalog servers provide up-to-date routing information about the location of an
object if the object is not found in the zone with the closest proximity to the application
container. See Figure 2-24.
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Figure 2-24 Topology using zones and multi-master replication

Zone-based routing

WebSphere eXtreme Scale provides a mechanism for clients to set preferences on how their
requests are routed. WebSphere eXtreme Scale supports a routing preference for zones,
local host, and local process. This preference applies to both hash-based fixed partitions and
per-container partitions.

Proximity-based routing provides the capacity to minimize client traffic across zone

boundaries, to minimize client traffic across machines, and to minimize client traffic across
processes.
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ClientProperties interface

The ClientProperties interface (Example 2-3) provides the mechanism to specify a preference
for how requests are routed. You can use the objectGridClient.properties file or you can
directly use the interface.

Example 2-3 ClientProperties interface

public interface ClientProperties {
public void setPreferZones(String[] zones);
public String[] getPreferZones();
void setPreferLocalProcess(boolean localProcess);
void setPreferLocalHost(boolean localHost);
public boolean isPreferLocalProcess();
public boolean isPreferLocalHost();

The ClientProperties object is cached in the ClientClusterContext. You can retrieve or set the
ClientProperties through ClientClusterContext:

» getClientProperties(ogName)

This method retrieves the ClientProperties for this ObjectGrid. Each ObjectGrid can have
a ClientProperties.

» setClientProperties(ogName, url)

This method tells whether the client properties file can be loaded with a specific
ObjectGrid.

Client properties file example

The first step is to create a client properties file. A sample objectGridClient.properties file
is shown in Example 2-4.

Example 2-4 objectGridClient.properties file

# eXtreme Scale client config
preferLocalProcess = false
preferLocalhost = false
preferZones = Zonel, Zone2

The second step is to make the client aware of the client properties file.

The default client property file name is objectGridClient.properties. WebSphere eXtreme
Scale searches for a client property file with this name during the client startup and during
client connect process in the client class path. If the file is found in the client class path, it is
loaded automatically. If you use the default client properties file name, and if you also put that
file in the root of your class path, it is loaded automatically and you do not need to do anything
else.

If you use a different client properties file name, or if you put the client properties file outside
of the class path, you have two ways to make the client aware of your properties file:
» Load the file in the application during your client connect process as shown in

Example 2-5:

Example 2-5 Loading the client properties file during the client connect process

ClientClusterContext ccc = manager.connect("localhost:2809", null, null);
URL clientPropsURL = Thread.currentThread().
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getContextClassLoader().getResource("etc/myObjectGridClient.properties");
ClientProperties props = ccc.setClientProperties("myOGName", clientPropsURL);

» Use the following system property to make client aware of your client properties file:

-Dcom.ibm.websphere.objectgrid.ClientProperties=<fileName>

Programming example

Example 2-6 shows how to use getClientClusterContext, how to use getClientProperties,
and how to set the routing preference to zones programmatically. This example also illustrates
how you can override the preferences client property file sets programmatically.

Example 2-6 Setting zone-based routing

ObjectGridManager manager = ObjectGridManagerFactory.getObjectGridManager();
ClientClusterContext ccc = manager.connect("localhost:2809", null, null);
ClientProperties cp=ccc.getClientProperties("accounting");

String [] preferZones= new String[]{"Zonel", "Zone2"};
cp.setPreferZones (preferZones);

ObjectGrid objectGrid = manager.getObjectGrid(ccc, "accounting");
Session session = objectGrid.getSession();

ObjectMap map = session.getMap("payroll");
session.begin();

map.insert("key", "value");
session.commit();

Routing behaviors
When a client is set to prefer zones, the following routing behavior occurs:

1. WebSphere eXtreme Scale looks for a target in the first zone in the preferred zones array.
If a target is found and is available, eXtreme Scale routes to this target.

2. If the target is not available in that zone, eXtreme Scale tries the second zone in the
preferred zones array. If a target is found, eXtreme Scale routes to that target.

3. Ifthe target is not available in that zone, eXtreme Scale attempts to find an available target
in each of the zones in the preferred zones array.

4. If eXtreme Scale cannot find an available target in any of the preferred zones, it routes the
requests to other zones that are not in the preferred zones.

5. If eXtreme Scale cannot find an available target in any zone, it issues a
TargetNotAvailableException error.

When the preferZones preference is enabled, the preferLocalProcess and preferLocalhost
settings are disabled automatically. Otherwise, the preferLocalProcess and preferLocalhost
settings are enabled by default.

2.8.2 IBM eXtreme Data Format

WebSphere eXtreme Scale provides a new data serialization format called IBM eXtreme Data
Format (XDF). The format includes the serialization capabilities and the wire format that are
used by WebSphere eXtreme Scale when you are using eXtremelO as the transport and the
COPY_TO_BYTES copyMode.

66 WebSphere eXtreme Scale V8.6: Key Concepts and Usage Scenarios



Benefits
Following are some of the benefits of using XDF:

» More efficient metadata for serialization.

» Improve serialization performance of 20% to 30% that is faster than the default Java
serialization.

» More compact representation.
» Common serialization format for .NET and Java applications.

» Usable without having to change object definitions. Classes do not need to be defined as
serializable to use eXtreme Data Format.

Requirements
The following are some of the requirements to use XDF:

» In the ObjectGrid descriptor XML file, set the copyMode attribute to COPY_TO BYTES in the
backingMap element of the ObjectGrid descriptor XML file:

<backingMap name="Employee" lockStrategy="PESSIMISTIC"
copyMode="COPY_TO_BYTES">

» If Java and C# clients are used, the type that is used in the classes must be compatible.
For example, boolean and bool.

XDF is not set when a map is configured with an ObjectGridTransformer or DataSerializer. It
is not used if the Java class implements the externalizable interface or implements the
serializable interface and the readObject and writeObject methods. Similarly, if you use a C#
class that implements the ISerializable interface and getObjectData method, XDF is not used.

2.8.3 IBM eXtremeMemory

WebSphere eXtreme Scale provides IBM eXtremeMemory (XM) to store objects in native
memory instead of the Java heap. By avoiding long garbage collection pauses that are
caused by storing data in the Java heap, the grid can have a more constant performance and
response time. When an application uses eXtremeMemory, the response time is lower and
more constant compared with storing objects in the heap.

XM uses the eXtremelO transport. Objects are serialized into bytes on the container server. If
you have a catalog server and a container server that are collocated, the container servers
use eXtremeMemory, but the catalog server does not.
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Figure 2-25 shows a comparison of using eXtreme Scale process and eXtremeMemory

process.
Typical XS Process XM Java Process
Nati XM
Java Heap NS Native Memory
Transaction Memory Java
+ JVM Heap Magnl:()jata
Map Data
DEIZ] JVM Data
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Figure 2-25 Comparison of using eXtreme Scale process and eXtremeMemory process

Benefits
Following are some of the benefits of using XM:
» More consistence response time by avoiding long garbage collection pauses.

» The lifecycle of the objects using eXtremeMemory is managed by the well-known lifecycle
events of GET, INSERT, DELETE, and UPDATE. Key and value allocation occurs during
INSERT. Key and value deallocate during DELETE.

Figure 2-26 is an example of the data flow when you are using XM and XDF. As shown, a
Microsoft .NET application can update a value in the grid and the Java application can get

that data.
@ put ("key", "value")
NET
XIO
(Windows) [« R
Client @ get ("key") -
Native Memory
= Java
Heap Map Data
and
JVM Data
Java P XI0 ‘ A . 5
(Linux) - — > 15% e
@ e ) XDF
XDF @ put ("key", "newvalue") Container

Figure 2-26 eXtremeMemory topology
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The flow starts when an application, using a Microsoft. NET platform, inserts a key into the
grid. The Microsoft .NET client serializes the object using XDF, then sends it to the container
server by using the eXtremelO transport. The data is stored in the native memory.

The Java client can request the same key from the grid. The object is deserialized by XDF,
and the data is then available to the Java client.

For more information about XDF, see 2.8.2, “IBM eXtreme Data Format” on page 66.

Requirements
The following are some of the requirements to use XM:

» XM is supported on Linux x64, Solaris 10+ Sparc, and AIX 6.1+ (ppc).

» All maps in the map set must use either COPY_TO_BYTES or COPY_TO_BYTES_RAW
copy mode. If any maps within the map set are not using one of these copy modes, objects
are stored on the Java heap.

» The shared resource, 1ibstdc++.s0.5, must be installed. Use the package installer of your
64-bit Linux distribution to install the required resource file.

» XM in WebSphere eXtreme Scale v8.6 currently is not supported when using the following
items:

— Custom evictor plug-ins
— Built-in write-behind loaders

» WebSphere eXtreme Scale version 8.6.0.2 or later must be installed if you are using
dynamic or composite indexes.

» An existing data grid is required to determine the total map sizes.

» Ensure that all data grids have the same eXtremeMemory setting. All container servers
must be started with the settingenableXM=true or enabTleXM=false. You cannot mix these
settings.

For more information about the requirements for XM, see the Configuring IBM
eXtremeMemory topic in the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txsconfigxm.htm]

2.8.4 Multi-master replication

Large-scale applications in multiple data centers, often geographically diverse, provide high
performance and fail over and disaster recovery. The WebSphere eXtreme Scale
multi-master replication (MMR) topology is a good candidate for multiple data center
deployments. Each data center is a catalog service domain. It is common to use zones within
a catalog service domain and multi-master between catalog service domains.

Multi-master replication is a topology option to connect two or more catalog service domains.
In earlier versions of WebSphere eXtreme Scale, the catalog service domain used zones to
span data centers. A single catalog service domain can be run with catalog servers and
containers that are on the east and west coasts of the United States. However, network
latency makes it hard to maintain a stable grid with fast fail over. MMR allows catalog service
domains to operate independently while still exchanging data.

MMR uses asynchronous replication for the primary shards in each catalog service domain.
MMR provides a new availability model (AP) to eXtreme Scale. Before MMR, eXtreme Scale
only supported the CAP theorem (CP).
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CAP Theorem: The CAP theorem states that a distributed computer system cannot
support more than two of the following three properties: Consistency (of data across
nodes), Availability, and Partition tolerance. In these terms, the multi-master topology is
considered to be an availability and partition-tolerant (AP) topology with eventual
consistency. The zone topology is considered a consistency and availability (CP) topology.
The third combination of consistency and availability (CA) does not scale and is not
appropriate for an extreme transaction processing environment.

For example, the MMR topology can host a catalog data shopping cart or a merchandise
catalog where some stale data can be tolerated.

The rules for compatible ObjectGrid configurations that can be linked with MMR can be found
in the Configuration considerations for multi-master topologies topic of the WebSphere
eXtreme Scale Information Center Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/cxsinitconsd.html

Multi-master replication linking

In a simple configuration of two catalog service domains, the domains replicate to each other.
Figure 2-27 shows the simple flow of domains linking together and starting replication
between the shards.

In any MMR topology, the basic flow of a replication starts with establishing a link between
catalog servers. This can be done by setting properties in the catalog servers properties file
or at run time by using the xscmd estab1ishLinks command.

The catalog servers exchange placement information for primary shards in compatible
ObjectGrids. Each catalog service sends work to its primary shards to initiate replication to
the foreign domain. The primary shards replicate asynchronously to their counterparts, or
foreign primary, in other domains.

Figure 2-27 illustrates two domains that are running independently.

Catalog Service Domain: Domain1 Catalog Service Domain: Domain2
Catalog Catalog
Server Server

i

Primary Shard | Primary Shard |

I Container1 I Container1

Replication Replication

U’
U

Replica Shard Replica Shard

Container2 Container2

Figure 2-27 A two domain topology, ready to be linked together
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Figure 2-28 demonstrates when two domains are linked and the catalog services start
sending placement work to their local primary shards.

Catalog Service Domain: Domain1 Catalog Service Domain: Domain2

Catalog Establish Link N Catalog

Server

Placement Work:

Add Foreign Primary
A 4

| Primary Shard |

i Container1

Replication

Replica Shard

Uﬁ

Container2

Server

Placement Work:
Add Foreign Primary
A 4

| Primary Shard |

T Container1

Replication

Replica Shard

Uﬁ

Container2

Figure 2-28 Establishing a link between two domains, catalog service sends work to primary shards

Figure 2-29 shows the primary shards doing replication with their foreign primary shards in
the other domain.

Catalog Service Domain: Domain1 Catalog Service Domain: Domain2

Catalog

Catalog
Server

Server

Replication

Primary Shard Je >LPrimary Shard

b A
Container1 Container1
Replication Replication

v A,

l Replica Shard I | Replica Shard I

Container2 Container2

Figure 2-29 Asynchronous replication established between primaries in both domains

When the primary shards replicate to each other asynchronously, they might insert or update
the same key at the nearly the same time. When they replicate the changes, the changes
conflict or collide. MMR provides arbitration to resolve collisions. For more information, see
“Collision arbitration” on page 72.
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Collision arbitration

In MMR, data can be written on primary shards in any domain. When the primary shards
replicate to each other, they can encounter conflicts or collisions where both primary shards
have changed the same key. WebSphere eXtreme Scale uses arbitration to decide how to
resolve collisions.

Users of MMR can implement an arbiter that is called when a conflict occurs. The arbiter must
make a consistent decision on all domains. If domains make different decisions, there will be
data inconsistency.

WebSphere eXtreme Scale provides a default arbiter that uses the lowest lexicographical
domain name to select what data to keep. For example, if keys from Domain1 and Domain2
are in conflict, both domains choose to keep the data from Domain1.

A collision arbiter implements the com.ibm.websphere.objectgrid.revision.CollisionArbiter

interface. An arbiter makes a decision on the two entries, the local entry and the incoming

entry from the foreign domain.

The arbiter returns a null value, a Resolution type, or an Exception type:

» Return null: The arbiter abstains, which allows the default arbiter to decide.

» Resolution.KEEP: Keep the existing entry, and delete the collision entry.

» Resolution.OVERRIDE: Override the existing entry with the collision entry.

» Resolution.REVISE: Modify the entry either by merging the entries or removing the entry.

» Exception: The revision transaction is rolled back. No revision is applied and a message is
logged.

For more information about writing arbiters, see the Design considerations for multi-master

replication topic in the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal

e.doc/cxstopolmmr.html

An example of a custom collision arbiter is provided in 7.6.11, “Testing a custom collision
arbiter for multi-master replication” on page 339.

Multi-domain topologies

When three or more domains are linked together, there are several linking topology layouts:
Ring

Line

Hub and spoke

Tree

vyvyyy

A ring topology is straight forward to connect. For domain1, domain2, and domain3, they each
point to a neighbor to create a ring. The disadvantage is that collisions might have to arbitrate
around the ring.

A hub and spoke topology can reduce collision arbitration because all replications must clear
through the hub or center domain. The hub domain also must handle a larger burden of
replication from all of the spokes.

For more information about these topologies, see the Topologies for multi-master replication
topic in the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/index.jsp?topic=%2Fcom.ibm.webspher
e.extremescale.doc%2Fcxslinkscsd.html
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Also, see the Multi-master replication topology section in the IBM Redbooks publication
WebSphere eXtreme Scale Best Practices for Operation and Management, SG24-7964.

Replication between domains

After primary shards link to their respective foreign primaries (the primary shards in the other
domains), each primary shard polls the remote primary for data on an adjusting interval. For
more information about replication speed, see 2.3.1, “Selecting data to replicate: Revisioning”
on page 44.

A primary shard replicates with a foreign primary shard like an asynchronous replica
replicates with a primary shard. The additional step is to do arbitration when keys collide. For
more information, see “Collision arbitration” on page 72.

When domains link, the replication between primary shards begins quickly. Each primary
shard replicates independently and in parallel. On a cold start or restart, this means data are
replicating on all primary shards. The replication polling varies on response time from the
foreign primary, but the goal is to copy existing data between primary shards quickly. There
can be high network usage when a link is established.

Figure 2-30 demonstrates primary shards in different domains replicating with each other.
Each primary shard queries the foreign primary shard.

Domain1 Domain2
Container1 Container4
Primary Shard for Partition 0 Primary Shard for Partition 0
1 ) ( )
1. Query Foreign Primary
] 2. Apply Datalocaly ObjectGrid
3. Sleep
\. J \. J
r ) 4 A
p »| 1. Query Foreign Primary
ObjectGrid ( 2. Apply Data locally
3. Sleep
\. J \. J

Figure 2-30 Primary shards replicating across domains

Preinstalling with multiple domains does not need to happen on every domain. A preinstall
can run against one domain and the MMR linking replicates the preinstalled domain to the
rest of the domains. If preinstalling from a database, the preinstall completes before the
domains are linked.
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For more information about loader considerations, see the Loader considerations in a
multi-master topology topic in the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/cxsloadermultimaster.html

Configuring and monitoring MMR
Configuring MMR can be done one of two ways:

» Using the xscmd establishLink command. The user provides the name of the foreign
domain and the catalog service endpoints of the foreign domain. The catalog service
endpoints are a host name and listener port list of the catalog servers. It is the same
catalog server endpoint list used to start container servers and clients.

» Configuring the catalog server system properties. Add a foreignDomains property with the
name of the foreign domain. Then, add a foreignDomainName.endpoints property with the
catalog service endpoints of the foreign domain.

Using the establishLink and dismissLink commands gives the user the most control on
when to link domains. When the catalog server properties are set, the catalog service starts
attempts to link at startup. It leaves less flexibility to change the order and timing of the MMR
link.

There are several xscmd options to view and change the state of the MMR topology. For more
information, see 7.2.9, “Multi-master replication commands” on page 320.

Also, see the Troubleshooting multiple data center configurations topic in the WebSphere
eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/index.jsp?topic=%2Fcom.ibm.webspher
e.extremescale.doc%2Ftxsmultidctrb.html
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Application scenarios

With each WebSphere eXtreme Scale scenario, there are a range of implementations, from
basic implementations that require no code to advanced scenarios that require custom
development. This chapter describes a sampling of implementations along with the benefits
and considerations of using each approach.

The scenarios described are largely introduced in a product-agnostic way because eXtreme
Scale can apply to a wide range of implementing technologies. For more information about
which IBM products integrate with eXtreme Scale, see 3.6, “Integration with other IBM
products” on page 90.

This chapter includes the following sections:

3.1, “Introducing the scenarios” on page 76

3.2, “Application state store scenario” on page 77

3.3, “Side cache scenario” on page 79

3.4, “In-line cache scenario” on page 83

3.5, “Extreme Transaction Processing scenario” on page 85
3.6, “Integration with other IBM products” on page 90

vyvyvyvYyyvyy
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3.1 Introducing the scenarios

76

Today, caching is typically performed manually by using code and is stored locally to the
application. The requirement for caching is growing as the amount of data available continues
to grow exponentially. It is worth considering the following challenges of storing the cache
locally to the application:

» Alocal cache does not scale. It is restricted to the size of the application JVM, and must
leave room for the actual application processing.

» Alocal cache is not fault tolerant or highly available. If the application JVM fails, the
application state is lost.

» A failure of an application server causes the application to hit a “cold cache”, which can
cause serious stability issues under peak load situations.

» Attempts at replicating state across application servers introduces scalability restrictions.

» Many separate local caches cause data consistency challenges.

» The local cache memory requirements can degrade performance because of garbage
collection cycles on large JVM heap sizes.

This chapter introduces solutions to these challenges applied in the following application
scenarios:

v

Application state store

» Side cache

» In-line cache

» Extreme Transaction Processing or Data grid

The application state store and side cache scenarios are typically simple to implement and
are widely used. These two scenarios can be applied to use with the WebSphere DataPower
XC10 Appliance and the WebSphere eXtreme Scale.

The in-line cache and Extreme Transaction Processing scenarios are more advanced use
cases, typically involving some bespoke code running on the grid itself. Therefore, these
scenarios apply only to WebSphere eXtreme Scale, and not to the WebSphere DataPower
XC10 Appliance.

Each scenario has different characteristics as shown in Table 3-1.

Table 3-1 Scenarios compared by characteristics

Scenario Complexity Application change System of
required record

Application state store Simple Depends Grid

Side cache Simple Depends Back end

In-line cache Medium Yes Grid

Extreme transaction processing | Medium to advanced | Yes Grid
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3.2 Application state store scenario

The application state store scenario solves the fundamental question of server-side
application development of “What should I do with my application state?”

Solutions to this problem are typically some variation of holding and managing application
state within the application server. All of these suffer from the challenges of a local cache as
outlined in 3.1, “Introducing the scenarios” on page 76.

WebSphere eXtreme Scale can be used instead to offload the application state into a single,
coherent, highly available, and scalable cache as illustrated in Figure 3-1. Doing so provides
the following benefits:

» Itis a single replacement for multiple local caches, reducing overall memory requirement.
» Removes the need to manage state replication and consistency.

» Stateless applications can scale linearly. This fits well with cloud applications that must
grow rapidly to meet peak demand.

» Improved memory utilization leaves more memory for applications.

» If required, application state can be shared across data centers for high availability.

Request
Request

Application Application

State Access State Access

Elastic Caching

Figure 3-1 Application state store scenario

In terms of implementation, the following technical characteristics typically apply:

Complexity Simple, and in some cases, is completely transparent to the
application.

Application change  Might not need code change, depending on implementation specifics.

Technology The application state store scenario can be implemented on both
WebSphere eXtreme Scale and the WebSphere DataPower XC10
Caching appliance.
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3.2.1 HTTP session distribution

User experience is critical. Without HTTP session replication, a planned or unplanned failure
of an application server at best requires the user to log on again. At worst it can cause the
user a significant amount of work to be done again, or in the case of a consumer application,
go to a competitor website.

WebSphere eXtreme Scale takes a copy of the user HTTP sessions to provide session fail
over in the event of failure. This copy provides an alternative mechanism for HTTP session
replication over those available with WebSphere Application Server, which are database and
memory to memory session replication. WebSphere eXtreme Scale also works with other
application servers.

HTTP session replication has these key benefits:

» Greater scale than existing mechanisms in terms of amount of storage and cluster size.

» Provides a compelling solution for active/active data center HTTP session fail over, which
is challenging with existing WebSphere Application Server mechanisms.

» Simpler administration for transient data than a database.

No coding is required to implement this.

Note: Before WebSphere eXtreme Scale v8.6, there was the requirement for HTTP
session objects to implement Serializable. This is no longer required.

The implementation of this HTTP session management is described in Chapter 6, “Extended
HTTP session management with WebSphere eXtreme Scale” on page 243.

3.2.2 Application server elasticity

Application server estates must become more flexible to respond to user demand and to cope
with widely varying throughput. This can be managed by cloud and virtualization, or more
intelligently with the WebSphere Application Server v8.5 Intelligent Management capability,
which can dynamically adjust cluster sizes to meet business service level requirements.

This elasticity provides scale on demand, but also brings the requirement to be stateless to
ensure scale and versatility. WebSphere eXtreme Scale provides the solution for the
application state store.

Application server elasticity has the following key benefits:

» Allows application tier to be stateless and therefore scale as needed.

» The elastic caching tier can also scale as required to meet demand for data quantity and
throughput.

» Application state is made highly available.

Using the ObjectMap API, minimal coding is required to implement application server
elasticity. For more information about developing with the ObjectMap APIs, see 4.2,
“Developing for WebSphere eXtreme Scale” on page 107.
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3.2.3 Enterprise service bus state management

Typically the design point of an enterprise service bus (ESB) architecture is to keep it
stateless. This provides benefits such as a scalable deployment model. However, as with any
state management, this can be difficult with what is typically an asynchronous or event-driven
deployment.

WebSphere Message Broker v8.0 now includes embedded WebSphere eXtreme Scale
functionality to provide a simple way to use shared state between brokers that require only
WebSphere Message Broker flow development. If needed, WebSphere Message Broker can
also talk to external WebSphere eXtreme Scale grids and to the WebSphere DataPower
XC10 Appliance.

WebSphere eXtreme Scale provides a sensible place for managing state in an asynchronous
environment with the following key benefits:

» Managing ESB state lifecycle provides tools to manage data freshness, such as
time-to-live evictors.

» Independent scale and availability of state data.
No coding is required for WebSphere Message Broker, although some flow development is

needed. Other ESBs require minimal coding dependent on the technology using either the
ObjectMap API or REST interface.

For more information about the use of the WebSphere Message Broker global cache, see
3.6.4, “WebSphere Message Broker” on page 92.

3.3 Side cache scenario

The purpose of the side cache scenario is to offload back-end data systems. This can be for
reasons of performance and scale, or just for cost reasons. If you for example have a third
party service that costs for every query, it makes sense to cache it.

WebSphere eXtreme Scale is responsible for holding a copy of all or a subset of the back-end
data. This provides similar benefits to the application state store scenario that is described in
3.2, “Application state store scenario” on page 77.
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In a side cache scenario, the application continues to make calls to the data system. It is the
application responsibility to access the grid to retrieve, store, and possibly invalidate cached
data. Therefore, the grid is portrayed as being to the side as shown in Figure 3-2.

Request

Application

Cache Access

Elastic Caching

Data Access

Read

EIS

Figure 3-2 Side cache scenario

In addition to the benefits outlined in 3.2, “Application state store scenario” on page 77, the
side cache adds the following benefits:

» Reduce cost of expensive back-end systems.

» Allow existing back-end systems to scale to cope with modern-day workloads.

» Maintain high performance and consistent response times.

In terms of implementation, the following technical characteristics typically apply to the side
cache scenario:

Complexity The side cache is typically simple to implement because it often relies
on simple create, retrieve, update, and delete operations.

Application change  Might not need code change, depending on implementation specifics.

Technology The side cache scenario can be implemented on both WebSphere
eXtreme Scale and the WebSphere DataPower XC10 Caching
appliance.

3.3.1 Implementation overview

Figure 3-3 on page 81 shows a sequence flow that is typical for the side cache scenario.
Because simple get/put logic is used to access the grid, the ObjectMap API is a natural
choice. The data is accessed only by primary key, and usually no complex relationships
between objects must be considered. The back end remains the system of record.

Before retrieving data from the data source, the application checks the grid. If the data is in
the grid (cache hit), it is returned to the user. If the data is not in the grid (cache miss), the
application retrieves it from the data source, stores it in the grid, and returns it to the user.
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At application startup, it might be beneficial to manually fill the cache. This is called cache

warming, and is described in4.3, “Loading data into the grid” on page 111.

5
Application Grid

get(key)

not found
< ________________

get(key)
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put(key,object) M
get(key) T
object

( -----------------

Figure 3-3 Sequence diagram that shows the interaction in a side cache scenario

3.3.2 Dynamic cache provider

The dynamic cache provider or DynaCache is part of WebSphere Application Server.
DynaCache provides an API for caching dynamic web content (servlets and JSPs) and Java

objects. It is a public API available for all WebSphere applications. It is widely used by the

WebSphere Commerce Server and WebSphere Portal Server products.

DynaCache provides a powerful performance optimization for WebSphere applications.
However, it suffers from the challenges of the local cache as outlined in 3.1, “Introducing the
scenarios” on page 76.

With large e-commerce environments, DynaCache has the following challenges:

>

>

Cache size limit restricts caching of growing product inventories.

Significant redundant work is being done in the system to populate and manage the many

duplicated caches.

Site availability can be compromised in the case of application server failure because of

hitting a cold cache.

Managing cache consistency in a commerce environment can be critical.
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By contrast, offloading the cache to a single, coherent, scalable, and fault-tolerant system can
remove these challenges, providing the following tangible benefits:

» Performance gains are possible as data is now all in-memory and does not require the
DynaCache disk offload.

» Site throughput gains are possible as a result of removing cache redundancy.
» Scalability of cache (product catalog) size.

» Dramatic improvement in the time to reach steady-state (warm cache) after full or partial
site restart, or after full cache invalidation.

» Cache is always coherent and consistent.
For more information about the benefits of using WebSphere Commerce Server with

WebSphere eXtreme Scale, see Enhancing WebSphere Commerce performance with
WebSphere eXtreme Scale at:

http://www.ibm.com/developerworks/websphere/techjournal/1008 genkin/1008 genkin.ht
ml

No coding is required to implement DynaCache. Sometimes some tuning of the DynaCache
configuration is needed, but typically it just requires configuration.

For more information about configuring DynaCache, see 3.6.2, “WebSphere Commerce
Server” on page 91.

3.3.3 Service-oriented architecture caching

Building an architecture out of reusable and composable services has been a trend in the IT

industry over recent years. It is often called service-oriented architecture (SOA) and provides

many benefits for productivity, flexibility, and reuse. At the same time, it can quickly introduce

performance challenges and scalability challenges for older or heavily used systems.

Using WebSphere eXtreme Scale in this context provides a range of benefits:

» Significantly reduces the load on the back-end system by eliminating redundant requests.

» Improves overall response time. Response time from the elastic cache is in milliseconds.

» Minimizes the need to scale hardware to increase processing capacity because the
back-end system no longer must handle redundant requests.

This is a simple implementation, typically involving little configuration.

To provide a couple of examples, this pattern can be used with these applications:

» WebSphere Message Broker v8.0 functionality, which requires the simple addition of a
caching node to a broker flow.

» DataPower requires a little configuration to make a REST call to a WebSphere DataPower
XC10 Appliance or WebSphere eXtreme Scale endpoint.

For more information about configuring service-oriented architecture, see 3.6, “Integration
with other IBM products” on page 90.
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3.3.4 Mobile gateway

Although the mobilization of technology provides immense business opportunities, the
dramatic increase in workload is a significant concern to those operating IT environments. In
addition to the general increase in workload, mobile use cases can drive huge spikes in
workload, requiring far more elastic environments.

A mobile gateway is an architectural construct that is used in an IT architecture to provide an
access point for mobile applications to access enterprise data in a managed and secure way.
Examples of this are IBM Worklight and IBM DataPower XG45.

By integrating WebSphere eXtreme Scale with a Mobile Gateway, users can see improved
performance without having to scale the gateway and related back-end enterprise systems.

This is a simple implementation, typically involving little configuration or some simple coding.

3.3.5 Enterprise data grid (cross-technology access)

The term enterprise data grid is used to articulate the wide range of use cases in which an
elastic cache applies.

Enterprise data grid introduces the benefit that the cache can be accessed from a range of
technologies that include:

» Java technology that ranges from application servers to stand-alone Java applications.
» .NET applications can benefit from the data (new in WebSphere eXtreme Scale v8.6).
» REST endpoints allow any HTTP device or technology to access the data.

Enterprise data grid introduces the idea that it is beneficial to cache a wide range of back-end
technologies that include databases, web services, and offline data sources such as files.

Enterprise data grid is a simple implementation, typically involving a little configuration or
some simple code.

The enterprise data grid concepts also apply well to the in-line cache scenario as addressed
in 3.4, “In-line cache scenario” on page 83.

3.4 In-line cache scenario

The in-line cache scenario is a more sophisticated version of the side cache. In addition to the
side cache challenges, it addresses the following challenges:

» Further offload EIS where there is a higher ratio of writes.
» Removal of cache-management code in the application.
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The in-line cache scenario moves the responsibility of the data management and cache
management into the grid as illustrated in Figure 3-4.

Request

Application

Cache Access

Elastic Caching

Data Access

Figure 3-4 In-line cache scenario

During implementation, the following technical characteristics typically apply:

Complexity The in-line cache typically requires coding to implement. There is less
coding in the client application because it now only must access the
grid and not the EIS as well. However, the grid now must access the
EIS and run cache management, which involves some coding on the
grid.

Application change The application must be developed to interface directly to the grid
instead of the EIS.

Technology The in-line cache scenario can only be implemented on WebSphere
eXtreme Scale, and not the WebSphere DataPower XC10 Appliance
because it requires code on the grid.

3.4.1 Implementation overview

The in-line cache scenario changes the way that the data is accessed from the EIS.

Whenever the application needs access to data, it always goes directly to the grid. It is the
responsibility of the grid to retrieve and update the data. If the requested data is not in the
grid, the grid directly accesses the EIS, populates the grid, and returns the data to the
application. It uses the loader technology to access the EIS.

In the in-line scenario, the grid is also typically responsible for managing stale data through an
eviction mechanism that is based on time, or by querying the EIS.
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3.4.2 EIS shock absorber

The EIS “shock absorber” optimizes and offloads read and write operations to a data system.
This pattern typically applies to a database system, but because bespoke coding can be
used, the pattern can equally apply to the database, NoSQL document database, web
service, or older systems.

The in-line cache has the following benefits:

» Whether the data is in the cache or not becomes transparent to the application. It just
experiences fast back-end access.

» Perform eager loading by using a preinstall to have a more efficient read of the data.

» Perform lazy loading to store a subset of the EIS data in memory and allow the cache
loader to automatically populate the cache on a “cache miss”.

» Writing data to the grid can automatically replicate the change back to the EIS.

» The write-behind configuration option batches writes to the EIS so that they can be
committed in a single update, reducing the load on the EIS. This process decouples the
application availability from back-end availability. Even when the back end is down, the
application can write changes. They are buffered in the grid to be written back when the
back-end system comes online again. The grid can be configured to replicate data to
ensure that the data are not lost in case of grid container failure.

Implementation overview

To implement an in-line cache, a loader must be implemented. There are ready to use loaders
provided with WebSphere eXtreme Scale, but typically some bespoke code is needed to load
the data according to the application use. Generally, transform the data from the EIS schema
to a form readily accessible by the application before storing it in the grid. This process helps
ensure that the application access times are optimal.

The development work that is needed to implement an in-line cache is described in 4.3,
“Loading data into the grid” on page 111.

When you use write-behind caching, special error-handling might be required. If a
write-behind fails, these errors cannot be reported back to the client because the client
request has already been completed. Information about failures is stored and can be handled.

From a maintenance point of view, the in-line caching scenario requires that you have
application code on the grid. Processes for managing and updating grid code must be
introduced.

3.5 Extreme Transaction Processing scenario

Extreme Transaction Processing (XTP) is the term used for high-end transactional processing
requirements. It typically includes large quantities of data and large amounts of concurrent
processing. It might or might not also involve large numbers of concurrent client queries.
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The data grid introduces a different paradigm that is based on the collocation of application
logic with the application data as shown in Figure 3-5. Application processing is run on the
grid with the data. This provides some significant benefits that include:

» High degree of parallelization is possible. Very large data sets can be processed quickly.

» Data processing is run in the container where the data is held. There is no need to move
the data to the client to process it. For XTP scenarios, this configuration is far more
efficient.

» XTP applications use partitioned data that is balanced across many grid containers. If
greater processing or data capacity is needed, more containers can be added to the grid.

Application

Grid Client

Agent

Perform parallel processing Read results

A 4 /V

AN | VAN VAN | VAN | AN

JVM JVM JVM JVM JVM

y A 4 \ 4 y

Elastic Caching

Figure 3-5 Extreme Transaction Processing scenario

In terms of implementation, the following technical characteristics typically apply:

Complexity Application complexity can vary significantly with XTP applications.
Each application is bespoke to the requirements and, because of the
high-end processing requirements, can be complex to implement.

Keep in mind that accessing the grid and running queries over the data
contained in the grid is not like using a database. In many cases, it is
not as straightforward as working with the database because of the
use of partitioning in the grid. Put careful thought and planning into the
design of the partitioning of the data in the grid to optimize the path for
data access, data querying, and data processing.

Finally, a bespoke solution for preloading and managing data
freshness is typically required in this scenario.

This additional complexity is the trade-off for the linear scalability of the
grid over the database solution.

Application change XTP applications must be developed specifically to meet the
requirements of the scenario.
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Technology The XTP scenario can only be implemented on WebSphere eXtreme
Scale, and not the WebSphere DataPower XC10 Appliance because it
requires code on the grid where the core processing logic of the
application is.

NoSQL: The following link is an excellent introduction to the WebSphere eXtreme Scale
world of NoSQL as compared to the relational database world:

http://www.infoq.com/presentations/Enterprise-NoSQL

3.5.1 Implementation overview

At the heart of the data grid implementation is the concept of using agents. Agents contain
logic that can be run in parallel in every partition in the grid, or in a subset of the partitions of
the grid, as defined by a set of keys.

Agent development is done with WebSphere eXtreme Scale DataGrid APIs. The DataGrid
APIs provide a vehicle to run logic collocated with the data and aggregate large result sets
into a single result set.

Two major query patterns exist for DataGrid applications:

» Parallel map, which processes a set of objects and returns a result set containing an entry
for each object processed.

» Parallel reduction, which processes a set of objects and calculates a single result for the
set.

MapReduce: These APIs conform to the pattern known as MapReduce, which is common
across XTP and big data scenarios. The model was originally developed by Google:

http://research.google.com/archive/mapreduce.html

3.5.2 MapReduce programming model

MapReduce is at the heart of XTP on WebSphere eXtreme Scale, and is the mechanism by
which high degrees of parallelization can be obtained. This section provides more detail on
the MapReduce programming model, and introduces the two data grid agent APIs:
MapGridAgent and ReduceGridAgent.

Using the data grid agents in WebSphere eXtreme Scale provides the following benefits:

» More efficiently query data across the grid because of the partition-aware processing
capabilities of the agents. Without the agents, the application must query each partition
individually, take the result sets for each query, and manually collate them into a single
result set.

» Significantly reduce the amount of data that is transported (and therefore serialized)
between the grid and the client.

» Scale application processing with a linear scaling model.

» The elastic cache is typically the system of record, so there can be little load on the
back-end data stores.
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MapGridAgent API
Parallel map is used to run some logic on the data in the grid, and returns a set of the
processed objects.

In the example in Figure 3-6, a client application must get some data from the grid, which is
represented by partitions one and two. The application creates an agent, which is an instance
of com.ibm.websphere.objectgrid.datagrid. MapGridAgent. |t passes the parameters needed
to query the grid for the wanted data (keys, and so on).

When the application starts the agent, the agent class is serialized and sent to the grid
partitions. The class is deserialized in each partition, and runs the agent logic in parallel
against the data. After the data is processed by the agent logic, the result set is then
serialized and sent back to the client application for further processing. A result set from each
partition is returned and aggregated into a single, larger result set by the client-side agent.

ObjectGrid Client
[ MapGridAgent ]
Calls agent for each Returns an ObjectMap with the
partition (1,2) the results from all partitions (1,2)
s A
ObjectGrid

e \ \

ObjectGrid Container | | ObjectGrid Container

[ MapGridAgent ] [ MapGridAgent ]

1 2

[ Partition 1 ] [ Partition 2 ]
( Partition 2 J [ Partition 1 J

\, J U

. J

Figure 3-6 Parallel map using the MapGridAgent API

ReduceMapAgent API

Parallel reduction is similar to the parallel map, with one important difference. Instead of
returning a result set from each partition, it returns a reduction, which is a single result from
each partition.
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Figure 3-7 shows an agent that is an implementation of
com.ibm.websphere.objectgrid.datagrid. ReduceGridAgent. The ReduceGridAgent is also
serialized and sent to each partition (or a subset if so defined), and the agent runs against the
data that are contained in the partitions. The returned data is a single result from each
partition. The client-side agent code can further reduce this to a single result from the entire

grid.
ObjectGrid Client
[ ReduceGridAgent ]
Calls agent for each Returns one result from each partition
partition (1,2) and reduces this further on the client
{ )\
ObjectGrid
ObjectGrid Container | | ObjectGrid Container
[ReduceGridAgent] [ReduceGridAgent]
1 2
[ Partition 1 ] [ Partition 2 ]
T T - T -
! Partition 2 J ! Partition 1 J
\ L)
\ \ \, v )

Figure 3-7 Parallel reduction using the ReduceGridAgent API

For more information about implementing agents, see 4.5, “Server-side development with
agents” on page 132

3.5.3 Real-time business rules and event processing

Real-time business rules and event processing is an example where the XTP processing
paradigm can be combined with other technologies to provide powerful processing
capabilities. Business rule processing provides a high-level expression of the processing of
input data.

Real-time business rules and event processing provide these benefits:

» High performance rule execution and parallelization.

» Improved maintenance of business rules. They do not need to be articulated in code.

» Allow existing rule and event processing systems to provide highly scale solutions.
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Rule processing can be combined with an in-memory data grid to provide rapid access to
large amounts of data without causing bottlenecks at the data source. This is possible with
two approaches:

» Rules run against a remote grid as shown in Figure 3-8.
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Figure 3-8 Rule execution server running with data in WebSphere eXtreme Scale

» Rules run within the grid in an Extreme Transaction Processing manner as shown in
Figure 3-9.
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Figure 3-9 Rules running within the grid

3.6 Integration with other IBM products

WebSphere eXtreme Scale integrates with a growing range of IBM products. This section
provides a brief summary of these products and provides links to further information. This list
will continue to grow over time. It is worth reiterating that WebSphere eXtreme Scale can be
used with any Java SE platform. Also, WebSphere Application Server is not referenced, as
that solution is addressed widely in this book.

The following products currently have specific integration WebSphere eXtreme Scale:

» WebSphere Portal Server and Web Content Manager

» WebSphere Commerce Server

» IBM WebSphere DataPower XG45 and X152 appliances
» WebSphere Message Broker
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IBM Worklight

IBM Business Process Manager
Rational Team Concert

IBM Operational Decision Management
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3.6.1 WebSphere Portal Server and Web Content Manager

WebSphere Portal Server and Web Content Manager integrate with WebSphere eXtreme
Scale using a side cache to provide HTTP session and dynamic cache offload as described in
3.3, “Side cache scenario” on page 79. Both WebSphere eXtreme Scale and the WebSphere
DataPower XC10 Appliance can be used in this scenario.

For more information about configuring the Dynamic cache, see the Innovations within reach:
Using WebSphere eXtreme Scale to enhance WebSphere Portal and IBM Web Content
Manager performance article:

http://www.ibm.com/developerworks/websphere/techjournal/1206 inreach/1206 inreach.
htm1

More information about HTTP session offload can be found in Chapter 6, “Extended HTTP
session management with WebSphere eXtreme Scale” on page 243, and in Scalable,
Integrated Solutions for Elastic Caching Using IBM WebSphere eXtreme Scale, SG24-7926.

3.6.2 WebSphere Commerce Server

WebSphere Commerce Server integrates with WebSphere eXtreme Scale to enable scaling
for product catalog caching. This integration uses a side cache to offload the dynamic cache
as described in 3.3, “Side cache scenario” on page 79. Both WebSphere eXtreme Scale and
the WebSphere DataPower XC10 Appliance can be used in this scenario.

For more information about dynamic cache, see Scalable, Integrated Solutions for Elastic
Caching Using IBM WebSphere eXtreme Scale, SG24-7926.

Similarly, this information is summarized in the developerWorks article entitled Configure
WebSphere Commerce with WebSphere eXtreme Scale to improve performance, scale, and
your competitive edge:

http://www.ibm.com/developerworks/websphere/techjournal/1108 bohn/1108 bohn.html
The WebSphere DataPower XC10 Appliance is particularly suited to this use case with

WebSphere Commerce Server DynaCache offload. The following are some specific
WebSphere DataPower XC10 Appliance references:

» IBM WebSphere DataPower XC10 V2.0 WebSphere Commerce integration presentation:

http://publib.boulder.ibm.com/infocenter/ieduasst/virim0/index.jsp?topic=/com.i
bm.iea.wdatapower/wdatapower/2.0/xc10/XC10_Commerce Integration/player.htm]

» Integrating WebSphere Commerce with IBM WebSphere DataPower XC10, REDP-4823.

3.6.3 IBM WebSphere DataPower XG45 and XI52 appliances

WebSphere DataPower XG45 and X152 appliances rapidly integrates with the WebSphere
DataPower XC10 Appliance using REST to provide a side cache for SOA caching as
described in 3.3, “Side cache scenario” on page 79.
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For more information about configuring this scenario, see the developerWorks article entitled
Integrating WebSphere DataPower XC10 and X150 Appliances:

http://www.ibm.com/developerworks/websphere/library/techarticles/1111 nijhawan/111
1 _nijhawan.html

This integration is also described in Enterprise Caching Solutions using IBM WebSphere
DataPower SOA Appliances and IBM WebSphere eXtreme Scale, SG24-8043.

3.6.4 WebSphere Message Broker

WebSphere Message Broker v8.0 provides a global cache facility that is integrated into the
product. It is based on WebSphere eXtreme Scale to provide both state management (see
3.2, “Application state store scenario” on page 77) and SOA caching (see 3.3, “Side cache
scenario” on page 79). If further scaling is needed, it can connect to an external grid on
WebSphere eXtreme Scale or the WebSphere DataPower XC10 Appliance.

The broad product support for caching is detailed in the Managing data caching topic in the
WebSphere Message Broker Version 8.0.0.2 Information Center:

http://publib.boulder.ibm.com/infocenter/wmbhelp/v8rOm0/index.jsp?topic=%2Fcom.ibm
.etools.mft.doc%2Fbn23725_.htm

This integration is also described in Enterprise Caching Solutions using IBM WebSphere
DataPower SOA Appliances and IBM WebSphere eXtreme Scale, SG24-8043.

3.6.5 IBM Worklight

IBM Worklight provides adapters to provide mobile applications with access to enterprise
data in a secured and managed manner. These application run on the Worklight server. This
provides an opportunity to handle caching of frequently requested data to enable internal
data systems to cope with the peak workloads of mobile use cases.

This integration is described in detail in Enterprise Caching Solutions using IBM WebSphere
DataPower SOA Appliances and IBM WebSphere eXtreme Scale, SG24-8043.

3.6.6 IBM Business Process Manager

IBM Business Process Manager typically uses WebSphere eXtreme Scale to provide SOA
caching (see 3.3, “Side cache scenario” on page 79). It provides integrated mediations to
store to and retrieve from WebSphere eXtreme Scale or the WebSphere DataPower XC10
Appliance.

For more information, see the Common WebSphere eXtreme Scale scenarios topic of the
IBM Business Process Manager, V8.0.1, All platforms Information Center:

http://pic.dhe.ibm.com/infocenter/dmndhelp/v8rOml/topic/com.ibm.wbpm.main.doc/topi
cs/esbprog_wxsscenarios.html

A tutorial on integrating with Business Process Manager can be found at the following
WebSphere Business Process Management and Connectivity integration developerWorks
website:

https://www.ibm.com/developerworks/community/wikis/home?1ang=en#/wiki/W30b21440b0d
9 432c_8e75 bl6bac9c5427/page/WebSphere%20Business%20Process%20Management%20and%20
Connectivity%20integration
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3.6.7 Rational Team Concert

WebSphere eXtreme Scale can be used as a side cache to improve scaling and high
availability of IBM Rational® Jazz-based products, such as IBM Rational Team Concert™.

For more information, see Scalable, Integrated Solutions for Elastic Caching Using IBM
WebSphere eXtreme Scale, SG24-7926.

3.6.8 IBM Operational Decision Management

IBM Operational Decision Management provides the capability to perform decision
management across rules and events.

Event processing often must handle and filter large quantities of data. The integration with
WebSphere eXtreme Scale allows for sophisticated XTP-style processing of the data. This
enables rapid, parallel processing of large amounts of event data.

For more information, see the Integrating WebSphere Business Events with WebSphere
eXtreme Scale topic of the WebSphere Business Events Information Center:
http://publib.boulder.ibm.com/infocenter/wbevents/v7rOml/index.jsp?topic=%2Fcom.ib
m.wbe.integrating.doc%2Fdoc%2Fintegrating-wxs.html

This integration is also described in Scalable, Integrated Solutions for Elastic Caching Using
IBM WebSphere eXtreme Scale, SG24-7926.
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Developing with WebSphere
eXtreme Scale

This chapter covers a range of topics that are related to developing with WebSphere eXtreme
Scale. The initial sections focus on setting up the development environment and basic
development hands-on steps to get you up and running. The latter sections address
important facets of WebSphere eXtreme Scale development.

This chapter includes the following sections:

4.1, “Setting up a development environment” on page 96

4.2, “Developing for WebSphere eXtreme Scale” on page 107

4.3, “Loading data into the grid” on page 111

4.4, “Querying data using Object Grid Query Language” on page 122
4.5, “Server-side development with agents” on page 132

4.6, “Dealing with data eviction and stale data” on page 137

4.7, “Saving time with WXSUtils” on page 143

4.8, “Transactions” on page 144
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4.1 Setting up a development environment

To introduce the basic development concepts, it is helpful to set up a productive development
environment. This section introduces a couple of new (and free) developer tools available for
developing with WebSphere eXtreme Scale based on the following environments:

» Eclipse
» WebSphere Liberty Profile
» WebSphere eXtreme Scale Developer Tools

WebSphere Liberty Profile: The WebSphere Liberty Profile is a lightweight WebSphere
Application Server that is approximately 40 Mb in size and starts quickly. This section
introduces the improved development experience based WebSphere Application Server
v8.5 Liberty Profile (referred to as the Liberty Profile). If you are not familiar with the
Liberty Profile, see the following website:

https://www.ibm.com/developerworks/community/blogs/wasdev/entry/Tearn wip v8500

WebSphere eXtreme Scale integrates nicely with the Liberty Profile by providing a feature to
run the grid. In a development environment, this provides the option to run an entire grid in a
single lightweight application server, which improves the development experience.

For completeness, there are some alternatives for developing on eXtreme Scale. Your choice
will largely be driven by personal preference. In general, you can develop by using the Liberty
Profile, as described in this chapter, and deploy to a different target environment. The
following are development alternatives:

» Java Standard Edition (SE)
The trial for Java SE development can be found on the following website:
http://www.ibm.com/developerworks/downloads/ws/wsdg/

» WebSphere Application Server deployment

The WebSphere Application Server deployment requires the full eXtreme Scale product
for a fully integrated deployment. This deployment is addressed in Chapter 5, “Deployment
scenarios” on page 151.

» XC10 Appliance Virtual Image for Developers

Developing for the IBM WebSphere DataPower XC10 Appliance requires the Java SE
eXtreme Scale client, but instead connects to the virtual appliance. For more information,
refer to the following website:

https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766¢
0d55a21c/entry/introducing_a_developer xcl0 appliance_virtual_image?lang=en

» Rational Application Developer for WebSphere

The Rational Application Developer for WebSphere product comes with the WebSphere
Application Server Developer Tools, so these tools do not need to be installed. Apart from
that, the information that is presented in this chapter applies in general.
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4.1.1 Installing the development environment

The development environment (shown in Figure 4-1) consists of the following tools. All of

these tools are available at no charge for development purposes.

» Developer tools:
— Eclipse Juno (4.2)

— WebSphere Application Server v8.5 Liberty Profile Developer Tools

— WebSphere eXtreme Scale v8.6 Liberty Profile Developer Tools

» A runtime server:

— WebSphere Application Server v8.5 Liberty Profile
— WebSphere eXtreme Scale v8.6 Liberty Profile Feature

Eclipse

WebSphere
Application Server
v8.5 Liberty Profile

Developer Tools

WebSphere
eXtreme Scale v8.6
Liberty Profile
Developer Tools

Start/
Stop

Liberty Profile

eXtreme Scale
feature

Catalog

Container

Figure 4-1 Eclipse development with eXtreme Scale and the Liberty Profile

It does not take long to get an eXtreme Scale development environment up and running.

However, there are a few pieces to install for the developer tools, which are easily accessed

from the Eclipse marketplace and the Liberty server.

Installing the developer tools
Complete the following steps to install the developer tools:

1. Download a copy of Eclipse (Indigo or Juno) from the following website and start it up.

http://www.eclipse.org/downloads

2. Go to the Eclipse marketplace by clicking Help — Eclipse Marketplace.
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3. Search for the term WebSphere and install the following two features related to eXtreme
Scale development:

— WebSphere Application Server v8.5 Liberty Profile Developer Tools, as shown in
Figure 4-2.
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Figure 4-2 WebSphere Application Server v8.5 Liberty Profile Developer tools
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— WebSphere eXtreme Scale v8.6 Liberty Profile Developer Tools, as shown in
Figure 4-3.
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Figure 4-3 WebSphere eXtreme Scale v8.6 Liberty Profile Developer tools

4. Restart Eclipse.

Setting up the Liberty Profile and WebSphere eXtreme Scale feature
Download the WebSphere Application Server v8.5 Liberty Profile (commonly referred to as
the Liberty Profile) and WebSphere eXtreme Scale feature by completing the following steps:

1. On the following IBM developer Works WASdev website, download the Liberty Profile by
selecting Downloads — Final Releases. See Figure 4-4 on page 100. The file is
approximately 40 Mb.

http://wasdev.net

Information: It is worth taking a look at wasdev.net. It is a developer portal for all things
that are related to developing for WebSphere Application Server, and has many
samples and articles.
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2. Download WebSphere eXtreme Scale V8.6 for Developers - Liberty Profile from the
following website. This is the eXtreme Scale feature for the Liberty Profile. The JAR file is
approximately 30 Mb.

http://www.ibm.com/developerworks/downloads/ws/wsdg

3. Install the Liberty Profile. Open a command prompt and, from the download location, run
the following command:

java -jar wlp-developers-8.5.0.2.jar

Note: Your jar version number might vary.

4. Accept the license agreement and provide the installation location into which you want to
install the Liberty Profile. For example, use the following location:

c:\wlp

5. From the download location, install the eXtreme Scale feature. Open a command prompt
and run the following command:

java -jar wxs-wlp 8.6.0.1.jar
6. Accept the license agreement and provide the installation location into which you installed
the Liberty Profile. In this example, the location is c:\w1p.

The Liberty Profile server is now installed with the eXtreme Scale feature. Configure it for use
with Eclipse as described in “Creating a Liberty Profile server” on page 100.

Creating a Liberty Profile server
Set up the Liberty Profile in Eclipse to host the grid by completing the following steps:

1. In Eclipse, ensure that you are in the Java EE perspective.
2. Select the Servers tab (or if not visible, click Window — Show View — Servers).

3. Right-click in the Servers pane and select New — Servers.
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4. Select IBM — WebSphere Application Server 8.5 Liberty Profile as shown in
Figure 4-5. Click Next.
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Figure 4-5 Selecting WebSphere Application Server v8.5 Liberty Profile

5. An empty installation folder is displayed, and you are given the option to download and
install a new copy of the Liberty Profile. If you want, you can use the Eclipse tools to
download the Liberty Profile directly from here. However, because of the requirement for
the eXtreme Scale feature, this was downloaded and installed manually.

Enter the Liberty Profile installation location (for the example, this is c:\wlp) into the
Installation Folder field.

This process detects your installation and enables the Next button. Click Next.
6. Enter an appropriate Server name, such as wxsServer, or accept the default. Click Finish
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You now have a newly configured Liberty Profile server. If you have not used the Liberty
profile before, you might want to briefly investigate the new server such as the minimal
configuration it needs to run, in the server.xml file. Try to start and stop it to see how quickly
it can do so. To start the Liberty Profile server, click the Start icon on the right side of the
window as shown in Figure 4-6.
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Figure 4-6 Starting the Liberty Profile
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Configuring the eXtreme Scale feature in the Liberty Profile server

This section describes how to configure the Liberty Profile server to run the eXtreme Scale
feature installed. This process is also documented in the WebSphere eXtreme Scale Version
8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txslibertytoolconfig.html

Complete the following steps:
1. Click File - New — Other.
2. Select WebSphere eXtreme Scale — Container server configuration file.

3. Click Browse and select the Liberty Profile installation location. For the example this is
c:\wlp. You should see your Liberty Profile server instance in the server drop-down dialog
box.

4. Go through the detailed wizard of eXtreme Scale options. There are many options
available. At this stage, keep the eXtreme Scale configuration simple and run a catalog
server and the grid container in the same Liberty Profile instance. To accomplish this,
enable the catalog server feature to run the catalog server. The container is not created by
doing but rather when the objectgrid.xml file is detected, which is introduced later.

Click Next and select Include Catalog Server.

5. Optionally, review the remaining configuration options in the wizard. These become more
important as you become familiar with eXtreme Scale. Click Finish.

6. From the Enterprise Explorer, click WebSphere Application Server v8.5 Liberty
Profile —» Servers —» wxsServer and open the file xsServerConfig.xml. Ifitis not
selected, click the Design tab on the editor.

7. Click Server Configuration — IBM WebSphere eXtreme Scale Server Configuration.

8. There are many options. On the right side, scroll down and change the content of
Transport for server to server configuration to XIO.

eXtremelO (XIO): A new transport was introduced in WebSphere eXtreme Scale
version 8.6, called eXtremelO (XIO), The XIO transport removes the dependency on
ORB. Further discussion on XIO can be found in 2.1.5, “Transport protocol: IBM
eXtremelO (XIO)” on page 34.

9. Save and close the configuration file.
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The new eXtreme Scale configuration needs to be included into the Liberty Profile server
configuration. Complete the following steps:

1. Open the Servers view in Eclipse to see your Liberty Profile instance. The default name for
it is WebSphere Application Server v8.5 Liberty Profile at localhost.

2. Expand the Liberty Profile instance and double-click the server configuration. As you can
see, the basic Liberty configuration is small. Configuration is done “by exception” when the
configuration deviates from the defaults.

3. To add the eXtreme Scale configuration to the Liberty Profile instance, click Add.
4. From the list of Liberty configuration options, select Include.

5. Click Browse and select the new eXtreme Scale configuration file, which is called
xsServerConfig.xml.

6. Click OK and save the server.xml file.

7. Optionally, review the xsServerConfig.xml file to see what configuration options are
configured. You can access this directly from the server.xm]1 file by clicking the Location
link. There are many configuration options available.

Tip: This configuration can be added to the main server.xml file if wanted. However,
having the configuration in a separate file can make it reusable elsewhere.

The environment is now ready to create a grid configuration.

4.1.2 Creating a WebSphere eXtreme Scale grid

The last step to set up the development environment is to provide a simple grid configuration.

You need two configuration files, objectgrid.xml and objectGridDeployment.xml, to perform
your grid definition and configuration with eXtreme Scale. These files are the core of the grid
configuration, and are required whether you are deploying to the Liberty Profile, Java SE, or
WebSphere Application Server:

» objectgrid.xml: This file defines the grid and the maps that are contained in the grid.

Important: This file name is case-sensitive when used with the Liberty Profile. Where
the filename objectGrid.xml is referred to, it is typically case-sensitive and expected in
the form shown. The exception is when the configuration file is used with the Liberty
Profile. In this case, the file must be lowercase, objectgrid.xml. The convention that is
used in this chapter is to use objectGrid.xml, except where specifically referring to
examples used with the Liberty Profile.

More configuration that defines the behavior of the grid is also in the objectgrid.xml file,
such as evictors that control when data is removed from the grid and indexes that enable
fast queries. See Example 4-1.

Example 4-1 objectgrid.xml file

<objectGridConfig xmIns:Xsi="..re >
<objectGrids>
<objectGrid name="Grid" txTimeout="30">

<backingMap name="Mapl" copyMode="COPY_TO BYTES"

lockStrategy="PESSIMISTIC"
nullValuesSupported="false" />
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<backingMap name="Map2" copyMode="COPY_TO_ BYTES"
lockStrategy="PESSIMISTIC"
nullValuesSupported="false" />

</objectGrid>
</objectGrids>
</objectGridConfig>

The following are the key objectgrid.xml values:

objectGrid name The name of the grid. This must be the same name as in the
deployment.xml file. It is a collection of maps.

backingMap Defines a map within the grid with a specific set of behaviors. This
name must be the same as in the deployment.xml file.

txTimeout Define the transaction time-out.

copyMode The COPY_TO_BYTES value that stores values in the map in a

serialized form, such as eXtreme Data Format (XDF), which is more
efficient for storage.

» objectGridDeployment.xml: This file defines the non-functional characteristics of the grid.
For example, the data availability is configured through the number of replicas. The
scalability limits are configured through the number of partitions. See Example 4-2.

Example 4-2 objectGridDeployment.xml file

<?xml version="1.0" encoding="UTF-8"?>
<deploymentPolicy xmlns:xsi= >
<objectgridDeployment objectgridName="Grid">
<mapSet name="mapSet" numberOfPartitions="13"
minSyncReplicas="0"
maxSyncReplicas="1"
maxAsyncReplicas="0">
<map ref="Mapl"/>
<map ref="Map2"/>
</mapSet>
</objectgridDeployment>
</deploymentPolicy>

The following are the key objectGridDeployment.xml values:
objectgridName The name of the grid as defined in the objectgrid.xml file.

mapSet Defines a collection of maps from the objectgrid.xml file that
have the same deployment properties.

numberOfPartitions Defines the total number of partitions across the containers. In
Example 4-2, this is 13. This number is typically a prime number,
which helps balance data across the grid.

minSyncReplicas The minimum number of synchronous replicas. If the grid cannot
meet this minimum availability, it cannot come online. This
sample uses 0, which allows the grid to come online even if not
replicated.

maxSyncReplicas  The maximum number of synchronous replicas the grid can
sustain.
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maxAsyncReplicas The maximum number of asynchronous replicas the grid can
sustain.

map ref Lists the backing maps as defined in the objectgrid.xml file.

Creating the grid

You can configure many options in the objectgrid.xml and objectGridDeployment.xm]l files.
They define all of the features that are described in Chapter 2, “Architecture and topologies”
on page 27. However, the eXtreme Scale Developer Tools provides a nice way to provide a
default configuration to get you started.

Complete the following steps to create the grid:

1. Before starting the grid configuration wizard, create a folder in the project to contain the
files. In the Enterprise Explorer, expand the Liberty Profile project WebSphere
Application Server v8.5 Liberty Profile and right-click the server name wxsServer. Click
New — Folder and call it grids.

Important: The grid configuration files must go into a directory with the specific name
grids. This is detected by eXtreme Scale when it starts and creates your grid instance.

2. Click File - New — Other.
3. Select WebSphere eXtreme Scale — Object Grid Configuration XMLs.

4. In the Enterprise Explorer, select the Liberty Profile project instance, WebSphere
Application Server v8.5 Liberty Profile.

5. Browse for the grids folder that you created as shown in Figure 4-7.
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Figure 4-7 Browsing to the grids folder
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6. A simple grid configuration is sufficient here, so click Finish. Consider the following
important variables:

— Grid name.
— Map name.

— Copy mode. Set this variable to COPY_TO_BYTES. This is a prerequisite for using
XDF. For more information about copy modes, see 4.8.1, “Transaction considerations”
on page 144.

— Lock strategy. For more information, see 4.8.1, “Transaction considerations” on
page 144.

— Number of partitions. This variable depends on the size of the grid. For more
information, see 2.6, “Scalability sizing considerations” on page 56.

— Number of replicas. This variable depends on the level of data availability that is
needed in the deployment. For more information, see 2.3, “Replication: Primary and
replica shards” on page 44.

Important: This wizard creates two files; objectgrid.xml and objectGridDeployment.xml.
The file names are important and case sensitive so eXtreme Scale can detect and use the
grid configuration found in them.

Where the file name objectGrid.xml is referred to, it is typically case-sensitive and
expected in the form shown. The exception is when the configuration file is used with the
Liberty Profile. In this case, the file must be lowercase, objectgrid.xml. The convention
used in this chapter is to use objectGrid.xml, except where specifically referring to
examples used with the Liberty Profile.

Starting the Liberty Profile
Complete the following steps to start the Liberty Profile:

1. From the Servers view in Eclipse, select the Liberty Profile instance, WebSphere
Application Server v8.5 Liberty Profile at localhost, and click the Start icon.

2. Review the logs to confirm that the eXtreme Scale grid has started. The logs are
contained in the messages. 10og file, found in the logs directory of the Liberty Profile project,
as shown in Figure 4-7 on page 105.

Something similar to Example 4-3 is displayed with a message for each partition:

Example 4-3 Log file messages confirming that the grid has started successfully

com.ibm.ws.objectgrid.replication.ReplicatedPartition I CWOBJ1511I: Grid:gridMapSet:2
(primary) is open for business.
com.ibm.ws.objectgrid.replication.ReplicatedPartition I CWOBJ1511I: Grid:gridMapSet:0
(primary) is open for business.
com.ibm.ws.objectgrid.replication.ReplicatedPartition I CWOBJ1511I: Grid:gridMapSet:1

(primary) is open for business.

You now have a fully working eXtreme Scale environment running on a Liberty Profile
installation.
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4.2 Developing for WebSphere eXtreme Scale

This section introduces basic grid programming concepts. It allows you to test the grid with a
sample application, then introduces the programming APls behind the sample application.

4.2.1 Testing the grid with a sample web application

Deploy the sample available from the following website to test your installation and review

some simple source code:

https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766c0d5
5a2lc/entry/websphere _extreme scale getting started with websphere application_ser

ver_sampleb

Also, there are more samples, tutorials, and a forum available on the IBM Elastic Caching

community:

http://www.ibm.com/developerworks/connect/caching

Complete the following steps to import and run the sample application in Eclipse:

1. Click File — Import — Existing projects into workspace.
2. Select the downloaded file, GettingStartedWeb.zip.
3. Select the project GettingStartedWebClientWAR as shown in Figure 4-8. Click Finish.
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Figure 4-8 Importing WAR file for the sample application

Chapter 4. Developing with WebSphere eXtreme Scale 107


https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766c0d55a21c/entry/websphere_extreme_scale_getting_started_with_websphere_application_server_sample5
http://www.ibm.com/developerworks/connect/caching

4. At this stage, you might have compilation errors because the project does not have the
server libraries on the class path. Right-click the GettingStartedWebClientWAR project
and select Build Path — Configure Build Path.

a. On the Library tab, click Add Library.

b. Select Server Runtime and click Next.

c. Select WebSphere Application Server V8.5 Liberty Profile and click Finish.
d. Select the Build Path by clicking OK. This should remove the compilation errors.

5. Right-click the GettingStartedWebClientWAR project and select Run as — Run on
server. This should add the project to the Liberty server and start it up.

6. If the web browser does not open with the test client URL, open a browser and go to
http://Tocalhost:9080/GettingStartedWebClientWAR.

This opens the test page where you can test the main concepts of interfacing with an
eXtreme Scale grid.

7. Connect to the grid, verifying that the Catalog Service Endpoints has Endpoints selected
and localhost:2809 as the endpoint. Click Connect.

8. Perform data insertions and retrievals by using the CRUD (Create, Retrieve, Update,
Delete) operation section as shown in Figure 4-9.
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Figure 4-9 Getting Started web sample for interacting with the grid
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4.2.2 Using the ObjectMap API

This section introduces basic eXtreme Scale development for interacting with data in grids.
For an overview of the concepts used in this section and how they interrelate, see 2.5, “A
simple example” on page 54. The source code from the sample is available for inspection.

Connecting to the grid

To use a grid, a client application needs a connection to the grid. Example 4-4 shows the APls
required to access the grid.

Example 4-4 Sample code to connect to the grid

ObjectGridManager ogm = ObjectGridManagerFactory.getObjectGridManager();
ClientClusterContext ccc = ogm.connect(cep, (ClientSecurityContext) null, (URL) null);
ObjectGrid grid = ogm.getObjectGrid(ccc, gridName);

To obtain a connection to the grid, two important parameters are needed:
» Catalog service endpoints (shown in the code sample as the variable cep

This is a simple list of host names and ports of the catalog server cluster. If there is more
than one available catalog server, they are each listed, separated by commas, as
"hostnamel:portl,hostname2:port2,...". In this example, there is only one Liberty profile
catalog server configured, so the “list” is a single item: Tocalhost:2809.

» Grid name as defined in the objectgrid.xml file, which is represented in the example by
gridName.

Extra parameters to the ogm. connect () method can be important:
» ClientSecurityContext to provide configuration for a secure connection to the grid.

» URL to provide an overriding objectgrid.xml configuration. In general, the client
objectgrid.xml configuration mirrors that of the server instance. However, there can be
important differences. For example, if a near cache is in use on the client, a different
evictor to the grid can be used. This configuration prevents too much data from being
cached in the constrained memory of the client environment.

Important: The ObjectGrid instance can and should be cached within your application so
that the getObjectGrid method is called only once.

When deploying grids on WebSphere products, you might see reference to the term Catalog
Service Domain. This is configured in a WebSphere Application Server environment as a
resource for application code to reference. It is administratively configured to point to the
actual endpoints of a selection of catalog servers. Code simply has to refer to the name of the
Catalog Service Domain instead of hardcoding host and port names

Interacting with the grid

Having obtained a connection to the grid, the application can now interact with maps within
the grid. To do so, an instance of the ObjectMap must be obtained. Access to an ObjectMap is
through a transactional context that is provided by the Session class.

The following three examples are shown to illustrate the key CRUD 0bjectMap APlIs.
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Example 4-5 shows a simple example for inserting data into the grid by using the insert
method. A similar piece of code can be used to retrieve data using the get method. It is worth
highlighting a couple of important things here:

» A Session object provides the transactional context for interacting with the grid. A session
therefore cannot be shared between multiple threads. Close them after use to return them
to the pool.

» The insert method is implicitly transactional (it runs a transaction begin and end). Where
more complex interaction with the grid is required, explicitly code the transaction
semantics by using begin and commit/rol1back.

» The insert semantically refers to an insert, and fails if the data already exists in the grid
(which would therefore be an update).

Example 4-5 Sample code to illustrate data insertion

// Get a session
Session session = grid.getSession();

// Get the ObjectMap
ObjectMap mapl = session.getMap(mapName);

// Insert data into the map.
// This is implicitly transactional
mapl.insert(key, val);

// Close the session so that it can be managed in a pool
session.close()

Example 4-6 shows a slightly more complex example where an update to existing data in the
grid is run. This applies both updates and removes. It highlights some useful concepts:

» Explicit transaction control using begin and commi t.

» Use of getForUpdate when running updates. This obtains an unshareable lock, which
helps manage deadlock situations where there are concurrent requests to the same data.

» The update fails if the data does not exist in the grid. You must use the insert method to
initially put data into the grid as shown in Example 4-5.

Example 4-6 Sample code to illustrate grid updates

// Get a session
Session session = grid.getSession();

// Get the ObjectMap
ObjectMap mapl = session.getMap(mapName);

// Explicitly begin the transaction because the update API
// relies on the fact that the get was done in the same transaction

session.begin();

// Use the getForUpdate since we know we will be doing an update
String value = mapl.getForUpdate(key);

// Make some change to the value

// Perform update to the grid
mapl.update(key, value);
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// End the transaction
session.commit();

// Close the session so that it can be managed in a pool
session.close();

WebSphere eXtreme Scale version 8.6 introduced two useful new ObjectMap methods:
upsert and Tock. These methods provide a more flexible mechanism to manage data
updates and explicit locking of the grid.

Example 4-7 illustrates the new upsert API, which runs an insert if the data does not exist in
the grid, or an update if the data exists in the grid. It highlights simplification in the code:

» There is no need for the use of getForUpdate to test for the presence of the data in the grid
to choose whether to insert or update or to obtain the correct lock level.

» If a single update is run, explicit transaction control is not required.

Example 4-7 Sample code to illustrate new WebSphere eXtreme Scale v8.6 upsert API

// Get a session
Session session = grid.getSession();

// Get the ObjectMap
ObjectMap mapl = session.getMap(mapName);

// Use the upsert API to perform update to the grid
mapl.upsert(key, value);

// Close the session so that it can be managed in a pool
session.close();

For a complete overview of the ObjectMap API, see the Introduction to ObjectMap topic in the
WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/rxsobjectmapinterface.html

The examples that are described in this section are simple. For information about more
advanced use cases and programming techniques, see 4.7, “Saving time with WXSUtils” on
page 143.

4.3 Loading data into the grid

This section introduces some options for populating the grid using loaders on the grid and
client loaders. In particular, it focuses on some of the ready to use Java Persistence API (JPA)
based loaders that eXtreme Scale provides to use JPA to interact with a database. Solutions
using loaders are all implementations of the data access scenario found in 3.4, “In-line cache
scenario” on page 83.
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The following are the ready to use JPA-based features in eXtreme Scale. Their use is
illustrated in Figure 4-10.
» Java Persistence API (JPA) loader

» Time-based updater
» Client loader

1. JPA Loader implementation —

Application Server
get(), batchUpdate (), preload()
Grid Container
BackingMap /| /\O
JPALoader >
(2] [
}:5 g' ;E 2. TimeBasedUpdater
§ ;F NN 'au « implementation
219 < DB
S| g . o
] TimeBasedUpdater |« )
* 3. Client Loader interface —
preload(), reload()

Figure 4-10 WebSphere eXtreme Scale features for using OpenJPA to interact with an RDBMS

4.3.1 Introducing loaders

Before describing the specifics of the JPA loader techniques, it is worth introducing loaders in
general.

As described in 3.4, “In-line cache scenario” on page 83, the loader is used in an in-line
cache scenario. In this scenario, the cache client always interfaces directly to the cache for
data. It never directly accesses the data source. It is the responsibility of the grid to read from
the data source to populate the grid, and write to the data source when the grid is updated. It
is the loader that provides this interface between the grid and the data source.

When the client application requests data from the grid for a key, if the data is in the grid
(cache hit), it is returned. If the data is not in the grid (cache miss), the loader accesses the

data store for the data and populate the grid based on that. If the key is not in the data store,
the client receives a KeyNotFoundException.

Queries: Loaders are not triggered by queries. Any data that needs to be available for
queries needs to already be in the grid.

A loader is an implementation of the simple interface that is shown in Example 4-8.

Example 4-8 Loader interface

public interface Loader{

/**
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* Returns the 1ist of values corresponding to the set of keys passed in.
*/
List get(TxID txid, List keylList, boolean forUpdate) throws LoaderException;
/**
* Called to tell the Loader to write the provided changes to the backend.
*/
void batchUpdate(TxID txid, LogSequence sequence) throws
LoaderException, OptimisticCollisionException;
/**
* Signals the Loader to preload the data into the map.
*/
void preloadMap(Session session, BackingMap backingMap) throws
LoaderException;

A loader is configured for use in the grid by editing the objectgrid.xml definition file to
include the code shown in Example 4-9.

Example 4-9 Loader definition in the objectgrid.xml file

<?xml version="1.0" encoding="UTF-8" 7>
<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://ibm.com/ws/objectgrid/config ../objectGrid.xsd"
xmIns="http://ibm.com/ws/objectgrid/config">
<objectGrids>
<objectGrid name="grid">
<backingMap name="mapl" pluginCollectionRef="mapl"
TockStrategy="OPTIMISTIC" />
</objectGrid>
</objectGrids>
<backingMapPluginCollections>
<backingMapPTuginCollection id="mapl">
<bean id="Loader" className="com.myapplication.MyLoader">
<property name="dataBaseName" type="java.lang.String"
value="testdb" description="database name" />
<property name="isolationLevel" type="java.lang.String"
value="read committed" description="iso level" />
</bean>
</backingMapPTuginCollection>
</backingMapPluginCollections>
</objectGridConfig>

The benefit of the generic loader interface is that it can be flexible. It is typically used with

a

database, but it is not constrained to that. For example, it can be used to read and write data

by using a web service.

The following sections describe loader implementations that are provided by eXtreme Scale

to reduce the coding that is required:

» 4.3.2, “Implementing the JPA loader” on page 114
» 4.3.3, “Implementing a time-based updater’ on page 117
» 4.3.4, “Implementing a client loader” on page 120
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4.3.2 Implementing the JPA loader

The JPA loader provides a means to write to and read from a database from the eXtreme
Scale grid using JPA entities. It used to manage the link between the data grid and the
back-end database. When a request for data arrives at the grid and cannot be satisfied, the
loader is responsible for contacting the back-end data store and fetching the data. This new
piece of data is first inserted into the data grid, and then returned to the client that requested
the data. A loader also updates the back-end data store to reflect changes to data made in
the grid.

The JPA loader function can be used in either a write-through or a write-behind capacity.
Write-through is the default behavior, and ensures that every update to the grid is immediately
persisted to the database. Write-behind batches updates for either an amount of time or a
number of updates before they are persisted to the database.

The JPA loader also provides a preload implementation, which is run within a designated
partition on the grid server. However, the use of a container-side preloader is generally not
recommended. The preferred method to pre-populate data into the grid is to use a client
loader implementation. For more information, see 4.3.4, “Implementing a client loader” on
page 120.

To implement a JPA loader, provide an implementation of the following methods:

» get(): Access the data for a specific list of keys
» batchUpdate(): Persist changes to the database
» preloadMap(): Pre-populate the grid
At a high level, use these steps to implement the JPA loader:
» WebSphere eXtreme Scale configuration:
— Configure the grid to use the JPALoader plug-in in the objectgrid.xml file
» JPA configuration and development:
— JPA provider libraries/run time
— JPA Entity definitions
— JPA persistence unit for database connectivity

Example 4-10 highlights the eXtreme Scale configuration that is required to implement the
JPA loader.

Example 4-10 Sample objectGrid.xml file configured to use the JPA loader

<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="http://ibm.com/ws/objectgrid/config ../objectGrid.xsd"
xmins="http://ibm.com/ws/objectgrid/config">
<objectGrids>
<objectGrid name="BranchGrid" txTimeout="60">
1)
<bean id="TransactionCallback"
className="com. ibm.websphere.objectgrid. jpa.JPATxCallback">
<property name="persistenceUnitName" type="java.lang.String"
value="myPersistencelUnit"/>
</bean>
<backingMap name="Owner" pluginCollectionRef="0wner" />
</objectGrid>
</objectGrids>
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<backingMapPluginCollections>
2)
<backingMapPluginCollection id="Owner" >
<bean id="Loader" className="com.ibm.websphere.objectgrid. jpa.JPALoader">
<property name="entityClassName" type="java.lang.String"
value="com.ibm.itso.redbook.Owner"/>
</bean>
</backingMapPluginCollection>

</backingMapPluginCollections>
</objectGridConfig>

The two plug-ins that are configured in Example 4-10 on page 114 refer to the following items:

» The JPA persistence unit, which describes how to connect to the database and provides
access to the entity metadata. A persistence configuration file called persistence.xml is
included in the JPA application. The string value that is mentioned in the JPATXCallback
bean definition in the example points to a persistence unit name of myPersistencelnit,
which exists in the persistence.xml file.

» A JPA loader is configured for each backing map. A JPA loader is configured by
configuring a backingMapPluginCollection per backingMap, where the ID is that of the
plug-inCollectionRef of the backingMap.

The example JPA loader configuration has a single property configured called
entityClassName. The entityClassName property describes which JPA entity is going to be
used to manage the database persistence for the backingMap.

With the configuration sample in Example 4-10 on page 114 in place, the JPA loader can now
handle the cache miss.

Using write-behind with the JPALoader

By default, all loaders, including JPA loaders, immediately run an update to the database
when a change is made to the grid. This is called the write-through scenario. Alternatively, a
second scenario is available by which eXtreme Scale acts as a buffer for the updates. The
updates are more efficiently batched into fewer, larger updates. This scenario can greatly
improve the scalability of a database. It is referred to as the write-behind scenario.

The write-behind scenario might be preferable for several reasons:

» Performance: Each application transaction to the grid is quicker because the transaction
does not have to wait for the data to be persisted to the back end.

» Isolation of back-end failures: If the back-end database fails, it normally affects the
availability of an application. However, in this case, the application can keep running. The
write-behind function has a built-in retry mechanism, which can persist the data when the
back-end comes back online.

» Reduce load on back-end: Instead of multiple small database accesses, eXtreme Scale
acts as a buffer for the updates. This efficiently batches changes into fewer, larger
updates. This process can greatly improve the scalability of a database.
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An illustration of the write-behind and write-through concepts can be seen in Figure 4-11.
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Figure 4-11 Write-through versus write-behind

The write-behind function is enabled for a specific backing map and applies to all loaders.
This example involves the JPA loader.

Example 4-11 shows a portion of the objectGrid.xml definition file that configures the

write-behind on the Owner backing map. In this case, the write-behind is configured to make

updates based on two criteria:

» Time-based update: Runs an update to the database if 60 seconds have elapsed since
the last database update. This setting can be configured to the required number of
seconds between updates. If no value is provided, the default is 300 seconds.

» Count-based update: Perform an update if a count of 100 updates to the grid have
occurred since the last database update. If no value is provided, the default count is 1000.

If both of these criteria are configured, the first criteria to be matched, time or count, triggers
the update.

Example 4-11 Portion of objectGrid.xml file that enables write-behind

<backingMap name="Owner" writeBehind="T60;C100” pluginCollectionRef="0wner" />

If you enable trace for the object grid by using ObjectGrid=all, observe the output shown in
Example 4-12 where it shows the write-behind thread counting elapsed time and running
updates with any outstanding changes.

Example 4-12 Output from trace log file that shows information from write-behind

[15/09/08 13:08:42:453 BST] 0000006f WriteBehindLo 1  WBLoader - 59907ms passed since the last

update. Will update the database.
[15/09/08 13:08:42:468 BST] 0000006f WriteBehindLo 1  WBLoader - pushed 2 changes to real

loader.
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Handling write-behind failure

Although there are some strong benefits to the write-behind function, there are also some
additional considerations. When there is a failure writing to the back end, the application
transaction has already been committed. A good example is adding an entry to the backing
map where the entry exists in the database. The backing map transaction successfully
commits, but when the write-behind tries to write it to the database, it fails with a duplicate key
exception. Other, similar failure scenarios that must be handled as well.

A special map stores these failed write-behind updates. This map serves as an event queue
for failed updates, which can be retrieved and handled. The name of the map that stores
these failures uses the following naming convention:

IBM_WB_FAILED_UPDATES_<map name>

Example 4-13 shows sample code, with a map called Owner, for accessing the failed
write-behind update map, and the failed keys and values.

Example 4-13 Sample code for handling write-behind failures

session.begin();

ObjectMap failedMap = session.getMap(
WriteBehindLoaderConstants.WRITE_BEHIND_FAILED_UPDATES_MAP_PREFIX + “Owner");
Object key = null;

while(key = failedMap.getNextKey(ObjectMap.QUEUE_TIMEOUT NONE)) {
LogETement element = (LogElement) fMap.get(key);

Object failedKey = element.getCacheEntry().getKey();

Object failedValue = element.getAfterImage();

fMap.remove (key) ;

//Handle the failure key and value.

}

session.commit();

4.3.3 Implementing a time-based updater

A means to refresh the contents of the grid is essential if the grid does not have exclusive
access to the database. If another application can update data on the database, a time-based
updater can check for these updates and notify the grid. The grid can then invalidate or
refresh the stale data.

The previous section (4.3.2, “Implementing the JPA loader” on page 114), configured the
sample application to use a JPA loader. You can now use the JPA loader to do another useful
task. WebSphere eXtreme Scale provides a time-based updater to periodically check a
database for updates. If another application makes an update to the data, the updater can
detect this update and do one of three things:

» Invalidate the stale data, which is then removed.
» Update the stale data with fresh data.
» Add any recent insertions.

Basically, a time-based updater loader checks a field in the database to determine whether
changes have been made. Modern commercial databases provide a function to update a time
stamp field whenever that row is changed. When you have a list of time stamps, a couple of
simple queries can establish what has changed since you last looked. This is an important
function to help manage stale caches. For more information about options for dealing with
stale cache information, see 4.6, “Dealing with data eviction and stale data” on page 137.
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The time-based updater uses a heuristic to determine how often to poll the database table.
This ensures that you are not polling too often, which can be resource intensive on a large
database table.

The query in Example 4-14 supplies all rows that have changed in the period since the last
time the time stamp was checked.

Example 4-14 Query to identify rows changes in a database

SELECT o FROM Owner o where o.rowChgTs>?

After loading the changed rows, the query in Example 4-15 can get the time stamp of the last
change on the database.

Example 4-15 Query to identify last change in the database
SELECT MAX(o.rowChgTs) FROM Owner o

This process is illustrated in Figure 4-12.
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Figure 4-12 Time-based updater usage

After the time-based updater detects that data has changed, there are these possible courses
of action:

» Invalidate stale data: This is the quickest of the options. It is ideal if you have a lot of stale
data that is expensive to load at once, and if you do not mind loading the data again when
you need it.
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» Update stale data: The updater loads the new data into the grid, which is good if you d
not want to take the hit of individual requests reloading data.

(]

» Checking the database for any additional inserts: This extends the previous option and

inserts any new rows into the grid.

The options that are provided by the time-based updater allow for detection of changes to
data and inserts, but not for the deletion of data because this does not show in the time sta
query. An alternative is to provide a deleted field in the database, where applications mar

mp
k

rows as deleted instead of removing them. This is detected by the time-based updater, which

can run the appropriate invalidations in the grid, and then explicitly delete the marked row
from the database.

Before configuring the time-based updater in eXtreme Scale, the database and the JPA
entities must be changed. For example, the database might add a time stamp field to
pertinent tables. The appropriate JPA entities are changed to include the new time stamp
fields.

Having set up the JPA loader in 4.3.1, “Introducing loaders” on page 112, update that
configuration with the time-based updater. Example 4-16 shows how this is added to the
configuration of the Owner backing map.

Example 4-16 Time-based updaters sample configuration

S

<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://ibm.com/ws/objectgrid/config ../objectGrid.xsd"
xmins="http://ibm.com/ws/objectgrid/config">
<objectGrids>
<objectGrid name="BranchGrid" txTimeout="60">
1)
<bean id="TransactionCallback"
className="com.ibm.websphere.objectgrid.jpa.JPATxCallback">
<property name="persistenceUnitName" type="java.lang.String"
value="myPersistenceUnit"/>
</bean>
<backingMap name="Owner" pluginCollectionRef="QOwner" >
<timeBasedDBUpdate timestampField="rowChgTs> persistenceUnitName="myPersistencelnit”
entityClass="com.ibm.itso.redbook.Owner” mode="UPDATE_ONLY” />
</backingMap>
</objectGrid>
</objectGrids>
<backingMapPluginCollections>
2)
<backingMapPluginCollection id="Qwner" >
<bean id="Loader" className="com.ibm.websphere.objectgrid.jpa.JPALoader">
<property name="entityClassName" type="java.lang.String"
value="com.ibm.itso.redbook.Owner"/>
</bean>
</backingMapPluginCollection>
</backingMapPluginCollections>
</objectGridConfig>
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Provide the configuration for each backing map that is to be kept up to date. It specifies the
following items:

» entityClass: This is the class name of the entity to keep up to date,

» timestampField: This maps to the time stamp instance variable that was added to the JPA
entity.

» persistenceUnitName: The JPA persistence unit that already defined.

» mode: What type of update to run on the grid. It can be one of these values:

— INVALIDATE_ONLY: This removes the stale entries from the grid. However, the entities
must be loaded if needed again.

— UPDATE_ONLY: This updates the grid with any entities that have changed.

— INSERT_UPDATE: As well as updating any stale entities in the grid, this populates the grid
with any new entities that have been added to the database since.

4.3.4 Implementing a client loader

The ability to preload data is provided with the loader interface, specifically the JPA loader
implementation mentioned in 4.3.3, “Implementing a time-based updater” on page 117.
However, the JPA-specific implementations are restricted to preloading an entire database
table for a corresponding JPA entity. It might be that your application does not want to, or for
reasons of size, cannot load an entire table.

The client loader implementation provides a flexible means of bulk-loading, or preloading,
data to populate the grid at start, or in the case that much of the data in the grid needs
refreshing, from the database. Instead of having to write your own code for the preload, as is
the case with the generic loader interface, the client loader provides an implementation that
can take a specific JPA query or load the whole table without further coding. The loading can
be run on demand within the client or as part of a grid preload in a custom loader
implementation.

An example of the client loader scenario is shown in Figure 4-13.
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Figure 4-13 Using a client loader to populate the grid
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JPA loader or client loader for preloading: The preload function provided by the JPA
loaders and the client loader is similar, with the obvious difference being that you can
provide a custom query to the client loader and the location of the code execution.

The use cases for these two tools vary because the JPA loader is behind the grid and
server-side as opposed to the client loader, which is in front of the grid and client-side.

The JPA loader preload is important when you must pre-populate the grid without using a
client application. As the implementations do not allow a custom query to the database,
you can create a custom loader and implement the preload() method to use the client
loader to populate the grid.

The client loader can provide more benefit because you can run more than one and
populate the grid in parallel, general reducing overall loading time. Generally, the client
loader implementation is preferable to a server-side loader and is the most widely used
scenario.

The code that is required to implement a basic Client Loader implementation is fairly simple
as shown in Example 4-17.

Example 4-17 Sample client loader implementation

StateManager stateMan = StateManagerFactory.getStateManager();
stateMan.setObjectGridState(AvailabilityState.PRELOAD, grid);

ClientLoader ¢ = ClientLoaderFactory.getClientLoader();

//get the desired database data and conver to Java object form.

c.load(grid, "Owner", “myPersistenceUnit”, null ,Owner.class, null, null, preload,
null);

stateMan.setObjectGridState(AvailabilityState.ONLINE, grid);

Some leading practices are demonstrated in Example 4-17. Before using the ClientLoader,
the grid is put into PRELOAD state. This takes the grid offline. Therefore, check the status of the
grid before using it, but if not, the status check ensures that the request fails quickly. The grid
is then populated and brought back into the ONLINE state.

The following options are passed to the 1oad() method in Example 4-17:
» grid: The ObjectGrid to populate.

» Owner: The map to populate.

» myPersistenceUnit: The name of the persistence unit to use from the persistence.xml
file.

» null: This can be a persistenceProps object, where you can supplement the
persistence.xml file with more properties.

» Owner.class: The class name of the JPA entity THAT IS being placed into the grid. It is
optional as, by default, the classname is taken from the entity metadata file for the
eXtreme Scale grid. It is not necessary in this scenario, as this example is using the same
POJO as both the eXtreme Scale and the JPA entity.

» null: This is the optional load SQL string to specify the data that you want to preload. In
this example it is null, so the query equates to “SELECT o FROM Owner 0”. An example in
this scenario might be something such as the following:

SELECT o FROM Owner o WHERE
o.customerNumber >= :TowNum AND o.customerNumber <= :highNum
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» null: This is the query parameter map, which is not needed in the example application.
However, if you provide a query as shown in the previous point, you need two values for
the lowNum and highNum parameters.

» preload: Thisis a boolean value to define whether the load is going to provide a preload
or not. If it is true, the preload first clears the grid before it loads the data.

» null: If required, this can be a ClientLoaderCallback implementation, which provides
preStart() and postFinish() call back methods.

4.4 Querying data using Object Grid Query Language

WebSphere eXtreme Scale offers functions to run SELECT type queries using Object Grid
Query Language (OGQL). OGQL is based on Java Persistence Query Language (JPQL).
Like JPQL, objects and attributes are used instead of tables and columns. When the
ObjectMap APl is used, the query schema must be defined programmatically or through XML.

The query engine of eXtreme Scale has the following capabilities:

Single and multi-valued results

Aggregate functions

Sorting and grouping

Joins

Conditional expressions with sub queries
Named and positional parameters

Index utilization

Path expression syntax for object navigation
Pagination

VVYyVYyVYVYVYVYYVYYyY

To illustrate the information described in this section, a sample application is provided. Details
about how to obtain this sample can be found in Appendix A, “Additional material’ on
page 341.

To introduce the query language, a simple example is shown in Example 4-18. It shows a
query that retrieves a list of inventory objects that have prices above a certain limit. To run the
query, the following artifacts that must be developed:

» Application code that includes the OGQL query
» Configuration defined in the objectgrid.xml file to include the map schema and index
» Deploying the data Java classes to the eXtreme Scale container

Example 4-18 Query retrieving a list of inventory objects with quantity of a specific limit

SELECT i FROM Mapl i WHERE i.quantity =71

Example 4-19 shows a sample code snippet of how the query APIs can be used to run the
sample query. A query can only run against one partition. The code that is shown in
Example 4-19 must be run against every partition.

Example 4-19 Sample code using the query API to run a query

// since query works on multiple objects, need to start a new transaction
Session sess = grid.getSession();;
sess.begin();

// build query and set query parameters
ObjectQuery q = sess.createObjectQuery(queryString);
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g.setParameter(1, quantity );

// client side query can only run on 1 partition.
g.setPartition(partitionNumber);

// process results

Iterator reslter =q.getResultIterator();

while(resIter.hasNext()) {
InventoryBean bean = (InventoryBean)resIter.next();
list.add(bean);

}

// just a read operation, so rollback

sess.rollback();

To use a query with the ObjectMap API, two configuration elements are needed in the
objectgrid.xml file. These are illustrated in bold in Example 4-20.

» Map schema: The Map schema allows eXtreme Scale to understand the structure of the
Java class in the grid and its primary key attribute.

» Index on the attribute to be queried: To improve performance, an index can be defined on
the attribute to be queried. In this example, it is the quantity attribute. For more information
about indexes and the use of the global index, see 4.4.2, “Optimizing query performance
using the global index” on page 127.

Example 4-20 Sample objectgrid.xml file

<?xml version="1.0" encoding="UTF-8"?>
<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins="http://ibm.com/ws/objectgrid/config">

<objectGrids>
<objectGrid name="Grid">
<backingMap name="Mapl" copyMode="COPY_TO_BYTES"
pluginCollectionRef="GridPlugins"/>
<querySchema>
<mapSchemas>
<mapSchema
valueClass="com.ibm.itso.sample.InventoryBean"
mapName="Map1"
primaryKeyField="sku"/>
</mapSchemas>
</querySchema>
</objectGrid>
</objectGrids>

<backingMapPluginCollections>
<backingMapPluginCollection id="GridPlugins">
<bean id="MapIndexPlugin"
className="com. ibm.websphere.objectgrid.plugins.index.HashIndex">
<property name="Name" type="java.lang.String" value="QUANTITY" />
<property name="RangeIndex" type="boolean" value="true" />
<property name="AttributeName" type="java.lang.String" value="qty" />
</bean>
</backingMapPluginCollection>
</backingMapPluginCollections>
</objectGridConfig>
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Provide the Liberty Profile with a copy of the Java class of the data to be stored in the grid.
This is so the grid can inflate the Java objects for querying. Ultimately, the XDF will negate the
need for this in the future. There are other reasons for providing Java classes for use on the
grid, for example for eXtreme Scale plug-ins and agents. However, this should only be done if
necessary because it adds complexity, and scenarios that require code on the grid prevent
you from using the WebSphere DataPower XC10 Appliance.

When you provide eXtreme Scale classes for use with the Liberty Profile, they must be placed
in an OSGi bundle and dropped into the grids directory.

OSGii is a standard that provides services to enforce modularity, versions, and a dynamic
component model in a Java platform. Both Eclipse and the Liberty Profile are based on it. For
further information, see WebSphere Application Server Liberty Profile Guide for Developers,
SG24-8076.

The following steps provide a simple way to provide the OSGi bundle to deploy the required
classes onto the Liberty Profile grid class path:

1. Create a MANIFEST.MF file in the source META-INF directory that contains information
similar to that found in Example 4-21.

The important information is the Export-Package, which defines which package is
exposed to the Liberty Profile container. Any other package in the bundle is not visible to
code outside the bundle. This is the benefit of OSGi.

Example 4-21 Sample MANIFEST.MF file

Manifest-Version: 1.0
Bundle-RequiredExecutionEnvironment: JavaSE-1.6
Bundle-Name: QueryInventory
Bundle-SymbolicName: QueryInventory
Export-Package: com.ibm.itso.sample
Bundle-Version: 1.0.0

Bundle-ManifestVersion: 2

2. Export the classes and MANIFEST.MF as a JAR file. The example here has just one class
and the MANIFEST.MF, so the file can be simple. Eclipse provides the option to save the JAR
description to make it easy to regenerate it when necessary.

Place the JAR file into the eXtreme Scale grids directory with the grid configuration as
described in 4.1.2, “Creating a WebSphere eXtreme Scale grid” on page 103. The
contents of the grids directory look similar to Figure 4-14.

E---‘,:‘;‘, WebSphere Application Server w8.5 Liberty Profile
E|:? SErVEers

E|:7 WXESErYEr

5= apps

""" = dropins

E-E= grids

|£] AgentInventary.jar
objectarid. gcr

- |%] objeckgrid, xml

; - K| objeckGridDeployment. xml
H-= logs

lc? warkarea

|§| server, xml

|§| wsServerCanfig. xml

Figure 4-14 Deployment artifacts in the grids directory
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4.4.1 Important considerations when using queries

Although the grid query language resembles SQL, the underlying concepts are quite different
because you are running against a NoSQL platform.

Important: The design of the data schema of the grid is important to ensure high
performance. In a NoSQL deployment, various design guidelines that apply in other
disciplines such as with relational databases should not be followed.

Design the data schema such that the application can access it as optimally as possible.
This might introduce data duplication and de-normalization and other practices that are
discouraged in the relational database world.

These principles are described in the Single-partition and cross-data-grid transactions
topic on the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremes
cale.doc/cxscrossgrid.html

This section covers the following considerations when you use queries:

vvyyy

“Handling partitions” on page 125

“Using joins” on page 126

“Limiting query results” on page 126

“Using indexes” on page 126

“Understanding query performance” on page 127

Handling partitions

A query is run against a single partition. The partition can be explicitly set by using
Query.setPartition(). Otherwise, the query is run against the partition the session is pinned
to by previous operations.

When the data is spread over multiple partitions, the query does not work as it normally does
when querying a database. To run a query over the whole grid, consider the following options:

>

Iterate over each partition: This is easiest to code as the code iterates across each
partition and runs the query. However, it is the slowest and least scalable.

Use agents to run the query in parallel: Using agents (such as MapGridAgent and
ReduceGridAgent) to run queries can be fast because each agent is run in parallel across
all partitions. Although it is more complex to code, this is a powerful use case for agents.
For more information, see 4.5, “Server-side development with agents” on page 132.

Aggregation functions: When you use queries with agents, remember that
aggregation functions, such as count (), work only on the local partition. The total result
must be computed by applying the function to the results from the agent.

Use a global index: The global index is a new feature in WebSphere eXtreme Scale
version 8.6. The global index is an API that helps maintain an index across the grid of the
wanted attributes. It returns a list of partitions that contain the objects of interest so that
the query can be targeted to just the partitions that contain the data. For more information,
see 4.4.2, “Optimizing query performance using the global index” on page 127.

Use multi-partition transaction support: When using the multi-partition transaction support
(as described in 4.8.3, “Multi-partition transactions” on page 148), queries can span
multiple partitions. This makes development simpler, but it does come with the
performance penalty of using two-phase commit transactions. The Data access and
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transactions topic in the WebSphere eXtreme Scale Version 8.6 Information Center
provides further information about this feature:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremes
cale.doc/cxsdataacc.html

Which approach is best depends on your requirements. However, the global index feature is
powerful and makes a good place to start.

To illustrate the information described in this section, a sample application is provided.
Information about how to obtain this sample can be found in Appendix A, “Additional material”
on page 341.

Using joins
Relational databases often use a JOIN statement to link associated child entities. WebSphere
eXtreme Scale also provides a JOIN, but this powerful construct must be used wisely:

» Avoid cartesian products in the FROM clause: Use JOIN instead.

Joining of entities occurs in memory. Be careful when you are using cartesian products
(FROM A, B), because the resulting temporary data can easily become very large,
potentially causing out of memory issues. Use JOINs to reduce the size and reduce the
query execution time dramatically (FROM A JOIN B). For example, include the JOIN criteria
in the FROM clause, as shown in Example 4-22.

Using different syntax usually does not make a difference for a SQL database, as the
query optimizer creates the same execution plan. But the syntax you use can make a
huge difference for the grid when cartesian products are involved.
Example 4-22 Expressing a JOIN statement in SQL in the FROM clause

SELECT * FROM A JOIN B ON (b.fk = a.pk)

» Remember that a query that includes JOINs is run against a single partition. If the joined
child data is in a different partition, the child is not included in the result.

If a JOIN must retrieve all child objects, ensure that the children are placed in the same
partition as the parent. This task can be performed by placing the data into a single map
set that shares a partitioning key.

Limiting query results

In SQL, you often limit the result set size to avoid being overloaded with a huge result set. In
eXtreme Scale, this can be accomplished by using setFirstResult() and setMaxResults() to
control the size of the result.

Special care must be taken when you are using agents. All elements from the agent result are
sent to the client, no matter how large or small that set of results might be.

Using indexes

As with relational databases, indexes are important to speed up queries. WebSphere
eXtreme Scale supports indexes on any attributes of the data.

Also, as with relational databases, there is a cost that is associated with an index. An index is
stored in memory and must be considered when you calculate heap sizes for a grid container.
Also, an index must be kept up to date when data is changed, which affects write speeds.
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Understanding query performance

SQL databases usually include a highly sophisticated query optimizer to find an optimal query
execution plan. WebSphere eXtreme Scale does not include any query optimization
component. Based on the query string, a straightforward execution plan is created and run.
The FROM clause is evaluated from left to right, so place entities with low cardinality first.

The same applies to WHERE clauses, so you should place conditions with high selectivity, and
that are supported by an index, first. As an example, when querying a global company's data
for all male employees who live in England, query on England first (one of many countries)
and then on males (one of two genders).

Use rollback transactions when you run a read-only query to avoid expensive commit
processing (known as walking the graph).

A helpful tip is to check the query execution plan for efficiency. This can be performed by
logging the plan from the application (see Example 4-23) or by enabling the trace setting
QueryEnginePlan=debug=enabled.

Example 4-23 Code to log the query plan

public void search(...) {
String queryText = ...;
Query query = ...

if (log.isDebug()) {
Tog.debug(“Going to execute query "+queryText
+" with plan “ + query.getPlan());

For more information about query tuning and query plans, see the following topics in the IBM
WebSphere eXtreme Scale Version 8.6 Information Center:

» Tuning query performance

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremes
cale.doc/cxsqryperf.html

» Query plan

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremes
cale.doc/cxsqueryplan.html

4.4.2 Optimizing query performance using the global index

The global index capability is a new function in WebSphere eXtreme Scale version 8.6. The
global index is a solution to the challenges articulated in 4.4.1, “Important considerations
when using queries” on page 125. It addresses the question as to the best way to query
across a large, partitioned environment where cached objects are spread across all
partitions.

When you use regular indexes, queries, and agents, the query must run on all partitions. This
is an expensive operation to retrieve data. Ideally, run these operations only on applicable
partitions, and therefore eliminate unnecessary processor usage. This is the capability of the
global index.

Global index tracks the location of indexed attributes, and therefore can determine which
partitions contain the data you are interested in.
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The Global Index provides these benefits:

»

»

>

Efficient cross-partition access to index data.
The index is automatically updated.

Using secondary, global/reverse index maps to store global index data is no longer
needed. This previously had to be done with bespoke development.

Clients can query an index with predictable performance because only a subset of the
partitions is queried.

The global index is an enhancement to the Hashindex plug-in introduced in 4.4, “Querying
data using Object Grid Query Language” on page 122. It provides an API to allow:

»

»

Clients to retrieve the partitions in which an indexed attribute exists, which is useful for
routing agents.

Index queries are enhanced to return keys and values without using an agent or multiple
remote calls.

The following items introduce the changes that must be made to the original query example
found in 4.4, “Querying data using Object Grid Query Language” on page 122.

>

Enable the global index in the objectgrid.xml.

The change to the grid definition is trivial. Add a property to the existing index definition to
enable the global index, as shown in Example 4-24.

Example 4-24 Addition to the objectgrid.xml file to enable global index

<backingMapPluginCollection id="GridPlugins">
<bean id="MapIndexPTugin"
className="com.ibm.websphere.objectgrid.plugins.index.HashIndex">
<property name="Name" type="java.lang.String" value="QUANTITY" />
<property name="RangeIndex" type="boolean" value="true"/>
<property name="AttributeName" type="java.lang.String" value="qty" />
<property name="GlobalIndexEnabled" type="boolean" value="true" />
</bean>
</backingMapPTuginCollection>

Use the global index API to optimize the query logic.

The query code remains the same as introduced at the start of this section. Example 4-25
shows how to get the partitions that contain the data of interest. In this example, the
application wants to query the QUANTITY value and the global index narrows the search to
only those partitions that contain it.

Example 4-25 Code to use the global index

Session session = grid.getSession();

ObjectMap map = session.getMap(mapName);

MapGlobalIndex quantityIndex = (MapGlobalIndex) map.getIndex("QUANTITY");
//Find partitions of items with a quantity of the variable quantity
Collection<Integer> partitions = quantityIndex.findPartitions(quantity);

// just run query against partitions that have the keys we’re interested in
for (Integer partitionNumber : partitions) {

// run existing query Togic on partition partitionNumber
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Now, apply the global index to the query used previously as shown in Example 4-26. In this
scenario, the query is looking to find items that have a quantity of 0 (they have run out).
Without a global index, the client runs a query for each partition. On a large system, this can
easily be over 50 queries.

Example 4-26 Query retrieving a list of Inventory objects with quantity of a specific limit.

SELECT i FROM Mapl i WHERE i.quantity =71

Compare this to a global index query, where there might be only a handful of items with
quantity of 0. By way of example, this might perform only five to ten queries, which is far more
efficient.

Optimizing further

On a large data set, the spread of data of a non-primary attribute can be sufficiently random
across the grid that a global index might not narrow down the number of partitions enough to
benefit from it.

In this case, consider providing a custom partition key. WebSphere eXtreme Scale version 8.6
introduces a new feature, called PartitionKey, to specify the field or attributes on which a
hash code calculation is run using a Java annotation.

For more information, see the Mapping keys to partitions with PartitionKey annotations topic
in the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txspartitionkey.htm]

4.4.3 Inverse range index

The inverse range index provides an index capability to search ranged data. Consider the
following data sets, which can be searchable:

» Products that store promotion start and end dates. The inverse range index allows a
search to be run to find products that are on promotion on a specific date.

» Insurance policies that only apply to a range of ages. You might have different policies,
some apply to the people over 50, some for 40 to 60, and others for 35 to 55. The inverse
range index enables a search to find policies that are applicable to a certain age, in this
example, for someone who is 51.

To implement an inverse range index, there are two constraints, as it is a more complex
search:

» The data must be defined and partitioned using a complex key. Example 4-27 on
page 130 illustrates this. Specifically, all cache entries and search keys with the same
value of non-range attributes must route to the same partition. This can be done by having
the same non-range attributes in both the cache data key and the search data key.

» The search must be run on the server side, running in the grid using code such as an
agent to run it. This is because the inverse range index implements a MaplndexPlugin,
which cannot be run from the client.

This can be illustrated by extending the stock inventory example used elsewhere in this
chapter with some range data, namely a promotion start and end data. To do this, there
are two key Java objects needed:
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» For the cache data key itself, Example 4-27 shows a simple example:
— Non-range data such as product id
— Range data such as promotion start and end dates

Example 4-27 Sample cache class with range data

public class ProductKey f{

private String sku;
private Date startPromotionDate;
private Date endPromotionDate;

//getters and setters

}

3. For the search, Example 4-28 shows the corresponding search key:

— All non-range attributes from the data key, so in this case the product id. This ensures
that the search key routes to the same partition as the data key.

— The search value for the range data, such as a specific date to search for promotions
with.

Example 4-28 Sample search key for specific promotion date

public class ProductSearchKey {

private String sku;
private Date promotionDate;

//getters and setters

The configuration for the inverse range index is similar to the other index configurations in the
objectgrid.xml as shown in Example 4-29.

The important line of the configuration is the AttributeName. This string defines the search
parameters (as obtained from the search keys sku and promotionDate) and how they relate to
the range values from the data key. In this example, the search parameter string is:

sku[key.sku], promotionDate[key.startPromotionDate, key.endPromotionDate]

Example 4-29 objectgrid.xml file with inverse range index configuration shown

<?xml version="1.0" encoding="UTF-8"?>
<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmIns="http://ibm.com/ws/objectgrid/config">

<objectGrids>
<objectGrid name="Grid">
<backingMap name="Mapl" copyMode="COPY_TO BYTES"

pluginCollectionRef="GridPlugins"/>

<querySchema>
<mapSchemas>

<mapSchema valueClass="com.ibm.itso.sample.InventoryBean
mapName="Mapl" primaryKeyField="sku"/>

</mapSchemas>

</querySchema>
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</objectGrid>
</objectGrids>

<backingMapPluginCollections>
<backingMapPluginColTlection id="GridPlugins">
<bean id="MapIndexPlugin"
className="com. ibm.websphere.objectgrid.plugins.index.InverseRangeIndex">
<property name="Name" type="java.lang.String" value="productData"/>
<property name="AttributeName" type="java.lang.String"
value="sku[key.sku],
promotionDate[key.startPromotionDate, key.endPromotionDate]"/>
</bean>
</backingMapPluginCollection>
</backingMapPluginCollections>

</objectGridConfig>

After the data and configuration is set up, the code to use the index to run a find is easy and
efficient. The code in Example 4-30 shows an example using the index. The implementation
that is shown is in an agent process method. For more information about developing agents,
see 4.5, “Server-side development with agents” on page 132.

Example 4-30 Agent code snippet to run the Inverse Range Index

MapIndex codeIndex = (MapIndex) map.getIndex("InverseRangeIndex");
//return keys that match search for processing

Iterator result = codeIndex.findAl1(searchKey);

//process objects for found keys

To deploy the code onto Liberty, it must be packaged into an OSGi bundle (a JAR file with
specific contents in the MANIFEST.MF file) and placed in the grids directory of the server. This
simple process is explained in 4.5.2, “Liberty Profile configuration” on page 136.

The important configuration needed to allow the sample to work in an OSGi bundle is to
specify the correct import packages in the MANIFEST.MF file, such as:

Import-Package: com.ibm.websphere.objectgrid,
com.ibm.websphere.objectgrid.datagrid, com.ibm.websphere.objectgrid.plugins.index
The IBM Elastic Caching Community provides a sample application for using the inverse
range index that is based on the scenario in this section:

https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766c0d5
5a2lc/entry/inverse_range_index?lang=en

4.4.4 Continuous query

A new feature in WebSphere eXtreme Scale version 8.6 is the continuous query. The purpose
of a continuous query is to proactively notify the client when a change to the data set of
interest occurs.

Compared to a traditional query, where the client run perform the query (or pull the

information), with the continuous query, the client registers a query filter and gets notified
(push the information) when the result set matching that query changes. This feature uses the
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publish/subscribe model, which is used internally to perform the near cache invalidation.
There is no further infrastructure required within the eXtreme Scale configuration.

A simple example is illustrated in Figure 4-15, where the filter is stock.value > 100. That is, the
application wants to be notified when any stock value goes over 100.

N

—— | IBM 197
!,._:,, QRS 110
F

2. QRS, 110 pushed to the client

Filter
'Stock.value > 100’

IBM 197
XYz 57
ABC 42
QRS 110

Elastic Caching 1. QRS changes to 110

Figure 4-15 Continuous query

To configure a continuous query, complete these steps. The process to set this up requires
some code.

1. Define a filter chain that passes the keys/values of interest.

2. Implement a custom filter or use the provided basic filters of EQ, NEQ, GT, GTE, NotNull,
IsNull, LT, LTE, RegEx, NotRegEx, And, Not, Or

3. Handle the changes that match the filter. The following range of events can be handled
when the data changes:

Insert: There is a new object that matches the query.
Update: An object that did not match the query, matches it now.
Update: An object that did match the query, does not match it now.

Update: An object that did match the query, still matches it, but value has changed. This
is optional.

Delete/Clear/Invalidate: An object that did match the query has been removed.

The IBM Elastic Caching Community provides a sample application for using the continuous

query:

https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766c0d5
5a21lc/entry/continuous_query sample

4.5 Server-side development with agents

This section describes an implementation of the XTP pattern from 3.5, “Extreme Transaction
Processing scenario” on page 85 using the MapReduce programming model. This is a
fundamental shift in the approach to writing applications because this runs code directly on
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the eXtreme Scale grid. This section therefore does not apply to the WebSphere DataPower
XC10 Appliance.

Running logic on the grid is done by developing agents. A copy of an agent runs on each
defined partition in parallel. Each agent has direct read/write memory access to all of the data
that are held in its partition. This approach to developing can facilitate high-scale performance
and scale applications, but can also be used as approach to improve normal side cache and
in-line cache scenarios as well.

There are two WebSphere eXtreme Scale APIs to provide an implementation of the
MapReduce, a technique for parallel processing and querying large quantities of data:

» com.ibm.websphere.objectgrid.datagrid.MapGridAgent

Returns a map of results from a partition. For example, a MapGridAgent can be useful for
retrieving data with some calculation performed on each result.

» com.ibm.websphere.objectgrid.datagrid.ReduceGridAgent

Returns a single result from a partition. For example, a ReduceGridAgent can be useful for
working out the lowest or highest value for a partition.

The use of agents can be illustrated with an example using the ReduceGridAgent. It is an
enhancement to the inventory scenario used in 4.4, “Querying data using Object Grid Query
Language” on page 122. In the scenario, the grid maintains the status of a product inventory.
It might be reasonable to query the grid to ascertain the total stock value of the inventory.
Using the techniques described so far, the client must query each partition for each object
stored in the grid and return the objects to the client side for processing. This is not efficient.

With agents, the processing can be pushed to the grid and run in parallel. The logic for this is
simple, but it illustrates clearly what logic is run where.

» On the grid, each partition is responsible for calculating the value of the inventory in its
partition and return the result for aggregation.

» On the client, the agent waits for the results from each partition and aggregate the totals to
provide the complete inventory total.

4.5.1 Agent development

Example 4-31shows the ReduceGridAgent interface. The two reduce methods are run on the
grid, and reduceResults is the method that is run on the client after the grid-side execution is
complete.

Example 4-31 com.ibm.websphere.objectgrid.datagrid. ReduceGridAgent

public interface ReduceGridAgent {

/**

* Provides the logic to be run on each partition.

* @return Object containing the result of the processing
*/

public Object reduce(Session s, ObjectMap map);

/**

Provides the logic to be run on each partition.

In this case, the entries for the partition are constrained
further by providing a collection of the keys to be processed
@return Object containing the result of the processing

*  F X X

Chapter 4. Developing with WebSphere eXtreme Scale 133



*/
public Object reduce(Session s, ObjectMap map, Collection keys);

/*'k

* Run once for the whole grid.

* It is run after the reduce methods have been run.

* @param A Collection of Java Objects, which are the results from
* each reduce method.

*/

public Object reduceResults(Collection results);

Example 4-31 on page 133 calculates the overall value of stock that is held by an
organization, where the stock inventory is represented by data in the grid.

To illustrate this example, a sample is provided. For more information about how to obtain this
example, see Appendix A, “Additional material” on page 341.

To implement the interface for this example, the following two methods can be implemented:

» reduce() to calculate the inventory total for a partition. This is run on the grid on each
partition.

» reduceResults() to aggregate the inventory total that is returned from the partitions. This
is run on the client.

The process is illustrated in Figure 4-16. The third method, reduce, is not implemented here,
but can be implemented when a range of keys can be provided to the agent for processing the
corresponding values.

Liberty — Grid Server 1
|

Partition n

reduce(){
Java Client Calc partition total

eXtreme Scale
Client
Execute
reduceResults(Collection results){ Agent
Aggregate totals from partitions Liberty — Grid Server 2
}

1

Partition m

reduce(){
Calc partition total

}

Figure 4-16 Overview of agent execution
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Example 4-32 shows sample code from this scenario. For more information about the simple
query implemented in the reduce method, see 4.4, “Querying data using Object Grid Query
Language” on page 122. In reality, queries are normally more complex.

Example 4-32 StockValueReduceAgent implementation

public class StockValueReduceAgent implements ReduceGridAgent{

/*

* Server-side calculation of value of stock held in each partition

*/

public Object reduce(Session session, ObjectMap map) {
//Query everything in the partition (in reality this would be smarter!)
String queryString = " select i from Mapl i";
ObjectQuery query = session.createObjectQuery(queryString);

// process results
BigDecimal value = new BigDecimal(0);
for (Iterator i = query.getResultIterator(); i.hasNext();) {
InventoryBean inventory = (InventoryBean)i.next();
value = value.add(
inventory.getUnitPrice() .multiply/(
BigDecimal.valueOf (inventory.getQty())));
1

System.out.printin("Returning total value for partition: "+value);
return value;

}

//unused
public Object reduce(Session arg0, ObjectMap map, Collection keys) {
return null;

}
/*

* Client-side aggregate results from each partition
*/
public Object reduceResults(Collection results) {
BigDecimal totalValue = new BigDecimal(0);
for (BigDecimal partitionValue : (Collection<BigDecimal>)results) {
totalValue = totalValue.add(partitionValue);
1

return totalValue;

After you develop the agent code, it must be started by the client application. Example 4-33
illustrates how to do this by obtaining a reference to an AgentManager from the map.

Example 4-33 Client-side code to execute an agent

public BigDecimal executeAgent(String mapName) throws ObjectGridException{
Session session = grid.getSession();
ObjectMap map = session.getMap(mapName);
AgentManager amgr = map.getAgentManager();
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StockValueReduceAgent agent = new StockValueReduceAgent();

BigDecimal total = (BigDecimal) amgr.callReduceAgent(agent);
session.close();

System.out.printin("Total stock value is calculated as: "+total);
return total

A MapGridAgent would be implemented similar to this example. The difference with the
MapGridAgent is that it returns a Map of processed entries. Be careful that this does not
become a large amount of data being serialized back to the client.

To run the agent code, any Java classes that the agent needs to run must be provided on the
grid server-side. This is straight forward in a stand-alone Java deployment of eXtreme Scale,
as it can be added to the class path. There are some different packaging requirements if you
are deploying it in Liberty. For more information, see 4.5.2, “Liberty Profile configuration” on
page 136.

4.5.2 Liberty Profile configuration

The grid configuration (objectgrid.xml and objectGridDeployment.xml) for the sample code
remain the same as that defined in Example 4-20 on page 123. The grid configuration files do
not contain anything specific to the use agents, although the map schema define is used by
the query in the agent implementation.

To deploy the agent in the Liberty Profile, complete the steps in 4.4, “Querying data using
Object Grid Query Language” on page 122 to package all Java classes referred to by the
agent code and inventory object. Deploy this package as an OSGi bundle (JAR file with a
special MANIFEST.MF file) in the grids directory of the Liberty Profile server instance.

The MANIFEST.MF file (Example 4-21 on page 124) needs revising to include the
dependencies of the agent code. If you are not familiar with OSGi, a key concept is that of
explicitly managing module imports and exports. This is where OSGi helps to regulate
situations where the class path is not managed.

Example 4-34 illustrates how the classes required by the agent are explicitly defined.

Example 4-34 Extended MANIFEST.MF file

Manifest-Version: 1.0

Bundle-RequiredExecutionEnvironment: JavaSE-1.6

Bundle-Name: QuerylInventory

Bundle-SymbolicName: QueryInventory

Export-Package: com.ibm.itso.sample

Import-Package: com.ibm.websphere.objectgrid,
com.ibm.websphere.objectgrid.datagrid, com.ibm.websphere.objectgrid.query
Bundle-Version: 1.0.0

Bundle-ManifestVersion: 2
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The Java classes and MANIFEST.MF file are ready to be exported to the grids directory of the
Liberty Profile instance as shown in Figure 4-17.
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Figure 4-17 OSGi bundle (JAR) deployment in the Liberty Profile

The client code can be run from any Java environment, such as a web application in the
Liberty Profile or a stand-alone Java Standard Edition (SE). If you are accessing the agent
from a Java SE client, ensure that the client and server are at the same product and fix level.

To run code with a Java SE client, download a full (or trial) WebSphere eXtreme Scale
environment because the eXtreme Scale Liberty feature download does not provide this. For
development, this is available as a trial from the following website:

http://www.ibm.com/developerworks/downloads/ws/wsdg

The IBM Elastic Caching Community provides a sample application for using agents:

https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766c0d5
5a2lc/entry/running_queries_in_parallel_using_a_reducegridagentl

4.6 Dealing with data eviction and stale data

This section describes the methods for dealing with state cache data and data eviction:

» 4.6.1, “Tolerating the data” on page 138

4.6.2, “Using time-based eviction strategies” on page 138

4.6.3, “Polling the database for updates in regular intervals” on page 139

4.6.4, “Using JMS to propagate changes” on page 140

4.6.5, “Using near cache invalidation in WebSphere eXtreme Scale version 8.6” on
page 140

vyvyyy
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» 4.6.6, “Assuring no external changes are made to backing store” on page 141
» 4.6.7, “Ensuring all external change processes notify the grid” on page 141

Whenever an application uses a cache or grid function with a hardened back-end data store,
the problem of stale data in the cache must be considered. The application might read old
data from the cache when the data has already been updated in the back end. This situation
is called a dirty read because of a stale cache. This situation can have severe impacts for the
application and the business it supports. It occurs frequently when many external changes
(that is, not managed by the application) are applied to the back-end data store.

Determine your requirements for cached data accuracy by answering the following questions:

» How acceptable is a dirty read?

» What are the consequences if one occurs?

» What is the maximum acceptable time between an update in the back-end store and an
update in the cache?

The answers to these questions depend on the type of data and the type of use cases the
application drives against it. The answers can range from “dirty reads can occur and do not
really matter” to “dirty reads are not acceptable in any case.”

For example, a social community web application that uses a cache from which to read profile
images of users can tolerate a dirty read easily. Showing an out of date image is a minor
inconvenience, and probably not even noticed by other users.

A different example would be an online stock trading application that reads stock exchange
rates from the cache for actual trades. A dirty read can result in a wrong price calculation,
imposing a loss to the brokerage. That makes dirty reads intolerable, and the solution must
ensure that they cannot occur.

Establish accuracy requirements for each entity that is stored in the cache. Different entities
might have different requirements for a single application. Most applications that use a cache
are developed to handle stale data, regardless of how small the likelihood, where appropriate.
For example, an e-commerce site might have small intervals of stale data in the cache of
quantities of product stock, but before purchase it can review the stock quantity directly with
the data source to get a definitive number.

The following sections address different options and what eXtreme Scale offers to deal with
this issue.

4.6.1 Tolerating the data

If requirements allow, dirty reads can simply be accepted.

4.6.2 Using time-based eviction strategies

You can use a time-based eviction strategy (for example, every 30 minutes or every day at
23:00 and 05:00) to establish an upper bound for the dirty read time. WebSphere eXtreme
Scale provides a time to live (TTL) evictor that can be used to expire old data from the cache.

Example 4-35 on page 139 provides a sample objectGrid.xm] file with a TTL evictor
configured to expire data 30 minutes after the last access or update time. In this example,
eXtreme Scale maintains two timers for last access time and for last update time. They can be
used separately or combined with an OR as shown.
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Note: This strategy can cause peak loads at the back end when a lot of invalidated data is
re-read at a certain point in time. It can also cause performance degradation because of
numerous cache misses after invalidation occurred.

Example 4-35 Configuring a TTL evictor

<?xml version="1.0" encoding="UTF-8"?>
<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://ibm.com/ws/objectgrid/config ../objectGrid.xsd"
xmIns="http://ibm.com/ws/objectgrid/config">
<objectGrids>
<objectGrid name="gridl">
<backingMap name="map2" tt1EvictorType="LAST_ACCESS_TIME|LAST_UPDATE_TIME"
timeToLive="1800" />
</objectgrid>
</objectGrids>

4.6.3 Polling the database for updates in regular intervals

The cache application polls the back-end store for the latest changes. This application can
either invalidate the objects from the cache or directly update it. Information provided by the
back-end store is used to determine changes. Examples can be a time stamp column “last
modified” that denotes the point in time. In this case, it is easy to select all rows that have
been changed since the last row. It is common for a business application to have a “last
modified” time stamp for audit reason that can be used right away.

If such a column is not already present, it might be introduced without changing the
application by using back-end store features to create and maintain this column. For example,
IBM DB2® UDB V9.5 supports a column that is defined as follows:

last_modified TIMESTAMP NOT NULL
GENERATED ALWAYS
FOR EACH ROW ON UPDATE AS ROW CHANGE TIMESTAMP

DB2 ensures that the column /ast_modified is always updated.

WebSphere eXtreme Scale supports polling the database for changes for JPA using a
TimeBasedDBUpdater. For more information, s see 4.3.3, “Implementing a time-based
updater” on page 117. Also, see the Starting the JPA time-based updater topic in the
WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txsjpadbupdprog.htm]

When JPA is not used, a simple approach can be used, with the application creating a
background “worker thread” to poll changes from the database and update the grid:

» This approach does not invalidate objects that have been deleted from the back end.
Deleted objects are hard to select from a database for obvious reasons.

» Stale data can still exist with polling-based invalidation. There can be quite a large time
period between the time data changes and the next poll, during which clients will get stale
data.
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4.6.4 Using JMS to propagate changes

Stale data can arise when several clients use a near cache and have local copies for the
same key, and then one client modifies this data. By default, the other clients are not notified
of the modification, so they have a stale object in their own near cache.

JMS messaging, especially publish/subscribe using topics, can be used to push changes
from the grid to near caches on each client. WebSphere eXtreme Scale supports this feature
by using the JMSObjectGridEventListener. For more information, see the Class
JMSObjectGridEventListener topic in the WebSphere eXtreme Scale Version 8.6 Information
Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.javadoc.doc/topics/com/ibm/websphere/objectgrid/plugins/builtins/JIMSObjectGridEv
entListener.html

Leading practice: Use small near caches with quick eviction strategy. Stale near caches
can be avoided by configuring a small cache size and an aggressive eviction strategy that
promptly removes the objects from the near cache. Keep in mind that there is a large grid
behind the near cache, and it is not expensive to get the data from the grid again. So the
benefits from a near cache are fairly small. The grid has low redundancy of objects to free
more space for caching, and a clever replication mechanism to ensure availability and
consistency.

The JMSObjectGridEventListener can be used to synchronize any number of grids. This
approach can be useful when strong separation between grids (for example, data centers in
different locations) prohibit tight coupling using IIOP. However, data exchange using
message-oriented middleware is a valid option.

The JMS publish and subscribe methods of invalidating data in near cache has effectively
been replaced as of WebSphere eXtreme Scale version 8.6 with the introduction of in-product
near cache invalidation. This topic is described in 4.6.5, “Using near cache invalidation in
WebSphere eXtreme Scale version 8.6” on page 140.

4.6.5 Using near cache invalidation in WebSphere eXtreme Scale version 8.6

With WebSphere eXtreme Scale version 8.6, a new feature was introduced that simplifies
near cache invalidation. The new feature provides notification to clients by using near cache
upon any remove(), update(), invalidate(), or clear() ObjectMap operations on the grid.
When these events occur, the server sends a list of affected keys to interested clients. The
clients then invalidate their local near caches based on the key list. The invalidation events
are propagated from the server to the clients asynchronously. Because the invalidation is
done asynchronously, there is still a possibility of a client using stale data from the near
cache.

No client code changes are required to enable the near cache invalidation. All near cache
invalidation configuration is done in the objectGrid.xml configuration file.

Near cache evictors: Continue to use near cache evictors to prevent unbounded growth
of the near cache instance.

To use near cache invalidation, you must use XIO and near caching must be enabled.

To use near cache, the TockStrategy value must be set to NONE or OPTIMISTIC. By default
near cache is enabled because 1ockStrategy="0PTIMISTIC” in the objectGrid.xml file. To
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confirm this, the BackingMap.isNearCacheEnabled() API call can also be used
(Example 4-36):

1. Configure the objectGrid.xml file

Example 4-36 Setting up near cache invalidation in the objectGrid.xml file

<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://ibm.com/ws/objectgrid/config ../objectGrid.xsd"
xmins="http://ibm.com/ws/objectgrid/config">
<objectGrids>
<objectGrid name="Grid">
<backingMap name="Owner" nearCachelnvalidationEnabled="true" 1lockStrategy="OPTIMISTIC"
copyMode="COPY_T0_BYTES"/>
</objectGrid>
</objectGrids>
</objectGridConfig>

2. Restart the container servers and clients.

4.6.6 Assuring no external changes are made to backing store

This approach prohibits external changes to be directly applied to the backing store. Instead,
every change to the data is only allowed through applications that participate in the cache.
This approach can be difficult if other components or applications that are not aware of the
cache have write access to the backing store. For example, subsystems, interfaces to
external systems, and data cleansing scripts would not be allowed to change data.

However, for those rare situations where this restriction can be accommodated and enforced,
this approach can be highly efficient. By making the grid the “system of record”, all reads and
updates are made exclusively from and to the grid. The grid itself updates the database as a
write-through configuration. In this manner, the grid content is always the most current.

4.6.7 Ensuring all external change processes notify the grid

Instead of prohibiting all external changes as in 4.6.6, “Assuring no external changes are
made to backing store” on page 141, this approach envisions that the grid is notified of all
external changes. Figure 4-18 on page 142 gives an example of this approach. All database
scripts or other external modifications must be equipped with a grid client that notifies the grid
about changes. The easiest notification would be to invalidate the data in the cache. A more
sophisticated solution is to directly update the data.

The downside of this approach is that it might be difficult to ensure that all scripts,
applications, and so forth, are aware of the grid.
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Figure 4-18 Notification of external changes to grid

For SQL databases, post-insert, update, and delete triggers can be used to invalidate or
update the grid as depicted in Figure 4-19. This approach requires a grid client to be
embedded into the database. To do so, the database needs to support triggers that are

implemented in Java.

The triggers are usually run before the transaction is committed. This circumstance can lead
to an unnecessary cache invalidation when the transaction is rolled back. But this invalidation
is acceptable when dirty reads cannot be tolerated. It is better to have an unnecessary

invalidation than a stale object.
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Figure 4-19 Pushing changes from the database to the grid by using triggers
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4.7 Saving time with WXSUtils

The WXSULtils Java library is a convenience library that is designed to simplify various
operations against an eXtreme Scale data grid instance.

Attention: The WXSUtils package is not shipped with WebSphere eXtreme Scale, nor is it
supported as part of the product. Consider it fechnology preview code.

WXSULtils requires eXtreme Scale version 7.1.1 or higher and Java version 5 or higher. Java
version 5 or later is required because of the use of Java generics.
WXSUtils provides the following operation simplifications:

» Client-to-grid connections using a simple parameterized method or a configuration file
approach.

» Obtaining references to ObjectMaps.

» Bulk update, insert, remove, and invalidate operations. For example, inserting a batch of
1000 key/value pairs into the grid with a single API call, and having the corresponding
actions on the grid side done in parallel across all partitions. This feature can simplify the
writing of an efficient client-side grid preloader application.

» Conditional put operations that are based on a key value or presence.

» Data filtering.

» Working with maps as Lists.

» Working with maps as Sets.

» Running jobs that touch every partition in the grid (and all the data within the partition).
» Snapshot map and partition data to a file.

For a complete listing of the features that are offered by the WXSUsils library and how to use
them, see the WXSUtils Programming Guide V0.1 at:

https://github.com/bnewport/Samples/blob/master/wxsutils/WXSUtilsProgramming.pdf

Note: WXSUtils makes extensive use of Java ThreadlLocals and static variables.
Therefore, use WXSUtils in a Java Platform, Enterprise Edition Web or EJB module with
care. Starting or stopping a Web or EJB module is only supported if the bundled servlet
listener, com.devwebsphere.wxsutils.WXSUtilsServletListener, is used. Unless this
listener is specified and registered, the JVM containing the Java Platform, Enterprise
Edition Web or EJB module must be restarted if the module is updated to correctly
reinitialize the WXSUtils library.

4.7.1 Examples of usage
This section provides examples to demonstrate how to use WXSULtils for common purposes.
Your application can mix WXSULtil APIs with conventional ObjectGrid APIs. For example, you

can use the bulk loading capability of WXSUils to preload batches of data into the grid, and
use a traditional ObjectGrid get method to retrieve information from the grid.
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Connecting to a grid

Example 4-37 demonstrates a concise, easy to use means of connecting an eXtreme Scale
client to a grid instance.

Example 4-37 Establishing a client connection

ogclient = WXSUtils.connectClient("host:2809", "Grid",
"/multijob/multijob_objectgrid.xml");
WXSUtils utils = new WXSUtils(ogclient);

Making a bulk update

Example 4-38 demonstrates how to run a bulk update on a grid. The example shows just two
key/value pairs being put in bulk, but this can easily be extended to 200 or 2000.

Example 4-38 Performing a bulk update

WXSMap<String,String> map =
Map<String, String> batch
batch.put (“K1”, “V1”);
batch.put (“K2”, “v2”);
map.putAll(batch);

new HashMap<String, String>();

Starting a development mode test grid instance

Example 4-39 demonstrates an easy way to start a grid instance in the same JVM as the
application, allowing for easy debugging and deployment.

Example 4-39 Starting a development mode test grid instance

ogclient = WXSUtils.startTestServer("Grid", "/objectgrid.xml", "/deployment.xml");

4.8 Transactions

This section introduces transactional programming within WebSphere eXtreme Scale, and
particularly highlights these concepts:

» 4.8.1, “Transaction considerations” on page 144
» 4.8.2, “JTA transactions” on page 148
» 4.8.3, “Multi-partition transactions” on page 148

4.8.1 Transaction considerations

144

WebSphere eXtreme Scale runs as a transaction manager to allow transactional updates to
the grid. The following are reasons why you need transactional updates:

» To apply multiple changes as an atomic unit. Either all changes get persisted, or none do.
There is no situation where just some of the changes persist.

» To allow all changes to be rolled back in the case of an error.

» To ensure consistency of cached data in an environment where there can be many
concurrent accesses to the same data.

» To act as the unit of replication to make the changes durable.
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Following are some decisions to make when you are using transactions:

» Using implicit or explicit transactions in the application
Determining lock strategy

Determining copy mode

Using locks

vvyy

Using implicit or explicit transactions in the application

In an application, transactions can be implicit (auto-commit) or explicit (demarcated by begin
and commit or rollback).

With implicit transactions, the application developer does not specify a transaction scope.
Rather, each method of accessing the data in the grid is wrapped in a single transaction. This
is simple to code. However, if there are many updates to go into the grid, this performs more
slowly than explicitly grouping or batching updates into a single transaction.

As a general guideline, use explicit transactional control within the application. Fewer, larger
transactions are faster than many smaller transactions. It improves the performance of any
synchronous replication too, as these are committed in a batch. A side effect of larger
transactions is that locks are held for longer, which can adversely affect concurrency.

If you are using the EntityManager API, use explicit transactions because otherwise the entity
is disconnected from the grid.

To improve the performance when preloading data, use explicit transactions to group updates
into batch updates for each partition.

WebSphere eXtreme Scale v8.6 introduced a JCA resource adapter that can integrate with
the transactional control of a Java EE environment. For more information, see 4.8.2, “JTA
transactions” on page 148. Use this adapter if you are integrating with transactions in a Java
EE environment.

Determining lock strategy

A key decision when you are implementing transactions is to decide what to do with the data
you are performing an update on while you are doing it. This is where the lock strategy comes
in. This allows you to configure whether anyone can access the data that you are using, while
you are using it.

Similar to relational databases, WebSphere eXtreme Scale provides the following lock
strategies:

» Pessimistic
» Optimistic
» No locking

Pessimistic locking is where you assume that there are going to be frequent concurrent
updates of the same data. The grid holds a lock on the data you are using and prevents
anyone else from accessing it. Pessimistic locking has the greatest impact on the throughput
of the grid because concurrent threads are kept waiting while existing transactions finish.
However, it is particularly useful if there are many concurrent updates to the same data. It
provides the best consistency of data.

Important: Pessimistic locking cannot be used with the near cache.

Optimistic locking is where you assume that there are not going to be frequent concurrent
updates of the same data. That is, concurrent updates are relatively rare, though are still
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possible and supported. The grid does not hold a lock on the data you are using. Instead, it
takes a copy of the version of data you are using when you start your transaction. It uses this
copy to compare with the version of data in the grid before you commit the transaction. If the
data has not changed, the optimistic transaction commits. If the data /as changed, there has
been a concurrent update to the data. The transaction is rolled back with a
OptimisticCollisionException. Use optimistic locking if there is a low chance of concurrent
writes to the same data. The application must handle the rare scenario where there are
concurrent updates by setting up a try/catch block to detect the possible
OptimisticLockException. In this case, it gets the newly updated value from the grid, updates
it locally, and attempts to commit the change again. The grid can benefit from higher
throughput as a result of not holding locks. However, there is a small processing effect due to
the need to copy more version data.

No locking is where eXtreme Scale performs no lock on the data. It assumes that the
application is using the preloaded grid in read-only mode, or is providing its own concurrency
control. Use this with caution.

Determining copy mode

WebSphere eXtreme Scale sometimes needs to make copies of the data it is operating upon.
This is needed for various reasons, but primarily so that the application can change the data
in a temporary “work area” without exposing the BackingMap data, and therefore other
threads, to changing and inconsistent data. To make copies takes processing time, so avoid
doing it if not necessary. This is especially relevant if you are using Java serialization, which
can be slow.

This section provides a brief review of the copy mode. Use COPY_T0_BYTES or
COPY_TO_BYTES_RAW whenever possible because they provide the most efficient means of
storing data within the grid. This is not the default copy mode, so it must be explicitly
configured as such in your objectgrid.xml configuration file. For example:{

<backingMap name="myMap" copyMode="COPY_TO_ BYTES" />

The copy mode is less relevant when you are using a remote grid without a near cache
because the cached data must be copied to the client on ObjectMap.get () and, if the data is
updated, copied back to the grid. The copying here cannot be minimized using copy modes.
The following copyMode options create two copies:

» COPY_TO BYTES
Stores the data on the grid as bytes (XDF) and inflates to Java objects on the client.
» COPY_TO BYTES_RAW

Stores the data on the grid as bytes (XDF) and makes the bytes available directly to the
client.

> COPY_ON_READ_AND_COMMIT

Stores the data on the grid as Java objects. It by default uses Java serialization to take a
copy of the Java object when persisting it to the grid. Serialization can be optimized by
using the DataSerializer plug-in. This is the default copy mode.

If the data is local to the application (near cache or agent) and the grid holds Java objects (as
opposed to XDF), the following copyMode options can optimize the processing:
» COPY_ON_READ

A copy is made when using ObjectMap.get(), but it is not copied at the end of the
transaction. Rather, the grid data is replaced with the reference to the changed data. Use
this mode only if the application will not edit the copied Java object after it is committed.
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> COPY_ON_WRITE

Does not make a copy of the object on ObjectMap.get(), but instead uses a proxy to the
data, which can be updated. The data from the proxy are copied into the grid on
transaction commit only if the data has changed.

> NO_COPY

No copies of the cached data are made, so this option requires the least processing.
However, any changes are made directly to the data held in the BackingMap. This can
cause data inconsistencies, so use with caution.

For more information about the use of the copy mode, see WebSphere eXtreme Scale Best
Practices for Operation and Management at:

http://www.redbooks.ibm.com/redpieces/abstracts/sg247964.html

Using locks

Concurrent access to data is handled by locks. Whether a read or write can occur to a cached
object depends on the locks that are held on that object. There are three levels of lock as
shown in Table 4-1.

Table 4-1 Lock modes

Lock mode Obtained by method Description

SHARED get() A SHARED lock allows some concurrency. Another thread wanting to read data
by using get () or getForUpdate() can still do so. Other threads cannot
update the data while a SHARED lock is held.

UPGRADEABLE | getForUpdate() An UPGRADEABLE lock restricts concurrent access to the data. Another thread
can still read the data, but can only perform a get (). They cannot perform a
getForUpdate() or update the data.

EXCLUSIVE commit(), An EXCLUSIVE lock prevents all concurrent access to the object. It is not

getNextKey () possible for another thread even to read the data while an EXCLUSIVE lock is
held.

The correct use of locks can prevent deadlocks. For more information, see the Locks topic of
the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/cxslock.html

WebSphere eXtreme Scale Version 8.6 added two new APIs to explicitly lock objects in the
grid:

» boolean ObjectMap.lock(Object key, LockMode lockMode);
» List<Boolean> ObjectMap.lockAl1(List keys, LockMode TockMode);

These APIs apply only when you are using the pessimistic locking strategy. Before version
8.6, a lock can be obtained only by retrieving the data, which is wasteful if the get () was not
needed. Instead of using get() or getForUpdate(), one of the Tock methods can be used
instead.

For more information about transactions within WebSphere eXtreme Scale, see the
Transaction processing overview topic in the WebSphere eXtreme Scale Version 8.6
Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/cxsovertxn.html
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4.8.2 JTA transactions

In versions of WebSphere eXtreme Scale before version 8.6, the only way to propagate
transactionality into the grid was by using the WebSphereTransactionCallback plug-in as
demonstrated programmatically in Example 4-40.

Example 4-40 WebSphereTransactionCallback plug-in for JTA transactions

ObjectGridManager objectGridManager =
ObjectGridManagerFactory.getObjectGridManager();

ObjectGrid myGrid = objectGridManager.createObjectGrid("myGrid", false);
WebSphereTransactionCallback wsTxCallback= new WebSphereTransactionCallback ();
myGrid.setTransactionCallback(wsTxCallback);

In WebSphere eXtreme Scale version 8.6, a Java EE Connector Architecture (JCA) adapter
was included in the product to facilitate tighter Java Platform, Enterprise Edition transaction
integration. By using the JCA adapter, grid operations can be included alongside XA enlisted
resource managers using Last Participant Support (LPS). LPS describes an extension to the
transactional support model that allows a single one-phase resource to participate in a
two-phase transaction with one or more two-phase resources.

When you use the JCA adapter, your Java Platform, Enterprise Edition application can
perform these tasks:

» Look up orinject eXtreme Scale resource adapter connection factories within a Java EE
application component.

» Obtain standard connection handles to the eXtreme Scale client and share them between
application components using Java EE conventions.

» Demarcate eXtreme Scale transactions by using either the
javax.resource.cci.LocalTransaction API or the
com.ibm.websphere.objectgrid.Session interface.

» Use the entire eXtreme Scale client API, such as the ObjectMap API and EntityManager
API.
Additionally, the following extra capabilities are possible with WebSphere Application Server:

» Enlist eXtreme Scale connections with a global transaction as a last participant with other
two-phase commit resources. The eXtreme Scale resource adapter provides local
transaction support, with a single-phase commit resource. With WebSphere Application
Server, your applications can enlist one single-phase commit resource into a global
transaction through last participant support.

» Automatic resource adapter installation when the profile is augmented.

» Automatic security principal propagation.

The IBM Elastic Caching Community provides a sample application for using the JTA
resource adapter:

https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766c0d5
5a2lc/entry/websphere_extreme_scale_jta_sample_using_the_wxs_resource_adapter

4.8.3 Multi-partition transactions

WebSphere eXtreme Scale provides the capability to spread data across multiple partitions in
a data grid. WebSphere eXtreme Scale Version v8.6 adds the ability to read and update
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several partitions in a single transaction. This type of transaction is called a multi-partition
transaction. It uses the two-phase commit protocol to coordinate and recover the transaction
in case of failure. A prerequisite to using this is that you must be using the XIO protocol.

In some scenarios, an application might need to interact with data on two or more maps in the
same transaction. However, when interacting with data across a grid, it is likely that the
application is using multiple partitions. If it is mandatory that an update is performed to
multiple partitions in a single transaction, you can do this by enabling the two-phase commit
protocol by using the following code:

session.setTxCommitProtocol (Session.TxCommitProtocol.TWOPHASE)

Example 4-41 illustrates how to create, retrieve, update, and delete operations in a grid with a
two-phase commit protocol.

Example 4-41 Using multi-partition transactions

Session session = objectGrid.getSession();
Objectmap countryMap = session.getMap("Country");
Objectmap ibmOfficeMap = session.getMap("IBMOffice");

session.setTxCommitProtocol (Session.TxCommitProtocol.TWOPHASE) ;

session.begin();

countryMap.insert ("DDD55", "Brazil");
ibmOfficeMap.insert("DDD5511", "Sao Paulo");
ibmOfficeMap.insert("DDD5519", "Hortolandia");
ibmOfficeMap.insert("DDD5521", "Rio de Janeiro");
session.commit();

When an application uses a Session object, the session must be in the context of a
transaction. A transaction begins and commits, or begins and rolls back, by using the begin,
commit, and rollback methods on the Session object.

Applications can also work in auto-commit mode, in which the Session automatically begins
and commits a transaction whenever an operation is run on the map. Auto-commit mode
cannot group multiple operations into a single transaction. Therefore, it is the slower option if
you are creating a batch of multiple operations into a single transaction. However, for
transactions that contain only one operation, auto-commit is simpler.

When your application is finished with the Session, use the optional Session.close()
method to close the session. Closing the Session releases it from the heap and allows
subsequent calls to the getSession() method to be reused, improving performance.

Important: The two-phase commit affects performance for data access. Use it only when
absolutely necessary. Optimal performance is achieved by using one-phase commit
interactions and designing the data schema to rely on that.
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Deployment scenarios

WebSphere eXtreme Scale supports a wide array of deployment options to support different
technical and business requirements, including the following environments:

» Stand-alone environment

» Integrated installation with WebSphere Application Server Network Deployment
» Integrated installation with WebSphere Application Server Liberty Profile

This chapter includes the following topics:

» 5.1, “WebSphere eXtreme Scale in a stand-alone environment” on page 152

» 5.2, “Integrating in a WebSphere Application Server Network Deployment environment” on
page 178

» 5.3, “Integrating into WebSphere Application Server Liberty Profile” on page 230
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5.1 WebSphere eXtreme Scale in a stand-alone environment

This section describes the deployment option of installing WebSphere eXtreme Scale into a
stand-alone Java Platform, Standard Edition (JSE) environment. The 5.1.1, “Benefits” on
page 152 and 5.1.2, “Limitations” on page 152 sections review the benefits and limitations of
implementing WebSphere eXtreme Scale in a stand-alone environment. Consider these
factors when you are deciding the best deployment option for your needs.

A sample getting started application (5.1.3, “Introducing the sample application” on page 153)
is used as a simple JSE grid application that is deployed and tested over a stand-alone,
multi-server WebSphere eXtreme Scale topology.

The rest of the sections deal with the following topics of implementing a stand-alone
environment:

v

5.1.4, “Introducing the sample topology” on page 156

5.1.5, “Creating the sample topology” on page 158

5.1.6, “Validating the sample topology” on page 171

5.1.7, “Testing the sample topology and application” on page 174

vYyy

5.1.1 Benefits

There are both benefits and limitations to any deployment scenario. By implementing a
WebSphere eXtreme Scale stand-alone environment, you gain the following benefits:
» Simplicity

The stand-alone deployment option is the least complex installation and configuration
option. The deployment is merely a basic run time of WebSphere eXtreme Scale libraries
and a Java virtual machine.

» Scale with ease

Grid capacity can be increased by simply configuring more containers on existing hosts
(vertical scaling) or on more hosts (horizontal scaling). WebSphere eXtreme Scale takes
care of setting up the correct communication infrastructure, based on core groups
according to the number of running containers.

» Minimum memory requirements

By operating a Java Standard Edition application, the amount of memory available to
WebSphere eXtreme Scale run time to store objects in the grid instances is maximized.

5.1.2 Limitations

152

Consider these limitations when considering the stand-alone environment:
» Administration and deployment

The stand-alone environment does not provide specific features to support a centralized
administration and deployment of grid-related configurations. System administrators are
supposed to operate directly on grid hosts to deploy a new grid configuration or modify an
existing one. However, WebSphere eXtreme Scale does provide the xscmd command to
support some level of diagnostic and management capabilities. For more information, see
5.1.6, “Validating the sample topology” on page 171.

» Java virtual machine

WebSphere eXtreme Scale version 8.6 introduces the support for eXtremelO (XIO) as an
efficient and more inter-operable transport mechanism. XIO can be used with IBM and
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non-IBM Java Runtime Environment (JRE) version 6 and 7 by supplying the WebSphere
eXtreme Scale client library (objectgridclient.jar). However, for grid configuration
based on RMI/IIOP as the transport protocol, more configurations should be implemented
on the client side. For more information, see the Configuring a custom Object Request
Broker topic of the WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremes
cale.doc/txscfgorb.html

» Java Enterprise Edition managed resources

WebSphere eXtreme Scale in a stand-alone JSE environment does not have access to
managed resources such as JDBC connection pooling mechanisms, JNDI calls, JCA
adapters, and so on.

5.1.3 Introducing the sample application

One of the key application scenarios that are supported by WebSphere eXtreme Scale is the
Application State Store pattern, where the grid is used to hold and manage application data.

WebSphere eXtreme Scale version 8.6 provides a ready to use, “getting started” sample
application that implements such a pattern. The getting started application is typically used to
verify the product installation. The provided code sample and start scripts are suited to
implementing a simple grid topology that consists of one catalog server and one or more
containers servers that run on the same host.

The getting started sample application is in the following directory:
<WXS_install_root>/0bjectGrid/gettingstarted

For more information about using this example, see the Tutorial: Getting started with

WebSphere eXtreme Scale topic in the WebSphere eXtreme Scale Version 8.6 Information
Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/txsgetstart.html
This section uses a slightly modified version of this getting started application that allows you
to complete these tasks:

» Familiarize yourself with the WebSphere eXtreme Scale configuration and deployment
procedures.

» Configure and run multiple catalog and container servers on different hosts.

» Run multiple grid clients concurrently to validate data consistency.

Application architecture and design
The getting started application (Figure 5-1 on page 154) consists of two main components:

» Grid client

A Java Standard Edition application, a client, that runs basic operations (get, insert,
update, and delete) against data that is managed within a map called MapI. The client
application uses ObjectMap APIs to interact with Map1. This application is packaged as a
standard Java archive (JAR) called GettingStartedClient.jar.

» Grid
The grid provides a single, coherent, highly available, and scalable store for Map1.
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Client Grid

Grid Client Map1

J2SE Applicaton

ObjectMap APIs
* Get
* Insert
» Update
* Delete

Figure 5-1 Getting started sample application

Sample application: The sample application and grid configuration files used in this
section are provided in the STANDALONE folder of DeploymentScenarios.zip available as
additional material for this Redbooks publication. For more information about downloading
this material, see Appendix A, “Additional material” on page 341.

Client connection to the grid

In a stand-alone environment, connecting to the grid requires knowledge of the host name
and ports of the catalog servers. Example 5-1 shows a code snippet that demonstrates how
to establish a connection to the grid.

Example 5-1 Connecting to the grid

//The ObjectGrid instance is cached for the 1life of the application.
private ObjectGrid grid;

// Connect to the Catalog Server. The security and client override XML are not
specified.

ClientClusterContext ccc =
ObjectGridManagerFactory.getObjectGridManager().connect(cep, null, null);

// Retrieve the ObjectGrid client connection and return it.
ObjectGrid grid =
ObjectGridManagerFactory.getObjectGridManager().getObjectGrid(ccc, gridName);

More coding examples can be found in Chapter 4, “Developing with WebSphere eXtreme
Scale” on page 95.
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Client interaction with the grid

The client interacts with Map1 in the grid using ObjectMap APIs to insert, update, retrieve,
and remove data in the grid. You can use the upsert(key, value) method to insert or update
data in a simplified way. If the key already exists, it is updated with the newly provided value.
Otherwise, a new value is inserted into the grid.

Example 5-2 shows how to interact with Map1 using the ObjectMap APlIs.

Example 5-2 Interacting with the grid using ObjectMap APIs

private String mapName = "Mapl";
private ObjectGrid grid;

Session sess = grid.getSession();
ObjectMap mapl = sess.getMap(mapName) ;
mapl.insert(k, v);

mapl.upsert(k, v);

mapl.update(k, v);

mapl.remove (k) ;

Object value = (Object) mapl.get(k);

Client transaction management

To protect the data grid from concurrent changes, clients can programmatically use
transaction demarcation when inserting or updating data into the grid. The client can start a
new transaction by issuing the begin() method on the Session object, and control transaction
outcomes through commit () and rollback() methods.

By default, WebSphere eXtreme Scale uses a one-phase commit protocol that allows the
client to include operations toward a single partition as part of a transaction, as shown in the
Example 5-3.

Example 5-3 Single partition data operations

ObjectMap mapl = sess.getMap(mapName);
sess.setTxCommitProtocol (TxCommitProtocol.ONEPHASE) ;
sess.begin();

i£(...)

sess.commit();

else
sess.rollback();

Clients can optionally select a two-phase commit protocol when modifying data managed
within multiple partitions, as shown in Example 5-4.

Example 5-4 Multiple partitions data operations

ObjectMap mapl = sess.getMap(mapName) ;
sess.setTxCommitProtocol (TxCommitProtocol.TWOPHASE) ;
sess.begin();
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if(...)

sess.commit();

else
sess.rollback();

Multi-partition transactions: Multi-partition transactions require XIO as the transport
mechanism, and the configuration of a locking strategy (pessimistic or optimistic) on the
backing maps. The following limitations apply to the WebSphere eXtreme Scale topology
and programming models when you use multi-partition updates:

» Multi-master replication cannot be enabled.
» The Microsoft .NET client cannot manage multi-partition updates.

» BackingMaps configured with a loader plug-in cannot participate in a multi-partition
transaction update.

Grid configuration

Example 5-5 shows the content of the objectGrid.xml file used to define the grid
configuration. This configuration file is responsible for defining all the objectGrid and
backingMap elements that make up the application data store. In this example, a grid called
Grid contains a single backing map definition called Mapl.

Example 5-5 Grid configuration within the objectGrid.xml file

<?xml version="1.0" encoding="UTF-8"?>
<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://ibm.com/ws/objectgrid/config ../objectGrid.xsd"
xmIns="http://ibm.com/ws/objectgrid/config">
<objectGrids>
<objectGrid name="Grid" txTimeout="30">
<backingMap name="Mapl" copyMode="COPY_TO BYTES" TockStrategy="PESSIMISTIC"
nullValuesSupported="false" />
</objectGrid>
</objectGrids>
</objectGridConfig>

5.1.4 Introducing the sample topology
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The getting started application that is described in 5.1.3, “Introducing the sample application”
on page 153 requires a topology on which to run. This section describes the sample topology
created for this example to demonstrate WebSphere eXtreme Scale in a stand-alone
environment.
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Operational model

The basic operational model of the sample topology is shown in Figure 5-2. The sample
topology includes four nodes (whost01, whost02, whost03, and whost04) that host client,
catalog, and container services.

Grid Client
Cliert

Catalog Server

Catalog Server

Catalog Server

T

Grid Configuration

container01

Grid Configuration

container02

catalog01 catalog 02 catalog 03
Catalog Service
Grid Container Grid Container Grid Container

Grid Configuration

container03

whost01

Grid Container

Grid Configuration

container04

whost03

| Role || J2sE | | Jvm |

Figure 5-2 Sample topology for WebSphere eXtreme Scale in a stand-alone environment

Specifically, the topology has the following characteristics:

» The catalog service is supported by three catalog servers (catalog01, catalog02, and

catalog03) deployed over three hosts (whost01, whost02, and whost03).

» The grid is supported by four container servers (container01, container02, container03,
and container04) deployed over the four hosts (whost01, whost02, whost03, and

whost04).

» The grid client is deployed on the host whost01.

Note for smaller-scale environments: If your test environment includes fewer hosts, you
can still implement and test the sample topology. Either activate a reduced number of
catalog or container servers, or co-locate multiple catalog and container servers on the
same host if sufficient system resources are available.

Grid topology

In this example, the grid is operating within four container servers (containerO1, container02,
container03, and container04). The grid is configured to manage thirteen partitions, with one
optional synchronous replication for each primary shard.
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A possible placement is shown in Figure 5-3. The actual shard placement can vary
depending on the availability of container servers and placement decision made by the
catalog server.
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Figure 5-3 Grid topology for the stand-alone example scenario

This configuration is defined in the objectGridDeployment.xml file as shown in Example 5-6.

Example 5-6 Grid deployment configuration within the objectGridDeployment.xml file

<?xml version="1.0" encoding="UTF-8"?>
<deploymentPolicy xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://ibm.com/ws/objectgrid/deploymentPolicy../deploymentPoli
cy.xsd" xmins="http://ibm.com/ws/objectgrid/deploymentPolicy">
<objectgridDeployment objectgridName="Grid">
<mapSet name="mapSet" numberOfPartitions="13" minSyncReplicas="0"
maxSyncReplicas="1" >
<map ref="Mapl"/>
</mapSet>
</objectgridDeployment>
</deploymentPolicy>

5.1.5 Creating the sample topology

This section describes the required steps to create the sample stand-alone topology
described in 5.1.4, “Introducing the sample topology” on page 156.
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Installing WebSphere eXtreme Scale
The installation process for a stand-alone environment consists of the following steps:

1.

Remember: These steps must be repeated for every node in the topology.

Install WebSphere eXtreme Scale version 8.6.0.1 using IBM Installation Manager onto
your supported platform of choice.

2. Configure the WebSphere eXtreme Scale 8.6.0.1 environment.

Installing WebSphere eXtreme Scale 8.6.0.1 using IBM Installation Manager

Install WebSphere eXtreme Scale by using the IBM Installation Manager, which is a common
installation program that is used across many IBM software products.

Complete these steps to install WebSphere eXtreme Scale version 8.6.0.1:

1.

Install the IBM Installation Manager, if not already present on the deployment nodes.

For each supported platform, IBM Installation Manager is included in the WebSphere
product media in the following directory:

<WXS_product_media>/InstallationManager/agent.installer.<platform>

The installation instructions for the IBM Installation Manager can be found in the
WebSphere eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/index.jsp?topic=%2Fcom.ibm.websp
here.extremescale.doc%2Ftxs_installation_dist gui.html

Download the latest available WebSphere eXtreme Scale Fixpack (8.6.0.1 at the time of
writing) from the IBM Fix Central at:

http://www-933.1ibm.com/support/fixcentral/

Extract the Fixpack into a temporary directory, for example:
/tmp/WXS_8601_fixpack

Start the IBM Installation Manager by issuing the following command:
<IM_Installation_root>/IBMIM

The IBM Installation Manager needs to know the location of the WebSphere eXtreme
Scale installation binary files. Click File — Preferences.

From the Repository view, click Add Repositories.
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7. Click Browse, navigate to the WebSphere eXtreme Scale installation directory, and select
repository.config as shown in Figure 5-4:

<WXS_product_media>/WXS_8600

@

% Edit Repository
Edit repository =)
Modify a repository and add to the repository preference list. |

Repository:

/tmp/WXS_8600 _media/WXS_8600/repository.config| Browse...

Cancel oK

Figure 5-4 Selecting the WebSphere eXtreme Scale 8.6.0.0 repository location
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8. Repeat the steps 6 on page 159 and 7 on page 160 to add the repository for Fixpack1,
/tmp/WXS_8601 fixpack/repository.config. Figure 5-5 shows both repositories have
been added. Click OK to close the Preferences dialog box.

™ Preferences

# Repositories B

Repositories o
Repositories:

Appearance
Files For Rollback Location | Connection Add Repository...
* Hel JEmp/WXS_8600_media/WXS_8600/repository.config %
i Edit Repositor
» Internet & /tmp/WXS_8601_fixpack/repository.config LS P L/
Passporkt Advantage Remove Repository
Updates

Move Up

Test Connections

Service repositories are remote locations where updates or extensions to packages (including the
Installation Manager itself) are stored.

& Searchservice repositories during installation and updates.

Restore Defaults Apply
® OK Cancel

Figure 5-5 Selecting both WebSphere eXtreme Scale 8.6.0.0 and Fixpack 1 repositories

9. From the main Installation Manager window, click Install.
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10.0n the Install Packages window, there are a range of installation options available. Select
IBM WebSphere eXtreme Scale in a stand-alone environment Version 8.6.0.1
installation package as shown in Figure 5-6. Click Next.

x IBM Installation Manager

Install Packages
Select packages to install:

Installation Packages Status

Vendor License Key Type

¥ I [ 1BM WebSphere extreme Scale Client in a stand-alone environment

[y Version 8.6.0.0 IBM
¥ & [J IBM WebSphere eXtreme Scale in a stand-alone environment

« 1 Version 8.6.0.1 will be installed

¥ 1 [2 1BM websphere extreme Scale Client for WebSphere Application Server v7

(4 Version 8.6.0.0 IBM
¥ [ [ 1IBM Websphere extreme Scale Client For WebSphere Application Server v8

¥ version 8.6.0.0 IBM
¥ [ [25 1BM WebSphere eXtreme Scale For WebSphere Application Server V7

14 Version 8.6.0.0 IBM
» [ [E5 IBM WebsSphere eXtreme Scale For WebSphere Application Server v8 Installed
| show all versions | Check For Other Versions, Fixes, and Extensions |
Details

IBM WebSphere eXtreme Scale in a stand-alone environment 8.6.0.1
WebSphere eXtreme Scale stand-alone enables you to use Java SE applications to create and use eXtreme Scale data grids. More info...
* Repository: /tmp/WXS_8601_fixpack

@ < Back Next > Install | Cancel |

Figure 5-6 Selecting the IBM WebSphere eXtreme Scale in a stand-alone environment Version 8.6.0.1 package

11.Accept the software license agreement and click Next.
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12.0n the Install Packages window (Figure 5-7), keep the default option of Create a new

package group. Specify the Installation Directory (/opt/IBM/WebSphere/XS86) and
select 64-bit for the architecture. Click Next.

g IBM Installation Manager
Install Packages ,::}_
A package group is a location that contains one or more packages. Some compatible packages can be installed into a common package group =T
and will share a common user interface. Select an existing package group, or create a new one. )
Install Licenses Features Summary
) Use the existing package group
@ Create a new package group
Package Group Name Installation Directory Architecture
%. IBM WebSphere eXtreme Scale stand-alone Jopt/IBM/WebSphere/xXs86 64-bit
Package Group Name: IBM WebSphere eXtreme Scale stand-alone
Installation Directory: |/opt/IBM/WebSphere/XS86 Browse...
Architecture Selection: 32-bit @ 64-bit
Details Disk Space Information
gShared Resources Directory: fopt/IBM/IMShared Volume | Available Space
: / 15.09 GB
@ < Back . Next> Insta Cancel

Figure 5-7 WebSphere eXtreme Scale package group, installation directory, and architecture selection
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13.Select the Samples option, as shown in Figure 5-8. Select all the options and click Next.

Install Packages ,::}'_

Select the Features to install.

Install Licenses Location Summary

Features

¥ & [[] 1BM WebSphere eXtreme Scale in a stand-alone environment 8.6.0.1

&  Server

&  Client

& Console

&  samples

Show dependencies Expand All| Collapse All| | Restore Default

*%#-Selected by Installation Manager because of dependencies

Details

Samples
samples demonstrate product features.

Disk Space Information

Volume Required Temporary Total Available
Shared Resources Area [/ 0.0KB 362.61MB 362.61 MB 15.09GB
Installation Directory  / 505.72 MB 505.72 MB 15.09 GB L
@ <Back | Next> Insta Cancel

Figure 5-8 Selecting the WebSphere eXtreme Scale features to install
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14.Review the installation summary and click Install to start the installation, as shown in

Figure 5-9.

B IBM Installation Manager

Install Packages
Review the summary information.

Install Licenses Location Features

Target Location
Package Group Name: IBM WebSphere eXtreme Scale stand-alone
Installation Directory: Jopt/IBM/WebSphere/Xs86
Shared Resources Directory: [opt/IBM/IMShared
Packages
Packages
v [[J 1BM WebSphere extreme Scale in a stand-alone environment 8.6.0.1
T Server
- Client
[ Console
[ samples

Environment Disk Space Information

English
/
Total Download Size: 362.61 MB
Total Installation Size: 868.32 MB

» Repository Information

@ <Back

| Install Cancel

e

Total Available Space
15.09GB

Figure 5-9 WebSphere eXtreme Scale 8.6.0.1 installation summary
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15. After the installation completes successfully, click Finish and close the Installation
Manager as shown in Figure 5-10.

D IBM Installation Manager

Install Packages

o The packages are installed. View Log File

The following package was installed:

¥ % IBM WebSphere eXtreme Scale stand-alone
[0 IBM WebSphere eXtreme Scale in a stand-alone environment 8.6.0.1

Note: If the packages support rollback, the temporary directory contains
rollback files for installed packages. You can delete the files on the Files for
rollback preference page.

o

| Finish

Figure 5-10 WebSphere eXtreme Scale 8.6.0.1 installation confirmation

Configuring the runtime environment

This section shows you how to configure and start the catalog servers and container server

that comprise the sample stand-alone environment.

Starting the catalog servers
As described in “Operational model” on page 157, the sample topology includes three catalog

servers as shown in Figure

5-11.

Catalog Server

catal og01

[LLLELL DIRD RNRL TIIE IO

w host01

Catalog Server
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Catalog Server

catalog03

Catalog Service
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Figure 5-11 Catalog servers for the sample topology
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The startXsServer scriptin the <WXS_install_root>/0bjectGrid/bin directory is used to
start the catalog and container servers that use the IBM XIO transport mechanism.

The startXsServer script accepts an extensive set of options to configure catalog servers.
For more information, see the startXsServer script (XIO) topic in the IBM WebSphere
eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/index.jsp?topic=%2Fcom.ibm.webspher
e.extremescale.doc%2Frxsstartxsserver.html

For the sample topology, start the catalog server by using the options that are shown in
Example 5-7.

Example 5-7 startXsServer script options to start the catalog servers

<WXS_install_root>/0bjectGrid/bin/startXSserver.sh <server_name> [with the
following options]
-catalogServiceEndPoints <server:host:clientPort:peerPort,...>
-listenerHost <hostname>
-listenerPort <port>
-JMXServicePort <port>

Table 5-1 provides a summary of the TCP/IP port configuration that is defined for the three
catalog servers.

Table 5-1 Catalog server TCP/IP port configuration

Catalog server | Host name XIO listener port | Client port, Peer port | JMX port
catalog01 whost01.rtp.ibm.com | 2809 6600, 6601 1099
catalog02 whost02.rtp.ibm.com | 2809 6600, 6601 1099
catalog03 whost03.rtp.ibm.com | 2810 6602, 6603 1100

Following are the default values for the XIO listener, client, and peer port numbers:

XIO listener port: 2809
Client port: 6600

Peer port: 6601

JMX port: 1099

vVvyyy

Generally, explicitly set port numbers as part of the catalog server script to have better control
and understanding of TCP/IP ports that are used for intra-process communications.

The catalogServiceEndpoints parameter passed to the startXsServer script to start a
catalog server must have the same value for all the catalog servers. In the sample topology,
this value is the following:

catalog0l:whostOl.rtp.ibm.com:6600:6601,catalog02:whost02.rtp.ibm.com:6600:6601,
catalog03:whost03.rtp.ibm.com:6602:6603

Smaller-scale environments: If your test environment includes fewer catalog servers, the
configuration procedure in this section is still valid. When you start the catalog server,
check that the provided value for the catalogServiceEndpoints is appropriate for the
reduced catalog service.
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Complete the following steps to start the catalog service:
1. Start catalog01 on the whost01 host by issuing the command shown in the Example 5-8.

Example 5-8 Starting the catalog01 server

<WXS_install_root>/0bjectGrid/bin/startXsServer.sh catalog0l -catalogServic
eEndPoints
catalog0l:whostOl.rtp.ibm.com:6600:6601,catalog02:whost02.rtp.ibm.com
:6600:6601,catalog03:whost03.rtp.ibm.com:6602:6603 -listenerHost
whost0l.rtp.ibm .com -listenerPort 2809 -JMXServicePort 1099

2. Start catalog02 on the whost02 host by issuing the command shown in Example 5-9.

Example 5-9 Starting the catalog02 server

<WXS_install_root>/0ObjectGrid/bin/startXsServer.sh catalog02
-catalogServiceEndPoints
catalog0l:whost0l.rtp.ibm.com:6600:6601,catalog02:whost02.rtp.ibm.com:6600:6601
,catalog03:whost03.rtp.ibm.com:6602:6603 -1istenerHost whost02.rtp.ibm.com
-listenerPort 2809 -JMXServicePort 1099

3. Start catalog03 on the whost03 host by issuing the command shown in Example 5-10.

Example 5-10 Starting the catalog03 server

<WXS_install_root>/0bjectGrid/bin/startXsServer.sh catalog03
-catalogServiceEndPoints
catalog0l:whostOl.rtp.ibm.com:6600:6601,catalog02:whost02.rtp.ibm.com:6600:6601
,catalog03:whost03.rtp.ibm.com:6602:6603 -1istenerHost whost03.rtp.ibm.com
-listenerPort 2810 -JMXServicePort 1100

Starting all the catalog servers in parallel: The catalog service is a critical infrastructure
to the grid. It is based on grid technology itself, using the grid replication mechanisms to
ensure data availability. The internal partitioning configuration requires at least one replica
to be available. When only a single cluster member is started, this rule cannot be
established and the catalog server cannot start.

You can check that each catalog server has successfully started by checking that
SystemOut.Tog contains the message that is shown in the Example 5-11 for catalog01.
Example 5-11 Message indicating a successful catalog server start for catalog01

[5/3/13 14:09:38:121 EDT] 00000001 ServerImpl I  CWOBJ1001I: ObjectGrid Server
catalog0l is ready to process requests.

One of the catalog servers is elected to be the master. The master catalog server generates
the message shown in the Example 5-12.
Example 5-12 Message indicating that the catalog server is elected to be the master

[5/3/13 14:09:37:194 EDT] 00000001 CatalogServic I ~ CWOBJ8106I: The master
catalog service cluster activated with cluster DefaultDomain
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Example 5-13 shows the messages you see when the catalog service cannot start because
of a missing peer catalog server.
Example 5-13 A catalog server cannot start without all cluster members

[5/3/13 14:25:47:109 EDT] 00000001 ServerRuntime I ~ CWOBJ8401I: The system is
waiting for a server replica to be started.

5/3/13 14:25:47:820 EDT] 00000065 ServerService W CWOBJ1668W: A client is making
a request to a server that has not completely started.

The catalog server start fails if a peer catalog server does not become available within a
predefined window (default is 300 seconds). Example 5-14 shows the message that is logged
by the startXsServer script.

Example 5-14 Catalog server start failure due to missing cluster members

[5/3/1314:30:32:328EDT] 00000016 ProcessLaunchE CWOBJ2509E: Timedoutafter
waiting 300 seconds for the ObjectGrid server to start.

Starting the container JVMs

As described in “Operational model” on page 157, the sample topology includes four
container servers as shown in Figure 5-12.

Grid Container

Grid Configuration

Grid Container

Grid Configuration

i container0 1

containe02

Grid Container

Grid Configuration

Grid Container

Grid Configuration

container03

w host02

container04

Figure 5-12 Container servers for the sample topology

For the sample topology, start the container servers by using the options shown in

Example 5-15.

Example 5-15 startXsServer script options to start container servers

<WXS_install_root>/0bjectGrid/bin/startXsServer.sh <server_name> [with the

following options]

-catalogServiceEndPoints <host:listeningPort,...>
-objectgridFile <relative or absolute path to objectGrid.xml file>
-depToymentPolicyFile <relative or absolute path to objectGridDeployment.xml>

The catalogServiceEndpoints parameter passed to the startXsServer script to start a
container server must have the same value for all the container servers. In the sample
topology, this value is the following:

whostOl.rtp.ibm.com:2809,whost02.rtp.ibm.com:2809,whost03.rtp.ibm.com:2810
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Smaller-scale environments: If your test environment includes fewer container servers,
the configuration procedure in this section is still valid. When you start the container server,
check that the provided value for catalogServiceEndPoints parameter is consistent with
the catalog service previously configured.

Complete the following steps to start the container servers:
1. Start container01 on whost01 by issuing the command shown in the Example 5-16.

Example 5-16 Starting the containerO1 server

<WXS_install_root>/0bjectGrid/bin/startXsServer.sh container01
-catalogServiceEndPoints
whostOl.rtp.ibm.com:2809,whost02.rtp.ibm.com:2809,whost03.rtp.ibm.com:2810
-objectgridFile xml/objectGrid.xml -deploymentPolicyFile
xml/objectGridDeployment.xml

2. Start container02 on whost02 by issuing the command shown in the Example 5-17.

Example 5-17 Starting the container02 server

<WXS_install_root>/0bjectGrid/bin/startXsServer.sh container02
-catalogServiceEndPoints
whost0l.rtp.ibm.com:2809,whost02.rtp.ibm.com:2809,whost03.rtp.ibm.com:2810
-objectgridFile xml/objectGrid.xml -deploymentPolicyFile
xml/objectGridDeployment.xml

3. Start container03 on whost03 by issuing the command shown in the Example 5-18.

Example 5-18 Starting the container0O3 server

<WXS_install_root>/0bjectGrid/bin/startXsServer.sh container03
-catalogServiceEndPoints
whostOl.rtp.ibm.com:2809,whost02.rtp.ibm.com:2809,whost03.rtp.ibm.com:2810
-objectgridFile xml/objectGrid.xml -deploymentPolicyFile
xml/objectGridDeployment.xml

4. Start container04 on whost04 by issuing the command shown in the Example 5-19.

Example 5-19 Starting the container04 server

<WXS_install_root>/0bjectGrid/bin/startXsServer.sh container04
-catalogServiceEndPoints
whost0l.rtp.ibm.com:2809,whost02.rtp.ibm.com:2809,whost03.rtp.ibm.com:2810
-objectgridFile xml/objectGrid.xml -deploymentPolicyFile
xml/objectGridDeployment.xml

Example 5-20 shows the message reported by startXsServer script upon a successful start
of a container server,

Example 5-20 Message indicating a successful container server start

[5/3/13 15:13:40:481 EDT] 00000001 ServerImpl I  CWOBJ1001I: ObjectGrid Server
container0l is ready to process requests.
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5.1.6 Validating the sample topology

The xscmd command can be used to validate the operating status for the grid. The xscmd
script must be run from the node directory by using the options shown in Example 5-21.

Example 5-21 xscmd options

<WXS_install_root>/0bjectGrid/bin/xscmd.sh [with the following options]

-cep <host:XI0 Tistening port,...>
-c <command>

Multiple catalog service endpoints can be passed to xscmd using the -cep parameter. The

xscmd command tries to establish a connection to the first available catalog server as
specified in the list passed as the -cep argument. Although this feature is useful to improve

the resiliency of the xscmd command, this section addresses the following commands that are
issued against a single catalog server (catalog01):

» showlinfo
» showPlacement
» routetable

showinfo

The showInfo command is useful to validate that the running WebSphere eXtreme services
are consistent with the topology to be implemented. Example 5-22 shows the output of
showInfo that contains information about the environment specifications, including the

installed product version and JVM information.

Example 5-22 showinfo command output

<WXS_install_root>/0bjectGrid/bin/xscmd.sh -cep whost0l.rtp.ibm.com:2809 -c

showInfo

*** Server Name: catalogQl ***
Client Port

Domain name

Host name

IP Address

JMX Connector Port

JMX Service Port

JMX Service URL

JAVA Directory
JAVA Vendor

JAVA Version

JAVA Bit Mode

JVM Runtime Version

JVM Version

Listener Port (XIO)

6600 (configured)

DefaultDomain

whostOl.rtp.ibm.com

9.42.171.46

1099 (derived)

1099 (configured)
service:jmx:rmi://9.42.171.46:
1099/jndi/rmi://9.42.171.46:
1099/objectgrid/MBeanServer
/opt/IBM/WebSphere/XS86/java/jre
IBM Corporation

1.7.0

64

pxa6470sr2ifx-20121102_01
(SR2+1V31201)

JRE 1.7.0 Linux amd64-64

20121031 126871 (JIT enabled, AOT
enabled), J9VM -
R26_Java726_SRZ2_iFix_3 20121031 _1658
_B126871, JIT -

r11.b01 20120808 24925 ifx2, GC -
R26_Java726_SRZ2_iFix_3 20121031 _1658
_B126871, JI9CL - 20121031 126871
2809 (configured)
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0S Architecture amd64

Operating System Linux

Operating System Version 3.5.0-17-generic

Process ID 16202

Peer Port 6601 (configured)

Server Type Catalog Server

Time Stamp from Server 05/03/13 15:23:22.096 EDT
Transport eXtremelO

WebSphere eXtreme Scale Product Directory /opt/IBM/WebSphere/XS86/0bjectGrid
WebSphere eXtreme Scale Version v7.0.0 (8.6.0.0) [cf11305.31182928]
XIO Timeout (seconds) 30 (default)

*** Server Name: catalog02 ***

*** Server Name: catalog03 ***

*** Server Name: containerQl ***
*** Server Name: container(Q3 ***

*** Server Name: container(Q2 ***

*** Server Name: container(Q4 ***

showPlacement

The showPlacement command returns information about the list of all containers and shards
deployed on the hosts that comprise the grid. Such information is a representation of the
primary and replica shard topology as planned by the catalog service. Example 5-23 reports
an example of placement information across all four containers (containerO1 to container04).

Example 5-23 showPlacement command output

<WXS_install_root>/0bjectGrid/bin/xscmd.sh -cep whostOl.rtp.ibm.com:2809 -c
showPlacement

CWXSIO0068I: Executing command: showPlacement
*** Show all online container servers for Grid data grid and mapSet map set.
Host: whostOl.rtp.ibm.com
Container: container0l_C-1, Server:containerOl, Zone:DefaultZone
Partition Shard Type Reserved
1 Primary false
3 Primary false
7 Primary false
8 SynchronousReplica false
9 SynchronousReplica false
1 SynchronousReplica false
1 SynchronousReplica false

_= O
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Host: whost02.rtp.ibm.com
Container: container02_C-1, Server:container02, Zone:DefaultZone

Partition Shard Type Reserved
0 Primary false
4 Primary false
6 Primary false
5 SynchronousReplica false
7 SynchronousReplica false
12 SynchronousReplica false

Host: whost03.rtp.ibm.com
Container: container03_C-0, Server:container03, Zone:DefaultZone

Partition Shard Type Reserved
2 Primary false
5 Primary false
8 Primary false
9 Primary false
0 SynchronousReplica false
1 SynchronousReplica false
3 SynchronousReplica false

Host: whostO4.rtp.ibm.com
Container: container04_C-0, Server:container04, Zone:DefaultZone

Partition Shard Type Reserved
10 Primary false
11 Primary false
12 Primary false
2 SynchronousReplica false
4 SynchronousReplica false
6 SynchronousReplica false

Number of containers matching = 4

Total known containers =4
Total known hosts =4
routetable

The routetable command is used to display the routing table information managed by the
catalog service and pushed to the clients (Example 5-24). This is a representation of the
actual placement of primary and replica shards across available containers. This placement
can differ, during placement operations, from the information returned from the
showPlacement command, which shows the planned placement.

The routetable command also provides useful information about the status of primary and
replica shards. In fact, the xscmd command uses the routing table to check whether partitions
are reachable or not from the workstation where the xscmd program is.

Example 5-24 routetable command output

<WXS_install_root>/0ObjectGrid/bin/xscmd.sh -cep whostOl.rtp.ibm.com:2809 -c routetable
Starting at: 2013-05-03 17:00:55.368

CWXSI0068I: Executing command: routetable

*** Displaying routing information for data grid: Grid:mapSet
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Placement Scope: Domain

Primary 0 reachable whost02.rtp.ibm.com DefaultZone container02_C-1
SynchronousReplica 0 reachable whost03.rtp.ibm.com DefaultZone container03_C-0
Primary 1 reachable whostOl.rtp.ibm.com DefaultZone container0l C-1
SynchronousReplica 1 reachable whost03.rtp.ibm.com DefaultZone container03_C-0
Primary 2 reachable whost03.rtp.ibm.com DefaultZone container03_C-0
SynchronousReplica 2 reachable whost04.rtp.ibm.com DefaultZone container04_C-0
Primary 3 reachable whostOl.rtp.ibm.com DefaultZone container0l C-1
SynchronousReplica 3 reachable whost03.rtp.ibm.com DefaultZone container03_C-0
Primary 4 reachable whost02.rtp.ibm.com DefaultZone container02_C-1
SynchronousReplica 4 reachable whost04.rtp.ibm.com DefaultZone container04_C-0
Primary 5 reachable whost03.rtp.ibm.com DefaultZone container03_C-0
SynchronousReplica 5 reachable whost02.rtp.ibm.com DefaultZone container02_C-1
Primary 6 reachable whost02.rtp.ibm.com DefaultZone container02_C-1
SynchronousReplica 6 reachable whost04.rtp.ibm.com DefaultZone container04_C-0
Primary 7 reachable whostOl.rtp.ibm.com DefaultZone container0l C-1
SynchronousReplica 7 reachable whost02.rtp.ibm.com DefaultZone container02_C-1
Primary 8 reachable whost03.rtp.ibm.com DefaultZone container03_C-0
SynchronousReplica 8 reachable whost0l.rtp.ibm.com DefaultZone container0l C-1
Primary 9 reachable whost03.rtp.ibm.com DefaultZone container03_C-0
SynchronousReplica 9 reachable whostOl.rtp.ibm.com DefaultZone container0l C-1
Primary 10 reachable whost04.rtp.ibm.com DefaultZone container04_C-0
SynchronousReplica 10 reachable whost0l.rtp.ibm.com DefaultZone container0l C-1
Primary 11 reachable whost04.rtp.ibm.com DefaultZone container04_C-0
SynchronousReplica 11 reachable whost0l.rtp.ibm.com DefaultZone container0l C-1
Primary 12 reachable whost04.rtp.ibm.com DefaultZone container04_C-0
SynchronousReplica 12 reachable whost02.rtp.ibm.com DefaultZone container02_C-1

CWXSIO00401I:

The routetable command completed successfully.

5.1.7 Testing the sample topology and application

WebSphere eXtreme Scale clients connect to the catalog service, retrieve a description of the
server topology, and then communicate directly to each container server as needed. When
the server topology changes because new servers are added or existing servers fail, the
client is automatically routed to the appropriate server that is hosting the data.
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Figure 5-13 shows the sample topology that is used in the example.

catalog01

Client
Grid Client
Client
1. connect 2 access data
Catalog Service Grid
| Catalog Server I
03! Grid Container Giid Container Grid Container Grid Container
| Catalog Server I
Grid Configuration| Grid Configuration Grid Corfiguration Grid Configuration|
02
Catalog Server cornta rer01 container02 container03 contaner

Figure 5-13 Sample topology grid client, catalogs, and containers

Test the grid by using the client program that is supplied as part of the getting started

application. This client is useful to insert, update, and delete data from the newly deployed
grid with the option to have transactional control over grid operations. You can start the client
by issuing the command shown in the Example 5-25.

Example 5-25 Starting the client program

java -cp

./1ib/GettingStartedClient.jar:<WXS_install _root>/ObjectGrid/1ib/ogclient.jar
com.ibm.websphere.xs.sample.gettingstarted.Client whostOl.rtp.ibm.com:2809

Connected to ObjectGrid: Grid

Entercommand: <[exit | [begin|begin2pc | conmit | ro11back] | [n<number>] |

<[i(nsert) | g(et) | u(pdate) | (u)p(sert) | d(elete)]> <key> [<value>]

After you start the client, complete the following steps to test the grid:

1. Add an entry into the grid by issuing the i <key> value command as shown

Example 5-26.

Example 5-26 Inserting a new entry into the grid

> i keyl valuel

SUCCESS: Inserted TestValue [value=valuel] with key TestKey [key=keyl],

partitionId=3
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2. Retrieve an entry from the grid. You can check that an entry is in the grid and retrieve its
associated value by issuing the g <key> command as shown in Example 5-27.

Example 5-27 Inserting a new entry into the grid

> g keyl
Value is TestValue [value=valuel], partitionId=3

3. Update an entry into the grid. You can update an existing entry in the grid by issuing the u
<key> <value> command as shown in Example 5-28.

Example 5-28 Updating an existing entry in the grid

> u keyl valuell
SUCCESS: Updated key TestKey [key=keyl] with value TestValue [value=valuell],
partitionId=3

4. Delete an entry from the grid. You can delete an existing entry from the grid by issuing the
d <key> command as shown in Example 5-29.

Example 5-29 Deleting an entry from the grid

> d keyl
SUCCESS: Deleted value with key TestKey [key=keyl], partitionId=3

5. Insert two entries using multi-partition transaction support. Multiple entries can be inserted
into the grid by taking advantage of the new multi-partition transaction support that was
introduced in WebSphere eXtreme Scale version 8.6. For more information, see 4.8.3,
“Multi-partition transactions” on page 148.

a. Begin a new transaction by issuing the begin2pc command as shown in Example 5-30.

Example 5-30 Starting a new multi-partition transaction

> begin2pc
SUCCESS: 2-Phase capable, multi-partition transaction started.

b. Insert the first entry into the grid by issuing the i keyl valuel command as shown in
Example 5-31.

Example 5-31 Inserting the first entry as part of a multi-partition transaction

> i keyl valuel
SUCCESS: Inserted TestValue [value=valuel] with key TestKey [key=keyl],
partitionId=3

c. Insert the second entry into the grid by issuing the i key2 value2 command as shown
in Example 5-32.

Example 5-32 Inserting the second entry as part of a multi-partition transaction

> i key2 value2
SUCCESS: Inserted TestValue [value=value2] with key TestKey [key=key2],
partitionld=2
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d. Commit the multi-partition transaction by issuing the commit command as shown in

Example 5-33.

Example 5-33 Inserting both entries as part of a multi-partition transaction

> commit

SUCCESS: Transaction committed.

Note: Each transaction needs to be complete within the default time-out, specified
as part of grid configuration (objectGrid.xml). In this scenario, the time-out is 30

seconds. In case the multi-partition transaction is not completed within 30 seconds,
the transaction will be eventually rolled-back due to a time-out condition.

e. Exit from the getting started client application by issuing the exit command as shown

in Example 5-34.

Example 5-34 Exiting from the getting started client application

> exit
Exiting...

6. Display the partition information. You can verify the distribution of entries (key1 and key2)

into the Map1 partitions and display the partition size by using the xscmd -c showMapSizes
command as shown in Example 5-35.

Example 5-35 showMapSizes command output

<WXS_install_root>/0bjectGrid/bin/xscmd.sh -cep
whost0l.rtp.ibm.com:2809,whost02.rtp.ibm.com:2809,whost03.p.ibm.com:2810 -c

showMapSizes

Starting at: 2013-05-06 12:04:17.009

CWXSI0068I: Executing command: showMapSizes

*** Displaying results for Grid data grid and mapSet map set.

*** |isting maps for containerQl ***
Map Name Partition Map Entries Used Bytes Shard Type

Mapl 1
Mapl 3
Mapl 7
Mapl 8
Mapl 9
Mapl 10
Mapl 11

Server total: 1 (39

N OO OO O+ Oo

B)

*** |isting maps for containerQ4 ***

Map Name Partition Map Entries Used Bytes

Primary
Primary
Primary
SynchronousReplica
SynchronousReplica
SynchronousReplica
SynchronousReplica

Shard Type

Mapl 2
Mapl 4
Mapl 6
Mapl 10
Mapl 11
Mapl 12

SynchronousReplica
SynchronousReplica
SynchronousReplica
Primary
Primary
Primary

Container

container01
container01
container01
container01
container01
container01
container01

Container

container04_|
container04_|
container04_|
container04_|

container04_|
container04_|
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Server total: 1 (392 B)

*** |isting maps for container02 ***

Map Name Partition Map Entries Used Bytes Shard Type Container

Mapl 0 0 0 Primary container02_C-1
Mapl 4 0 0 Primary container02_C-1
Mapl 5 0 0 SynchronousReplica container02_C-1
Mapl 6 0 0 Primary container02_C-1
Mapl 7 0 0 SynchronousReplica container02_C-1
Mapl 12 0 0 SynchronousReplica container02_C-1
Server total: 0 (0 B)

*** |isting maps for container03 ***

Map Name Partition Map Entries Used Bytes Shard Type Container

Mapl 0 0 0 SynchronousReplica container03_C-0
Mapl 1 0 0 SynchronousReplica container03_C-0
Mapl 2 1 392 B Primary container03_C-0
Mapl 3 1 392 B SynchronousReplica container03_C-0
Mapl 5 0 0 Primary container03_C-0
Mapl 8 0 0 Primary container03_C-0
Mapl 9 0 0 Primary container03_C-0

Server total: 2 (784 B)

Total catalog service domain count: 4 (1 KB)
(The used bytes statistics are accurate only when you are using simple objects
or the COPY_TO_BYTES copy mode.)

CWXSIO040I: The showMapSizes command completed successfully.
Ending at: 2013-05-06 12:04:20.019

5.2 Integrating in a WebSphere Application Server Network
Deployment environment

178

WebSphere eXtreme Scale can easily be integrated into a WebSphere Application Server
Network Deployment environment. This deployment scenario offers several advantages over
the stand-alone environment. It allows you to use Java Platform, Enterprise Edition
programming model and supporting services, such as transaction management, security, and
monitoring.

This section reviews the benefits and limitations (5.2.1, “Benefits” on page 179, 5.2.2,
“Limitations” on page 182, and 5.2.3, “Considerations” on page 183) of WebSphere eXtreme
Scale integrated into a WebSphere Application Server environment. It also introduces a
sample application and topology that is used to demonstrate the features (5.2.4, “Introducing
the sample application” on page 184 and 5.2.5, “Introducing the sample topology” on

page 187). This section then provides detailed instructions about how to install and configure
the sample environment (5.2.6, “Creating the sample topology” on page 189). In the final
sections (5.2.7, “Validating the sample topology” on page 221 and 5.2.8, “Testing the sample
topology and application” on page 227), a sample getting started web application is used to
validate the implemented topology.
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5.2.1 Benefits

Integrating WebSphere eXtreme Scale into WebSphere Application Server Network
Deployment environment provides several advantages that enhance system administration
and simplify the development of grid applications:

Catalog and container servers as managed application servers
Catalog service domain configuration

Simplified connection to the grid

Simplified grid container management

Simplified administration and management

Managed environment for loader implementations

Transparent transaction demarcation

Use underlying security infrastructure

Use PMI for monitoring

YyVYyVYYVYVYVYYVYYY

Catalog and container servers as managed application servers

Catalog and container servers are defined as standard application server instances within a
WebSphere Application Server cell.

For high availability reasons, use dedicated clusters for catalog and container servers. Best
results can be achieved by having at least three catalog server instances that are in different
physical locations. Three catalog servers provide a high-available catalog service even when
a catalog server is down for planned or unplanned maintenance.

Also, use a distinct WebSphere cluster to host the grid infrastructure (container servers) to
decouple it from catalog servers and applications.
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Catalog service domain configuration

Catalog service domains define a group of catalog servers that are associated to a grid
infrastructure. Catalog service domains can be easily defined as administered resources
within a WebSphere Application Server Network Deployment environment as shown in
Figure 5-14.

Catalog service domains 7=

Catalog service domains > CSD01

A WebSphere eXtreme Scale catalog service domain is a highly available collection of catalog servers. This
collection of catalog servers can run in WebSphere Application Server server processes within a single cell and core
group. The catalog service domain can also define a group of remote servers that run in different WebSphere
Application Server cells or as Java SE processes. The catalog service controls the placement of shards and
discovers and monitors the health of the container servers in the data gnd.

Test connection

General Properties Additional Properties
# Name Client security
C5D01 properties

Custom properties
Enable this catalog service domain as the default unless another

catalog service domain is explicitly specified.

Enable IBM eXtremelIO (XI0) communication. This configuration option is
not applicable for domains that are configured with remote server members.

Catalog Servers

New | Edit| Delete
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Figure 5-14 Catalog service domain configuration

Simplified connection to the grid

In a stand-alone environment, connecting to the grid requires knowledge of the host name
and port of the catalog servers. In an integrated environment, this requirement can be
simplified by using a catalog service domain. More specifically, the catalog service domain
can be queried to obtain the list of catalog service endpoints that client uses to establish a
connection to the catalog service. Example 5-36 shows a code snippet of how this
simplification can be done.

Example 5-36 Connecting to a grid without specifying a catalog server host and port

//Use ObjectGridManagerFactory to get the reference to the ObjectGridManager API
ObjectGridManager objectGridManager = ObjectGridManagerFactory.getObjectGridManager();

//Get CatalogDomainManager through objectGridManager
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CatalogDomainManager catalogDomainManager = objectGridManager.getCatalogDomainManager();

//Get catalogDomainInfo for CSDO1 domain
CatalogDomainInfo catalogDomainInfo = catalogDomainManager.getDomainInfo("CSD0O1");

//Get the catalog server endpoints for catalogs within CSDO1
String cep = catalogDomainInfo.getClientCatalogServerEndpoints();

//0btain client context using catalog service endpoints
ClientClusterContext ccc = objectGridManager.connect(cep, (ClientSecurityConfiguration) null,
(URL) null);

//Get the objectGrid instance
ObjectGrid objectGrid = objectGridManager.getObjectGrid(ccc, "Grid");

Simplified grid container management

Grid configurations can be packaged within a Java Platform, Enterprise Edition module (Web
or EJB module) and deployed as a standard enterprise archive (EAR) file. When a Java
Platform, Enterprise Edition application starts, WebSphere eXtreme Scale checks for grid
configuration files (objectGrid.xml and objectGridDeployment.xm1) within the META-INF
folder of the EJB and WEB modules. If only objectGrid.xml is found, the application server is
assumed to be a grid client. If both objectGrid.xml and objectGridDeployment.xml are
present, the application server acts as a container by implementing the specified deployment
policies.

Simplified administration and management

In an integrated environment, the WebSphere Application Server Network Deployment
infrastructure is responsible for deployment operations. More specifically, it ensures that grid
configurations packaged within EARs are consistently deployed over all the managed nodes.
The WebSphere administrative console can be used to manage grid containers like other
application servers, which simplifies administration and management.

Managed environment for loader implementations

Implementing custom loaders often requires special resources to gain access to the back-end
information system. In an integrated environment, a loader implementation can use all
available Java Platform, Enterprise Edition resources. For example, JDBC connections, JMS
providers, or JCA adapters can be used in a custom loader implementation using connection
pooling, lookup and discovery (JNDI) and security (providing necessary authentications and
authorizations).

Transparent transaction demarcation

WebSphere eXtreme Scale offers transactional access to a grid. In a stand-alone
environment, the grid client must demarcate transaction boundaries. Therefore, this
transaction management requires more programming effort.

In an integrated environment, WebSphere Application Server can act as transaction manager
to manage transactions that involve grid and non-grid resources, such as relational
databases. This capability can be used by interacting with the grid using the WebSphere
eXtreme Scale Resource Adapter. This resource adapter is compliant to Java EE Connector
Architecture (JCA) specifications, and provides local transaction support. It is a single-phase
commit resource from the perspective of the transaction manager. WebSphere Application
Server offers the capability to manage transactions that involve multiple two-phase capable
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resource managers and one single-phase capable resource manager, by using last
participant support feature.

Note: WebSphere eXtreme Scale version 7.1.1 and prior versions supported an
integration with WebSphere Application Server Transaction Manager using the
WebSphereTransactionCallBack plug-in. This plug-in has been deprecated in WebSphere
eXtreme Scale version 8.6.

Use underlying security infrastructure

WebSphere Application Server security infrastructure can be used to propagate the client
authentication credential from a grid client to catalog and container servers within a
WebSphere security domain. A secured Java Platform, Enterprise Edition component that is
deployed into WebSphere Application Server can include a client security token as part of its
interaction with catalog and container servers. Catalog and container servers can extract
client credentials from WebSphere Application Server security token to apply the correct
authentication and authorization controls.

Use PMI for monitoring

WebSphere Application Server provides a sophisticated performance monitoring
infrastructure (PMI). It can be used to gather performance statistics of all components inside
an application server. WebSphere eXtreme Scale takes advantage of this infrastructure to
collect performance statistics relevant to the grid. Metrics are grouped within the following

PMI modules:
objectGridModule Provides metrics about transaction response time.
mapModule Provides metrics about map and index count and time statistics. These

include hit rate per map, number of entries per map, number of results
per index and so on.

agentManagerModule Provides statistics related to map-based agents. These include
number of agent executions, number of partitions involved, time
required to run map and reduce operations, time required to serialize
agents, and related results.

queryModule Provides statistics about query processing and execution. These
include the amount of time to create a query plan and run the query,
the number of times that a query has been run, and so on.

5.2.2 Limitations

There are limitations when using WebSphere eXtreme Scale integrated in a WebSphere
Application Server environment. Consider the following topics.

Larger footprint

In an integrated environment, the grid shares the available memory with application server or
application components. This factor translates into less memory available for storing objects
in the grid.

Avoiding deploying enterprise applications and grid on the same cluster
When the grid container is deployed within the enterprise application in the same application
server, the grid container becomes more vulnerable. Issues in the application (for example,
memory leaks or deadlock situations) can bring the grid container down. To increase high
availability, separate the application and the grid into different clusters.
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Inter-process communications

High Availability Manager and core groups provided by WebSphere Application Server
Network Deployment infrastructure are used by WebSphere eXtreme Scale for health checks
and for intercommunication among catalog servers. Given the point-to-point communications
between managed processes, the system resource consumption (processor, memory, and
network bandwidth) does not increase linearly and exhibits quadratic growth as the size of a
core group increases. To optimize core group communications and system resource
consumption, distribute the managed processes across multiple core groups.

Typically, the maximum number of cluster members within a single core group is 50 - 100,
according to application design and incoming workload pattern. This means that a large grid
infrastructure should be deployed across multiple clusters, each one using a dedicated core

group.

It is also possible to implement a zone-based topology with multiple clusters and core groups
by associating a zone to a specific cluster/core group.

For more information about core group configuration and scalability, see the Core group
scaling considerations topic in the WebSphere Application Server Network Deployment
version 8.5 Information Center:

http://pic.dhe.ibm.com/infocenter/wasinfo/v8r5/topic/com.ibm.websphere.nd.doc/ae/c
run_ha_cgscale.htm]

5.2.3 Considerations

The section addresses factors that need to be considered when you use WebSphere
eXtreme Scale with WebSphere Application Server.

Topology selection

WebSphere Application Server offers a large variety of deployment topologies to support
many scalability and high availability requirements. Grid requirements place an extra
constraint on this topology. Carefully plan the overall target topology to match all
requirements. For more information grid topologies, see Chapter 2, “Architecture and
topologies” on page 27 and WebSphere Application Server V8.5 Concepts, Planning, and
Design Guide, SG24-8022.

Configuration files

An EJB module or WAR module using a grid must have corresponding grid XML configuration
files in its META-INF directory. Depending on what configuration files are found by the
WebSphere eXtreme Scale runtime environment, the application runs in one of the following
two modes:

» Client only: When only an objectGrid.xml file is detected, the application is a grid client
only. The grid configuration from the XML file is used to control grid operations at the client
side, such as evictors and near-cache configurations.

» Grid container: When the META-INF directory contains both objectGrid and
objectGridDeployment.xml files, a grid container is automatically started inside the
application server. The grid container registers with the catalog server and becomes
eligible for shard placement.

Tip: Configuration file names are case sensitive. If the grid container does not start
automatically, be sure to check the file name spelling.
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5.2.4 Introducing the sample application

This section introduces the sample application that is used for WebSphere eXtreme Scale
integrated into a WebSphere Application Server Network Deployment environment example.

Application architecture and design
A getting started web application is used to demonstrate the integrated topology. This
application contains two main components as shown in Figure 5-15.

Getting StartedWebClientear GettingStartedWeb Server.ear

Map1

Grid Client

Map2

Web Application
GettigStartedWe bClient.war

ObjectMap APIs
* Get
* Insert
» Update
* Delete

Figure 5-15 Sample application used for integrating into a WebSphere Application Server environment

The getting started application consists of two main components:

» Grid client application: A simple Java Platform, Enterprise Edition web application,
GettingStartedWebClient.ear, uses a servlet to connect to a grid and run basic
operations like get, update, insert, and delete against two maps, Map1 and Map2.

» Grid configuration: The grid provides a single, coherent, highly available, and scalable
store for Map1 and Map2. Grid configuration files are packaged within the META-INF
folder of a web module (GettingStartedWebServer.war) that is incorporated into the
GettingStartedWebServer.ear.

The sample applications in this section, GettingStartedWebClient.ear and
GettingStartedWebServer.ear, are provided in the WASND folder of the
DeploymentScenarios.zip file available as additional material. For more information about
downloading this material, see Appendix A, “Additional material” on page 341.
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Client connection to the grid

In an integrated installation with WebSphere Application Server Network Deployment, the
client can connect to the grid by either using catalog service endpoints or the catalog service
domains as shown in the Example 5-37.

Example 5-37 Client connection to the grid

protected synchronized String connectClient(String cep, String gridName, String domainId) {
if (grid == null) {
// Connect to the Catalog Service. The security and client override
// XML are not specified.
// use catalog domain manager instead of cep if defined
cdm = ObjectGridManagerFactory.getObjectGridManager().getCatalogDomainManager();
if (cdm !'= null) {
if(cdm.getDomainInfo(domainId) != null) {
try {
String endpoints = cdm.getDomainInfo(domainId).getClientCatalogServerEndpoints();
cep = endpoints;
}
catch (Exception e) {
System.out.printin(e);
e.printStackTrace();
}
}
}

try {
// 1f the catalog service end points are null, then call the connect

// method without the catalog service end points parameter to connect to
// the catalog service configured for this process.
ClientClusterContext ccc;
if (cep !'= null) {
ccc = ObjectGridManagerFactory.getObjectGridManager().connect(cep, null, null);
} else {
ccc = ObjectGridManagerFactory.getObjectGridManager().connect(null, null);
// for display purposes
cep = getCatalogServiceEndpoints();
}
// Set a custom client properties file
URL clientPropsURL =
Thread.currentThread().getContextClassLoader().getResource("properties/objectGridClient.properti
es");
ccc.setClientProperties(gridName, clientPropsURL);
// Retrieve the ObjectGrid client connection and cache it.
grid = ObjectGridManagerFactory.getObjectGridManager().getObjectGrid(ccc, gridName);
} catch (Exception e) {
throw new ObjectGridRuntimeException("Unable to connect to catalog service at
endpoints:" + cep, e);
}
}
return cep;
}
}

Chapter 5. Deployment scenarios 185



Client interaction with the grid

The client interacts with Map1 and Map2 using the ObjectMap APIs to insert, update, retrieve,
and remove data in the grid as shown in the Example 5-38.

Example 5-38 Client interaction with the grid

Session sess = grid.getSession();
// Get the ObjectMap
ObjectMap mapl = sess.getMap(mapName);
if (crudOperation.equals("insert")) {
mapl.insert(key, val);
pw.printIn("SUCCESS: Inserted " + val + " with key " + key + EOL);
} else if (crudOperation.equals("update")) {
mapl.update(key, val);
pw.printIn("SUCCESS: Updated key " +key + " with value " + val + EOL);
} else if (crudOperation.equals("delete")) {
String oldValue = (String) mapl.remove(key);
pw.printIn("SUCCESS: Deleted value with key " + key + " and old value " +
oldValue + EOL);
} else if (crudOperation.equals("get")) {
String value = (String) mapl.get(key);

if (value != null)
pw.printIn("SUCCESS: Value is: " + value + EOL);
else

pw.printIn("SUCCESS: Value is: Not found" + EOL);

Grid configuration

Example 5-39 shows the content of objectGrid.xml file that is being used to define the grid
configuration. This configuration file is responsible for defining all the objectGrid and
backingMap elements that make up the application data store. In this example, a grid called
Grid contains two backing map definitions, called Mapl and Map2.

Example 5-39 Grid configuration within objectGrid.xml file

<?xml version="1.0" encoding="UTF-8"?>
<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://ibm.com/ws/objectgrid/config ../objectGrid.xsd"
xmIns="http://ibm.com/ws/objectgrid/config">
<objectGrids>
<objectGrid name="Grid">
<backingMap name="Mapl" />
<backingMap name="Map2" />
</objectGrid>
</objectGrids>
</objectGridConfig>

The grid is configured to manage thirteen partitions, with one optional synchronous
replication for each primary shard. This configuration is defined in the
objectGridDeployment.xm]l file as shown in Example 5-40.

Example 5-40 Grid deployment configuration within objectGridDeployment.xml

<?xml version="1.0" encoding="UTF-8"?>
<deploymentPolicy xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
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xsi:schemalLocation="http://ibm.com/ws/objectgrid/deploymentPolicy
../deploymentPolicy.xsd"
xmIns="http://ibm.com/ws/objectgrid/deploymentPolicy">
<objectgridDeployment objectgridName="Grid">
<mapSet name="mapSet" numberOfPartitions="13" minSyncReplicas="0"
maxSyncReplicas="1" >
<map ref="Mapl"/>
<map ref="Map2"/>
</mapSet>
</objectgridDeployment>
</deploymentPolicy>

These deployment descriptors are packaged into the META-INF folder of the
GettingStartedWebServer web application as shown in Figure 5-16.

79 Enterprise Explorer 52 | 74 Services |
el

55

S
. B2 GettingStartedWebClient
: ";‘J; GettingStartedWebClientWAR
= GettingStartedWebServer
4 - GettingStartedWebServerEAR
4 [ Modules
S GettingStartedWebServer.war
[ Liility JARs
- = META-IMF
a® GettingStartedWebServerWAR
- ‘@@ GettingStartedWebServer
- A JAK-WS Web Services
. 8 Java Resources
- =5 JavaScript Resources
4 = WebContent
a4 = META-INF
7 MANIFEST.MF
K| objectGrid.xml
k| objectGridDeployment.xml
4 [= WEB-INF
= lib
i ibm-web-bnd.xmi
& ibm-web-ext.omi
@ webxml

Figure 5-16 Grid configuration packaged into GettingStartedWebServer

5.2.5 Introducing the sample topology

The getting started web application in 5.2.4, “Introducing the sample application” on page 184
requires deployment topology on which to run. This section describes the sample topology
that demonstrates WebSphere eXtreme Scale integrated into a WebSphere Application
Server Network Deployment environment.
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Operational model
The basic operational model of the sample topology is shown in Figure 5-17. Like the
stand-alone topology in 5.1, “WebSphere eXtreme Scale in a stand-alone environment” on
page 152, the sample topology includes four hosts (whost01, whost02, whost03, and
whost04) where the client, catalog, and container services are run.
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catalog01

catalog02

| Catalog Server
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| N ode age nt | | Node agent | | N ode age nt | | Nodeagent
| web0 1 |
Grid Client Grid Client Grid Client Grid Client
GettingStartedGridWeb GettingStartedGridWeb GettingStartedGridWeb GettingStartedGridWeb
app01 app 02 app 03 app 04
AppCluster

Grid Container

Grid Container

GetingStartedGrid

Grid o nfigu ration

GefttingStartedGrid

Grid oo nfigu r@ation

Grid Container
GetingStarte dGrid

Grid configuration

Grid Container
Gefttin gStartedGrid

Grid oo nfiguration

mml—lﬁmﬁ

container01 confaine02 container03 confaine04
GridCluster
w host01 whost02 whost03 w host04
Cell WCellO1

Figure 5-17 Sample topology for integrating into a WebSphere Application Server Network Deployment environment
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More specifically, the sample integrated environment has the following characteristics:

» One WebSphere Deployment Manager is deployed on whost01.

» One IBM HTTP server instance (web01) is deployed on whost01.

» A catalog service is hosted by CatalogCluster, comprising three members (catalog01,
catalog02, and catalog03) that are deployed on three hosts (whost01, whost02, and

whost03).

container03, and container04) that are deployed over four hosts (whost01, whost02,
whost03, and whost04).
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» The getting started grid client application is hosted by the AppCluster, comprising four
members (app01, app02, app03, and app04) that are deployed over four hosts (whost01,
whost02, whost03, and whost04).

Grid topology

The grid is operating within the GridCluster. As described in “Grid configuration” on page 156,
the grid is configured to manage thirteen partitions, with one optional synchronous replication
for each primary shard. A possible placement is shown in the Figure 5-18. The actual shard
placement can vary, depending upon the availability of container cluster members and the
placement decisions made by the catalog server.

GridCluster
container01 container02 container03 container04
E E P7 R3 P6 RO E E
E E P9 R4 P8 | |[R11 E E
E E \P11 R5 P10| |[R12 E E
[ rre

| Cluster | [ Primary Shard |

| Container || Replica Shard |

Figure 5-18 Grid topology

5.2.6 Creating the sample topology

This section describes the required steps to create an integrated environment based on
WebSphere eXtreme Scale and WebSphere Application Server Network Deployment.

The following products are required to be installed on the four hosts (whost01, whost02,
whost03, and whost04) included in the sample topology:

» IBM WebSphere Application Server Network Deployment version 8.5.0.2

» IBM WebSphere eXtreme Scale version 8.6.0.1

On whost01, the following products must also be installed:

» IBM HTTP server version 8.5.0.2

» IBM WebSphere plug-ins for IBM HTTP server version 8.5.0.2

The installation of the required software stack is run by using the IBM Installation Manager,
which is a common installation program that is used across many IBM software products.
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After the products are installed, they can be configured to match the wanted topology. This
process includes the creation of application server profiles, nodes federated under the
deployment manager, and the creation of clusters.

Installing WebSphere Application Server

To install WebSphere Application Server Network Deployment version 8.5.0.2, complete the
following steps:

Note: These steps must be repeated for every node in the topology.

. Install the IBM Installation Manager, if not already present on deployment hosts. The IBM
Installation Manager is incorporated as part of the WebSphere Application Server Network
Deployment package.

Install WebSphere Application Server Network Deployment version 8.5.0.0 on each node
by using IBM Installation Manager.

For more information about installation procedures, see the Installing and uninstalling the
product on distributed operating systems topic in the WebSphere Application Server
Network Deployment version 8.5 Information Center:

http://pic.dhe.ibm.com/infocenter/wasinfo/v8r5/topic/com.ibm.websphere.installa
tion.nd.doc/ae/tins_installation dist.html

Update WebSphere Application Server Network Deployment to the latest fix pack (8.5.0.2
at the time of writing):

a. Download the latest available WebSphere Application Server Network Deployment
Fixpack from IBM Fix Central:

http://www-933.ibm.com/support/fixcentral/
b. Apply the latest fix pack by using the IBM Installation Manager.

For more information about locating and applying the fix pack, see the Installing interim
fixes on distributed operating systems using the GUI topic in the WebSphere
Application Server Network Deployment version 8.5 Information Center:

http://pic.dhe.ibm.com/infocenter/wasinfo/v8r5/topic/com.ibm.websphere.insta
11ation.nd.doc/ae/tins_install_fixes_dist_gui.html

Installing IBM HTTP server and plug-in
You can install the IBM HTTP server and plug-in by using the IBM Installation Manager.

Note: Perform these steps on the whost01 host only.

To install IBM HTTP server and Plug-in version 8.5.0.2, complete these steps:

1.

Configure the IBM Installation Manager repository to point to the WebSphere Application
Server version 8.5 Supplements package.

Select the following packages for installation:

— IBM HTTP server for WebSphere Application Server
— Web Server Plug-ins for IBM WebSphere Application Server

Specify an installation directory for each package. You can keep the default paths or
update them to match file system conventions in your environment.
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4. Configure a port number for the IBM HTTP server to listen on. Keep the default port 80 if
IBM HTTP server is running as root. Otherwise, select an available port greater than 1024

(for example, 8080).

Installing WebSphere eXtreme Scale

Install WebSphere eXtreme Scale integrated into a WebSphere Application Server Network

Deployment environment by using the IBM Installation Manager.

Complete these steps to install WebSphere eXtreme Scale version 8.6.0.1:
Note: These steps must be repeated for every node in the topology.

1. Download the latest available WebSphere eXtreme Scale 8.6 fix pack for WebSphere
Application Server 8 (8.6.0.1 at the time of writing) from IBM Fix Central:

http://www.ibm.com/support/fixcentral/
Fixpacks: WebSphere eXtreme Scale provides separate fix packs according to the

chosen deployment scenario (stand-alone or integrated installation with WebSphere
Application Server):

» 8.6.0-WS-WXS-FP0000001 is the fix pack for the stand-alone environment

> 8.6.0-WS-WXS-WAS8-FP0000001 is the fix pack for integrated installation with
WebSphere Application Server

2. Extract the downloaded fix pack into a temporary directory, for example:
/tmp/WXS_8601_WAS8_fixpack

3. Issue the IBMIM command in the <IM_Installation_root> directory to start the IBM
Installation Manager.

4. The IBM Installation Manager needs to know the location of WebSphere eXtreme Scale

installation binary files. Click File — Preferences.
5. From the Repository view, click Add Repositories.
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6. Click Browse, navigate to the WebSphere eXtreme Scale installation directory
<WXS_product_media>/WXS_8600, and select repository.config as shown in Figure 5-19.

F B

» Edit Repository

Edit repository =
Modify a repository and add to the repository preference list. I

Repository:

Jtmp/WXs_8600_media/WX5_8600/repository.config| Browse...

Cancel oK

Figure 5-19 WebSphere eXtreme Scale 8.6.0.0 repository location
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7. Repeat steps 5 on page 191 and 6 on page 192 to add the repository for WebSphere
eXtreme Scale 8.6 for WebSphere Application Server 8 Fixpack 1, which is
/tmp/WXS_8601_WAS8 fixpack/repository.config. Both repositories have being added
as shown Figure 5-20. Click OK to close the Preferences dialog window.

- Preferences

e Repositories =

Repositories o
Repositories:

Appearance
Files For Rollback Locaion | Connection Add Repository...
> Hel Jemp/WXS_8600 _media/WXS_8600/repository.config %4
i Edit Repositor
 Internet & /tmp/WXS_8601_WASS8_fixpack/repository.config TS P Y.
Passport Advantage Remove Repository
Updates

Move Up

Test Connections

Service repositories are remote locations where updates or extensions to packages (including the
Installation Manager itself) are stored.

[& search service repositories during installation and updates.
Restore Defaults Apply

@ oK Cancel

Figure 5-20 Adding repositories

8. From the main Installation Manager page, select Install.
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9. On the Install Packages window, a range of installation options is available. Select IBM
WebSphere eXtreme Scale for WebSphere Application Server V8 as shown in
Figure 5-21, and click Next.

Install Packages I::}_—]I

Select packages to install:

Installation Packages Status Vendor License Ke
¥ [ [ 1BM WebSphere eXtreme Scale Client in a stand-alone environment
[, Version 8.6.0.0 IBM
v 1BM WebSphere eXtreme Scale in a stand-alone environment Installed
i}, Version 8.6.0.0 1BM
¥ [ [%31BM webSphere extreme Scale Client For webSphere Application Server V7
[} Version 8.6.0.0 1BM
¥ [ [E3 1BM WebSphere eXtreme Scale Client For WebSphere Application Server V8
[ version 8.6.0.0 IBM
¥ [ [ 1BM WebSphere extreme Scale for WebSphere Application Server v7
[} Version 8.6.0.0 1BM
& [ Version 8.6.0.1 will be installed IBM
3 ] v
1 Show all versions | Check For Other Versions, Fixes, and Extensions |
Details

IBM WebSphere eXtreme Scale for WebSphere Application Server V8 8.6.0.1

WebSphere extreme Scale for WebSphere Application Server V& enables you to integrate with WebSphere Application Server, providing additional support
for high performance data grid applications. More info...

* Repository: /tmp/WXS_8601_WASS_fixpack

® < Back Next > Install | Cancel

Figure 5-21 Selecting the WebSphere eXtreme Scale 8.6.0.1 for WebSphere Application Server 8 installation package
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10.Keep the default option Use the existing package group, select the package IBM
WebSphere Application Server V8.5, and click Next as shown in Figure 5-22.

o IBM Installation Manager

Install Packages

A package group is a location that contains one or more packages. Extensions can be installed into a common package group only and will share a Q
common user interface. Select an existing package group for the extensions. -
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@® Use the existing package group

Package Group Name Installation Directory
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%, 1BM WebSphere Application Server V8.5 Jopt/IBM/W

ebSphere/AppServerg85s 32-bit
A/IHS85

Package Group Name: |IBM WebSphere Application Server V8.5

Installation Directory:

m

Architecture Selection:

Details

+ Shared Resources Directory: fopt/IBM/IMShared
+ Eclipse IDE: /opt/IBM/WebSphere/AppServerss
Installed Packages

Disk Space Information

Volume  Available Space
/ 12.49GB

* IBM Websphere Application Server Network Deployment 8.5.0.2

<Back | Next > Insta Jan(el
Figure 5-22 WebSphere eXtreme Scale for WebSphere Application Server V8 package group selection
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11.Make sure that you select the Samples option, as shown in Figure 5-23. Select all of the
options and click Next.
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v & (s IBM WebSphere eXtreme Scale for WebSphere Application Server v8 8.6.0.1
Server

Client

Console

Samples

QEaq

Show dependencies Expand All || Collapse All. | Restore Default
- Selected by Installation Manager because of dependencies

Details

Samples
Samples demonstrate product features.

Disk Space Information

Volume Required Temporary Total Awvailable
Shared Resources Area [ 0.0KB 259.70MB  259.70 MB 12.49 GB
Installation Directory  / 375.53 MB 375.53 MB 12.49 GB

€] <Back | Next> Insta Cancel

Figure 5-23 WebSphere eXtreme Scale features to install
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12.Review the installation summary and click Install to start the installation as shown in
Figure 5-24.

Install Packages E§_|

Review the summary information.

Install Licenses Location Features

Target Location
Package Group Name: 1BM WebSphere Application Server V8.5
Installation Directory: fopt/IBM/WebSpherefAppServer85s
Shared Resources Directory: fopt/IBM/IMShared
Packages
Packages
¥ [ 1BM WebSphere eXtreme Scale for WebSphere Application Server V8 8.6.0.1
I+ Server
I Client
[ Console
[+ Samples

Environment Disk Space Information
English Total Available Space
/ 12.49 GB

Total Download Size: 259.70 MB
Total Installation Size: 635.23 MB

» Repository Information

@ <Back Next> | Install Cancel
Figure 5-24 WebSphere eXtreme Scale 8.6.0.1 on WebSphere Application Server 8.5 installation summary
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13.After the installation completes successfully, select None for the Which program do you
want to start option. Click Finish as shown in Figure 5-25.

x ) - IBM Installation Manager

Install Packages ,_.>'_

o The packages are installed. View Log File

The following package was installed: which program do youwant to start?

¥ % IBM WebSphere Application Server V8.5 Profile Management Tool to create a profile.

s 1BM WebSphere extreme Scale For WebSphere Application Server V8 _
P P PP @® None

Note: IF the packages support rollback, the temporary directory contains rollback files For installed packages. You can delete the files on the Files For
rollback preference page.

® Einish |

Figure 5-25 WebSphere eXtreme Scale 8.6.0.1 installation confirmation
14.Close the IBM Installation Manager.

Creating WebSphere eXtreme Scale profiles

You can use the WebSphere customization toolbox to create profiles for WebSphere eXtreme
Scale. A profile is a set of files that define the configuration for the application server runtime
environment. When WebSphere eXtreme Scale is integrated into WebSphere Application
Server, the capabilities that are offered by WebSphere eXtreme Scale are added to
WebSphere Application Server run time and made accessible through the administration
console.
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The sample topology includes five profiles as shown in Figure 5-26.

Dmgr01
NodeO1 Node02 Node03 Node04
whost01 whost02 whos t03 whost04

De ployme nt Manager|

Custom

Figure 5-26 Profiles

Complete the following steps to create these profiles:
Note: These steps must be repeated for every host in the topology.
1. Start the WebSphere Application Server Profile Management tool by using the wct

command in the <WAS_install_root>/bin/ProfileManagement directory.
2. On the WebSphere Customization Toolbox window (Figure 5-27), click Create.

e WebSphere Customization Toolbox 8.5

& | @®Profile Management Tool| &welcome

& Profiles =0

Profile name Environment Profile path Create...

Figure 5-27 Creating a profile by using WebSphere Customization Toolbox
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3. The Profile Management Tool supports multiple profile templates. WebSphere eXtreme
Scale provides more templates that are grouped within the WebSphere eXtreme Scale

Environment Selection as shown in Figure 5-28. Select WebSphere eXtreme Scale and
click Next.

Profile Management Tool 8.5

Environment Selection

select a specific type of environment to create.
Environments:

» WebSphere Application Server
¥ Other

wWebsSphere eXtreme Scale

<Back  |.0 Nexb> || Cancel | Finish

Figure 5-28 WebSphere eXtreme Scale environment selection
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The specific WebSphere eXtreme Scale templates are shown in Figure 5-29.

! Profile Management Tool 8.5
Profile Type Selection

select a profile type For the WebSphere eXtreme Scale environment.
Profile Types:

Deployment manager

Application server
Custom profile

Descripkion

Set up a deployment manager profile For use with WebSphere eXtreme Scale. A

deployment manager administers application servers that are federated into,
or made a part of, its cell.

<Back .@ |  Cancel Finish

Figure 5-29 Profile type selection
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4. When you define a new profile, you are offered the option whether to create using a
simplified path (a typical profile creation) or a more sophisticated one (advanced profile
creation) as shown in Figure 5-30.

ga Profile Management Tool 8.5

Profile Creation Options

_) Typical profile creation

Create a WebSphere eXtreme Scale deployment manager profile that uses
default configuration settings. The Profile Management tool assigns unique
names to the profile, node, hosk, and cell. The tool also assigns unique port
values. When the administrative console installs, you can optionally select
whether to enable administrative security. Depending on your operating
system and the privileges assigned to your user account, the tool might

create a system service to run the deployment manager.

@® |Advanced profile creation

Create a WebSphere eXtreme Scale deployment manager using default
configuration settings or specify your own values for settings, such as the
location of the profile and names of the profile, node, host, and cell. You can
assign your own porkt values. You can optionally choose whether to deploy
the administrative console. Depending on your operating system and the
privileges assigned to your user account, you might beable to run the

< Back | Next =

Cancel

w555

Choose the profile creation process that meets your needs. Pick the Typical
option to allow the Profile Management Tool to assign a set of default

configuration values to the profile. Pick the Advanced option to specify your own
configuration values For the profile.

2

Figure 5-30 Advanced profile creation

The preferred option is Advanced profile creation because it allows you to define name
and settings for the entire profile configuration.

Complete the creation of the five profiles on the sample topology hosts according to
schema shown in the Table 5-2.

Table 5-2 Sample topology node, profile type, profile name, and node mappings

Host Profile type Profile name Node name
whostO1 Deployment Manager Dmgr01 WCellManager01
whost01 Custom profile Node01 WNodeO1
whost02 Custom profile Node02 WNode02
whost03 Custom profile Node03 WNode03
whost04 Custom profile Node04 WNode04

For more information about profile creation, see WebSphere Application Server V8.5
Administration and Configuration Guide for the Full Profile, SG24-8056.
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Federating profiles under the deployment manager

After you complete the product installation, product updates, and profile creation, federate the
nodes under the deployment manager cell by completing these steps:

1. Start the deployment manager on whost01 by issuing the following command:
<WAS_install_root>/profiles/Dmgr0l/bin/startManager.sh

2. Federate each custom profile (Node01, Node02, Node03, and Node04) into the cell by
using the <WAS_install_root>/profiles/<Profile Name>/bin/addNode.sh <dmgr host>
<dmgr port>command as shown in Example 5-41.

Example 5-41 addNode script example

addNode.sh whostOl.rtp.ibm.com 8879

Important: Perform this operation on one profile at a time because the deployment
manager does not support concurrent addNode operations.

3. Ensure that all node agents are up and running and the cell is fully synchronized. You can
check this from the administrative console by clicking System Administration — Nodes.
The result looks like Figure 5-31 where the Version column shows the installed products
and version levels.

Nodes

Use this page to manage nodes in the application server environment. A node corresponds to a physical
computer system with a distinct IP host address. The following table lists the managed and unmanaged node|
this cell. The first node is the deployment manager. Add new nodes to the cell and to this list by clicking Add
Node.

+ Preferences

Add node | Remove node Force delete Synchronize Full Resynchronize Stop
i
Select Name & Host Name Version J Discovery Protocal Status

You can administer the following resources:

WCellManager0l whost01.rtp.ibm.com ND 8.5.0.2 TCP L]
WXS 8.6.0.1

[} Whode01 whost01.rtp.ibm.com ND 8.5.0.2 TCP (=
WXS B.6.0.1

[l Whode02 whost02.rtp.ibm.com ND 8.5.0.2 TCP o
WXS B8.6.0.1

[l WNode03 whost03.rtp.ibm.com ND 8.5.0.2 TCP (=
WXS 8.6.0.1

B WhNode04 whost04.rtp.ibm.com ND 8.5.0.2 TCP (=
WXS 8.6.0.1

Teot-l ©

Figure 5-31 Sample topology after product installation and node federation

Configuring the runtime environment

After WebSphere Application Server V8.5.0.2 and WebSphere eXtreme Scale V8.6.0.1 are
installed on all hosts, you can proceed with the configuration of the runtime environment.
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Configuring the web server

In the sample topology, one IBM HTTP server instance called web01 is deployed on whost01
and is configured as a local web server on the node WNode01, as shown in Figure 5-32.

Web servers

Use this page to view a list of the installed web servers.

%+ Preferences

Generate Plug-in Propagate Plug-in New... Delete Templates... Start Stop || T
7 &
Select| Name & Web server Type £ _ Node o5 _ Host Name O _ Version £ _

You can administer the following resources:

[ web01 IBM HTTP Server WhNode01 whost01.rtp.ibm.com ND 8.5.0.2
WXS
8.6.0.1

Total 1

Figure 5-32 Local web server web01

For more information about how to configure a local web server, see the Setting up a local
web server topic in the WebSphere Application Server Network Deployment version 8.5
Information Center:

http://pic.dhe.ibm.com/infocenter/wasinfo/v8r5/topic/com.ibm.websphere.nd.doc/ae/t
ihs_Tocalsetup.html

Creating the clusters
The sample topology requires three clusters:

» AppCluster hosting the getting started web application that acts as the grid client
» GridCluster containing the grid containers

» CatalogCluster hosting the catalog service

To create the clusters, complete these steps:

1. Log on to the administrative console and click Servers — Clusters — WebSphere
application server clusters — New.

2. In the Step 1 window, name the cluster AppCluster.
3. Create a first cluster member app01 on node WNodeO1.
4. Create all required cluster members as shown in Figure 5-33 on page 205:

— app02 on WNode02
— app03 on WNode03
— app04 on WNode04
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http://pic.dhe.ibm.com/infocenter/wasinfo/v8r5/topic/com.ibm.websphere.nd.doc/ae/tihs_localsetup.html

w cluster

Step 3: Create

members

Create a new cluster

Step 1: Enter basic
cluster information

Step 2: Create first
cluster member

additional cluster

Step 4: Summary

Summary

Summary of actions:

Options Values

Cluster Name AppCluster

Core Group DefaultCoreGroup

Node group DefaultNodeGroup

Prefer local true

Configure HTTP session memaory-to-memaory

replication alse

Server name app01

Noda WNode01(ND 8.5.0.2
WXS 8.6.0.1)

Weight 2

Clone Template default

Clone Basis

Create the member using an application server
template.

Select how the server resources are promoted in the

cluster
cluster.
Generate unigque HTTP ports true
Server name app02
Noda WNode02(ND 8.5.0.2
WXS 8.6.0.1)
Weight 2

Clone Template

Version 8.5 member template

Generate unigque HTTP ports true

Server name app03

Node WMode03(ND 8.5.0.2
WXS 8.6.0.1)

Weight 2

Clone Template

Version 8.5 member template

Generate unigue HTTP ports true

Server name app04

Node WModeD4(ND 8.5.0.2
WXS 8.6.0.1)

Weight 2

Clone Template

Version 8.5 member template

Generate unigue HTTP ports

true

Previous | Finish | Cancel |

Figure 5-33 Creating the AppCluster with all cluster members

5.

For more information about cluster creation, see WebSphere Application Server V8.5

Repeat the previous steps to create a cluster called CatalogCluster on nodes WNodeO1,

WNode02, WNode03, and WNode04.

Repeat the previous steps to create a cluster called GridCluster on nodes WNodeO1,

WNode02, WNode03, and WNode04.

Administration and Configuration Guide for the Full Profile, SG24-8056.
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Defining the catalog service domain

Catalog service domains define a group of catalog servers that manage the placement of
shards and monitor the health of container servers in your data grid. In the sample topology,
the CatalogCluster cluster members are part of the same catalog service domain called
CSDO01 as shown in Figure 5-34.

CSDo1

Catalog Server Catalog Server Catalog Server

catalog0 1 catalog02 catalog03

"suws wamn wnun mnnn wnnd®

CatalogCluster

whost01 whost0 2 wh ost03

Figure 5-34 Catalog service domain

When you define a catalog service domain that places catalog servers on the application
servers within the cell, the core group mechanisms of WebSphere Application Server are
used. The catalog service automatically starts on the application servers in the cell. As a
result, the members of a single catalog service domain cannot span the boundaries of a core
group. A catalog service domain therefore cannot span cells. However, WebSphere eXtreme
Scale container servers and clients can span cells by connecting to a catalog server across
cell boundaries, such as a stand-alone catalog service domain or a catalog service domain
embedded in another cell.

You can configure the catalog service domain by completing the following steps:

1. From the WebSphere Application Server administrative console, click System
administration —» WebSphere eXtreme Scale — Catalog service domains.

2. On the Catalog service domains window, click New as shown in Figure 5-35.

Catalog service domains ? =

Catalog service domains

A WebSphere extreme Scale catalog service domain is a highly available collection of catalog servers. This
collection of catalog servers can run in WebSphere Application Server server processes within a single cell and
core group. The catalog service domain can also define a group of remote servers that run in different
WebSphere Application Server cells or as Java SE processes. The catalog service controls the placement of
shards and discovers and monitors the health of the container servers in the data arid.

+ Preferences

New... | Delete Test connection Set default
C2 55
Select Name £ Default ¢
None
Total 0

Figure 5-35 Creating a catalog service domain
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3. Specify CSDO1 as catalog service domain name as shown in Figure 5-36.

Catalog service domains > New...

A WebSphere extreme Scale catalog service domain is a highly available collection of catalog servers. This collection of catalog servers
WebSphere Application Server server processes within a single cell and core group. The catalog service domain can also define a groy
that run in different WebSphere Application Server cells or as Java SE processes. The catalog service controls the placement of shardg
monitors the health of the container servers in the data grid.

General Properties The additi

will not bg

# Name the gener

|CSDUl this item 3
saved.

Enable this catalog service domain as the default unless another catalog service domain is explicitly specified. Additiond

Enable IBM eXtremeI0 (X10) communication. This configuration option is not applicable for domains that are
configured with remote server members.

Catalog Servers

New Delete

Select| Catalog Server Endpoint Client Port| Listener Port

@  Existing application server

| wCello1\WNode01\catalogo1 E|

6601

Remote server

Apply || OK || Reset || Cancel |

Figure 5-36 Naming the catalog service domain

4. The catalog service domain CSDO1 is hosted by CatalogCluster members, which are
existing application servers within the cell topology. Specify a client port number for each
catalog server according to the schema defined in Table 5-3.

Table 5-3 CSDO1 catalog servers

Catalog server Catalog server endpoint Client port
catalogO1 WCell01\WNodeO1\catalog01 6601
catalog02 WCell01\WNode02\catalog02 6602
catalog03 WCell01\WNode03\catalog03 6603

Note: By default, deployment manager is added as member of the catalog server
domain. Because the catalog service is hosted by CatalogCluster members, remove
the deployment manager from the catalog service domain.

5. Add catalog01 as a catalog service endpoint as shown in Figure 5-36.
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6. Repeat the previous step to add the additional catalog servers (catalog02 and catalog03).
The configuration for CSDO01 looks like Figure 5-37.

Catalog service domains

7=

Catalog service domains > CSDD1

A WebSphere eXtreme Scale catalog service domain is a highly available collection of catalog servers. This collection of catalog servers can run in
WebSphere Application Server server processes within a single cell and core group. The catalog service domain can also define a group of remote
servers that run in different WebSphere Application Server cells or as Java SE processes. The catalog service controls the placement of shards and
discovers and monitors the health of the container servers in the data grid.

‘ Test connection

General Properties

Additional Properties

# Name

Client security
[cspo1 properties

Custom properties
[ Enable this catalog service domain as the default unless another catalog service domain is explicitly

specified.

Enable IBM eXtremelO (XI0) communication. This configuration option is not applicable for domains that
are configured with remote server members.

Catalog Servers

New | Edit | Delete |

Select. Catalog Server Endpoint Client Port Listener Port Status ¢
] WcCell01\WNode01\app01 6601 @

] WCell01\WNode02\app02 6602 @

] WCell01\WNode03\app03 6603 @

Apply || OK || Reset || Cancel |

Figure 5-37 Catalog service domain configuration
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Installing grid applications
Grid applications are deployed in the sample topology shown in Figure 5-38.

JU D00 NNNN NOON NN NOND NONN NONN NNON NOND DONN SONQ NNOQ ROUD DNNG RERO REDD HED HOD ROND NOON NRR NN NN NI NI INII NN EENIE]
: || DeploymentManager
I N od eage nt I | N od eage nt | | N ode age nt | | N ode age nt
web01 '
M S o} e ————— S 1 i
i
Grid Client Grid Client Grid Client Grid Client
i || | GettingStartedGridWeb GettingStartedGridWeb GettingS tatedGridWeb GettingS tartedGridWeb :
H [
i app01 app02 app03 ERIELY i
" AppCluster .
E'E. ................................ e o N R N N RN AN A .'.'.E """""""""""""""" i
HH . :
i Catalog Server | | Catalog Server | | Catalog Server | : :
i : i
o catalog01 catalog02 catalog03 - :
' CatalogCluster '
I mfsssmessme s me s m s mn ks e e essmessmesen snes EEEE anEn maan mEEn ] H
E:l LIRLARRL DAL RO RURL INIL IR0 1] LI LRI RALE AR IR IRUL AR RURU RO CJRID ROUR IRIL IRRUMUBIINITIRITINILIN [ MILIRALINITINITINITINIIINE]Y] IlIl.;
" Grid Container Grid Container Grid Container Grid Container
Hl HH
'I GettingStatedNVebSew el GettigStatedWebSewej GettigStatedWebSene] GettingStatedVNebSewve
H H
E; Grid config uration Grid config uration Grid configu ration Grid config uration i
H :
H I
i container01 container02 container03 containe r04 i
' GridCluster .
whost01 w host02 w host03 whost04
Cell WCell01 :
"umE EEEE NSNS SN EEES EEES EEEE N EEE N EE NN N NN S N N S NS NSNS EEEEEEESE SNSN SESE EEEN EEEE EE "
| Role | [webserved | EAR | | JvM | | XMLs | | Host |

Figure 5-38 Grid applications

The mapping between applications and target servers is described in Table 5-4.

Table 5-4 Mapping between applications and servers

Application type Enterprise Application Target cluster / server
Grid configuration GettingStartedWebServer.ear GridCluster

web01
Grid client GettingStartedClient.ear AppCluster

web01
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Installing grid application

As described in “Grid configuration” on page 186, the grid configuration is packaged within a
standard EAR. Complete these steps to install the GettingStartedWebServer.ear application:

1. Log in on the WebSphere Application Server console.
2. In the left pane, expand Applications, and click New Application.

3. In the New Application window, click Next Enterprise Application as shown in
Figure 5-39.

MNew Application

New Application

This page provides links to create new applications of different types.

Install a New Application

MNew Enterprise Application

\'ﬁ MNew Business Level Application

— |

New Asset

Figure 5-39 Creating a enterprise application

4. In the Preparing for the application installation window (Figure 5-40), click Browse and
select the GettingStartedWebServer.ear file. Click Next.

Preparing for the application installation v =

Specify the EAR, WAR, JAR, or SAR module to upload and install.

Path to the new application

@ [ocal file system
Full path

llGettingStartedWebSener.ear Browse...

@ Remote file system

Browse...

Next | Cancel |

Figure 5-40 Selecting GettingStartedWebServer.ear
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5. Select Fast Path and click Next as shown in Figure 5-41.

Preparing for the application installation

How do you want to install the application?

® Fastpath - Prompt only when additional information is required.

D) petailed - Show all installation options and parameters.

# Choose to generate default bindings and mappinags

Previous | Next | Cancel |

Figure 5-41 Preparing for the application installation

6. On the Install New Application - Step 1: Select installation options window (Figure 5-42),
accept the default installation options. Click Next.

Install New Application

Specify options for installing enterprise applications and modules.

Step 1: Select Select installation options
installation options

Specify the various options that are available for your application.
Step 2 Map modules

= )
to servers Precompile JavaServer Pages files

Directory to install application

Step 3 Map virtual
hosts for Web |
modules

Distribute application

Step 4 Metadata for

: .
modules Use Binary Configuration

Deploy enterprise beans
Step 5 Summary ! B

Application name
| GettingStartedwWeb Ser\.rerEAR|

Application edition
Edition description

=
Create MBeans for resources

Override class reloading settings for Web and EIB modules

Reload interval in seconds

Deploy Web services

Validate Input off/warn/fail

warn |E|

Process embedded configuration

Figure 5-42 Installing a new application, step 1, selecting the installation options
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7. On the Install New Application - Step 2: New modules to servers window (Figure 5-43),
complete the following steps to install the GettingStartedWebServer modules on
GridCluster and web01 as summarized in Figure 5-43.

a. From the Clusters and servers list, select:

WebSphere:cell=WCell01,node=WNode01,server=web01
WebSphere:cell=WCell01,cluster=GridCluster

Press Ctrl+Shift to select both the cluster (GridCluster) and web server (web01).
b. Select the GettingStartedWebServer module.
c. Click Apply, then click Next.

Install New Application

Step 1 Select
installation options

Step 2: Map modules
to servers

Step 2 Map virtual
hosts for Web

modules

Step 4 Metadata for
modules

Step 5 Summary

Specify options for installing enterprise applications and modules.

Map modules to servers

Specify targets such as application servers or clusters of application servers where you want to install th
contained in your application. Modules can be installed on the same application server or dispersed amo
servers. Also, specify the Web servers as targets that serve as routers for requests to this application. 7
file {plugin-cfg.xml) for each Web server is generated, based on the applications that are routed through

Clusters and servers:
WebSphere:cell=WCell01,custer=CatalogCluster -

WebSphere:cell=WCell01,cluster=GrnidCluster

WebSphere:cell=WCell01,cluster=AppCluster

WebSphere:cell=WCell01,node=WNode01,server=web01 JE3 Apply

Select | Module URI Server

. GettingStartedWebServer.war, WEB-  WebSphere:cell=WCell01,node|
7 f .
bl e INF/web.xml WebSphere:cell=WCell01,clusty

Previous | Next | Cancel |

Figure 5-43 Grid application installation on AppCluster and web01

8. On the Install New Application - Step 3: Map virtual hosts for web modules window
(Figure 5-44), accept the default virtual hosts for web module. Click Next.

Step 1 Select
installation options

Step 2 Map modules
to servers

Step 3: Map virtual
hosts for Web
modules

Step 4 Metadata for
modules

Step 5 Summary

Previous | Next | Cancel |

Install New Application

Specify options for installing enterprise applications and modules.

Map virtual hosts for Web modules

Specify the virtual host for the Web modules that are contained in your application. You can ing
modules on the same virtual host or disperse them among several hosts.

[# Apply Multiple Mappings

B D
Select| Web module Virtual host

GettingStartedWebServer default_host E

Figure 5-44  Virtual host configuration
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9. On the Install New Application - Step 4: Metadata for modules window (Figure 5-45),
accept the default metadata for modules. Click Next.

Install New Application

Specify options for installing enterprise applications and modules.

Step 1 Select Metadata for modules
installation options

The metadata-complete attribute defines whether the deployment descriptor for this module ig

Step 2 Map modules the metadata-complete attribute to "true” to merge and persist annotation-based metadata w
to servers XML-based deployment descriptor metedata to avoid scanning of annotation-based metadata
module is read. If the attribute remains "false”, then the annotation-based metadata is scann
Step 2 Map virtual the module is read and can impact performance.
hosts for Web — —
modules _ _
Step 4: Metadata for Module URI metadata-com
modules . .
GettingStartedWebServer | GettingStartedWebServer.war, WEB-INF/web.xml

Step 5 Summary

Previous | Next | Cancel |

Figure 5-45 Metadata configuration
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10.0n the Install New Application - Step 5: Summary window (Figure 5-46), verify that all the
information provided is consistent with Figure 5-46, then click Finish.

Specify options for installing enterprise applications and modules.

Step 1 Select Summary
installation options
Summary of installation options

Step 2 Map modules

T EEETE Options Values
Precompile JavaServer Pages files No
Step 3 Map virtual = = =
hosts for Web Directory to install application
modules Distribute application Yes
Step 4 Metadata for Use Binary Configuration No
modules Deploy enterprise beans Mo
Step 5: Summary Application name GettingStartedWebServerEAR

Application edition

Edition description

Create MBeans for resources Yes

Override class reloading settings for Web and EJB modules | No

Reload interval in seconds

Deploy Web services No

Validate Input offfwarn/fail warn

Process embedded configuration No

File Permission Sdl=755# .7\ .50=755£.7\.a=755#.%\.5|=755
Application Build 1D Unknown

Allow dispatching includes to remote resources No

Allow servicing includes from remote resources No

Business level application name

Asynchronous Request Dispatch Type Disabled
Allow EIB reference targets to resolve automatically No
Deploy client modules No

Client deployment mode Isolated
Validate schema No
Cell/Node/Server Click here

& no application modules were mapped to web servers. The plug-in configuration file (plugin-cfg.xml) for
each web server is generated based on the application modules which are mapped to it, therefore no web
server will route requests to this application. To change this option, select the Map modules to servers
step.

Previous | Finish | Cancel |

Figure 5-46 Installing a new application summary

214 WebSphere eXtreme Scale V8.6: Key Concepts and Usage Scenarios




11.After the application has been installed, click the Save link to save the application to the
master configuration as shown in Figure 5-47.

Application GettingStartedWebServerEAR installed successfully.

To start the application, first save changes to the master configuration.

Changes have been made to your local configuration. You can:
B Soye directly to the master configuration.

B Review changes before saving or discarding.

To work with installed applications, click the "Manage Applications" link.

Manage Applications

Figure 5-47 Saving the new application to the master configuration

Installing the grid client application

The client application is packaged as a standard EAR called GettingStartedClient.ear.
Follow the steps in “Installing grid application” on page 210 to install the
GettingStartedClient.ear on web01 and AppCluster as shown in Figure 5-48.

Install New Application ?

Specify options for installing enterprise applications and modules.

Step 1 Select Map modules to servers
installation options

Specify targets such as application servers or clusters of application servers where you want to install the modules that are

—» Step 2: Map contained in your application. Modules can be installed on the same application server or dispersed among several application
LR GEE L servers. Also, specify the Web servers as targets that serve as routers for requests to this application. The plug-in configuration

file (plugin-cfg.xml) for each Web server is generated, based on the applications that are routed through.

Step 3 Map virtual

hosts for Web Clusters and servers:

modules WebSphere:cell=WCell01,cluster=CatalogCluster -
WebSphere:cell=WCell01,cluster=GridCluster
Step 4 Metadata for WebSphere:cell=WCell01,cluster=AppCluster

modules

WebSphere:cell=WCell01,node=WNode01,server=web01 Apply

Step 5 Summary

Select | Module URI Serwver

. . GettingStartedWebClient.war, WEB- | WebSphere:cell=wcCell01,node=WNode01,server=web01
] GettingStartedWebClient INF/web.xml webSphere:cell=WCell01,cluster=AppCluster

Previuusl Next | Cancel |

Figure 5-48 Installing GettingStartedWebClient.ear on web01 and AppCluster

Starting the runtime environment

After you complete the configuration of the integrated environment and deploy the grid and
client applications, you can start the catalog, container, and application clusters.
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Starting the catalog cluster
1. Log in on the WebSphere Application Server administrative console.
2. In the left navigation pane, click Servers — Clusters — WebSphere application server

clusters. You can check the cluster runtime status as shown in Figure 5-49. Select
CatalogCluster and click Start.

WebSphere application server clusters

WebSphere application server clusters

Use this page to change the configuration settings for a cluster. A server cluster consists of a group of
application servers. If one of the member servers fails, requests will be routed to other members of the clustg
Learn more about this task in a guided activity. A guided activity provides a list of task steps and more generg
information about the topic.

# Preferences

New... | Delete Start Stop Ripplestart | ImmediateStop |

el

Select ‘ Name 2 ‘ Status )

You can administer the following resources:

] | AppCluster b
[ | CatalogCluster ®
] | GridCluster %

Total 3

Figure 5-49 Clusters runtime status

WebSphere eXtreme Scale V8.6: Key Concepts and Usage Scenarios



3. The start operation on the CatalogCluster catalog is started as shown in Figure 5-50. Wait
for CatalogCluster to be up and running as shown in Figure 5-52 on page 218. You can
monitor runtime status for CatalogCluster by refreshing the status view.

WebSphere application server clusters

= Messages

[} The start operation on cluster CatalogCluster has been initiated. It may take
several minutes for each cluster member to finish starting.

WebSphere application server clusters

Use this page to change the configuration settings for a cluster. A server cluster consists of a group of
application servers. If one of the member servers fails, requests will be routed to other members of the cluste

Learn more about this task in a guided activity. A guided activity provides a list of task steps and more genera
information about the topic.

& Preferences

New... | Delete Start Stop Ripplestart ImmediateStop |
$ &7
Select Name 2 Status ¢
You can administer the following resources:
| AppCluster x
B CatalogCluster L0
El GridCluster ®
Total 3

Figure 5-50 Starting the CatalogCluster

4. Check the status of the Catalog Service domain. In the left navigation pane, click System
Administration > WebSphere eXtreme Scale — Catalog Service Domains. The
Catalog Service Domain list contains CSDO01 configured in “Defining the catalog service
domain” on page 206.
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5. On the Catalog service domains window, select CSD01 and click Test Connection to
verify that CSDO01 is operating correctly as shown in Figure 5-51.

Catalog service domains

=/ Messages

[} connection successful for catalog service CSDO1: started.

Catalog service domains

A WebSphere eXtreme Scale catalog service domain is a highly available collection of catalog servers. This
collection of catalog servers can run in WebSphere Application Server server processes within a single cell ang
core group. The catalog service domain can also define a group of remote servers that run in different
WebSphere Application Server cells or as Java SE processes. The catalog service controls the placement of
shards and discovers and monitors the health of the container servers in the data grid.

# Preferences

New... | Delete | Test connection | Set default |

el

Select ‘ MName & ‘ Default ¢
You can administer the following resources:

Fl | csbo1 a8
Total 1

Figure 5-51 Testing connection to CSDO1

Starting the GridCluster

The GridCluster hosts the grid configuration. You can start the GridCluster by following the
steps in “Starting the catalog cluster” on page 216. Wait for GridCluster to start as shown in
Figure 5-52.

WebSphere application server clusters ?

WebSphere application server clusters

Use this page to change the configuration settings for a cluster. A server cluster consists of a group of
application servers. If one of the member servers fails, requests will be routed to other members of the cluster.
Learn more about this task in a guided activity. A guided activity provides a list of task steps and more general
information about the topic.

i# Preferences

| MNew... || Delete || Start || Stop || Ripplestart || ImmediateStop |
el
Select | Name 2 ‘ Status )
You can administer the following resources:
[ | AppCluster ®
& CatalogCluster =+
] | GridCluster 2

Figure 5-52 Starting the GridCluster
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Container servers start receiving shard placement work from catalog servers as soon as they
become available. The excerpt from the SystemOut. 1og file for container01 shown in
Example 5-42 demonstrates that three partitions (Grid:mapSet:1, Grid:mapSet:2, and
Grid:mapSet:12) are placed in container01.

Example 5-42 Shard placement work assigned from catalog server to container servers

[5/10/13 16:35:39:111 EDT] 00000001 WsServerImpl A  WSVRO0O1I: Server
container0l open for e-business

5/10/13 16:35:54:032 EDT] 000000c5 ObjectGridCon I ~ CWOBJ7509I: Placement work,
workId 1, from catalog server for partition Grid:mapSet:1 intended for container
WCel1101\WNodeO1l\container0l C-5 was received.

[5/10/13 16:35:54:039 EDT] 000000c6 ObjectGridCon I ~ CWOBJ75091: Placement work,
workId 2, from catalog server for partition Grid:mapSet:2 intended for container
WCel1101\WNodeO1l\container0l C-5 was received.

[5/10/13 16:35:54:040 EDT] 000000c4 ObjectGridCon I ~ CWOBJ7509I: Placement work,
workId 12, from catalog server for partition Grid:mapSet:12 intended for
container WCel101\WNodeOl\container0l C-5 was received.

Containers run shard placement operations that are requested by the catalog. Example 5-43
shows an excerpt of the container01 SystemOut.1og that shows placement execution (shard
activation) for Grid:mapSet:1, Grid:mapSet:2, and Grid:mapSet:12.

Example 5-43 Shard activation run by containerO1

[5/10/13 16:35:54:520 EDT] 000000cb SynchronousRe I ~ CWOBJ1511I: Grid:mapSet:1
(synchronous replica) is open for business.

[5/10/13 16:35:57:555 EDT] 000000cb SynchronousRe I ~ CWOBJ1511I: Grid:mapSet:2
(synchronous replica) is open for business.

[5/10/13 16:36:00:618 EDT] 000000cb SynchronousRe I ~ CWOBJ1511I: Grid:mapSet:12
(synchronous replica) is open for business.
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Starting the application cluster

The AppCluster hosts the grid client configuration. You can start the AppCluster by following
the steps in “Starting the catalog cluster” on page 216. Wait for AppCluster to start as shown
in Figure 5-53.

WebSphere application server clusters ?

WehbhSphere application server clusters

Use this page to change the configuration settings for a cluster. A server cluster consists of a group of
application servers. If one of the member servers fails, requests will be routed to other members of the cluster.
Learn more about this task in a guided activity. A guided activity provides a list of task steps and more general
information about the topic.

i+ Preferences

New... | Delete Start Stop Ripplestart | ImmediateStop |
ki
Select | Name & |Status 4
You can administer the following resources:
[l AppCluster 2
] | CatalogCluster L
[ | GrdCluster &

Figure 5-53 Starting the AppCluster

Starting the web server

The web server web01 is a single entry point to access to the grid applications. Because the
getting started web application deployed on AppCluster is accessed through web01, generate
a plug-in configuration to manage this routing. To generate plug-in configuration and start
web01, complete these steps.

1. Log on to the WebSphere Application Server administrative console and click Server
Types — Web servers.

2. The web server list contains the web server web01. Click Generate Plug-in and then
Start. Wait for web01 to complete the start as shown in Figure 5-54.

Web servers

=l Messages

[i} server WNoden 1/web01 started successfully. The collection may need to be
refreshed to show the current server status.

Web servers
Use this page to view a list of the installed web servers.

# Preferences

Generate Plug-in | Propagate Plug-in | New... | Delete | Templates... Start | Stop | Termir
b | |
Al
Selectl Name % ‘ Web server Type o _ | Node i _ | Host Name 3 _ “Uersion S ‘ Stat
You can administer the following resources:
[ | web0l IBM HTTP Server WhNodel1 whost0 L.rtp.ibm.com ND 8.5.0.2 | =
WXS

Figure 5-54 Generating plug-in and starting web01
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5.2.7 Validating the sample topology

Application servers

Application servers

+ Preferences

The xscmd command can be used to validate the operating status of the grid. The xscmd script
must be run from the node directory by using the options shown in Example 5-44.

Example 5-44 xscmd options

<WAS_install_root>/profiles/<Node name>/bin/xscmd.sh [with the following options]
-cep <host:XI0 Tistening port,...>
-c <command>

When WebSphere eXtreme Scale is integrated into WebSphere Application Server, the xscmd
script is available in different locations:

» <WAS install_root>/bin as part of WebSphere Application Server binary

» <WAS install_root>/profiles/<Profile name>/bin as part of profile binary

The xscmd script starts the setupCmdLine script to set up the correct execution context before
issuing a JMX call against the catalog server. Because some relevant configuration

information used by setupCmdLine (for example, security) is defined within node profiles, start
xscmd from one of the custom node profiles.

Determining XIO ports

The XIO listening port is dynamically assigned to catalog servers when they were created as
CatalogCluster members. You can determine the XIO listening port for the catalog01 by
completing the following steps:

1. Log in to the Deployment Manager console and click Servers — Server Types —
WebSphere Application Servers to display the list of servers as shown in Figure 5-55.

7=

Use this page to view a list of the application servers in your environment and the status of each of these servers. You can also use this page to change the
status of a specific application server.

o

O]l o O]o| @ o | @

O

catalog0i1

catalog02

catalogo3

container0l

container0?

container03

MNew... | Delete Templates... Start Stop Restart ImmediateStop Terminate
S
Select| Name & Node 2 Host Name Version o Cluster Name 2 Status ¢

You can administer the following resources:

Whode01 whost01.rtp.ibm.com ND 8.5.0.2 AppCluster +
WX5 8.6.0.1

Whode02 whostoZ2.rtp.ibm.com ND 8.5.0.2 AppCluster 3
WX5 8.6.0.1

WNode03 whost03.rtp.ibm.com ND 8.5.0.2 AppCluster +
WX5 8.6.0.1

WNodeD4 whost04.rtp.ibm.com ND 8.5.0.2 AppCluster =+
WX5 8.6.0.1

WhNodeD1 whost0l.rtp.ibm.com ND 8.5.0.2 CatalogCluster 3
WXS 8.6.0.1

Whode02 whost02.rtp.ibm.com ND 8.5.0.2 CatalogCluster +
WX5 8.6.0.1

WNodeD3 whost03.rtp.ibm.com ND 8.5.0.2 CatalogCluster 3
WXS 8.6.0.1

WNodeO1 whost01.rtp.ibm.com ND 8.5.0.2 GridCluster +
WX5 8.6.0.1

WNodeD2 whost02.rtp.ibm.com MND 8.5.0.2 GridCluster L3
WiX5 8.6.0.1

WhNode03 whost03.rtp.ibm.com ND 8.5.0.2 GridCluster 3
WXS 8.6.0.1

Figure 5-55 List of available servers
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2. Click catalog01 server to display application server properties.

3. Under the Communications section, click Ports to display the list of TCP/IP ports that are
assigned to this server as shown in Figure 5-56.

Communications

=] Ports
Specifies the TCP/IP ports this server uses for connections. |rt Details
BOOTSTRAP_ADDRESS 9811
SOAP_CONMECTOR_ADDRESS 8881
COREBE_LISTENER_ADDRESS 9102

SAS_S5L_SERVERAUTH_LISTEMER_ADDRESS 9407
CS5Iv2_55L_SERVERAUTH_LISTENER_ADDRESS | 9408
C5Iv2_S5L_MUTUALAUTH_LISTENER_ADDRESS | 9409

WC_adminhost 9062
WC_defaulthost 9081
DCS_UNICAST_ADDRESS 8355
WC_adminhost_secure 9045
WC_defaulthost_secure 9444
SIP_DEFAULTHOST 5062
SIP_DEFAULTHOST_SECURE 5063
OVERLAY_UDP_LISTENER_ADDRESS 11009
OVERLAY_TCP_LISTENER_ADDRESS 11010
IPC_CONNECTOR_ADDRESS 9634
SIB_ENDPOINT_ADDRESS 7278
SIB_ENDPOINT_SECURE_ADDRESS 7287
SIBE_MQ_ENDPCINT_ADDRESS 5559
SIB_MQ_ENDPOINT_SECURE_ADDRESS 5579
X10_ADDRESS 4811

Figure 5-56 List of TCP/IP ports that are assigned to the catalog01 server
4. Take note of the XIO port, called XIO_ADDRESS (port 4811 in this example).
5. Repeat these steps for the other catalog servers (catalog02 and catalog03).
In the sample topology, XIO ports are configured as summarized in Table 5-5.

Table 5-5 XIO ports

Catalog server Hostname XIO port
catalog01 whost01.rtp.ibm.com 4811
catalog02 whost02.rtp.ibm.com 4812
catalog03 whost03.rtp.ibm.com 4814
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Multiple catalog service endpoints can be passed to xscmd using the -cep parameter. The
xscmd command tries to establish a connection to the first available catalog server as
specified in the list passed as a -cep argument. Although this feature is useful to improve the
resiliency of the xscmd command, this section covers these commands that are issued against
a single catalog server (catalog01):

» showlinfo
» showPlacement
» routetable

User credentials

The xscmd command communicates with WebSphere Administrative Services by using the
Remote Method Invocation (RMI). When WebSphere Global Security is enabled, a valid
WebSphere Application Server credential is required to run the xscmd command. The
provided user credential must have at least the operator role.

For more information about administrative roles, see the Administrative roles topic in the
WebSphere Application Server Network Deployment V8.5 Information Center:
http://pic.dhe.ibm.com/infocenter/wasinfo/v8r5/topic/com.ibm.websphere.nd.doc/ae/r

sec_adminroles.html

By default, xscmd prompts the user to provide user name and password from the command
line. To simplify xscmd command execution, consider the option to store user credentials
within sas.client.props file as outlined in the following steps:

1. Set the properties shown in the Example 5-45 in the
<WAS_install_root>/profiles/<Profile name>/sas.client.props file.

Example 5-45 Setting user credentials in the sas.client.props file

com.ibm.CORBA.1oginSource=properties
com.ibm.CORBA.ToginUserid=wasadmin
com.ibm.CORBA.1oginPassword=passwOrd

2. Encode the user password by issuing the following commands:

<WAS_install_root>/profiles/<Profile name>/PropFilePasswordEncoder.sh
<WAS_install_root>/profiles/<Profile name>/sas.client.props
com.ibm.CORBA.ToginPassword

showinfo command

The showInfo command is useful to validate that the running WebSphere eXtreme Scale
services are consistent with the topology to be implemented. Example 5-46 shows the output
of showInfo that contains information about the environment specifications, including the
installed product version and JVM information.

Example 5-46 showinfo command output

<WAS_install_root>/profiles/Node0l/bin/xscmd.sh -cep whostOl.rtp.ibm.com:4811 -c
showInfo
**% Server Name: WCell101\WNodeOl\catalogQl ***

Client Port 6601 (configured)
Domain name CSDO1

Host name 9.42.171.46

IP Address 9.42.171.46

JMX Connector Port 4811 (derived)
JMX Service Port 4811 (configured)
JMX Service URL service:jmx:iiop:
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//9.42.171.46/jndi/corbaname:
ii0p:9.42.171.46:
9811/WsnAdminNameService#JIMXCon

nector

JAVA Directory /opt/IBM/WebSphere/AppServer8s/
java/jre

JAVA Vendor IBM Corporation

JAVA Version 1.6.0

JAVA Bit Mode 64

JVM Runtime Version pxab460_26sr5ifx-20130308_02
(SR5)

JVM Version JRE 1.6.0 Linux amd64-64

Compressed References

20130204 137148 (JIT enabled,
AOT enabled), J9VM -
R26_Java626_SR5_20130204_0851 B
137148, JIT -
r11.b03_20130131_32403, GC -
R26_Java626_SR5 20130204_0851 B
137148 CMPRSS, JI9CL -
20130204_137148

Listener Port (XIO) 4811 (configured)

0S Architecture amd64

Operating System Linux

Operating System Version 3.5.0-17-generic

Process ID 17868

Peer Port 0 (configured)

Server Type Catalog Server

Time Stamp from Server 05/17/13 13:18:45.267 EDT
Transport eXtremelO

WebSphere Application Server Product Directory /opt/IBM/WebSphere/AppServer85
IBM WebSphere Application Server - ND Version 8.5.0.2

WebSphere Application Server Full Server Name WCell01\WNodeOl\catalog0l

IBM WebSphere Application Server - XD Version 8.6.0.1

WebSphere eXtreme Scale Version v7.0.0 (8.6.0.0)
[cf11305.31182928]
XI0 Timeout (seconds) 30 (default)

**% Server Name: WCell01\WNodeO2\catalog02 ***
- Server Name: WCell101\WNodeO3\catalog03 ***
- Server Name: WCel101\WNodeOl\containerQl ***
- Server Name: WCel101\WNodeO2\container02 ***
- Server Name: WCel101\WNode0O3\containerQ3 ***

**% Server Name: WCel101\WNodeO4\containerQ3 ***
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showPlacement command

The showPlacement command returns information about the list of all containers and shards
that are deployed on the hosts that comprise the grid. Such information is a representation of
the primary and replica shard topology as planned by the catalog service. Example 5-47
shows an example of placement information across all four containers (container01 to
container04).

Example 5-47 showPlacement command output

<WAS_install_root>/profiles/Node0l/bin/xscmd.sh -cep whost0l.rtp.ibm.com:4811 -c showPlacement
Starting at: 2013-05-20 07:22:51.108
CWXSIO0068I: Executing command: showPlacement
Command showPlacement is a technology preview. The command usage and output is subject to
change.
*** Show all online container servers for Grid data grid and mapSet map set.
Host: 9.42.171.46

Container: WCell101\WNodeOl\container0l C-2, Server:WCell101\WNodeOl\container0l,
Zone:DefaultZone

Partition Shard Type Reserved
3 Primary false
4 Primary false
5 Primary false
1 SynchronousReplica false
2 SynchronousReplica false
10 SynchronousReplica false
12 SynchronousReplica false

Container: WCel101\WNodeO3\container03_C-2, Server:WCel101\WNodeO3\container03,
Zone:DefaultZone

Partition Shard Type Reserved
6 Primary false
7 Primary false
8 Primary false
3 SynchronousReplica false
4 SynchronousReplica false
5 SynchronousReplica false

Host: 9.42.171.47
Container: WCell101\WNodeO2\container02_C-2, Server:WCell101\WNodeO2\container02,
Zone:DefaultZone

Partition Shard Type Reserved
1 Primary false
2 Primary false
12 Primary false
0 SynchronousReplica false
8 SynchronousReplica false
9 SynchronousReplica false
11 SynchronousReplica false

Container: WCel101\WNodeO4\container04_C-2, Server:WCel101\WNodeO4\container04,
Zone:DefaultZone

Partition Shard Type Reserved
0 Primary false
9 Primary false
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10 Primary false

11 Primary false

6 SynchronousReplica false

7 SynchronousReplica false
Number of containers matching = 4
Total known containers =4
Total known hosts =4

CWXSIO040I: The showPlacement command completed successfully.
Ending at: 2013-05-20 07:23:02.013

routetable command

The routetable command is used to display the routing table information managed by the
catalog service and pushed to the clients (Example 5-48). This table is a representation of the
actual placement of primary and replica shards across available containers. The actual
placement can differ during placement operations from the information returned from
showPlacement command, which shows the planned placement.

The routetable command also provides useful information about the status of primary and
replica shards. The xscmd command uses the routing table to check whether partitions are
reachable or not from the workstation where the xscmd program is.

Example 5-48 routetable command output

<WAS_install_root>/profiles/Node0l/bin/xscmd.sh -cep whostOl.rtp.ibm.com:4811 -c routetable
Starting at: 2013-05-20 07:25:25.645
CWXSI0068I: Executing command: routetable

Realm/Cell Name: defaultWIMFileBasedRealm

User Identity: wasadmin

User Password:

*** Displaying routing information for data grid: Grid:mapSet
Placement Scope: Domain

Shard Type Partition State Host Zone Container

Primary 0 reachable 9.42.171.49 DefaultZone WCell01\WNodeO4\container04 C-2
SynchronousReplica 0 reachable 9.42.171.47 DefaultZone WCell01\WNode02\container02_C-2
Primary 1 reachable 9.42.171.47 DefaultZone WCell01\WNode02\container02_C-2
SynchronousReplica 1 reachable 9.42.171.46 DefaultZone WCell01\WNodeOl\container0l C-2
Primary 2 reachable 9.42.171.47 DefaultZone WCell01\WNode02\container02_C-2
SynchronousReplica 2 reachable 9.42.171.46 DefaultZone WCell101\WNodeOl\container0l C-2
Primary 3 reachable 9.42.171.46 DefaultZone WCell101\WNodeOl\container0l C-2
Primary 4 reachable 9.42.171.46 DefaultZone WCel101\WNodeOl\container0l C-2
Primary 5 reachable 9.42.171.46 DefaultZone WCel101\WNodeOl\container0l C-2
Primary 6 reachable 9.42.171.48 DefaultZone WCel101\WNodeO3\container03 C-2
Primary 7 reachable 9.42.171.48 DefaultZone WCel101\WNodeO3\container03 C-2
Primary 8 reachable 9.42.171.48 DefaultZone WCel101\WNodeO3\container03 C-2
Primary 9 reachable 9.42.171.49 DefaultZone WCel101\WNodeO4\container04 C-2
SynchronousReplica 9 reachable 9.42.171.47 DefaultZone WCell01\WNode02\container02_C-2
Primary 10 reachable 9.42.171.49 DefaultZone WCel101\WNodeO4\container04 C-2
SynchronousReplica 10 reachable 9.42.171.46 DefaultZone WCell101\WNodeOl\container0l C-2
Primary 11 reachable 9.42.171.49 DefaultZone WCel101\WNodeO4\container04 C-2
SynchronousReplica 11 reachable 9.42.171.47 DefaultZone WCell01\WNode02\container02_C-2
Primary 12 reachable 9.42.171.47 DefaultZone WCel101\WNodeO2\container02 C-2
SynchronousReplica 12 reachable 9.42.171.46 DefaultZone WCell101\WNodeOl\container0l C-2
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CWXSI0040I: The routetable command completed success
Ending at: 2013-05-20 07:25:38.621

fully.

5.2.8 Testing the sample topology and application

The getting started web application is a grid application that establishes a connection to the
catalog service through a catalog service domain. It retrieves a description of server topology,
and then communicates directly with each container server as required to run create, read,

update, and delete operations.

Figure 5-57 shows the sample topology that is used in the example.

Client

Grid Client

GettingStartedGridWeb

1. Connect to catalog Service D omain

2 access data

Catalog Service

Catalog Server

Grid

3 Grid Container
Catalog Server

Giid Container

Grid Container

Grid Contaner

Grid Confi guration

Grid Configuration

Grid Configuration

Grid Confi guration|

Catalog Server 2 cortaner01

contaner@

contaner

cortainer04

catalog01

Figure 5-57 Grid client, catalog service, and grid

In this section, test the grid using the getting started web application by completing the

following steps:

1. Access the application by establishing a connection to the following URL:

http://whost0l.rtp.ibm.com:8080/GettingStartedWebClient/
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The default input page for getting started web application is displayed, as shown in
Figure 5-58.

IBM WebSphere eXtreme Scale Samples

WebSphere eXtreme Scale Getting Started Sample

WebSphere eXtreme Scale Getting Started Client
This sample senlet provides simple CRUD operations against an eXtreme Scale gnd.
This sample sendet can also be used for simple CRUD operations against an XC10 DataPower appliance Simple Grid.

Catalog Senice Endpoints

@ Endpoints
© Catalog Service Domain ID

Endpoints whost01.rtp.ibm.com:4¢

Remote: <host>:<port>
Embedded: <blank=

Grid

Grd Grid (For XC10 use Simple Grid Name)

Map Map1

connected to Gnd on whost01.rtp.ibm.com:4811.whost02.rtp.ibm.com:4811, whost03.rtp.ibm.com:4514

CRUD Operation

Key

Value {Used for Insert and Update only)

Insert ” Update H Delete H Get l

Figure 5-58 Getting started web application
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2. Connect the web client to the grid by specifying CSDO01 as the Catalog Service Domain ID
and clicking Connect as shown in Figure 5-59.

WebSphere eXtreme Scale Getting Started Client
This sample serdet provides simple CRUD operations against an eXtreme Scale grid.
This sample senet can also be used for simple CRUD operations against an XC10 DataPower appliance Simple

Catalog Service Endpoints

0 Endpoints

© Catalog Service Domain ID

Domain ID CSDO1 (default) ~
Grid

Grid Grid (For XC10 use Simple Grid Name)

Map Mapl

Connect | no connection

Figure 5-59 Connecting to CSDO1

3. On a successful connection to catalog service, the message shown in Figure 5-60 is
displayed in the web client.

connected to Grid on whost01.rtp.ibm.com:4811,whost02.rtp.ibm.com:4811,whost03.rtp.ibm.com:4

Figure 5-60 Client successfully connected to CSDO1

4. Add an entry into the grid by providing a key and value pair and clicking Insert. The client
application shows the outcome of the insert operation as shown in Figure 5-61.

CRUD Operation

Key keyl
Value valuel (Used for Insert and Update only)
[ Insert ” Update H Delete ” Get ]

SUCCESS: Inserted value1 with key key1

Figure 5-61 Inserting a new entry into the grid
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5. Retrieve an entry from the grid by providing a key and clicking Get. The client application
shows the outcome of the retrieve operation as shown in Figure 5-62.

CRUD Operation

Key keyl

Value (Used for Insert and Update only)

[ Insert H Update H Delete H Get J

Figure 5-62 Retrieving an entry from the grid

6. Update an existing entry in the grid by providing a key and value pair and clicking Update.
The client application shows the outcome of the update operation as shown in
Figure 5-63.

CRUD Operation

Key keyl
Value valuell (Used for Insert and Update only)
[ Insert H Update H Delete H Get J

Figure 5-63 Updating an existing entry in the grid

7. Delete an entry from the grid by providing a key and clicking Delete. The client application
shows the outcome of the delete operation as shown in Figure 5-64.

CRUD Operation

Key keyl

Value (Used for Insert and Update only}

[ Insert H Update H Delete H Get J

Figure 5-64 Deleting an entry from the grid

5.3 Integrating into WebSphere Application Server Liberty
Profile

This section describes the benefits, limitations, and details for using the Liberty Profile as a
WebSphere eXtreme Scale container or catalog server. The following topics are covered in
this section:

» 5.3.1, “Benefits” on page 231
» 5.3.2, “Limitations” on page 231
» 5.3.3, “Considerations” on page 231
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5.3.4, “Introducing the sample application” on page 232

5.3.5, “Introducing the sample topology” on page 232

5.3.6, “Creating the sample topology” on page 233

5.3.7, “Testing the sample topology and application” on page 239

vvyyvyy

5.3.1 Benefits

The WebSphere Application Server Liberty Profile, introduced with WebSphere Application
Server version 8.5, provides a highly composable, fast-starting, dynamic application server
environment.

For more information about the Liberty Profile, see the Liberty profile topic in the WebSphere
eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/index.jsp?topic=%2Fcom.ibm.webspher
e.extremescale.doc%2Fcxsliberty.html

Using WebSphere eXtreme Scale with the Liberty Profile allows you to take advantage of the
simplicity that the Liberty Profile provides and provide top-tier enterprise data grid functions to
clients. For example, to deploy a grid container in the form of a Liberty Profile server, you only
need to drop a well-formed OSGi bundle into a directory and start the server. Even easier, at
the minimum, you can simply copy your ObjectGrid configuration files into the appropriate
directory and start the server.

5.3.2 Limitations

When you use the Liberty Profile as a WebSphere eXtreme Scale container or catalog server,
you have full access to all of the features of WebSphere eXtreme Scale.

5.3.3 Considerations

If you decide to run the Liberty Profile with the JVM that Oracle provides, special
considerations must be taken:

» Classloader deadlock

When you use the Oracle JVM, cases of deadlocks in the BundleLoader bundle have been
reported. To mitigate this, see the Classloader deadlock topic in the WebSphere eXtreme
Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/index.jsp?topic=%2Fcom.ibm.websp
here.extremescale.doc%2FcxsTiberty.html

» |IBM ORB

WebSphere eXtreme Scale requires the use of the IBM ORB implementation unless you
choose to run your grid environment using XIO only. The Liberty Profile does not provide
the IBM ORB like a full WebSphere Application Server installation does.

To use the IBM ORB implementation, you must reference the IBM ORB JARs by adding
the java.endorsed.dirs Java custom property to your JVM startup arguments. For more
information about configuring a custom ORB implementation with WebSphere eXtreme
Scale, see the Configuring a custom Object Request Broker topic in the WebSphere
eXtreme Scale Version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/index.jsp?topic=%2Fcom.ibm.websp
here.extremescale.doc%2Ftxscfgorb.html
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5.3.4 Introducing the sample application

The sample application that is used in the Liberty Profile hosted sample topology,
GettingStartedWebClient.ear, is a simple Java Platform, Enterprise Edition web application.
The application uses a servlet to connect to a grid and run basic operations like get, update,
insert, and delete. Figure 5-65 provides an overview of the basic application topology.

GettingStartedWebClient.ear

GettingStartedWebClient.war

] Grid

ClientServiet —

Figure 5-65 Overview of the sample application for integrating with a Liberty Profile

The sample application, GettingStartedWebClient.ear can be downloaded from the
following website:

https://www.ibm.com/developerworks/community/blogs/714470bb-75c8-4f99-8aca-766c0d5
5a2lc/entry/websphere_extreme_scale_getting_started_with_websphere_application_ser
ver_sampleb?Tang=en

5.3.5 Introducing the sample topology

A sample topology must be built to accommodate the Getting Started application. This
section describes setting up a sample topology based on using WebSphere eXtreme Scale
with the Liberty Profile.
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For this example, a sample topology of three Liberty Profile based catalog server instances is
used. Four Liberty Profile based container servers are used to hold data. Finally, a single
Liberty Profile server instance acts as a client to the grid. The server instances are spread
evenly across four hosts as depicted in Figure 5-66.

Grid Client
GettingStartedGrid Web
app01
{,_______-________.__-______ — e ——
I Grid Container Grid Container Grid Container Grid Container I
I Grid Configuration Grid Configuration Grid Configuration Grid Configuration I
l container01 container02 container03 container04 }I
N o o e o e ] e e e e e e e | ] e e e e e e e e e ——
Grid
Catalog Server Catalog Server Catalog Server
catalog01 catalog02 catalog03
whost01 whost02 whost03 whost04
[ Role || EAR || sw™m |

Figure 5-66 Topology for Liberty sample deployment

5.3.6 Creating the sample topology

This section describes how to install and configure the sample topology using the Liberty
Profile and WebSphere eXtreme Scale.

Installing the WebSphere Liberty Profile for WebSphere eXtreme Scale

The Liberty Profile is typically installed as part of a WebSphere Application Server version 8.5
product installation or by using a direct download from IBM. The fastest way to get a
WebSphere eXtreme Scale enhanced WebSphere Application Server Liberty Profile
installation is to download the archives available on the WASDev Community website:

https://www.ibm.com/developerworks/community/blogs/wasdev/entry/download
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The Downloads page is shown in Figure 5-67.

Downloads

Latest Release

@ WehSphere Application Server V8.5 Liberty Profile

Legrn about the product
Information Center

@ WehSphere Application Server Developer Tools for Eclipse
Ve.5.1

Legrn about the product

@ WehSphere Application Server for Developers v8.5

Rational Application Developer for WehSphere Software V8.5

Information Center

WehSphere e¥treme Scale V8.6 for Developers - Liberty Profile

Information Center

Figure 5-67 Downloading the Liberty Profile and the WebSphere eXtreme Scale enhancements

After you download the archives, complete the following steps to install the software:

1. Install the WebSphere Application Server Liberty Profile by locating the downloaded
archive wip-developers-8.5.0.2.jar and run the following command:

java -jar wlp-developers-8.5.0.2.jar

2. Provided you have Java included in your path, the command issued in step 1 presents an
option to review the license agreement (Example 5-49). Press Enter to continue.

Example 5-49 License acceptance for the Liberty Profile

Before you can use, extract, or install IBM WebSphere Application
Server 8.5 - Liberty Profile, you must accept the terms of
International License Agreement for Non-Warranted Programs and
additional license information. Please read the following license
agreements carefully.
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The Ticense agreement is separately viewable using the
--viewLicenseAgreement option.

Press Enter to display the license terms now, or 'x' to skip. x
Additional Ticense information is separately viewable using the

--viewLicenselnfo option.

Press Enter to display additional Ticense information now, or 'x' to skip.

. Accept the license agreement by pressing 1 as shown in Example 5-50.

Example 5-50 Accepting the product licenses

By choosing the "I Agree" option below, you agree to the terms of the
license agreement and non-IBM terms, if applicable. If you do not
agree, select "I do not Agree".

Select [1] I Agree, or [2] I do not Agree:

. Select a directory to install the Liberty Profile into as shown in Example 5-51.

Example 5-51 Selecting an installation path for the Liberty Profile

Enter directory for product files or leave blank to accept the default value.
The default target directory is /home/root/Downloads
Target directory for product files?

Note: Depending on your chosen installation directory, you might need to run the Java
command in Step 1 on page 234 by prefacing the command with sudo.

. When the installation completes, you see the message shown in Example 5-52.

Example 5-52 Successful installation of the Liberty Profile

Successfully extracted all product files.

. After you install the Liberty Profile, install the WebSphere eXtreme Scale enhancements.
Locate the WebSphere eXtreme Scale version 8.6 Liberty Profile archive that you
downloaded (Figure 5-67 on page 234) and run the following command:

java -jar wxs-wlp_8.6.0.1.jar
As with the Liberty Profile install, you are presented with the option to review the various
licenses that must be accepted before installing (Example 5-53). Press Enter to continue.

Example 5-53 WebSphere eXtreme Scale for WebSphere Liberty Profile license review

Before you can use, extract, or install IBM International License
Agreement for Non-Warranted Programs (IBM form number Z125-5589-05).,
you must accept the terms of International License Agreement for
Non-Warranted Programs and additional Ticense information. Please read
the following license agreements carefully.

The Ticense agreement is separately viewable using the
--viewlLicenseAgreement option.

Press Enter to display the license terms now, or 'x' to skip.
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7. Accept the license agreement by pressing 1.
8. Enter the same product installation directory that you specified in step 4 on page 235.

Note: Depending on your chosen installation directory, you might need to run the Java
command in step 6 on page 235 by prefacing the command with sudo.

9. When the installation completes, you see the message shown in Example 5-54.

Example 5-54 Successful installation

Successfully extracted all product files.
Created the jvm.options file to include eXtreme Scale binaries on the Java
endorsed directories path at /opt/ibm/wlp/etc/jvm.options.

You now have a working WebSphere eXtreme Scale enhanced Liberty Profile deployment.

Configuring the runtime environment

When the installation completes, the grid topology can be constructed. The first step is to
create the three catalog servers arranged on three different hosts as depicted in Figure 5-66
on page 233.

1. Create three liberty servers (catalog01, catalog02, and catalog03) by running the following
command on each of the three catalog server hosts from the Liberty Profile installation
directory:

<wlp_install_dir>/bin/server create <server_name>

2. To verify that the servers were created successfully, browse to the
<wip_install_dir>/usr/servers directory and confirm that a new directory named after the
server name provided was created. See Example 5-55.

Example 5-55 Verifying new server creation for catalog01

[root@whost01 servers]$ pwd
/opt/ibm/wlp/usr/servers
[root@whost01 servers]$ 1s -Ttra

total 16

drwxr-xr-x. 4 root root 4096 May 3 16:47 .
drwxr-xr-x. 4 root root 4096 May 3 17:39 .
drwxr-xr-x. 5 root root 4096 May 3 17:39 catalog0l
drwxr-xr-x. 2 root root 4096 May 3 17:39 .logs
[root@whost01 servers]$

3. Create four container servers using the same command structure as used in step 1. The
container servers that are used in this sample topology are called container01,
container02, container03, and container04.

4. Create a single server instance to act as the client for the sample grid topology. The
application server name that is used in this sample topology is app01.
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In total, you create the following eight new Liberty server instances:

catalogO1
catalog02
catalog03
container0O1
container02
container03
container04
app01

vVVyVYyVYVYYVYYVYYyY

Thus far you have only created server definitions that are used to host WebSphere eXtreme
Scale catalog and container server logic. However, certain configurations must be completed
to designate the appropriate Liberty Profile server instances as catalog servers. This can be
accomplished by editing the server.xml file found in the
<wlp_install_dir>/usr/servers/<server_name> directory.

Example 5-56 demonstrates how to configure the Liberty Profile instance as a catalog server.

Example 5-56 Configuring a Liberty Profile server to be a catalog server

<server description="new server">
<!-- Enable features -->
<featureManager>
<feature>eXtremeScale.server-1.1</feature>
</featureManager>
<com.ibm.ws.xs.server.config catalogServer="true" TistenerPort="2809" transport="XI10"/>
</server>

The default new server configuration includes the basic features for serving JSP pages and
opening an HTTP endpoint port. Catalog servers in this sample topology do not serve JSPs.
Therefore, that configuration can be eliminated from the server.xml file. This leaves only the
configuration that is shown in Example 5-56. Because the sample topology runs only one
catalog server per host, the value for listenerPort parameter can be the same across all three
server instances.

Starting the catalog servers

Catalog servers must always be started before containers and the catalog servers
themselves must be started within a relatively short amount of time of each other. To start the
catalog server instances, run the following command:

<wlp_install_dir>/bin/server start <server_name>

The Liberty Profile server instance starts. Verify that the server is running by reviewing the
message.log file that is in the following directory:

<wilp_install_dir>/usr/servers/<server_name>/10gs

Generally, if you find a message like the one shown in Example 5-57, the server started
successfully.

Example 5-57 Successful server start message

[5/3/13 18:37:15:068 EDT] 00000017 com.ibm.ws.kernel.feature.internal.FeatureManager
A CWWKFO011lI: The server catalog0l is ready to run a smarter planet.
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Starting the container servers

Container servers are configured much the same way as the catalog servers. In fact, the
same server.xml configuration file can be used without the parameter that activates the
catalog server logic. See Example 5-58.

Example 5-58 Configuring a Liberty Profile server to function as a container server

<server description="new server'">

<!-- Enable features -->
<featureManager>
<feature>eXtremeScale.server-1.1</feature>
</featureManager>
</server>

Altering the Liberty Profile server configuration is not enough to create a working grid. The
Liberty Profile container server requires objectgrid.xml and objectGridDeployment.xml files
to successfully host a grid instance.

To accomplish this, create a directory called grids in the
<wlp_install_dir>/usr/servers/<server_name> directory. Within this new directory, create
the objectgrid.xml file shown in Example 5-5 on page 156 and the
objectGridDeployment.xml file shown in Example 5-6 on page 158.

Tip: In most cases, the capitalization of the objectgrid.xml and
objectGridDeployment.xml file names is done purposefully. For the Liberty Profile, the
objectgrid.xml file name is not objectGrid.xml as is typically seen in other WebSphere
eXtreme Scale deployment scenarios.

Start the container servers with the following command:
<wlp_install_dir>/bin/server start <server_name>

You can validate that the server started correctly and that WebSphere eXtreme Scale has
detected the grid configuration files by reviewing the logs in the following directory:

<wip_install_dir>/usr/servers/<server_name>/10gs

The sample topology grid infrastructure has now been set up and is running. The last
operation that is required to test the sample application is to start the Liberty Profile server
instance that functions as the grid client and hosts the Getting Started application.

Starting the client application server

To set up the client side of the sample topology, the Liberty Profile server, app01, must be
started and the sample application deployed by dropping the application archives into the
dropins folder.

Complete the following steps to start the Liberty Profile client server and deploy the sample
application:
1. Start the client server with the following command:

<wlip_install_dir>/bin/server start <server_name>

In this sample topology, app01 is used for the <server_name> parameter.
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2. After the server starts, copy the sample application, GettingStartedWebClient.ear, into
the dropins folder that is in the following directory:

<wlp_install_dir>/usr/servers/<server_nane>/dropins

The server run time detects the new archive and installs the application automatically. You
can review the server log as shown in Example 5-59 to confirm the installation.

Example 5-59 Installing the GettingStartedWebClient.ear sample application

[5/3/13 22:46:35:777 EDT] 00000012 com.ibm.ws.app.manager.internal.statemachine.StartAction
I CWWKZ0018I: Starting application GettingStartedWebClient.

[5/3/13 22:46:36:161 EDT] 00000012 com.ibm.ws.webcontainer.osgi.webapp.WebGroup

I SRVEO169I: Loading Web Module: GettingStartedWebClient.

[5/3/13 22:46:36:162 EDT] 00000012 com.ibm.ws.webcontainer

I SRVE0250I: Web Module GettingStartedWebClient has been bound to default_host.

[5/3/13 22:46:36:164 EDT] 00000012 com.ibm.ws.http.internal.VirtualHostImp]l

A CWWKTO016I: Web application available (default host):
http://host1:9080/GettingStartedWebClient/*

[5/3/13 22:46:36:165 EDT] 00000012 com.ibm.ws.webcontainer.osgi.WebContainer

I SRVE9998I: Application GettingStartedWebClient added to web container.

[5/3/13 22:46:36:166 EDT] 00000012 com.ibm.ws.app.manager.internal.statemachine.StartAction
A CWWKZO001I: Application GettingStartedWebClient started in 0.89 seconds.

The environment is now ready to be tested.

5.3.7 Testing the sample topology and application

To test the sample topology, complete the following steps:
1. From a web client, navigate to the following URL:
http://hostname:port/GettingStartedWebClient/ClientServiet

In this URL, hostname and port are the host name and HTTP port for your Liberty Profile
server. The default HTTP endpoint point for the Liberty Profile run time is 9080.
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If you connect to the correct host and port combination, you see a web page like the one
shown in Figure 5-68.

IBM WebSphere eXtreme Scale Samples

WehSphere eXtreme Scale Getting Started Sample

WebSphere eXtreme Scale Getting Started Client
This sample serdet provides simple CRUD aperations against an extreme Scale grid.
This sample servlet can alzo he used for simple CRUD aperations against an X110 DataPower appliance Simple Gri

Catalog Service Endpoints

@ Endpoints
(@] Catalog Service Domain (D

Endpaints

Remaote: =host==part=
Embedded: =hlank=

Grid

Grid Grid (For #C10 use Simple Grid Marme)

Map kdapl

Connect | no connection

CRUD Operation

ey

Walue {lUsed far Insert and Update anky)

[ Inser H Update ” Delete ” Get l

Figure 5-68 Home page for the GettingStartedWebClient sample application

2. Connect the web client to the grid by specifying the catalog service endpoint that is used
in the grid. There are three possible catalog servers to connect to in this sample topology:

— whost01:2809
— whost02:2809
— whost03:2809
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After you specify the catalog server endpoint to connect to, click Connect as shown in
Figure 5-69.

Catalog Service Endpoints

@ Endpoints

_ Catalog Service Domain 1D
Endpoints whost01:2809

Remaote: =host==part=
Embedded: =hlank=

Grid

Grid Grid (For #C10 use Simple Grid Marme)

Map kdapl

Connect | no connection

Figure 5-69 Connecting the web client to the grid

The client application is connected to the grid as shown in Figure 5-70.

Catalog Service Endpoints

2 Endpoints

_ Catalog Service Domain 1D
Endpoints whost01:2309

Remaote: =hast==part=
Embedded: =blank=

Grid

Grid Grid (For <C10use Simple Grid Mame)

Map hap

Disconnect | connected to Grid onwhost01:2809

Figure 5-70 Successful grid connection
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3. With a successful connection established, the web client can now issue operations on the
grid itself. Click Insert as shown in Figure 5-71.

CRLUD Operatian

Key Al

Walue 123

(Us=ed for Ingert and Update anly)

I Inser H Update “ Delete “

Get I

Figure 5-71 Inserting data into the sample grid

4. To complete the operation, click Insert. The client application shows the outcome of the

operation (Figure 5-72).

CRUD Operation

Key Al

Yalue 123

(Lzed for Insert and Update only)

Insert “ Update H Delete H

Get

SUCCESE: Inserted 123 with key Al

Figure 5-72 Successful insert operation

5. Change the text in the Value field from 123 to 321 and click Update (Figure 5-73).

CRUD Operation

Key Al

Yalue 321

(Used for Insert and Update only)

Insert “ Update H Delete H

Get

SIICCESS: Updated key A1 with value 321

Figure 5-73 Successful update to grid

6. To remove the key, make sure that A1 is still in the Key field, and click Delete.
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Extended HTTP session
management with WebSphere
eXtreme Scale

This chapter describes how WebSphere eXtreme Scale can be used to provide HTTP
session management in both a WebSphere and non-WebSphere Application Server
environment.

It introduces the main concepts behind implementing WebSphere eXtreme Scale HTTP
session management. It begins with a general background of HTTP session management
and introduces a sample application to demonstrate these concepts. The chapter continues
by detailing how you can configure WebSphere eXtreme Scale session management support
for the sample application in three typical environments.

This chapter includes the following sections:

» 6.1, “HTTP session management overview” on page 244

» 6.2, “Using WebSphere eXtreme Scale for HTTP session management” on page 250

» 6.3, “Introducing the SessionTest sample application” on page 257

» 6.4, “Scenario 1: Implementing with WebSphere Application Server Network Deployment
on page 260
» 6.5, “Scenario 2: Implementing with WebSphere Liberty Profile” on page 281

» 6.6, “Scenario 3: Implementing with Apache Tomcat” on page 288
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6.1 HTTP session management overview

HTTP session management with WebSphere eXtreme Scale is just one of several
deployment scenarios outlined in Chapter 3, “Application scenarios” on page 75. Although
this scenario is rarely the primary reason for purchasing WebSphere eXtreme Scale, it often
finds use after WebSphere eXtreme Scale is installed for other reasons. It can be used, for
example, to offload dynamic cache or as an application side cache. This chapter describes
HTTP session management in detail because it illustrates a number of key points when you
use WebSphere eXtreme Scale:

» It applies equally whether you are holding your grid within a WebSphere eXtreme Scale
software installation or on an IBM WebSphere DataPower XC10 Appliance.

» It can be used across all Java Platform, Enterprise Edition web containers. This scenario
provides a convenient means of introducing how WebSphere eXtreme Scale integrates
with various architectures.

» It is one of two “plug in” scenarios for WebSphere eXtreme Scale, meaning that your
application logic does not change. Rather, only the configuration changes.

» The more popular “plug in” scenario, the WebSphere eXtreme Scale dynamic cache
plug-in, is already covered in many other articles available on IBM developerWorks,
including the following article. The Resources section at the bottom of this article lists
dozens of other links that are related to dynamic caching.

http://www.ibm.com/developerworks/Tibrary/co-wxs-dynamic-cache

HTTP session management is a basic requirement of the Java Platform, Enterprise Edition
specification for application servers. It allows Java Platform, Enterprise Edition applications to
store state for a user across a series of HTTP requests. The specification provides an API to
store and retrieve information specific to that user. The classic example of this is a website
shopping cart, where transient data or state about intended purchases is saved across
several browser pages until final checkout.

All application servers provide this basic function, but the qualities of service that underpin
this can vary widely.

This section provides a brief overview of several session manager concepts:

» How an application server typically maps an incoming user (or “client”) request to the
HTTP session associated with that client.

» How session replication is used to provide high availability in case of an application server
failure.

» How session affinity can be used to aid performance.

Note: Some information about each of these topics is intentionally omitted to keep this
discussion at a conceptual level. There are a great many web resources available to gain a
deeper understanding of these topics.

6.1.1 Using HTTP session to hold state

The Hypertext Transfer Protocol (HTTP) is stateless by design. That means that every
incoming request from a web browser has no association with any previous requests from the
same or any other user. lts GET method (and other methods) is idempotent, meaning that
multiple identical requests produce the same effect as a single request. Using a stateless
protocol has many advantages for server design. However, it requires some consideration
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when an application must maintain some knowledge about a user (stateful) as the user
navigates through pages of the website.

When a servlet is started within an application server as a result of a client request, the
servlet can call a method on the incoming servlet request object (request.getSession) to
retrieve the HTTP session that is associated with that user. On the first request to the
application by this user, this API call fails to find the session. It then by default implicitly
creates an empty HttpSession object, returning it to the servlet’s getSession call.

The servlet then uses the HttpSession to store (session.putAttribute) various objects that
are related to this user’s interaction with the application. For example, it can store a
“breadcrumb trail” to track the user’s flow through the application.

On subsequent requests from the same user, the servlet’s request.getSession call to request
the associated session finds the HttpSession object and returns it for use. The servlet can
retrieve (session.getAttribute) values that were previously stored into the session. It can
also modify these values, delete them, or add new ones to the session.

Note that JavaServer Pages (JSP) are internally compiled into a servlet for execution on the
application server, so although this discussion talks about servlets, it applies equally to JSPs.
One interesting yet commonly unknown aspect of a JSP is that it automatically issues a
request.getSession(true) atits entry. The true parameter, which is the default, says that if
the HttpSession is not found (a first-time call from this client), a new HttpSession is created. If
for whatever reason you do not want an HttpSession to be automatically retrieved or implicitly
created, add the following to the top of the JSP to override the default behavior:

<%@ page session="false" %>

Doing so can slightly improve performance in JSPs that have no need for HttpSession.

6.1.2 Tracking who what owns each HTTP session

But how does the request.getSession logic know how to find the requesting client’s
HttpSession? There are two techniques that are commonly used, each with their advantages
and disadvantages:

» Cookie-based session tracking
» URL rewriting

Cookie-based session tracking

Using cookies is the simplest and most common way to track HTTP sessions. When session
management is enabled and a client makes a request, the HttpSession object is created and
a unique session ID is generated for the client. This is sent to the client browser as a specially
named cookie as part of the HTTP response. On subsequent client requests to the same host
domain name, the browser sends all cookies that are stored for that domain as part of the
client request. The application server’s session manager logic can then find that cookie in the
request, extract its content (the session ID), and use that unique value to locate the
associated HTTP session for this client.

The advantages of using cookies are that it is straightforward and offers relatively compact
communication with the client. A disadvantage is that it is possible for a user to configure their
browser to reject cookies. That user finds that they have a hard time accessing most
websites, as cookie-based tracking is by far the most prevalent technique for HTTP session
tracking.
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The cookie name is unimportant if the same name is used consistently through all tiers of the
website flow. A common cookie name for session tracking, and the default name that is used
by the WebSphere Application Server, is JSESSIONID. There is rarely any need to change this
name.

URL rewriting

Where the application wants to support users of browsers with their cookies disabled, an
alternative technique called URL rewriting can be used. In this technique, every link that is
constructed in a web page gets a parameter appended to it. The appended parameter
contains the session ID.

For example, the following link in a web page:

<a href="/store/catalog">

might instead be extended as:
<a href="store/catalog;jsessionid=DA32242SSGE2">

When the user clicks the link in their browser, that extended form of the URL is sent to the
application server as part of the request. The session manager within the application server
can find and recognize the jsessionid=DA32242SSGE2 as the session ID. The manager then
uses it (as with the cookie-based approach) to locate the associated HttpSession object for
this client.

The advantage of URL rewriting is that this technique always works because it does not
depend on cookie support.

However, there are several disadvantages:

» Larger HTML pages for transmission in both directions (and consider that pages often
have dozens or even hundreds of links to be rewritten).

» The user can directly see these URLs (with the jsessionid parameters) in the browser
address bar, and inadvertently (or deviously) alter the session ID. It is also possible to
change a cookie’s content, but not inadvertently. Even so, there is virtually no chance of an
altered session ID being successful at “hijacking” another user’s session. Actual session
IDs are 20 or more alphanumeric characters long, and generated with a highly random
and unpredictable algorithm.

» If the user bookmarks the page, the bookmarked URL includes the jsessionid value for
the current HttpSession. This session will not be found when the bookmark is used in a
subsequent browser session, possibly causing unpredictable behavior.

» The URL extension is only possible for pages that are dynamically constructed by a
servlet or JSP. Static HTML pages cannot be rewritten and therefore cannot be used. All
pages must be dynamically created.

Other techniques for HTTP session tracking

There are a couple of other possible techniques that can be used for HTTP session tracking,
but they are rarely used:

» Hidden form fields

This can be thought of as a variant on URL rewriting. Rather than rewriting page links, an
HTML form on every page is used with an HTTP POST operation. That form contains a
hidden form field to provide the session ID. This technique is rarely used because it has
most of the same disadvantages of URL rewriting and is significantly more cumbersome to
use.
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» SSL ID session tracking

This technique can be used when a user is required to be encrypted (HTTPS). As a
side-effect of the “SSL handshake” used in this protocol switch, an SSL session ID is
maintained between the browser and the application. This can be thought of as similar to
cookie session tracking, but the SSL ID cannot be disabled by the browser user. It is
therefore possible to uniquely map the SSL ID to an HTTP session. However, there are
several complications and caveats in doing so, given a typical multitier environment
through which this SSL ID must flow. In practical terms, this technique is not often used.

6.1.3 Session replication and session persistence

You can enable session persistence in your application server tier to cause HTTP session
content to be written to a database, or in a WebSphere Application Server Network
Deployment environment, replicated to another application server JVM in the cluster. Both of
these techniques keep a recent copy of the session data that can be retrieved by this or any
other application server in your cluster. This configuration provides two important benefits:

» High availability

If the original application server fails and the user’s next request is routed to another
application server in the cluster, it can retrieve the replicated or persisted session data and
carry on the user’s session without impact.

If you do not have support, the new application server fails to find the user’s session in its
memory, and so considers this a new user of the website. The user must start their
interactions over again from the beginning, for example with a fresh login.

» Offloading of sessions to reduce JVM heap contention

An application server keeps HttpSession data within its JVM heap for quick access. As the
number and size of sessions grows, this heap usage can add to garbage collection times,
causing performance slow downs. In an extreme case, it can even lead to a JVM
out-of-memory exception. By setting up session replication or persistence, the application
server can be configured to keep only the most recently used 1000 (for example) sessions
in memory. Earlier sessions will have already been persisted to the database or replicated
to another application server in the cluster, so they can be reinstantiated in JVM heap
when required.

6.1.4 Session affinity

For best performance, modern application servers such as WebSphere Application Server,
keep the most recently used HttpSession objects for user sessions within their JVM heap
memory. The default configuration for WebSphere Application Server is to keep the most
recent 1000 sessions in memory, but this can be easily changed.

In a typical highly available application server topology, there are two or more (sometimes
many more, even hundreds) application server “clones”, each with the same applications
installed. This is called a cluster of application servers. A web server tier in front of the
application server tier provides for routing of inbound requests to an available application
server to service the request.

To provide the highest level of performance when HTTP sessions are used, the web servers
are typically configured to preserve session affinity to a particular application server. This is
sometimes also called session stickiness.

If a specific user “Bob” was originally routed by the web server tier to application server
“App04” and established an HTTP session on that application server, then it is best if “Bob” is
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routed to the same App04 application server later. This process allows App04 to directly
retrieve Bob’s session from its JVM heap, rather than having to fetch Bob’s session content
from the database or from another JVM. If session persistence or replication are not enabled,
session affinity becomes critical for maintaining a session across user requests.

There are several means by which a web server tier can provide session affinity. The most
commonly used is session cookie-based affinity, which is the only method that is described in
this section. You can search the web for “http session affinity” to learn more about other
possible approaches such as IP-based affinity or SSL-based affinity. You will find that these
approaches have several disadvantages, which is why session cookie-based affinity is often
preferred.

Session cookie-based affinity

As described in “Cookie-based session tracking” on page 245, the session manager uses a
cookie, usually JSESSIONID, to track the user session. In a WebSphere Application Server
Network Deployment environment, the session manager also appends an indicator of the
current application server to the value, using the following conceptual format:

JSESSIONID=sessionidl23:appid04

Given this format, the appid04 portion provides a one-to-one reference to a specific
application server, in a form that is understood by the web server routing logic implemented
by the WebSphere web server plug-in. The plug-in can inspect inbound HTTP requests for
their cookies, and upon finding a JSESSIONID cookie, further inspect it for its appid04 portion.
It can then route this request to that same application server, App04. What this example
shows as appid04 is known as the application server’s clone ID. It is a cryptic string of letters
and numbers that uniquely identifies an application server in the topology.

After the request arrives on the application server, its session manager can then inspect the
inbound JSESSIONID cookie content, find its sessionid123 value, and use that to locate the
appropriate HttpSession object for this user.

On the first request from a new browser user to an application, there is no JSESSIONID
accompanying the inbound request. In this case, the web server plug-in, failing to find the
cookie, resorts to its configured scheme for routing of a non-affinity request. In a WebSphere
Application Server plug-in environment, this is specified in the plug-in configuration file as
either round-robin (each application server in order) or random (pick one randomly). After the
chosen application server services the request, a new JSESSIONID cookie is returned along
with the response. The cookie is then returned by the browser on subsequent requests to the
same domain name.

Application server fail over

What happens if an application server crashes, for example, due to an out-of-memory (OOM)
situation? If the web server plug-in finds that the affinity application server is not available, the
plug-in automatically fails over to another available application server in the cluster. That new
application server uses the sessionid123 to read the HttpSession from the persisted or
replicated copy, then continues as normal. In the eventual response to the browser, the
Session Manager appends its own :appid02 (or whatever) to uniquely identify this new
application server clone in the JSESSIONID content. So now the cookie might look like
(conceptually):

JSESSIONID=sessionid123:appid04:appid02

After this fail over, the next inbound request through the web server plug-in uses the last
appid from the cookie, appid02. It now maintains session affinity to the App02 application
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server. The original appid04 is kept in the string to allow for optional fail back processing, if
that behavior is wanted, when App04 becomes available again.

6.1.5 Commonly implemented options for HTTP session management

Most application servers provide some sort of session persistence or replication function.
This means that HTTP session objects are made available to other application servers in the
environment. This is normally done either by writing (or persisting) the in-memory HTTP
session state to a database, or by using memory-to-memory replication technology that
targets another application server in the cluster to hold a copy.

During an application server failure or a request being routed to another application server in
the cluster, the session state is copied to the appropriate application server and made
available to the application. This process avoids requiring the user to log in again and repeat
what they did up to that point.

However, there are compromises and limitations to the replication facilities provided with
application servers. For example, to keep performance at a reasonable level, replication is
typically done periodically, perhaps every 10 seconds. This gives a failure window that might
be unacceptable to your application.

This delay is configurable within the WebSphere Application Server environment. It can be set
to 0 to indicate to persist or replicate immediately at the end of the servlet execution. Doing so
costs slightly in performance degradation when compared to the batching updates every 10
seconds. The chosen interval is a balance between how many seconds of session updates it
is permissible to lose (worst case) in a fail over situation versus the possible performance
effect of writing too frequently.

Another possible consideration is how many HTTP sessions can be held within the JVM heap
at a time. Good HTTP session practice keeps session size small (to a few kilobytes), but there
is no automatic enforcement of this recommendation. A single session can grow to several
megabytes in size, sometimes without the application programmer even realizing that this has
happened. Sometimes an object is written into HttpSession that inadvertently brings in
another referenced object, which brings in another, and so on.

With traditional HTTP session management, all HTTP sessions for the application server are
kept within its JVM heap. Under high periods of load, the application can have several
hundred or even thousands of sessions in memory. If the accumulated size grows too large,
this accumulation can potentially lead to an out-of-memory exception.

WebSphere Application Server provides a tunable option to control the number of in-memory
sessions per application server JVM. Its default is 1000. When the number grows beyond this
value, the least-recently-used sessions are offloaded to a database (if database persistence
is configured), replicated to another JVM in cluster (if replication is configured), or discarded if
neither. This prevents having to worry about session sizes and number of sessions, and how
they might affect the application server's heap and health.

For more information about HTTP session replication options in WebSphere Application
Server, see WebSphere Application Server V8.5 Administration and Configuration Guide for
the Full Profile, SG24-8056.
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6.2 Using WebSphere eXtreme Scale for HTTP session
management

Now that you have an understanding of the key HTTP session management concepts, this
section describes how WebSphere eXtreme Scale can be used to improve on session
management. An overview of how eXtreme Scale session management is implemented is
also provided.

6.2.1 Benefits of using WebSphere eXtreme Scale for HTTP session
management

When using WebSphere eXtreme Scale for HTTP session management, you can benefit from
the following advantages:

» High qualities of service

WebSphere eXtreme Scale provides faster and more robust replication than WebSphere
Application Server. WebSphere eXtreme Scale provides an assured level of replication as
it retries saving a session object if the initial attempt fails. Additionally, HTTP session data
can be replicated asynchronously without the performance effect seen when you use the
synchronous replication within WebSphere Application Server.

» No practical limit on HTTP session size or quantity

The WebSphere eXtreme Scale grid capacity can be configured to any reasonable size,
and extended dynamically as required.

» Consistent support for any Java Platform, Enterprise Edition web container

Various vendors of web containers can implement HTTP session management in slightly
different ways. For example, Apache Tomcat does not directly offer session replication.
WebSphere eXtreme Scale’s session management can integrate a number of disparate
web container technologies into one common framework for session management.

» Highly scalable

The default WebSphere Application Server session manager tends to slow down as more
sessions are created. WebSphere eXtreme Scale session manager has flat performance
characteristics from 1 to 10000 or more active sessions.

» Session data is not restricted to a WebSphere Application Server cell boundary

In WebSphere Application Server, sessions are typically restricted to a cell boundary.
Although it is technically possible to share sessions across a cell using a database, there
are management drawbacks to this. However, it is straightforward to set up a remote
WebSphere eXtreme Scale grid that many applications and cells can share.

» Cross application and platform access

You can configure WebSphere eXtreme Scale to act as a centralized HTTP session store
for multiple applications that are running on different application servers. These servers
include WebSphere Application Server, WebSphere Liberty, and Apache Tomcat.

» No need to implement Serializable

With standard application server support for replicating or persisting a session, each of the
objects (or session attributes) stored within the HttpSession is required to implement
Serializable. This is needed so that the objects can be serialized as they are marshalled
across the Object Request Broker (ORB) communication protocol that is used for
memory-to-memory replication or database offload persisting.
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Tip: There is no warning if you place non-serializable data into your HttpSession
because it is supported to do so, if you ensure that the session is kept only in memory.
The serializable requirement arises when you want to persist or replicate the session.
At the point of actually attempting the serialization, you receive a
NotSerializableException if the serializable requirement is not met.

If instead you use WebSphere eXtreme Scale version 8.6 to replicate your session, you
can use its XIO communication protocol and its XDF data format, which do not require
serialization. Therefore, your application objects stored within HttpSession do not have to
implement Serializable. Although this might seem like a small thing, the traditional need
for implementing Serializable has prevented several clients from using session
persistence or replication because of the development cost and risk in changing an
existing application.

» No requirement for session affinity

With the traditional session manager, unless database persistence or replication is
enabled, application server session affinity is required. Affinity is necessary so that the
same application server is repeatedly used for the same user session so that the
HttpSession can be located within that application server's JVM heap.

When using WebSphere eXtreme Scale for session management, all HttpSession data is
always available to every application server in the cluster because it is stored in one
common place on the shared grid. Session affinity is a feature of most web servers and
other front-end appliances, but it is not universally available. WebSphere eXtreme Scale
session management can lessen the impact in environments where affinity cannot be
ensured.

6.2.2 Integration of WebSphere eXtreme Scale session management

WebSphere eXtreme Scale provides non-invasive integration with HTTP session
management so that the application does not have to be changed. It does so by using an
HTTP servlet filter that is a standard part of the Java Platform, Enterprise Edition servlet
specification.

As shown in Figure 6-1 on page 252, the WebSphere eXtreme Scale HTTP servlet filter
intercepts every request to the web application. Before passing control to the application
servlet or JSP, it wraps the HTTPServietRequest and HTTPServletResponse objects that the
servlet developer uses to access the request’s session state. Therefore, when the servlet
makes a request.getSession call, it is processed by WebSphere eXtreme Scale logic rather
than the default application server session manager.

The filter ensures that the session data is synchronized with the grid. On each request, if
HTTP session attributes have changed, they are written back into the grid.
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Figure 6-1 WebSphere eXtreme Scale serviet filter

6.2.3 Configuration for WebSphere eXtreme Scale session management

The servlet filter technique that is used by WebSphere eXtreme Scale integration for session
management can be used by any Java Platform, Enterprise Edition-compliant web container.
The web container must support the rudimentary session management APIs and support
configurable servlet filters, which are both requirements of the Java Platform, Enterprise
Edition specification.

Whichever Java Platform, Enterprise Edition web container is chosen, WebSphere eXtreme
Scale is provided with the same basic configuration information. However, the method of
providing the information varies somewhat for each scenario. The configuration that is
required in all cases includes:

» Introduction of the WebSphere eXtreme Scale servlet filter and session listener into the
execution path.

» Configuration of the WebSphere eXtreme Scale grid in which the session data is stored.
» Specific tuning for how the session manager within the web container behaves.
Three common scenarios for WebSphere eXtreme Scale used as the session manager are

described in this chapter. Using the same sample application to demonstrate HTTP session
usage, the following scenarios are described:

» “Scenario 1: Implementing with WebSphere Application Server Network Deployment” on
page 260.

» “Scenario 2: Implementing with WebSphere Liberty Profile” on page 281
» “Scenario 3: Implementing with Apache Tomcat” on page 288.
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The techniques described in this chapter generally apply equally to other Java Platform,
Enterprise Edition compliant web containers and application servers.

6.2.4 Topologies for eXtreme Scale session management

As with any other implementations of a WebSphere eXtreme Scale data grid, you have two
choices as to where to host your container servers:

» Embedded: The container runs in the same JVM as the web container client. Several
JVMs can participate to form an embedded-partitioned grid, or you can use only one
container in each JVM as an embedded-local grid topology.

» Remote: The containers run as JVMs separate from the web container client JVM.

Although an embedded topology is fully supported, the preferred topology for a production
environment is remote. This topology provides for isolation of application client and container
server functions, and helps prevent memory and other JVM resource contention. It allows for
unique and appropriate JVM tuning for the application client and WebSphere eXtreme Scale
container JVMs. You can decide how many JVMs are necessary for the grid, independent of
the number of application servers you are running. There is little use of an embedded
topology, except for possible use in your development and test environments.

Note that you can configure a remote topology by using an integrated or stand-alone
installation. You can only create an embedded topology in an integrated installation.

6.2.5 Sample grid configuration files for an HTTP session

Regardless of the web container that you use, your HTTP session data ultimately is stored in
a WebSphere eXtreme Scale grid. Therefore, you must configure the grid using the following
configuration files:

» objectGrid.xml

This file contains the definition of the grid itself including its maps, locking behavior,
plug-ins, and so on.

» objectGridDeployment.xml
This file contains a description of the grid’s deployment that includes how many partitions,
what replication strategy to use, and so on.

Although these configuration file names are common to any type of grid, there are some
unique and specific requirements for a grid to support HTTP session data. To make this
configuration easier, the WebSphere eXtreme Scale installation provides some
pre-configured sample files that you can use with little or no modification.
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In your <wxs_install root>/0bjectGrid/session/samples directory, you will find the sample
files as shown in Figure 6-2.

@.\ /.vl ) % Local Disk (C) » IBM » WebSphere » X586 » ObjectGrid » session » samples - |4"y || search samptes
Organize = Include in library = Share with = Mew folder
X Favorites MName Date modified Type Size

4 Downloads | buildxml 11/15/2012 5:44... XML Document 3 KB

S| Recent Places || objectGrid.xml 11/15/2012 5:44... XML Document 2 KB

|| objectGridDeployment.xml 11/15/2012 5:44... XML Document 1KE

= Libraries E || objectGridDeploymentStandAlonexml | 11/15/2012 S:44... XML Document 1 KB

3 Documents || objectGridStandalone.xml 11/15/2012 5:44... XML Document 2 KB

B nsicic || splicer.properties 11/15/2012 5:44... PROPERTIES File S KB

Figure 6-2 Sample configuration files for WebSphere eXtreme Scale session management

These sample files that are used for the configuration of the grid, and provide grid and cluster
deployment definitions for WebSphere eXtreme Scale. The build.xml and the
splicer.properties files are used for web application configuration, and are described in the
scenarios described later in this chapter.

Two versions of the grid configuration files are provided as samples:

» The objectGrid.xml and objectGridDeployment.xml files are used with a WebSphere
eXtreme Scale embedded topology.

» TheobjectGridStandalone.xml and objectGridDeploymentStandalone.xm]l files are used
for a remote topology. If used, copy the remote topology files as simply objectGrid.xm]
and objectGridDeployment.xml.

Note: WebSphere eXtreme Scale remote topology was called a “stand-alone” topology
in the past, which explains the “Stand-alone” term used in these sample file names.

For reference, the contents of these four sample files are shown in the following examples.
Example 6-1 shows the objectGrid.xm] file.

Example 6-1 objectGrid.xml file

<?xml version="1.0" encoding="UTF-8"?>
<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins="http://ibm.com/ws/objectgrid/config"
xsi:schemalLocation="http://ibm.com/ws/objectgrid/config ../objectGrid.xsd">
<objectGrids>
<objectGrid name="session" txTimeout="30">
<bean id="ObjectGridEventListener"
className="com.ibm.ws.xs.sessionmanager.SessionHandleManager"/>
<backingMap name="objectgridSessionMetadata"
pluginCollectionRef="objectgridSessionMetadata" readOnly="false" lockStrategy="PESSIMISTIC"
tt1EvictorType="LAST ACCESS TIME" timeToLive="3600" copyMode="NO COPY"/>
<backingMap name="objectgridSessionAttribute.*" template="true" readOnly="false"
TockStrategy="PESSIMISTIC" ttlEvictorType="NONE" copyMode="NO COPY"/>
<backingMap name="objectgridSessionTTL.*" template="true" readOnly="false"
TockStrategy="PESSIMISTIC" ttlEvictorType="LAST ACCESS TIME" timeTolLive="3600"
copyMode="NO_COPY"/>
</objectGrid>
</objectGrids>
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<backingMapPluginCollections>
<backingMapPluginCollection id="objectgridSessionMetadata">
<bean id="MapEventListener" className="com.ibm.ws.xs.sessionmanager.MetadataMapListener"/>
</backingMapPluginCollection>
</backingMapPluginCollections>
</objectGridConfig>

Example 6-2 shows the objectGridDeployment.xml file.

Example 6-2 objectGridDeployment.xml file

<?xml version="1.0" encoding="UTF-8"?>
<deploymentPolicy xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins="http://ibm.com/ws/objectgrid/deploymentPolicy"
xsi:schemaLocation="http://ibm.com/ws/objectgrid/deploymentPolicy ../deploymentPolicy.xsd">
<objectgridDeployment objectgridName="session">
<mapSet name="sessionMapSet" numberQOfPartitions="5" minSyncReplicas="0" maxSyncReplicas="0"
maxAsyncReplicas="1" developmentMode="false" placementStrategy="PER_CONTAINER">
<map ref="objectgridSessionMetadata"/>
<map ref="objectgridSessionAttribute.*"/>
<map ref="objectgridSessionTTL.*"/>
</mapSet>
</objectgridDeployment>
</deploymentPolicy>

Example 6-3 shows the objectGridStandalone.xml file.

Example 6-3 objectGridStandalone.xml file

<?xml version="1.0" encoding="UTF-8"?>
<objectGridConfig xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins="http://ibm.com/ws/objectgrid/config"
xsi:schemalLocation="http://ibm.com/ws/objectgrid/config ../objectGrid.xsd">
<objectGrids>
<objectGrid name="session" txTimeout="30">
<bean id="ObjectGridEventListener"
className="com.ibm.ws.xs.sessionmanager.SessionHand1eManager"/>
<backingMap name="objectgridSessionMetadata"
pluginCollectionRef="objectgridSessionMetadata" readOnly="false" lockStrategy="PESSIMISTIC"
tt1EvictorType="LAST ACCESS TIME" timeTolLive="3600" copyMode="COPY TO BYTES"/>
<backingMap name="objectgridSessionAttribute.*" template="true" readOnly="false"
TockStrategy="PESSIMISTIC" ttlEvictorType="NONE" copyMode="COPY _TO BYTES"/>
<backingMap name="objectgridSessionTTL.*" template="true" readOnly="false"
TockStrategy="PESSIMISTIC" ttlEvictorType="LAST ACCESS TIME" timeTolLive="3600"
copyMode="COPY_TO BYTES"/>
</objectGrid>
</objectGrids>
<backingMapPluginCollections>
<backingMapPTuginCollection id="objectgridSessionMetadata">
<bean id="MapEventListener" className="com.ibm.ws.xs.sessionmanager.MetadataMapListener"/>
</backingMapPluginCollection>
</backingMapPluginCollections>
</objectGridConfig>

Chapter 6. Extended HTTP session management with WebSphere eXtreme Scale 255



Example 6-4 shows the objectGridDeploymentStandalone.xml file.

Example 6-4 objectGridDeploymentStandalone.xml file

<?xml version="1.0" encoding="UTF-8"?>
<deploymentPolicy xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins="http://ibm.com/ws/objectgrid/deploymentPolicy"
xsi:schemaLocation="http://ibm.com/ws/objectgrid/deploymentPolicy ../deploymentPolicy.xsd">
<objectgridDeployment objectgridName="session">
<mapSet name="sessionMapSet" numberOfPartitions="47" minSyncReplicas="0" maxSyncReplicas="0"
maxAsyncReplicas="1" developmentMode="false" placementStrategy="FIXED PARTITIONS">
<map ref="objectgridSessionMetadata"/>
<map ref="objectgridSessionAttribute.*"/>
<map ref="objectgridSessionTTL.*"/>
</mapSet>
</objectgridDeployment>
</deploymentPolicy>

The content shown in these examples has been reformatted slightly (using the XMLlIint tool)
for consistent indenting, which makes direct file comparison easier. The following are the only
differences between the files that are used for an embedded topology and for the remote
topology:

» The objectGrid.xml (for embedded use) file uses NO_COPY on its three backingMap
definitions. Whereas the objectGridStandalone.xml (for remote use) file uses
COPY_TO_BYTES. When embedded, there is no point in making a copy of the session data,
as it is updated directly in the JVM heap.

» For the sessionMapSet definition, the objectGridDeployment.xml (for embedded use) file
uses five partitions per application server JVM. Conversely, the
objectGridDeploymentStandalone.xml (for remote use) file uses a fixed number of 47
partitions that are spread across all available WebSphere eXtreme Scale container JVMs.

Other than these minor differences, the two sets of files are identical. You can tune them to
your own environment, but these sample files are typically used as-is and renamed if
necessary.

Both of the sample deployment files configure maxAsynchReplicas=1. This provides a copy of
each HttpSession held in the grid, allowing for fail over of a WebSphere eXtreme Scale
container server JVM.

Each application server client request for HttpSession uses the primary partition copy of that
data. Fail over of an application server does not require any extra work on the grid, as all
application servers use the same primary HttpSession data for a specific session. You do not
have to worry about concurrent writes to the same HttpSession because only one application
server at a time is used to service an incoming request from a user (normally the “affinity”
application server).

6.2.6 HTTP session servlet filter configuration

No matter which Java Platform, Enterprise Edition web container technology is used, the
WebSphere eXtreme Scale HTTP session servlet filter, running on the web container client,
requires certain topology and tuning for your usage. The manner in which this information is
supplied differs by scenario. However, the basic list of required information is the same, and is
summarized here.
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The names shown here exactly match those required in the splicer.properties file in 6.4,
“Scenario 1: Implementing with WebSphere Application Server Network Deployment” on
page 260. The same general names are also used in configuration for the other scenarios
described in 6.5, “Scenario 2: Implementing with WebSphere Liberty Profile” on page 281
and 6.6, “Scenario 3: Implementing with Apache Tomcat” on page 288.

objectGridType The grid topology, either REMOTE or EMBEDDED.
objectGridName The name of the grid, for example session.
catalogHostPort How to connect to the WebSphere eXtreme Scale catalog servers,

specified as a string of hostname:port<hostname2:port2<...>>

replicationinterval The number of seconds to wait between batching of writes to the grid.
Using a longer interval helps improve performance, whereas using a
shorter interval reduces the potential amount of session data that is
lost during a fail over. It can be set to 0 to indicate no delay, which
means that any changed session data is written immediately upon the
end of each servlet execution.

sessionTableSize For the REMOTE topology, specifies the number of sessions to keep
locally in the client JVM, providing a local cache for better
performance. It is ignored for an EMBEDDED topology.

fragmentedSession If set to true (the default), each session attribute is written as a
separate key/value pair to the grid. If false, the entire session is
written as one large key/value pair. There are performance pros and
cons to each approach, and the correct value depends on how your
application uses HttpSession. However, for most applications, the
default setting works best.

reuseSessionld If set to true, web containers on different hosts reuse the same
session id for the same user session. If false, each host creates its
own unique session id to represent the same user session. The default
is false, butis then overridden to true in certain installation scenarios.
It is best to check this and explicitly set it yourself to make sure that
you are getting the behavior that you want.

This lists only the most commonly used configuration settings. The complete list is available in
the splicer.properties file topic in the WebSphere eXtreme Scale version 8.5 Information
Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r5/topic/com.ibm.websphere.extremescal
e.doc/rxssplice.html

6.3 Introducing the SessionTest sample application

A simple application has been created to demonstrate the functionality of HTTP session for
the scenarios explained later in this chapter. The application is a JSP called test. jsp that
displays a page of data on your browser about the environment in which it is running.

The source code for the test. jsp application is provided in the samples compressed file that
is described in Appendix A, “Additional material’ on page 341.
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For this discussion, the pertinent part of the JSP is a snippet of Java code that is shown in
Example 6-5.

Example 6-5 Snippet of the sample test.jsp application

Integer counter = (Integer) session.getAttribute("counter");
if (counter == null) {
counter = new Integer(0);
} else {
counter

}

session.setAttribute("counter", counter);

new Integer(counter.intValue() + 1);

The logic shown in Example 6-5 gets (using the getAttribute API) a counter value from the
user HttpSession, then increments that value for display on the JSP output page.

If this is the first-time use of the test.jsp application, there will not have been an HttpSession
created for it yet. The default behavior of any JSP upon entry is to implicitly run a
session=request.getSession(true) call to find the associated HttpSession for this user, and
if not found, create an empty HttpSession. In either case (existing or new), it is assigned to
the session object for use within the JSP logic.

The test.jsp application uses this default behavior. Therefore, if it finds that the counter
fetched from HttpSession is null, it knows that this is the first execution of the JSP, and it
initializes the counter to 0. The counter (either O for first-time use, or increased by 1 for
subsequent uses) is then saved (setAttribute API) into the HttpSession. This counter value
is then shown on the page of data produced by the JSP.

Other logic within the JSP is used to find and display various other interesting factors about
the environment in which it runs. These include the host name, IP address, and port used to
access the application, and the session ID extracted from the content of the JSESSIONID
cookie.

The JSP also displays the value obtained from a configured JVM custom property called
com.ibm.websphere.serviet.application.host. If running in a WebSphere Application
Server environment or a WebSphere Liberty profile environment, this JVM custom property is
automatically added to the application server’'s custom properties when the application server
is created, as a convenience to provide the unique name of each application server.

If running in a non-WebSphere environment, this custom property likely will not be found, so it
is shown by the test. jsp as blank. You can manually add it to your non-WebSphere
Application Server’s custom properties if you want.
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Figure 6-3 shows the first use of the test.jsp application. Note that the counter is set to 0.

CiHTTR Sample application | +

Host information

‘Ho stname |wh0 st02.rtp.ibm.com
TP address [0.42.171.47
[Port lo080

‘Application server (WAS and Liberty only) |app02

Session information

[Session ID | Oh20v2FFkZOZsOWZII0vaD

‘Counter: |0

Figure 6-3 Example of the first use (counter = 0) of the test.jsp application

If the JSP is run a second time (by refreshing your browser), the following is true:

1. The plug-in logic running on the web server finds the JSESSIONID cookie in the incoming
request and parses it to find the session-id and clone-id portions from that cookie.

In Figure 6-3, only the true session-id portion is shown. This is because that is the only
part of the JSESSIONID that is returned by the session.getId() APl used by the test.jsp
application.

If you want to see the entire JSESSIONID content, including its epoch prefix and clone-id
suffix portions, you can use request.getHeader (“Cookie”) to retrieve the raw cookie
content and then parse the results. There is no guarantee that the current syntax for
JSESSIONID will remain the same in future releases, so do not build any application
dependency on it.

2. The plug-in then routes the incoming request to the same affinity application server, in this
example app02.

3. The test.jsp application running again on app02 uses the session ID from the JSESSIOND
cookie to locate the original HttpSession within its JVM heap.

4. The test.jsp logic increments the counter found in that HttpSession. The counter now
shows 1 for its value.
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Figure 6-4 shows the results after five executions, all running on the same app02 application
server, incrementing the counter within the HttpSession to 5.

| HTTP Sample application -

vhostD1.rtp.ibm.com:B080/SessionTestWeb/test.jsp -l— Google ye

Host information

|Hostname ‘whostoz.rtp .ibm.com
[TP address 9.42.171.47
[Port 19080

|App1icati-:}n server (WAS and Liberty only) ‘appOZ

Session information

|Session ID | Oh20v2FFkZOZsOWZII0vaD

|Counter: ‘5

Figure 6-4 Example of the test.jsp application after running five times

6.4 Scenario 1: Implementing with WebSphere Application
Server Network Deployment

260

This section shows you how to introduce WebSphere eXtreme Scale session management
into an existing web application running within a WebSphere Application Server Network
Deployment environment. This scenario illustrates a remote topology that uses an integrated
WebSphere eXtreme Scale client and server installation.

Because the intent in this example is to show how an already deployed application can be
converted to using WebSphere eXtreme Scale, the instructions start by deploying a
SessionTest application (for more information, see 6.3, “Introducing the SessionTest sample
application” on page 257) into an existing cluster of application servers. This is the same
cluster that was created in 5.2, “Integrating in a WebSphere Application Server Network
Deployment environment” on page 178. This installation is completely normal, and uses the
default session manager that is provided by the WebSphere Application Server web
container.

After the application is tested to work properly with the default session manager, details are
provided on how to switch to WebSphere eXtreme Scale for its session management. A
simple fail over scenario is also tested.

This scenario starts with the premise that you have already created the topology that is
described in 5.2.5, “Introducing the sample topology” on page 187. It then walks through the
additional steps that are required to install and configure a sample application to use
WebSphere eXtreme Scale as its HTTP session manager.
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If you already have WebSphere eXtreme Scale installed and know when first deploying your
application that you wanted to use WebSphere eXtreme Scale as its session manager, there
are a few short cuts. As a new application is deployed, you can use the deployment pages to
select and configure WebSphere eXtreme Scale for its session management. For more
information, see the Configuring WebSphere Application Server HTTP session persistence to
a data grid topic in the WebSphere eXtreme Scale version 8.6 Information Center:

http://pic.dhe.ibm.com/infocenter/wxsinfo/v8r6/topic/com.ibm.websphere.extremescal
e.doc/common/tsessionapp.html

6.4.1 Installing the sample SessionTest application

As described in “Installing the grid client application” on page 215, you must install the
SessionTest.ear application into the AppCluster application server cluster just as you
installed the GettingStartedClient.ear. You can leave the GettingStartedClient application
installed on the same AppCluster.

Sample application: The sample application described in this section, SessionTest.ear,
is provided in the WASND folder of HTTPSession.zip file available as additional material for
this book. For information about downloading this material, see Appendix A, “Additional
material” on page 341. For more information about this sample application, see 6.3,
“Introducing the SessionTest sample application” on page 257.

Regenerate the web server plug-in and restart the web server to pick up the routing definition
for the newly installed application.

Plug-in regeneration: This plug-in regeneration and web server restart process is not
always necessary. You can configure your environment to automatically regenerate the
plug-in whenever a configuration change is made. You can configure it to automatically
propagate the plug-in to the web server tier. And you can configure the plug-in to
periodically check and refresh its configuration if the configuration file changes. Therefore,
if you have all of this set up properly, you do not need to perform the manual restart steps.
But in this simple example, it is better to follow the complete steps to make certain that
everything is refreshed.

Generally, ensure that the application works properly using the initial configuration before you
continue with the WebSphere eXtreme Scale configuration changes described in the
remainder of this section.

Open a web browser and try accessing the test. jsp application within the deployed
SessionTest application using the following URL, where the hostname and port are as you
defined them during the creation of the environment described in Chapter 5, “Deployment
scenarios” on page 151:

http://hostname:port/SessionTestWeb/test.jsp

A window similar to that shown in Figure 6-3 on page 259 is displayed. The counter shown on
the window is 0 because this is the first use of the test. jsp application. Therefore, a new,
empty HttpSession was created. If you refresh the browser several times, observe that the
session remains “sticky” on the same application server, and that the counter continues to
increment. If this occurs, you have correct functionality of the default session manager, and
correct web server plug-in affinity.

If you observe that the hostname, port, or application server name changes as you refresh
the browser, session affinity is not working properly. The most likely cause of this is that you
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neglected to regenerate the web server plug-in and restart the web server after an application
server was added or removed from the cluster configuration. The plug-in logic is unable to
match the clone-id from an incoming JSESSIOND cookie to an application server in the cluster
that it knows about. Therefore, it defaults to choosing any available application server in the
cluster.

No session persistence or replication has been defined yet for the default session manager.
Therefore, if you were to intentionally fail the application server that is being used (app02 in
this example) by stopping that application server and then refreshing the browser again, the
following steps would occur:

1. A new request for the same URL arrives at the web server, with the same JSESSIONID
content that was saved by the browser from the earlier response.

2. The plug-in parses that incoming JSESSIONID cookie, and finds the clone-id representing
the application server app02 in the cookie.

3. The plug-in attempts to maintain session affinity by passing this new inbound request to
the matching application server, app02.

4. The attempted network connection to the app02 application server fails because the
application server is no longer available.

5. Automatically handling the failure, the plug-in tries the request again using another
application server within the same defined application server cluster, AppCluster. This is
either to the next-in-line application, app03, or a random application server in the cluster,
according to the configured plug-in round-robin or random setting. For this example, it
chooses app03.

6. App03 receives the request, parses the incoming JSESSIONID, extracts the session ID
portion, and attempts to find the corresponding HttpSession within its JVM heap. But it
fails to locate the session because the session was created on a different application
server and no session replication nor persistence has been configured.

7. A new, empty HttpSession is returned to the test.jsp application that runs on App03
application server, which therefore considers this a first-time request by this user and
reinitializes the counter to 0.

These steps simulate what happens in the case of a fail over when there is no session
persistence nor replication configured. An example of this in the real e-commerce world is
that the user might lose their shopping cart content. This lost data might cause them to
abandon the website altogether, therefore losing a sale.

The default session manager within the WebSphere Application Server can be configured to
persist HTTP session content to a database or replicate it in-memory to another JVM in the
cluster. Either of these configurations solves this fail over scenario. App03 can recover the
original HttpSession and maintain a smooth incrementing of the counter.

The Information Center for WebSphere Application Server Network Deployment documents
how you can set up traditional session persistence or replication. However, the intent of this
section is to document how you can instead use WebSphere eXtreme Scale session
management to accomplish a similar highly available environment for your HttpSession data
with the added benefits described in 6.2.1, “Benefits of using WebSphere eXtreme Scale for
HTTP session management” on page 250.

6.4.2 Configuring WebSphere eXtreme Scale session management

To switch to using eXtreme Scale for HTTP session management in a WebSphere Application
Server environment, complete the following high-level steps. Several of these steps were
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already done when creating the sample topology in 5.2, “Integrating in a WebSphere
Application Server Network Deployment environment” on page 178.

1. Install the WebSphere eXtreme Scale product binary files on the client side and the grid
side. This was already done for the sample topology in “Installing WebSphere eXtreme
Scale” on page 191.

2. Augment your existing Deployment Manager and Application Server profiles with
WebSphere eXtreme Scale. Or alternatively, if this is a brand new WebSphere Application
Server Network Deployment installation, you can initially create the Deployment Manager
and Application Server profiles using the eXtreme Scale augmentation. This second
approach was used in “Creating WebSphere eXtreme Scale profiles” on page 198.

3. Create your WebSphere eXtreme Scale catalog and container server clusters. This was
completed in “Creating the clusters” on page 204.

4. Define a catalog server domain so that the WebSphere Application Server clients know
how to connect to the WebSphere eXtreme Scale catalog servers. For WebSphere
eXtreme Scale session management, this step is only required if the catalogs are outside
of the client’s cell, which is not true in the sample topology that is used here. In any case, it
was done in “Defining the catalog service domain” on page 206.

5. Deploy a specially constructed application into the container cluster. This application
configures the containers to support the WebSphere eXtreme Scale HTTP session
management needs. This process is described in 6.4.3, “Installing the HTTPSessionGrid
application into the container servers” on page 263.

6. Reconfigure the existing client application to use WebSphere eXtreme Scale for its
session management. This process is described in 6.4.4, “Reconfiguring to use
WebSphere eXtreme Scale session management” on page 270.

7. Test the new configuration, including fail over testing, which is covered in 6.4.5, “Testing
the application” on page 279.

As noted, steps 1 through 4 were already done in the detailed setup for the sample
WebSphere Application Server Network Deployment with WebSphere eXtreme Scale
topology in Chapter 5.

For step 6, a sample application has already been deployed and tested with the default
session manager, providing an existing client application to reconfigure. All that remains to be
done is the work in steps 5, 6, and 7.

6.4.3 Installing the HTTPSessionGrid application into the container servers

The container servers defined within the GridCluster must be started with the special remote
versions of the sample HTTP session manager grid configuration files. That is, the
objectGridStandalone.xml and objectGridDeploymentStandalone.xml files that were
introduced in 6.2.5, “Sample grid configuration files for an HTTP session” on page 253.

Note: Although this sample environment is running with an integrated (not stand-alone)
remote topology, the “Standalone” named files are used because they are appropriate for a
remote (rather than embedded) topology. These sample files should be more properly
named objectGridRemote.xml and objectGridDeploymentRemote.xml.

If you want to host the container servers in a truly stand-alone remote environment separate
from your WebSphere Application Server installation, start those containers using the same
objectGridStandalone.xml and objectGridDeploymentStandalone.xml files. This is a
topology that is often used by WebSphere eXtreme Scale customers. However, in the this
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scenario, the catalogs and containers are configured from an integrated WebSphere eXtreme
Scale installation. In this topology, the easiest way of starting the container servers with the
appropriate grid configuration files is to package and deploy them onto the container cluster in
a simple application that contains them.

Structure of the HTTPSessionGrid application

After a WebSphere Application Server profile is augmented with WebSphere eXtreme Scale,
every application startup is monitored for the presence of an objectGrid.xml and
objectGridDeployment.xml file in its META-INF directory. This is described in “Simplified grid
container management” on page 181. If only the objectGrid.xml is found, it is considered to
be an eXtreme Scale client application. If both files are found, it is considered to be an
eXtreme Scale container. This convenient method of container configuration is used by this
scenario.

Figure 6-5 shows the HTTPSessionGrid application as it is displayed in an Eclipse workspace.
It is exported and deployed onto the grid container cluster as a standard enterprise archive
(EAR), HTTPSessionGrid.ear, which contains a single web archive (WAR),
HTTPSessionGridWeb.war. The WAR file in turn contains the necessary objectGrid.xml and
objectGridDeployment.xml files that are used by the container startup as its default
configuration file names.

Important: For this remote grid scenario, these two files have been copied and renamed
from the original objectGridStandalone.xml and objectGridDeploymentStandalone.xml
files.

"5 Project Explorer 23 =

4 I8 Deployment Descriptor: HTTPSessionGrid
- [0 Bundled Libraries
4 [ Modules
(G Web HTTPSessionGridWeb.war )
- = META-INF
4§ HTTPSessionGridWeb
. ‘a8 Deployment Descriptor: HTTPSessionGridWeb
. A JAK-WS Web Services
. @3 )ava Resources

. =, JavaScript Resources
4 7= WebContent
a = META-INF
5 MANIFEST.MF
4| objectGnd.xml
(,}{ DbjectGridDepIn}rment.xml)
- (= WEB-INF

. %= SessionTest
. % SecsionTestWeh

Figure 6-5 Grid configuration files packaged into a simple HTTPSessionGrid application

There is no actual application logic within this trivial HTTPSessionGrid application. It is just a
convenient means of defining the container configuration in an integrated environment. There
are no class files, no library jars, and no resources. Also, there is nothing in any of the
non-expanded directories as shown in Figure 6-5. The application is simply these two XML
files, which are packaged into the standard WAR-within-EAR structure that is required by
Java Platform, Enterprise Edition application deployment.
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Deploying the HTTPSessionGrid application to the GridCluster

The HTTPSessionGrid project is exported from Eclipse as an EAR. It can be placed
anywhere. In this scenario, which is running in a Windows environment, it is exported into the
C:\Apps\HTTPSessionGrid.ear directory.

The following steps show you how the application is then deployed into the GridCluster.
There is nothing unusual here. It is just another enterprise application being deployed. The
only thing to pay attention to is on the deployment step where you choose which servers to
deploy to, you must choose the GridCluster.

1. Log in to the Deployment Manager console and navigate to Applications — New
application.

2. Browse to and select the HTTPSessionGrid.ear application to install (Figure 6-6).

View: All tasks

Welcome Preparing for the application installation

# Guided Activities

Specify the EAR, WAR, JAR, or SAR module to upload and install.

[+ Servers

e Path to the new application

All applications @ | gcal file system
Mew Application Full path
Install New Middleware Application C:AApp\HTTPSessionGrid.ear | Browse..
(= Application Types )
webSphere enterprise applications "' Remote file system

Business-level applications
Assets Browse...
Edition Control Center

Global deployment =ettings
Next | Cancel |

#l Jobs
Figure 6-6 Enterprise application deployment, selecting the application EAR file to be deployed

3. As shown in Figure 6-7, select the Fast Path deployment, which bypasses several
deployment detail pages. Again, this is a normal application deployment that needs no
special handling here. Click Next.

Preparing for the application installation

How do you want to install the application?
@ Fast path - Prompt only when additional information is required.

' Detailed - Show all installation options and parameters.

[+ Choose to generate default bindings and mappings

Previous | Next | Cancel |

Figure 6-7 Selecting fast path deployment
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4. On the deployment Step 1 page (Figure 6-8), leave all of the defaults and click Next.

Specify options for installing enterprise applications and modules.

= Step 1: Select Select installation options
installation options
Specify the various options that are available for your application.
Step 2 Map modules
to servers Precompile JavaServer Pages files

Directory to install application

Step 3 Metadata for
modules

Step 4 Summary il Distribute application

Use Binary Configuration

Deploy enterprise beans

Application name
|H'I'I'PSessionGrid |

Application edition

Edition description

-
Create MBeans for resources

Override class reloading settings for Web and EIB modules

Reload interval in seconds

Deploy Web services

Validate Input off/fwarn/fail
warn

Process embedded configuration

File Permission

Allow all files to be read but not written to
Allow executables to execute
Allow HTML and image files to be read by everyone -

|.*\.dll=?55#.*\.so=?55#.*\.a=?55#.*\.s|=?55

Application Build ID
|Unknown |

Allow dispatching includes to remote resources

Allow servicing includes from remote resources

Business level application name
| Create New BLA E”

Asynchronous Request Dispatch Type

Allow EIB reference targets to resolve automatically

Deploy client modules
Isolated |Z|

validate schema

Figure 6-8 Deployment step 1
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5. On the deployment Step 2 page (Figure 6-9), select the GridCluster as the target of the
deployment, and click Apply then click Next.

Install New Appli

Step 1 Select
installation options

Step 2: Map
modules to servers

Step 3 Map wvirtual
hosts for Web
modules

Step 4 Metadata for
modules

tep 5 Summary

Previous | Next |

Specify options for installing enterprise applications and modules.

Map modules to servers

Specify targets such as application servers or clusters of application servers where you want to install the
modules that are contained in yvour application. Modules can be installed on the same application server or
dispersed among several application servers. Also, specify the Web servers as targets that serve as routers
for requests to this application. The plug-in configuration file (plugin-cfg.xml) for each Web server is
generated, based on the applications that are routed through.

Clusters and servers:

CatalogCluster
! Cluster
WebSphere:cell=WCell01,cluster=AppCluster

WebSphere:cell=WCell01,node=WNode01 ,server=web01 -

Select| Module URI Server

HTTPSessionGridWeb.war, WEB-

— ) )
HTTPSessionGridWeb INE/web el

WwebSphere:cell=WCell01,cluster=GridCluster

Cancel |

Figure 6-9 Selecting the appropriate container cluster to deploy the application

6. On the deployment Step 3 page (Figure 6-10), accept the defaults and click Next.

Step 1 Select
installation options

Step 2 Map modules
to servers

Step 3: Metadata for
modules

Specify options for installing enterprise applications and modules.

Metadata for modules

The metadata-complete attribute defines whether the deployment descriptor for this
module is complete. Set the metadata-complete attribute to "true” to merge and persist
annotation-based metadata with existing XML-based deployment descriptor metedata to
avoid scanning of annotation-based metadata each time the module is read. If the
attribute remains "false”, then the annotation-based metadata is scanned each time the

module is read and can impact performance.

Step 4 Summary

metadata-complete
Module URI attribute
- . HTTPSessionGridWeb.war, WEB- =
HTTPSessionGridWeb INF/web.xml

Previous | Next | Cancel |

Figure 6-10 Accepting the default for metadata for modules
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7. The deployment Step 4 page (Figure 6-11) provides a summary of all of the deployment
options selected. Review the data, and, if correct, click Finish to run the deployment.

ew Application

Step 1 Select
installation options

Step 2 Map modules
to servers

Step 3 Metadata for
modules

Step 4: Summary

Previous | Finish | Cancel |

Specify options for installing enterprise applications and modules.

Summary

Summary of installation options

Options Values
Precompile JavaServer Pages files MNo
Directory to install application

Distribute application Yes
Use Binary Configuration MNo
Deploy enterprise beans MNo

Application name

HTTPSessionGrid

Application edition

Edition description

Create MBeans for resources Yes
Override class reloading settings for web and EIB modules | No
Reload interval in seconds

Deploy Web services MNo
Validate Input offfwarn/fail warn
Process embedded configuration No

File Permission

S\dll=755#.7\.50=755#.%\.a=755

Application Build 1D Unknown
Allow dispatching includes to remote resources Mo

Allow servicing includes from remote resources Mo
Business level application name

Asynchronous Request Dispatch Type Disabled
Allow EIB reference targets to resolve automatically MNo
Deploy client modules MNo

Client deployment mode Isolated
Validate schema No
Cell/Node/Server Click here

& nNo application modules were mapped to web servers. The plug-in configuration file (plugin-{
each web server is generated based on the application modules which are mapped to it, theref
server will route requests to this application. To change this option, select the Map modules to

step.

Figure 6-11 Application deployment summary page
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8. The deployment proceeds, and a window similar to that shown in Figure 6-12 is displayed
as the application is deployed and synchronized across all nodes that host the container
cluster.

Enterprise Applications

Enterprise Applications > Enterprise Applications > Synchronize changes with Nodes

The current status of the Nodes being synchronized.

: = : : e
11:38:30:427 EDT complete time: 2013.05.07 at 11:38:32:315 EDT result: Complete Update occurred
[ ADMS02051: The configuration synchronization completed successfully for node: Whlode03.

[ ADMS02071: Node Synchronization state for node: Whode01 - initiate time: 2013.05.07 at
11:38:30:660 EDT result: In Progress Update occurred

[ ADMS02071: Node Synchronization state for node: Whode01 - initiate time: 2013.05.07 at
11:38:30:660 EDT complete time: 2013.05.07 at 11:38:33:683 EDT result: Complete Update occurred

[ ADMS02051: The configuration synchronization completed successfully for node: Whlode01.
[} ADMS02081- The configuration synchronization complete for cell.

Figure 6-12 Application deployment and synchronization completed

9. If your grid container cluster is already started, you can start the new HTTPSessionGrid
application within it as shown in Figure 6-13. Click Applications — Enterprise
applications, select HTTPSessionGrid, and click Start. If the container cluster is not
already started, then start it now, which also starts the deployed HTTPSessionGrid
application within it.

Enterprise Applications

- Messages

[ Application HTTPSessionGrid on server container01 and node WNode01 started
successfully. The collection may need to be refreshed to show the current status.
[} Application HTTPSessionGrid on server container02 and node WNode02 started
successfully. The collection may need to be refreshed to show the current status.
[} Application HTTPSessionGrid on server container03 and node WNode03 started
successfully. The collection may need to be refreshed to show the current status.
[ Application HTTPSessionGrid on server container04 and node WNode04 started
successfully. The collection may need to be refreshed to show the current status.
[ Application HTTPSessionGrid started successfully on all of the servers in cluster
GridCluster.

Enterprise Applications
Use this page to manage installed applications. A single application can be deployed onto multiple servers.

+/ Preferences

Start | Stop | Install Uninstall Update Rollout Update | Remove File | Export | Export DDL Export File

I ‘:' .‘?‘

Select ‘ Name & |App|ication Status €2

You can administer the following resources:

| HITPSessionGrid [+

Total 1

Figure 6-13 Starting the HTTPSessionGrid application on the container cluster
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For this new HTTPSessionGrid application, there is no need to regenerate the web server
plug-in or restart the web servers because the application is never accessed from a browser.

6.4.4 Reconfiguring to use WebSphere eXtreme Scale session management
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The SessionTest application is now deployed into the AppCluster, but it is using the default
session management that is provided by WebSphere Application Server. The WebSphere
eXtreme Scale container cluster has been configured and started to hold the HTTP session
data. The WebSphere eXtreme Scale catalog server cluster is also presumed started and
ready.

Choice of session manager configuration scope

The SessionTest application must be reconfigured to use WebSphere eXtreme Scale session
management. However, there are three ways of approaching this configuration, each with its
own advantages and disadvantages:

» Configuring session management at enterprise application scope

You might have several applications deployed within your application server cluster. That is
the case with the example topology because the original GettingStartedClient application
is installed alongside the SessionTest application in the AppCluster. It might be that you do
not want all of the applications using WebSphere eXtreme Scale as the session manager.
Configuring session management per application at the application scope level gives you
this flexibility.

However, the more practical advantage in configuring session management at application
scope is that, when the application is deployed into many application servers in a cluster,
the application-scoped configuration applies equally across those application servers.
That is, you only need to do the configuration in one place, saving time when compared to
the application server scope described in the next bullet.

Reach the application-scoped session configuration window by opening in the WebSphere
Application Server administration console and clicking Applications — Application
Types (expand) — WebSphere enterprise applications — appName — Session
management.

The disadvantage with this approach is when you have several applications deployed into
your application server cluster and want them to all use the same WebSphere eXtreme
Scale session management configuration, you must configure each application separately.

Configuring session management at application server scope

You can do your session management configuration at the application server scope by
opening the WebSphere Application Server administration console and clicking
Servers — Server types —» WebSphere application servers — serverName —
Session management.

Any session management configuration that is done at the application server scope
affects all applications that are running in that application server. That includes all current
and any future applications that are deployed into the application server.

Combining both approaches, application scope and server scope

It is also possible to use a combination of both application scope and server scope. You
can configure your default session management behavior for all applications at the
application server scope, and then specifically override that configuration for certain
applications at their enterprise application scope.
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Important: Consider carefully before proceeding with this option, as it might be difficult
for future administrators to figure out. If you do choose to proceed, make sure that you
maintain detailed reference documentation for the configuration.

Override session management check box

You will find that both of the session manager configuration pages reached by either the
application scope or server scope look identical. However, there is one important difference.
The application-scoped session manager configuration page starts with a check box that is
selected to override session management.

If the override session management check box is not checked, any application-scoped
session manager configuration is ignored. If the check box is checked, the application-scoped
configuration completely overrides (effectively replaces) the same settings configured at
server scope for this application.

In the end, there is no correct answer for which approach to choose, other than to use the one
that works best f