Volume 07 Issue O1 Published, February 19, 2003 ISSN 1535-766X

INntel
Technology
Journal

Managed Runtime Technologies

Enterprise Java Performance:
Best Practices

A compiled version of all papers from this issue of the Intel Technology Journal can be found at:
http://developer.intel.com/technology/itj/index.htm


http://developer.intel.com/technology/itj/index.htm

Enterprise Java Performance: Best Practices

Kingsum Chow, Software and Solutions Group, Intel Corporation
Ricardo Morin, Software and Solutions Group, Intel Corporation
Kumar Shiv, Software and Solutions Group, Intel Corporation

Index words: Enterprise Applications, Application Servers, Java Performance, Java 2 Enterprise

Edition, J2EE

ABSTRACT

This paper discusses best practices for maximizing the
performance of enterprise Java workloads. First, we
introduce the importance of performance of enterprise
Java applications. We then describe our top-down, data-
driven, and closed-loop approach to characterize where
the problems are. We examine the performance of the
software/hardware stack, first from the system-level
perspective (topology, 1/0, network), then from the top
software layer (application level), through the middle
layer (Java Virtual Machine), and down to the platform
layer (processor, memory). We conclude by summarizing
our recommendations for attaining the best performance
on enterprise Java applications.

INTRODUCTION

Managed runtime environments such as Java have proven
to be a very attractive platform for developing and
deploying enterprise applications.  Accessible object
orientation, programming safety, and automatic memory
management features deliver a highly productive
foundation for business application development. In
addition, the platform independence offered by managed
runtime environments provides unprecedented investment
protection, which is appealing to Information Technology
(IT) managers, as enterprise applications tend to have a
long life span.

Advanced Just-In-Time (JIT) compilation, memory
management, and garbage collection technologies have
effectively addressed initial concerns raised about the
poor performance of Java-based applications. Today's
Java Virtua Machines (JVM’) take full advantage of a
variety of target platforms, and keep up to date with the
performance of the latest hardware and operating system
advances as they evolve over time.

As Java [1] gained popularity in the development of
server-based applications, standardized, robust, and
scalable application support frameworks became a must.
Enter Java 2 Enterprise Edition (J2EE) [2], a
comprehensive specification for application servers, a
class of system software designed to relieve application
developers from creating and re-creating the “plumbing”
necessary to support enterprise applications, including
component models and life-cycles, object models,
database access, security, transactional integrity, and safe
multi-threading.
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Figure 1: Performance optimization consider ations at
the threelevels of the top-down stack: system-level,
application-level, and machine-level

Since the emergence of J2EE, application servers have
grown to become important 1T infrastructure components
of many enterprises [3]. They support complex, multi-tier
configurations with well-defined separation of functions
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(user interface, business processing, and database access),
often including multiple servers arranged in clustered
configurations, as well as back-end relational database
management systems and legacy applications, integrated
in the overall design.

As applications move from development to production,
performance becomes a critical life-cycle requirement.
Applications must not only meet stringent performance
requirements upon deployment, but they must be able to
gracefully scale with varying usage patterns and increased
demand. Performance optimization and management in
this environment is a difficult task, as performance is
affected by many interrelated elements.

In this paper, we describe an iterative, data-driven, top-
down methodology and the tools needed to systematically
optimize the performance of application-server-based
applications. We also describe performance optimization
considerations at the three levels of the top-down stack:
system-level, application-level and machine-level (see
Figure 1).

At the system level, we identify performance and
scalability barriers such as input/output (1/0), operating
system and database bottlenecks, and we discuss
techniques to overcome those barriers. At the application
level, we discuss application design considerations and
application server tuning. At the machine level, we
discuss JVM implementations and hardware-level
performance considerations such as processor frequency,
cache sizes, and multi-processor scaling.

Throughout the paper, we introduce several case studiesto
illustrate the application of the techniques presented.

APPLICATION SERVERS

Application servers provide a solid foundation for
developing and deploying enterprise applications. They
implement a large collection of Application Program
Interfaces (API) and a set of capabilities specified in the
J2EE suite of standards, which support the development
of multi-tier applications.

Application-server-based applications are arranged in
multi-tier configurations. client tier, Web interface tier,
business tier, and enterprise information systems tier. The
client tier represents the service requestors, and it is
usually associated with the user interface. The Web
interface tier provides services required to process Web-
based forms and Web services, and it dynamicaly
assembles the resulting HTML and/or XML. The
business tier is used to implement computation, business
processing, and business rules. The enterprise
information systems tier includes persistence back-ends,
based on relational databases and legacy applications such
as mainframe-based information systems.

As depicted in Figure 2, application server functionality is
organized around the concept of containers, which provide
groupings of related functions, and are typically layered
on top of the Java 2 Standard Edition (J2SE’) platform,
which includes a Java Virtual Machine (JVM) and the
corresponding suite of APIs. For instance, the two
application server-based containers are the Web container
and the Enterprise JavaBeans (EJB) container. Web
containers are used to support Web-based user interface
components, such as Servlets and Java Server Pages
(JSP). EJB containers are used to support business
components, which include Session Beans, Entity Beans,
and Message-driven Beans. Session Beans provide access
to independent business components in two flavors:
Stateful Session Beans, used when state information is
required between service calls, and Stateless Session
Beans, used when individua service calls are independent
of each other and do not require state information to be
preserved. Entity Beans provide persistence services
through connectivity to relational databases. Message-
driven Beans provide the ability to implement business
components that take advantage of asynchronous

messaging capabilities.

In addition to the core container APIs, application servers
provide additional support to APIs such as naming and
directory services (JNDI”), database connectivity
(JDBC"), messaging (JMS'), XML processing (JAXP),
transactions (JTS), and connectivity to legacy systems
(JCA").

Most application servers also provide the ability to
transparently cluster multiple containers in order to enable
fault tolerance and multi-node scalability.

To provide runtime support for this comprehensive set of
functionality, application servers need to implement a
number of key services, including state management, life-
cycle management, thread pooling, transactions, security,
persistence, fault tolerance, and load balancing.

Examples of commercia application servers include
BEA’'s WebLogic” [4], IBM’s WebSphere” [5] and
Oracle’'s 9i AS”[6]. In addition, there are a number of
open source implementations, including JBoss” [7] and
JOnAS™ [8]. Additional information about J2EE" and
application servers can be reviewed in [9], [10], and [11].

7 Other brands and names are the property of their
respective owners.

Enterprise Java Performance: Best Practices

33



Intel Technology Journal, Vol. 7, Issue 1, 2003

Enterprise Applications

. Yomo
J2EE Application Server =
Servlet Container EJB Container C—IZ ﬁ
EX:
Session Entity Mgs_sage ) 3
Beans Beans BZ;:Q D 7
>/
S »
Container Container § ~
Services Services o —
o =
]
H t )

State
Life-cycle

Threads Load balancing
rransactions Fault tolerance
Security Persistence

Figure 2: Thetwo server-based containersarethe Web and Enter prise JavaBeans (EJB) containers. Web
container s support Web-based user interface components, such as Servlets and Java Server Pages (JSP). EJB
container s support business components, which include Session Beans, Entity Beans and M essage-driven Beans.

PERFORMANCE TUNING
METHODOLOGY

Application server configurations involve multiple
computers interconnected over a network. Given the
complexity involved, ensuring an adequate level of
performance in this environment requires a systematic
approach. There are many factors that may impact the
overall performance and scalability of the system.
Examples of these performance and scalability factors
include application design decisions, efficiency of user-
written application code, system topology, database
configuration and tuning, disk and network input/output
(1/O) activity, Operating System (OS) configuration, and
application server resource throttling knobs.

The first and foremost element an application implementer
needs to keep in mind to achieve the desired level of
performance is ensuring that the application architecture
follows solid design principles. A poorly designed
application, in addition to being the source of many
performance-related issues, will be difficult to maintain.
This compounds the problem, as resolving performance

issues will often require that some code be re-structured
and sometimes even partially re-written.

Once an enterprise application is ready for deployment, it
is critical to establish a performance test environment that
mimics production. This environment is then used to
identify and remove performance and scalability barriers,
using an iterative, datadriven, and top-down
methodology.

A key consideration in the performance analysis processis
selecting the workload. A good workload exhibits three
fundamental attributes.

» Firgt, the workload must be representative. It must
provide adequate functional coverage, readistic
implementation and usage patterns, and it must be
relevant to the goa. The best workload is a
controlled baseline of the application under study,
configured as close as possible to production. It is
highly desirable to fully populate the back-end
database with realistic data in order to uncover data
access bottlenecks, a common source of performance
problems.
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*  Second, the workload must be measurable. It must
have well-defined metrics and must exhibit a stable
measurement period over which to gather
performance statistics.  Performance metrics for
enterprise applications are usually defined in terms of
throughput (number of operations per unit of time)
and response time (amount of time that it takes to
process individual transactions). Another commonly
used metric is the number of simultaneous requests
applied to the workload. This is often referred to as
the injection rate. In many cases the total number of
concurrent users achieves the same purpose.
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Figure 3: Theiterative, data-driven, top-down process
for performancetuning and optimizations

e Third, the workload must be repeatable. It needs to
be consistent across tests, in order to be able to
perform reliable data analyses and draw meaningful
conclusions. In addition, the workload state needs to
be the same at the start of each run. For example, if
the workload adds data to the database, the database
needs to be reinstated to the original state to avoid
progressive performance degradation over successive
runs. Variations in the primary metrics should not
exceed a 5% margin across measurements.

Prior to engaging in performance tuning, it is important to
establish a baseline to provide the basis for measuring
performance improvements as the tuning process
progresses. The baseline should be configured based on
the estimated capacity needed to sustain the desired load,
including network bandwidth and topology, processor
memory sizes, disk capacity and physical database layout.
In addition, the baseline configuration should incorporate
basic initial configuration recommendations given by the
application server, database server, VM, and hardware
platform vendors. These include: recommended tunable
parameter settings, choice of database connectivity

(JDBC) drivers, and the appropriate level of product
versions, service packs, and patches.

Part of the baselining process also includes defining
performance goals for the system. Performance goals are
usually defined in terms of desired throughput within
certain response time constraints: for example, the system
needs to be able to process 500 operations per second
with 90% or more of the operations taking less than one
second.

The steps in the iterative process, as illustrated in Figure
3, are asfollows:

e Collect data: Use stress tests and performance-
monitoring tools to capture performance data as the
system is exercised.

» ldentify bottlenecks: Analyze the collected data to
identify performance bottlenecks.

e ldentify alternatives: Identify, explore, and select
alternatives to address the bottlenecks.

*  Apply solution: Apply the proposed solution.

e Test: Evauate the performance effect of the
corresponding action.

Once a given bottleneck is addressed, additional
bottlenecks may appear, so the process starts over again:
performance data is collected and the cycle is initiated
again, until the desired level of performance is attained.
Two very important points to keep in mind during this
process are first, let the available data drive performance
improvement actions, and second, make sure only one
performance improvement action is applied at atime.

T 1
il Tl L =
oL L
[T T [T —
S
"
| Uned ey Liwed huap
l‘ .
- -
—
1
l: =
|= _—
i P
s
| v S
'. O el N
PP A — -
b [ e =

[ [rreewes

Figure 4: BEA WebL ogic JRockit management
console

As the quantity and variety of collected data can be
overwhelming, and the bottlenecks can often come from
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many interrelated sources, it is important to follow a top-
down approach. At the top are system-level items such as
disk subsystem configuration, network devices, and
database configuration; in the middle are application-level
items such as transaction configuration, persistence
dtrategies, and JDBC drivers, and at the bottom are
machine-level items such as VM configuration, multi-
processor configurations, and processor caches. The
iterative process described above needs to be applied at
each level of this hierarchy.

Having the right set of tools available is essential for
supporting productive performance tuning activities.
Performance tools fall under the following categories:

e Stress test tools. These provide the ability to script
application scenarios and play them back, thereby
simulating a large number of users stressing the
application. Commercial examples of these types of
tools are Mercury Interactive's LoadRunner” [12] and
RADView's WebLoad" [13]; open-source examples
include the Grinder” [14], Apache’s IMeter”[15], and
OpenSTA"[16].

»  System monitoring tools. Usetheseto collect system-
level resource utilization statistics such as CPU
utilization (e.g., % processor time), disk 1/O (e.g., %
disk time, read/write queue lengths, /O rates,
latencies), network 1/0 (e.g., I/O rates, latencies).
Examples of these tools are the Performance System
Monitor from Microsoft's Management Console
(known as perfmon’), and “sarfiostat” in the Linux
environment.

» Application server monitoring tools. These tools
gather and display key application server performance
statistics such as queue depths, utilization of thread
pools, and database connection pools. Examples of
these tools include BEA’s WebL ogic” Console and
IBM’s WebSphere™ Tivoli Performance Viewer.

e Database monitoring tools. These tools collect
database performance metrics including cache hit
ratio, disk operation characteristics (e.g., sorts rates,
table scan rates), SQL response times, and database
table activity. Examples of these tools include
Oracle's 9i Performance Manager and the DB/2
Database System Monitor.

» Application profilers. These provide the ability to
identify application-level hotspots and drill down to
the code-level. Examples of these tools include the

7 Other brands and names are the property of their
respective owners.

Intel” VTune” Performance Analyzer [17], Borland's
Optimizeit” Suite [18], and Sitraka's JProbe™[19]. A
new class of application response time profilers is
emerging that is based on relatively modest intrusion
levels, by using bytecode instrumentation. Examples
of these include the Intel VTune Enterprise Analyzer
[20] and Precise Software Solutions Precise/lndepth”
for REE [21].

« JVM monitoring tools. Some JVMs provide the
ability to monitor and report on key JVM tilization
dtatistics such as Garbage Collection (GC) cycles and
compilation/code optimization events. Examples of
these tools include the “verbosegc” option, available
in most JVMs, and the BEA WebLogic JRockit™'[22]
Console, depicted in Figure 4.

An important issue to keep in mind when using the above
tools is that the measurement techniques employed
introduce a certain level of intrusion into the system. In
some cases, the intrusion level is so great that the
application characteristics are atered to the extent that
they make the measurements meaningless (i.e,
Heisenberg problem). For example, tools that capture and
build dynamic call graphs can have an impact of one or
more orders of magnitude on application performance
(i.e., 10-100X). The recommended approach is to only
activate the appropriate set of tools based on the level the
data analysis is focused on at the time. For example, for
system-level tuning, it only makes sense to engage system
monitoring tools, whereas application-level tuning may
require the use of an application profiler.

Additional application tuning methodology information
can be reviewed in [23].

SYSTEM-LEVEL PERFORMANCE

It is possible to identify two broad classes into which
software can be bucketed, batch processing and interactive
processing. For the former, the raw throughput, the
amount of work done in a period of time, is the only real
metric of interest. The time spent on any specific unit of
work is not a significant consideration. For the latter class
of software, the response time, the time taken for each unit
of work, is very important, and in some cases it may be of
higher importance than the throughput.

Architecting the system and application for good
performance goes a long way towards making the rest of
the performance optimization methodology more efficient.
It is important to understand the type of the application

Intel” VTune” is a trademark of Intel Corporation or its
subsidiaries in the United States and other countries.
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(batch or interactive) and to identify system hardware and
software components that meet that goal [24].

Any system can be visualized as a hetwork of components
with transactions passing through them. In enterprise Java
applications, such components could be viewed as
hardware, software, or a combination of the two. For
example, the network or disk sub-system is a hardware
component, the application software is a software
component, and the database server is a combination of
hardware and software. Viewing the whole system as a
network of components is useful in understanding the
capacity requirements of system components.

Multi-processing, the capability of a system component to
work on more than one request at the same time, plays a
big role in the performance of most components. Two
methods of multi-processing are pipelining and
parallelism.

Pipelining is the concept of breaking down the required
work into many parts. While one section of the
component is working on one part of one transaction,
other sections of the component can be working on other
parts of other transactions, thereby maximizing use of
system components. Pipelining is extensively used to
increase throughput, but its effect on the time taken for an
individual transaction is not a primary consideration.

Parallelism throws multiple resources at a task so that the
task completes faster. Its primary effect is to reduce
response time. Multi-threaded code is a way to achieve
this in software. Hardware examples would include
mirrored disks and multiple network cards.

Block diagrams that show the work-flow and identify the
network of queues and parallel entities are very useful
here. They are especially valuable in ensuring that
sufficient capacity is designed into the system to meet the
desired throughput and response time goas. Most
systems typically use both multi-processing approaches.

Theoretically, the only system with no performance
bottleneck is designed such that every component of the
system exhibits the same performance behavior and has
identical capacity. In practical terms, every system has a
performance bottleneck.

At the system level, the goal is to ensure that the
bottleneck is in the application code over which the
developer has direct control, so that changes can be made
that directly improve performance. If the bottleneck was
elsewhere in the system, then even large-scae
performance improvements in the developer's code may
have only a dlight effect on measured system performance.

Drawing a throughput curve can be very valuable in
understanding system-level bottlenecks and helping
identify potential solutions. Figure 5 shows a conceptual

diagram of a throughput curve, which plots system
throughput, response time, and application server CPU
utilization as functions of the injection rate, i.e., the rate of

requests applied to the system.
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Figure5: A conceptual throughput curve, which plots
system throughput, response time and application
server CPU utilization as functions of theinjection
rate, i.e, therate of requestsapplied to the system

Through system-level tuning, the main goal should be to
saturate the application server CPU (i.e, 90-100%
utilization). Reaching maximum throughput without full
saturation of the CPU is an indicator of a performance
bottleneck such as 1/0O contention, over-synchronization,
or incorrect thread pool configuration. Hitting a high
response time metric with an injection rate well below
CPU saturation indicates latency issues such as excessive
disk I/O or improper database configuration.

Reaching application server CPU saturation indicates that
there are no system-level bottlenecks outside of the
application server. The throughput measured at this level
would point out the maximum capacity the system has
within the current application implementation and system
configuration parameters. Further tuning may involve
tweaking the application to address specific hotspots,
adjusting garbage collection parameters, or adding
application server nodes to a cluster.

Keep in mind that reaching CPU saturation is a goal for
the performance tuning process, not an operational goal.
An operational CPU utilization goal would be that there is
sufficient capacity available to address usage surges.

Knowing the workload well is an important factor in the
identification of the required capacity of many
components. Some preliminary measurements and
characterization can help. For instance, identifying the
network bandwidth required for one unit of work will be
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very useful in estimating the network capacity required
when the desired system performance is N units of work.

Most components exhibit an exponential response
time/throughput behavior. In other words, increasing the
throughput will tend to increase the response time, and the
higher the throughput, the faster the increase in response
time. It is important to size these components such that
the required throughput utilization for the component is
relatively low to alow for the response time to be
relatively small as well. This is especially important for
network capacity, disk capacity, and the capacity of the
data bus connecting processors to memory and 1/0.

If the response time is an important aspect of the
application, then low resource utilizations are particularly
necessary; otherwise, higher utilizations will be
acceptable. The precise thresholds that mark a utilization
level as having hit a bottleneck depend on a variety of
factors, and they are best identified through targeted
experiments with test workloads.

System monitoring tools can be used to track system
performance metrics, which can help find bottlenecks. In
amulti-tiered system set-up where multiple computers are
used, it is important to run these tools on all of the
computers.

Key performance events that should be monitored include
processor utilization, time spent in the kernel, interrupts,
number of calls to the kernel (system calls), page faults,
disk 1/0, and network usage.

A key component of enterprise applications is a back-end
relational database, as it provides essentia persistence
services, data retrieval capabilities for downstream
systems, as well as support for querying and reporting
applications. The back-end relational database is often a
source of performance bottlenecks, because it manages
large volumes of high latency disk 1/0O operations. It is,
therefore, extremely important to pay special attention to
the physical design and tuning of the database, to ensure
acceptable levels of performance. Fundamental
considerations include isolating log files to dedicated
devices to reduce conflicts between the sequential nature
of log operations and random access to data tables;
adequately sizing the sort area memory size to minimize
disk sort operations; allocating sufficient database cache
memory (but avoiding swapping); carefully defining
indexes such as indexing frequently used, highly selective
keys, indexing foreign keys frequently used in joins, using
full-text retrieval keys where appropriate; and using disk
striping (e.g., RAID 1+0) to spread 1/0O operations and to
avoid device contention.

Case Study 1: Database Tuning

The scenario described here was a performance issue
related to database disk 1/O, which is a common source of
bottlenecks.  In this case study, the system failed
response-time requirements. Although throughput could
be increased, response time increased as well. Also, the
CPU was not fully utilized on the application server at
maximum  throughput and within  response-time
congtraints.  The supporting data included a high % disk
time and long disk queues, high latencies (as seen in
seconds per transfer), heavy log write activity, and
excessive 1/Os at some physical disks. The database used
was Oracle, and Oracle datistics were helpful in
pinpointing the source of the problem. In this case study,
the data pointed to disk contention associated with the
database log write operations. The solution was to isolate
log files to dedicated devices to remove the perturbation
of log write operations on other database activities, and to
strip the log device to spread the I/0 over multiple disks
and reduce the associated latencies.

APPLICATION-LEVEL PERFORMANCE

Application design is one of the most important
considerations for good performance. A well designed
application will not only avoid many performance pitfalls
from the start, but will be easier to maintain and modify
during the performance testing phase of the development
life-cycle.

Many J2EE application development best practices are
well documented in design patterns [25] [26]. Design
patterns provide a starting point for application design
approaches that capture commonly encountered
application functional requirements and usage scenarios.
Several design patterns have positive performance
implications, in addition to the associated maintainability
and modularity benefits.

The following design patterns should be considered due to
the clear performance advantages they provide:

e Composite Entity. This pattern provides mechanisms
to implement coarse-grained entity beans that manage
a set of subordinate persistent objects. It is used to
limit the proliferation of entity beans and reduce the
number of fine-grained remote calls.

* Vaue Object. This pattern assembles data requests
into aggregated data objects to reduce remote calls to
individual field get methods. It reduces the number
of fine-grained remote calls and allows the transfer of
more data with fewer remote calls.

e Session Fagades. This pattern encapsulates business
logic and data access using well-defined, coarse-
grained, service-level interfaces to clients. It
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eliminates the need for clients to access fine-grained
business and data objects, thus reducing the number
of remote calls. It is often used in combination with
the Value Object pattern.

e Service Locator. This pattern encapsulates access to
directory access through JNDI and provides caching
of retrieved initial contexts and factory objects (e.g.,
EJB Homes). It reduces expensive accesses to JNDI
by implementing caching strategies.

* VaueList Handler. This pattern encapsulates access
and traversal of database-generated lists of items. It
improves performance by providing low-overhead list
population mechanisms and implementing caching
strategies.

In addition to design patterns, there are a number of
programming practices that reduce performance
bottlenecks, such as the following:

«  Enterprise JavaBeans (EJB") homes and data sources
should be cached to avoid repeated JNDI lookup of
EJB objects and data source objects.

e Useof HTTP sessions should be minimized and used
only for state that cannot realistically be kept on the
client.

« Java Server Pages (JSP) create HTTP sessions by
default. This should be overridden (i.e,
session="false”) when not needed, to prevent
inefficient use of session resources.

o Database connections should be released when not
needed as unreleased connections result in resource
leakage problems.

e  Unused stateful session beans should be removed
explicitly, and appropriate idle timeout seconds
should be set to control stateful bean life cycle to
CONServe scarce resources.

A strategy frequently used to improve the responsiveness
and scalability of enterprise applications involves the use
of asynchronous messaging, either through the use of
message-driven beans or via IMS directly. Asynchronous
messaging can be used to implement high latency business
operations that do not require instantaneous processing,
such as order requests or document submissions, thus
increasing the responsiveness of the system [27].
Messaging can also be used to break down complex
business operations in message processing pipelines,
which can be pardlelized by instantiating multiple
message queue consumers. This enhances the scalability

While good practices are a good starting point for a high-
performance system, they alone are not sufficient. The
workload itself dtill plays an important factor in
performance and it may demand a specific optimal
application server configuration. Many parameters can be
tuned to optimize for both response times and throughput,
as reducing response time can often help increase the
capacity for a further increase in throughput. However,
when the response times are broken into sub-components,
it is necessary to further tune the system so that the
response times of key sub-components are optimized too.

Many of these tunable parameters are easily accessible
from common application servers such as the BEA
WebLogic server. The lists of parameters presented here
to help improve performance are not exhaustive. They are
merely good starting points to tune the performance for
your enterprise Java applications. The list includes tuning
key application server parameters and tuning key
container parameters.

Tuning Key Application Server Parameters

Many application server parameters can be tuned to
enable better sharing and interaction with virtual machines
and operating systems. The following parameters should
be considered for most applications.

e Platform-optimized socket multiplexers should be
used to improve server performance for /O
scalability, because they overcome performance
limitations of the blocking nature of Java 1/0O APIs
prior to verson 14. For example, when a
performance pack is available from a vendor, it
should be used.

» A thread pool size should be gradually increased until
performance peaks. However, one should not make
the number too big as a higher number may degrade
performance. The optimal number is likely
dependent on the workload and the performance
metrics.

e An application server may support the notion of
multiple queues for transactions, e.g., by allowing the
application developer to choose different values of
thread pool sizes for those queues. One may find a
specific distribution of execute threads to optimize for
a specific workload. This is particularly important
when certain transactions have tight response-time
limits, and more threads for those transactions can be
allocated accordingly. The support of multiple
gueues has an advantage over a single queue

- : - ; o mechanism for shifting long response-time
of the s{sem by enabling multi-threading with minimal transactions to less critical areas.
data sharing requirements.
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e The database connection pool should be set equa to
the number of available execute threads so that an
execute thread does not need to wait for a connection.

»  Experimenting with a JDBC prepared statement cache
may yield a configuration that minimizes the need for
parsing statements on the database. The value should
be gradually increased until performance peaks.

Tuning Key Container Parameters

Many container parameters can be tuned to deploy an
application more effectively to an application server. The
following parameters should be considered for most
applications.

e Setting appropriate session timeouts for the interval
of time after which the HT TP session expires and for
the idle timeout seconds to control stateful bean life
cycle helps performance by making more efficient use
of memory and other application server resources.

» Setting a good value for the initial bean pool size
improves the initial response time for EJBs as they
are pre-allocated upon application server startup.

e Setting optimal value for bean cache size will not let
the server passivate beans too often, thus increasing
performance by reducing file I/O activity.

* The least restrictive but valid transaction isolation
level should be applied to specific EJB methods for
good performance.

e Using call by reference when applicable increases the
performance of method invocation.

»  Configuring JSP fragment or full-page caching with
appropriate, application-dependent timeout values to
reduce dynamic page generation and database access
requests.
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Figure 6, Case Study 2: Before application tuning. The
middlechart for “Queue Length” contained values as
high as231. The queue build-up suggested that
per haps there were not enough threadsto do work.

Case Study 2: Application Tuning

As an illustration of tuning application server parameters,
a workload was studied using the BEA WebL ogic server
console. Before any tuning was applied, it was observed
that while the maximum throughput was reached, the
response time increased heavily with the load on the
system but the processors were not fully utilized. The
execute queue size was 15 while the average CPU
utilization was about 70%. Using the console (see Figure
6) provided by the vendor, a high number of waiting
requests was found. A considerable queue build-up was
seen by the middle chart for “Queue Length.” After the
disk and network 1/0O bottlenecks were ruled out, it was
decided to increase the execute queue size and see if the
performance improves. At the execute queue size of 35,
average CPU utilization reached 95% and the throughput
could be increased by 40%. Figure 7 shows the
performance of the system through the console. The
gueue build-up problem was much reduced as a result of
the tuning effort.
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Figure7, Case Study 2: After application tuning. The
middle chart for “Queue Length” contained values
mostly closeto zero. Thelack of queue build-up
suggested that adequate threads were allocated to do
work.

MACHINE-LEVEL PERFORMANCE

For applications developed using static environments such
as C or C++, machine-level performance involves tuning
the code for the hardware through recompilation, which
complicates enterprise application deployment. With Java
though, there is an additional layer — the virtual machine.
This is significant for two reasons. The Java Virtua
Machine (JVM) allows the application to take quick and
effective advantage of new processor features since this
involves only the deployment of a new JVM version and
not an expensive rebuild of the entire application code.

Second, multiple versions of the application are not
required to get best performance from differences in the
platform such as available memory or cache. Such aspects
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of the hardware are abstracted away by the VM, and the
very same version of application code can get optimal
performance on the different platforms through JVM
configuration tunables.

JVM-Level Performance

Selecting the correct VM is critical. It is essential to use
a JVM that has been optimized for the underlying
hardware of choice. The best optimizations for various
processor platforms are known [28] [29], and a Java
application needs to rely on the VM to harness these
optimizations. It is also desirable that the VM provide a
rich set of configuration tunables that can be adjusted for
peak performance. A JVM that can tune itself for good
performance is an asset, since it simplifies deployment on
avariety of platforms using the same architecture.

There are three VM functions of interest to us: memory
management, code generation, and thread management.

M emory M anagement

Memory management includes object allocation, heap
management, and garbage collection. Modern VMsuse a
variety of algorithms for these; some incorporate several
algorithms for each and allow the user to select the desired
one. The correct choice of algorithm is important since
there are fairly significant performance differences
between them. However, different techniques work better
for different applications.

There are two aspects to object allocation: the
management of the heap to identify the space where the
object should be allocated and the preparation of the space
for object allocation. The latter principaly involves
clearing the space by writing zeroesto it.

In a multi-processor system, the heap is shared across the
processors, and obtaining space for allocation has to be a
synchronized operation to ensure that no other processor
is alocating an object to the same space.  All
synchronization is necessarily expensive, but it is
especialy so if the synchronized primitive is contended.
A solution used by several JVMs is to allocate segments
of the heap that are local to each thread, and these
segments are called thread local areas (TLAS).

There are several choices for clearing space required for
objects. One technique is to clear the whole TLA when it
is alocated. This has the disadvantage of slowing down
the object alocation that triggered the creation of a new
TLA, but has the advantage that all subsequent objects
created in that TLA will be able to allocate faster, since
the space is aready cleared. It also has the advantage of
improving cache performance, since the clearing of the
space serves as a prefetch from memory into the processor
caches.

A second technique is to prepare the TLAS by clearing
them during garbage collection (GC). It worsens the
impact of GC, but all object alocation is now uniform.
Finally, a third technique is to clear the space required for
each object in the TLA just before allocation. This has
the advantage that the object allocations are more
uniform, and that neither GC nor TLA alocations take
longer.

BEA JRockit, for instance, offers all three options as
“cleartype:local,” “cleartype:globa” and “cleartype:gc.”

The correct technique to use depends on the application.
For instance, if the application puts a lot of pressure on
the data bus to memory (FSB or front-side bus), then the
improved cache performance of the first technique could
be valuable. If uniform response time is a concern, then
the third technique may be the correct choice.

There are similarly several approaches used in GC. Key
aspects to consider are whether the heap should be
arranged in generations and whether a significant part of
GC should run concurrent with the application. It is
imperative for performance that most if not al of the GC
be multi-threaded.  When the heap is arranged in
generations, most of the GC cycles collect garbage only in
the smaller nurseries, and this method is therefore not as
intrusive to application performance. However, garbage
is collected more frequently. Generations are effective
when many objects die young, because then the GC in the
small nurseries is particularly efficient. On the other
hand, when GC is run concurrent with the application, the
effect of each GC cycle is reduced, at the cost of a more
frequent gradual impact.

Code Generation

There are two main approaches to code generation:
interpreting and compiling (with a Just-in-Time (JIT)
compiler). An interpreter translates each new bytecode to
machine code just before execution; a compiler translates
awhole segment of code (the whole application, a class, a
set of classes, a set of methods, even a single method) into
machine code before use.

Code compilation takes time and happens during
application runtime, and the time taken to generate the
code can have an impact on performance. However, the
quality of code produced by the JIT is significantly
superior to interpreted code, and the performance benefits
of the better code should far outweigh the negative effect
of compile time [30].

However, the time spent in the JIT is still an issue, and the
JIT cannot therefore include all of the optimizations that a
C/C++ compiler could include. Thisresultsin codethat is
inferior to what could have been produced if compile time
was not an issue.
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The solution to thisis for the VM to incorporate levels of
optimizations in the JIT [31]. In other words, some
portions of the application are compiled to very high
quality code, whereas the remaining portions of the
application are compiled quickly to lower performing
code. If the portions of the application that are most used
are compiled well, this will result in the whole application
performing almost as well as if the whole application had
been compiled thus, and it will not suffer the performance
loss due to long compile times.

Many enterprise-class Java applications tend to have a
large number of small methods. SPECjAppServer2002
[32], for example, has over 10,000 methods. Many
compiler optimizations have a more significant impact on
performance if they can operate on a larger block of code,
which is impeded by the small methods. A good JT
should possess an excellent inliner to overcome this.
Inlining of code during compilation is made more difficult
by the large number of virtual calls in enterprise Java
applications. The JT must include approaches to de-
virtualizing these calls[33].

Thread M anagement

A JVM either uses the threading package provided by the
operating system (native threads) or it can use its own
threading package and map several threads onto each
kernel thread (thin threads). If the application suffersalot
from context switches, then the cost of that can be reduced
by using thin threads. Similarly, if there is a pool of
threads that operate on the same data, then cache
performance can be enhanced by tying all the threads onto
a single kernel thread. This will result in all of these
threads tending to run on the same processor and
benefiting from the shared data.

How a JVM handles synchronization plays an extremely
important role in performance. The best way to handle a
lock is to avoid locks all together, and it is good for the
application developer to avoid unnecessary synchronized
methods and blocks of code. In the event that such
unnecessary synchronized code does exist, JVMs can
possess techniques to detect them and eliminate the locks.

JVMs handle contended and uncontended locks
differently, optimizing such that the uncontended lock
operations go faster. The choices the VM makes as to
how it handles uncontended (thin) and contended (fat)
locks, when it will promote a lock from thin to fat and
when it will deflate afat lock to athin, and whether it will
spin on a contended lock or switch over to another task
can all impact performance [34].

JVM Configuration
Due to the range of choices that can be made by the VM,
a JVM can provide configuration parameters to the users

to let them identify which techniques the JVM should use
for optimal performance of their application.

The more important of these parameters are all in the area
of heap management, ranging from the selection of the GC
algorithm and the specification of heap sizes, to the
specifics of TLA sizes and when the space for an object is
cleared. It is usually preferable to set the minimum and
maximum heap sizes to be the same. The selected heap
size can have a profound effect on performance.
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Figure8: A variation in transaction response time for
two types of transactions by changing the maximum
virtual machine heap sizein a typical application

The code generation can aso be accessed through
parameters that can decide the initial code quality and how
frequently the JVM checks to see whether better code
generation is warranted for a section of code, and so on.

While rules-of-thumb can be created and experience can
be a guide, there is no real substitute for running a variety
of experiments to identify the VM parameters that work
best for a given application.

An analogy can be made between the transmission
systemsin acar and VM performance. In most cases, an
automatic transmission performs adequately. For high-
performance requirements such as auto-racing, however, a
manual transmission works better, since, in the hands of a
good driver, better performance can be had from a manual
transmission. Similarly, while a good JVM will provide
excellent performance as it is, appropriate selection of
configuration parameters can result in even better
performance.

Case Study 3-JVM Tuning

As stated earlier, heap size configuration can have a
dramatic performance impact. Figure 8 shows the
variation in transaction response time for two types of
transactions in a typical enterprise Java application. By
increasing the heap size in this experiment, we observed a
two to four times improvement in response time,
depending on the type of transaction.
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Hardwar e-L evel Performance

There are severa hardware aspects that affect
performance, including processor frequency, cache sizes,
Front Side Bus (FSB) capacity, and memory speed [35].
In general we would like to get the best-possible
performance on a single processor, then scale that
performance across multiple processors in the box, and if
more performance is desired, scale the performance out of
the box by using clustering.

It is important to ensure that the settings for the BIOS and
the populating of the memory sub-system follow
prescribed norms. For example, a platform with 4
gigabytes of memory may perform better with four 1-
gigabyte memory cards rather than with one 4-gigabyte
memory card. Reading and following the system
documentation can pay dividends.

Processor performance is affected most by the processor
stalling, waiting on memory. The memory subsystem
comprising the FSB, the server chipset and the memory
cards, is typically an order of magnitude slower than the
processors, and so the penalty of accessing memory for
data and instruction is felt rather severely by the
processors. Keeping more of the code and data near the
processor, by using large caches, can alleviate this
problem significantly [36].

As an experiment, we measured the performance of a
typical enterprise Java application on a two-processor
Intel” Xeon” MP 2.0 GHz system with a 2 MB level-3
cache as well as on a two-processor Intel Xeon DP 2.2
GHz system without a level-3 cache. Both systems had
the same amount of memory, the same operating system
and application software, the same 1/0O connectivity, and
they both had processors that included a 512 KB level-2
cache. The main difference between the systems was that
one of them included an additional level of caching, a 2
MB level-3 cache. We found that having the large level-3
cache almost doubled the performance of the application.

Scaling to multiple processors in a box can be hurt by
resource sharing. When the resource is a hardware
resource such as the bus, larger caches can help. If larger
caches are not available, or do not help, investigation into
whether there is a significant impact on the bus due to data
shared between threads is called for. |If there is, then
processor affinity could help.

If processor scaling is hurt due to software issues, it is
typically a problem related to synchronization. All efforts
must be made to identify the lock or locks that are the

Intel” Xeon” is a trademark of Intel Corporation or its
subsidiaries in the United States and other countries.

bottleneck, and to remove them or at least reduce their
use.
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Figure9: Performance scaling with the number of
processorsin al GHz Itanium 2 system: performance
of a 4-processor system isfour times higher than a
1-processor system

One way to identify whether the processor scaling is
affected by hardware or software is to measure the bus
utilization. If it is high, then it most likely is a hardware
resource bottleneck. Another experiment that is useful is
to run the system at two different frequencies. The
processor speed is now changed but not the bus or
memory speed. However, the time taken to handle
synchronization does scale with frequency. If now the
performance scales with frequency, then it would point to
a synchronization issue.

The Itanium” processor family can display excellent
processor scaling. Figure 9 shows the performance
scaling with the number of processors for a1l GHz Itanium
2 sysem when running a typical enterprise Java
application. The Itanium systems have large caches, a
large capacity front-side bus, and out-of-order memory
transfers, all of which enable high levels of processor
scaling.

Clustering is an excellent way to increase performance
when transactions share very little, frequently changed
data. If there are substantial amounts of shared modified
data, keeping the data coherent across the different
components of the cluster will be a significant endeavor
and have a big impact on performance.

It may also be possible to increase the performance within
the box through clustering, by deploying more than one
version of the code using multiple copies of the JVM.
This has the advantage that each version of the application
will run on its own copy of the VM, with its own heap.

7 Itanium is a registered trademark of Intel Corporation or
its subsidiaries in the United States and other countries.
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In some platforms there is a limit placed by the operating
system on heap size, and some applications do benefit
from larger heap sizes. By clustering within a box, this
performance benefit can be tapped.

CONCLUSION

This paper describes a top-down, data-driven, and closed-
loop approach to boost enterprise Java performance. The
opportunities to improve performance were examined
from the perspective of the whole system, including the
software/hardware stack at the system level, the software
applications, and at the machine level for both the virtual
machine and the physica hardware. The case studies
presented in this paper suggested that all layers—not just
one or two—of the system stack should be examined for
performance bottleneck identification and removal.

Workloads evolved over time and no single solution
works for all applications. While many good practices for
enterprise Java performance were described in this paper,
it is important to recognize that the performance
characteristics of enterprise Java applications will change
over time. The data-driven approach described in this
paper should be able to adapt to the expected workload
changes over time.

In the future, application servers and virtual machines may
work hand-in-hand with the underlying hardware and self-
tune for performance by using techniques such as dynamic
feedback optimization and perhaps deriving data from
some hardware performance counters. When the time
comes, the approach described here may be suitable for
integration into that infrastructure.  Until then, our
approach will help to enhance the performance of your
current systems.
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