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How to send your comments

Your feedback is important in helping to provide the most accurate and highest quality information.
+ To send comments on articles in the WebSphere Application Server Information Center
1. Display the article in your Web browser and scroll to the end of the article.

2. Click on the Feedback link at the bottom of the article, and a separate window containing an e-mail
form appears.

3. Fill out the e-mail form as instructed, and click on Submit feedback .

* To send comments on PDF books, you can e-mail your comments to: wasdoc@us.ibm.com or fax
them to 919-254-5250.

Be sure to include the document name and number, the WebSphere Application Server version you are
using, and, if applicable, the specific page, table, or figure number on which you are commenting.

When you send information to IBM, you grant IBM a nonexclusive right to use or distribute the information
in any way it believes appropriate without incurring any obligation to you.

© Copyright IBM Corp. 2011 \"
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Changes to serve you more quickly

Print sections directly from the information center navigation

PDF books are provided as a convenience format for easy printing, reading, and offline use. The
information center is the official delivery format for IBM WebSphere Application Server documentation. If
you use the PDF books primarily for convenient printing, it is now easier to print various parts of the
information center as needed, quickly and directly from the information center navigation tree.

To print a section of the information center navigation:

1. Hover your cursor over an entry in the information center navigation until the Open Quick Menu icon
is displayed beside the entry.

2. Right-click the icon to display a menu for printing or searching your selected section of the navigation
tree.

3. If you select Print this topic and subtopics from the menu, the selected section is launched in a
separate browser window as one HTML file. The HTML file includes each of the topics in the section,
with a table of contents at the top.

4. Print the HTML file.

For performance reasons, the number of topics you can print at one time is limited. You are notified if your
selection contains too many topics. If the current limit is too restrictive, use the feedback link to suggest a
preferable limit. The feedback link is available at the end of most information center pages.

Under construction!

The Information Development Team for IBM WebSphere Application Server is changing its PDF book
delivery strategy to respond better to user needs. The intention is to deliver the content to you in PDF
format more frequently. During a temporary transition phase, you might experience broken links. During
the transition phase, expect the following link behavior:

» Links to Web addresses beginning with http:// work
» Links that refer to specific page numbers within the same PDF book work
* The remaining links will not work. You receive an error message when you click them

Thanks for your patience, in the short term, to facilitate the transition to more frequent PDF book updates.

© Copyright IBM Corp. 2011 vii
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Chapter 1. Overview and new features for monitoring

Use the links provided in this topic to learn about monitoring capabilities.

[New for administrators: Improved monitoring and performance tuningj
A section of this topic describes what is new in the area of performance tuning.

Performance: Resources for learning

Use the following links to find relevant supplemental information about performance. The information
resides on IBM® and non-IBM Internet sites, whose sponsors control the technical accuracy of the
information.

These links are provided for convenience. Often, the information is not specific to the IBM WebSphere®
Application Server product, but is useful for understanding the product. When possible, links are provided
to technical papers and Redbooks® that supplement the broad coverage of the release documentation with
in-depth examinations of particular product areas. The following sections are covered in this reference:

View the following links for additional information:
» [‘Request metrics ’|

* [‘Monitoring performance with third-party tools”|
. :“Tuning performance”
. [Uava™ performance resource” on page 2|
« [‘Performance resources” on page 2|

Request metrics
+ [Systems Management: Application Response Measurement (ARM)|

The Open Group ARM specifications.

Monitoring performance with third-party tools
+ [IBM Search Solutions]

Use IBM's Global Solution Directory to find a list of IBM's business partners that offer performance
monitoring tools compliant with WebSphere Application Server.

Tuning performance
+ [WebSphere and Java tuning tips|

This page provides links to papers and articles that can help you take advantage of the latest
WebSphere Application Server for IBM i performance improvements, tools, and tuning methods to
optimize WebSphere Application Server performance.

* [Tuning the WebSphere Prepared Statement Cache|

This PDF manual describes how to configure the prepared statement cache in WebSphere Application
Server for IBM i. The prepared statement cache can improve the performance of data access.

+ [WebSphere Application Server for IBM i Performance Considerations|

This page provides links to information about basic performance considerations for WebSphere
Application Server for IBM i.

* [Maximum Performance with WebSphere Application Server V5.1 on iSeries®|

Note:

This book explains how to tune the iSeries server for IBM WebSphere Application Server. The
book is divided into several logical tuning tasks, such as tuning the Java virtual machine. You

© IBM Corporation 2003, 2008 1


http://www.opengroup.org/publications/catalog/c807.htm
http://www.developer.ibm.com/gsdod/search.do
http://www.ibm.com/servers/eserver/iseries/perfmgmt/webjtune.html
http://www.ibm.com/servers/eserver/iseries/perfmgmt/pdf/stmntcache.pdf
http://www-03.ibm.com/systems/i/software/websphere/product/performanceconsiderations.html
http://www.redbooks.ibm.com/abstracts/sg246383.html?Open

J

can study each of these logical blocks and apply them independently from other tasks. But, to
achieve optimum performance on the system, you should use the systematic approach that is
shown in this book.

[The IBM Virtual Innovation Center ™ for Hardware: Education|

Access a variety of Internet-Based Education (IBE) informational modules, each dealing with one
specific topic. They are intended to help you incorporate the latest technology into your iSeries
applications through multimedia presentations, Q&A areas, examples, and quizzes. You can search for
"WebSphere Performance" to find current links on performance education.

[Performance Analysis for Java websites|

Offers clear explanations and expert practical guidance on performance analysis for Java-based
websites. It offers extensive appendices, including worksheets for capacity planning, checklists to help
you prepare for different stages of performance testing, and a list of performance-test tool vendors.
|WebSphere Application Server Development Best Practices for Performance and ScalabiIiM

Describes development best practices for web applications with servlets, JavaServer Pages files, JDBC
connections, and enterprise applications with Enterprise JavaBeans components.

T.\Lalpe:tn:manca resource
IBM developerWorks

Search the IBM developerWorks website for a list of garbage collection documentation, including
"Understanding the IBM Java Garbage Collector", a three-part series. To locate the documentation,
search on "sensible garbage collection" in the developerWorks search application.

Review "Understanding the IBM Java Garbage Collector" for a description of the IBM verbose:gc output
and more information about the IBM garbage collector.
[Basic Java Performance for iSeries servers

This white paper explains Just-In-Time Compiler coupled with Mixed Mode Interpreter (JIT-MMI), the
user class loader verification cache, and memory pool considerations

Performance resources

[Tune Java program performance with the IBM Developer Kit for the Java(TM) platform|

This topic describes how you can use the IBM Developer Kit for the Java(TM) platform to optimize the
performance of your Java applications.

[Performance management
This website provides extensive information about the iSeries server performance management.
[Performance Management Resource Library|

This page provides links to information that you can use to optimize server performance. The resource
library includes white papers, articles, tools documentation, and more.

[Performance Capabilities Reference Manuall

The Performance Management Library provides links to several editions of the Performance Capabilities
Reference Manual. This manual includes information about optimizing performance for DB2® UDB for
iSeries servers, web servers and WebSphere products, and Java applications.

Performance

This topic provides extensive information about managing and tuning the performance of your iSeries
server.

|App|ications for performance management|

This topic provides links to several tools that you can use to monitor and manage your iSeries server
performance.

[Collection Services|

You can use Collection Services to collect performance data, which you can analyze with other
performance tools.

[Performance Tools for your iSeries server|

2 Monitoring


http://www-304.ibm.com/isv/welcome/vic.html
http://www.awprofessional.com/catalog/product.asp?product_id={A801214C-A166-4836-859A-423B246C65E4}
http://www.ibm.com/software/webservers/appserv/ws_bestpractices.pdf
http://www.ibm.com/developerworks
http://www.ibm.com/servers/eserver/iseries/perfmgmt/pdf/BasicJavaPerf.pdf
http://publib.boulder.ibm.com/iseries/v5r2/ic2924/index.htm?info/rzaha/tuning.htm
http://www-1.ibm.com/servers/eserver/iseries/perfmgmt/
http://www-03.ibm.com/servers/eserver/iseries/perfmgmt/resource.html
http://www.ibm.com/servers/eserver/iseries/perfmgmt/resource.html
http://publib.boulder.ibm.com/iseries/v5r2/ic2924/index.htm?info/rzahx/rzahx1.htm
http://publib.boulder.ibm.com/iseries/v5r2/ic2924/index.htm?info/rzahx/rzahxapsparent.htm
http://publib.boulder.ibm.com/iseries/v5r2/ic2924/index.htm?info/rzahx/rzahxcollectdatacs.htm
http://publib.boulder.ibm.com/iseries/v5r2/ic2924/index.htm?info/rzahx/rzahxperftoolsdesc.htm

Performance Tools for your iSeries server is a set of tools and commands that you can use to view and
analyze performance data in several ways.

[Performance Explorer (PEX)|

Performance Explorer is a data collection tool that helps you identify the causes of performance
problems that cannot be identified with the other available tools or general trend analysis. For additional
information, also see |Performance Explorer (PEX)|

[Performance Trace Data Visualizer|

Performance Trace Data Visualizer (PTDV) is a tool for processing, analyzing, and viewing Performance
Explorer collection data residing in PEX database files.

[Performance Data Collector tool

The Performance Data Collector (PDC) tool provides profile information about the programs that run on
the iSeries server.

[IBM Performance Management for eServer" iSeries|

IBM Performance Management for iSeries (formerly known as PM/400) uses Collection Services to
gather the nonproprietary performance and capacity data from your server and then sends the data to
IBM for analysis. For additional information, also see IBM Performance Management for eServer iSeries

[iDoctor for IBM il

iDoctor for IBM i is a suite of applications that can help you monitor performance and troubleshoot
common problems on your IBM i server.

Chapter 1. Overview and new features: Monitoring 3


http://publib.boulder.ibm.com/iseries/v5r2/ic2924/index.htm?info/rzahx/rzahxpexparent.htm
http://www.ibm.com/servers/eserver/iseries/perfmgmt/resource.html
http://www.alphaworks.ibm.com/tech/ptdv
http://publib.boulder.ibm.com/iseries/v5r2/ic2924/index.htm?info/rzaha/pdc.htm
http://publib.boulder.ibm.com/iseries/v5r2/ic2924/index.htm?info/rzahx/rzahxplangrow1pm1.htm
https://www-912.ibm.com/i_dir/iDoctor.nsf
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Chapter 2. How do | monitor?

Follow these shortcuts to get started quickly with popular tasks.

When you visit a task in the information center, look for the IBM Suggests feature at the bottom of the
page. Use it to find available tutorials, demonstrations, presentations, developerWorks articles, Redbooks,

support documents, and more.

[Enable PMI using the administrative console]

[Monitor performance with Tivoli® Performance Viewel|

[Use request metrics to measure application flow

© Copyright IBM Corp. 2011
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Chapter 3. Monitoring end user response time

To analyze website response from a client viewpoint, use Tivoli Monitoring for Transaction Performance.
About this task

Monitoring system response time provides an external perspective of how the overall website responds
and performs from a client viewpoint. It is important to understand the load and response time on your
site. You have some options when monitoring at this level.

Procedure

« Use|[Tivoli Monitoring for Transaction Performance] to enable you to inject and monitor synthetic
transactions, helping you identify when your website experiences a problem.

* You might also use other performance monitoring tools.

© IBM Corporation 2002, 2007
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Chapter 4. Monitoring overall system health

Monitoring overall system health is fundamentally important to understanding the health of every system
involved with your system. This includes web servers, application servers, databases, back-end systems,
and any other systems critical to running your web site.

Before you begin

If any system has a problem, it might cause the serviet is slow message to appear. IBM and several
other business partners leverage the WebSphere APIs to capture performance data and to incorporate it
into an overall 24-by-7 monitoring solution. WebSphere Application Server provides Performance
Monitoring Infrastructure (PMI) data to help monitor the overall health of the WebSphere Application Server
environment. PMI provides average statistics on WebSphere Application Server resources, application
resources, and system metrics. Many statistics are available in WebSphere Application Server, and you
might want to understand the ones that most directly measure your site's resources to detect problems.

About this task

Table 1. Monitoring overall system health. To monitor overall system health, monitor the following statistics at a
minimum:

Metric Meaning

Average response time Include statistics, for example, servlet or enterprise beans response time. Response
time statistics indicate how much time is spent in various parts of WebSphere
Application Server and might quickly indicate where the problem is (for example, the
servlet or the enterprise beans).

Number of requests Enables you to look at how much traffic is processed by WebSphere Application Server,
(transactions) helping you to determine the capacity that you have to manage. As the number of
transactions increase, the response time of your system might be increasing, showing
the need for more system resources or the need to retune your system to handle
increased traffic.

Number of live HTTP The number of live HTTP sessions reflects the concurrent usage of your site. The more
sessions concurrent live sessions, the more memory is required. As the number of live sessions
increase, you might adjust the session time-out values or the Java virtual machine
(JVM) heap available.

Web server thread pools Interpret the web server thread pools, the web container thread pools, and the Object
Request Broker (ORB) thread pools, and the data source or connection pool size
together. These thread pools might constrain performance due to their size. The thread
pools setting can be too small or too large, therefore causing performance problems.
Setting the thread pools too large impacts the amount of memory that is needed on a
Database and connection | system or might cause too much work to flow downstream if downstream resources
pool size cannot handle a high influx of work. Setting thread pools too small might also cause
bottlenecks if the downstream resource can handle an increase in workload.

The web and Enterprise
JavaBeans (EJB) thread
pools

Java virtual memory (JVM) | Use the JVM metric to understand the JVM heap dynamics, including the frequency of
garbage collection. This data can assist in setting the optimal heap size. In addition, use
the metric to identify potential memory leaks.

CPU You must observe these system resources to ensure that you have enough system
/0 resources, for example, CPU, 1/0O, and paging, to handle the workload capacity.

System paging

To monitor several of these statistics, WebSphere Application Server provides the Performance Monitoring
Infrastructure to obtain the data, and provides the Tivoli Performance Viewer in the administrative console
to view this data.

© Copyright IBM Corp. 2011 9



Procedure
1. Enable PMI through the administrative console to begin data collection.

2. Use Tivoli Performance Viewer, IBM Tivoli Optimizer for WebSphere Application Server, or some other
third-party performance monitoring and management solutions to monitor performance.

3. Extend monitoring capabilities by developing your own monitoring applications or extending PMI.

Performance Monitoring Infrastructure (PMI)

Use this page to learn about Performance Monitoring Infrastructure and other tools to help monitor the
overall health of the application server.

A typical web system consists of a web server, application server, and a database. Monitoring and tuning
the application server is critical to the overall performance of the web system. Performance Monitoring
Infrastructure (PMI) is the core monitoring infrastructure for WebSphere Application Server and
WebSphere family products like Portal, Commerce, and so on. The performance data provided by
WebSphere PMI helps to monitor and tune the application server performance.

When tuning the WebSphere Application Server for optimal performance, or fixing a poorly performing
Java Platform, Enterprise Edition (Java EE) application, it is important to understand how the various run
time and application resources are behaving from a performance perspective. PMI provides a
comprehensive set of data that explains the runtime and application resource behavior. For example, PMI
provides database connection pool size, servlet response time, Enterprise JavaBeans (EJB) method
response time, Java virtual machine (JVM) garbage collection time, CPU usage, and so on. This data can
be used to understand the runtime resource utilization patterns of the thread pool, connection pool, and so
on, and the performance characteristics of the application components like servlets, JavaServer Pages
(JSP), and enterprise beans.

Using PMI data, the performance bottlenecks in the application server can be identified and fixed. For
instance, one of the PMI statistics in the Java DataBase Connectivity (JDBC) connection pool is the
number of statements discarded from prepared statement cache. This statistic can be used to adjust the
prepared statement cache size in order to minimize the discards and to improve the database query
performance. PMI data can be monitored and analyzed by Tivoli Performance Viewer , other Tivoli tools,
your own applications, or third party tools. Tivoli Performance Viewer is a graphical viewer for PMI data
that ships with WebSphere Application Server. Performance advisors use PMI data to analyze the run-time
state of the application server, and provide tuning advice to optimize the application server resource
utilization.

PMI data can also be used to monitor the health of the application server. Some of the health indicators
are CPU usage, Servlet response time, and JDBC query time. Performance management tools like Tivoli
Monitoring for Web Infrastructure and other third party tools can monitor the PMI data and generate alerts
based on some predefined thresholds.

PMI architecture
The Performance Monitoring Infrastructure (PMI) uses a client-server architecture.

The server collects performance data from various WebSphere Application Server components. A client
retrieves performance data from one or more servers and processes the data. WebSphere Application
Server, Version 6 supports the Java Platform, Enterprise Edition (Java EE) Management Reference
Implementation (JSR-77).

In WebSphere Application Server, Version 6 and later, PMI counters are enabled, based on a monitoring or
instrumentation level. The levels are None, Basic, Extended, All, and Custom. These levels are specified in
the PMI module XML file. Enabling the module at a given level includes all the counters at the given level
plus counters from levels below the given level. So, enabling the module at the extended level enables all
the counters at that level plus all the basic level counters as well.

10  Monitoring



JSR-077 defines a set of statistics for Java EE components as part of the StatisticProvider interface. The
PMI monitoring level of Basic includes all of the JSR-077 specified statistics. PMI is set to monitor at a
Basic level by default.

PMI and Java Platform, Enterprise Edition 1.4 Performance Data
Framework

Java Platform, Enterprise Edition (Java EE) 1.4 includes a Performance Data Framework that is defined as
part of JSSR-077 (Java 2 Platform, Enterprise Edition Management Specification).

This framework specifies the performance data that must be available for various Java EE components.
WebSphere PMI complies with Java EE 1.4 standards by implementing the Java EE 1.4 Performance
Data Framework.

In addition to providing statistics that are defined in Java EE 1.4, PMI provides additional statistics about
the Java EE components, for example, servlets and enterprise beans, and WebSphere Application
Server-specific components, for example, thread pools and workload management.

PMI data classification
This topic describes the Performance Monitoring Infrastructure (PMI) data classification.

The static component consists of a name, ID and other descriptive attributes to identify the data. The
dynamic component contains information that changes over time, such as the current value of a counter
and the time stamp associated with that value.

The PMI data can be one of the following statistic types (these statistic types follow the J2EE 1.4
Performance Data Framework):

Table 2. PMI data statistic types. PMI must be enabled before the server starts. If PMI is enabled after the server is
started, the server needs to be restarted to start the PMI.

Statistic type Description Example
CountStatistic Represents a running count of a given value. | Number of Servlet requests
AverageStatistic Represents a simple average. Keeps track of | Average HttpSession size in bytes.

total, count, min, and max. The average can
be derived by total and count. (This type is
WebSphere extension to J2EE Performance
Data Framework)

TimeStatistic Same as AverageStatistic, except that the unit | Average Servlet response time.
of measure is milliseconds or seconds.

RangeStatistic Represents a time-weighted average. Keeps | Number of concurrent Servlet
track of current, low water mark, high water requests.
mark, time-weight total, and integral.

BoundedRangeStatistic Same as RangeStatistic, with lower bound JDBC connection pool size.
and upper bound.

The following diagram shows the statistic class hierarchy:

Statistic
ID A unique ID that identifies the Statistic within the given Stats (WebSphere PMI extension)
name Statistic name

unit Unit of measurement for the statistic

Chapter 4. Monitoring overall system health 11



description
Textual description of the statistic

startTime
Time the first measurement was taken

lastSampleTime
Time the most recent measurement was taken

CountStatistic

count Count since the measurement started
DoubleStatistic

count Value since the measurement started

AverageStatistic
(WebSphere PMI extension. This is the same as the TimeStatistic defined in J2EE 1.4, except that
it is used to track non-time-related measurements like byte size, etc.)

count Number of measurements
total Sum of the values of all the measurements
min Minimum value
max Maximum value
BoundaryStatistic

upperBound
Upper limit of this attribute

lowerBound
Lower limit of this attribute

RangeStatistic

current
Current® value of this attribute

lowWaterMark
Lowest value of this attribute

upperWaterMark
Highest value of this attribute

integral
Time-weighted sum of this attribute [time-weighted average = integral / (lastSampleTime -
startTime] (WebSphere PMI extension)

In WebSphere Application Server, Version 4, PMI data was classified with the following types:

* Numeric: Maps to CountStatistic in the J2EE 1.4 specification. Holds a single numeric value that can
either be a long or a double. This data type is used to keep track of simple numeric data, such as
counts.

« Stat: Holds statistical data on a sample space, including the number of elements in the sample set, their
sum, and sum of squares. You can obtain the mean, variance, and standard deviation of the mean from
this data.

+ Load: Maps to the RangeStatistic or BoundedRangeStatistic, based on J2EE 1.4 specification. This
data type keeps track of a level as a function of time, including the current level, the time that level was
reached, and the integral of that level over time. From this data, you can obtain the time-weighted
average of that level. For example, this data type is used in the number of active threads and the
number of waiters in a queue.
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These PMI data types continue to be supported through the PMI client API. Statistical data types are
supported through both the PMI APl and Java Management Extension (JMX) API.

In WebSphere Application Server, Version 4 and Version 5, CountStatistic data require a low monitoring
level, and TimeStatistic data require a medium monitoring level. RangeStatistic and
BoundedRangeStatistic require a high monitoring level. There are a few counters that are exceptions to
this rule. The average method response time, the total method calls, and active methods counters require
a high monitoring level. The Java virtual machine counters, SerializableSessObjSize, and data tracked for
each individual method (method level data) require a maximum monitoring level. Also, the level maximum
enables synchronized update to all the statistic types.

WebSphere Application Server Versions 6.0 and above deprecate the monitoring levels (Low, Medium,
High, and Max) and introduces fine-grained control to enable/disable statistics individually. The fine-grained
control is available under the custom option. Refer to|“Enainng PMI using the administrative console” on|

page 186|for more details.

In order to reduce the monitoring overhead, updates to CountStatistic, DoubleStatistic, AverageStatistic,
and TimeStatistic are not synchronized. Since this data tracks the total and average, the extra accuracy is
generally not worth the performance cost. RangeStatistic and BoundedRangeStatistic are very sensitive;
therefore, they are always synchronized. To enable synchronized updates for all the statistic types enable
the 'Use sequential update' option. Refer to [‘Enabling PMI using the administrative console” on page 186
for details.

PMI data organization

Use this page as a general overview of monitoring, data collection, and counters using Performance
Monitoring Infrastructure (PMI) and Tivoli Performance Viewer.

Performance Monitoring Infrastructure (PMI) provides server-side monitoring and a client-side API to
retrieve performance data. PMI maintains statistical data within the entire WebSphere Application Server
domain, including multiple nodes and servers. Each node can contain one or more WebSphere Application
Server. Each server organizes PMI data into modules and submodules.

Tivoli Performance Viewer, formerly Resource Analyzer, organizes performance data in a centralized

hierarchy of the following objects:

* Node. A node represents a physical machine in the WebSphere Application Server administrative
domain.

» Server. A server is a functional unit that provides services to clients over a network. No performance
data is collected for the server itself.

* Module.

» Submodule. A submodule represents a fine granularity of a resource category under the module. For
example, ORB thread pool is a submodule of the thread pool category. Submodules can contain other
submodules.

» Counter. A counter is a data type used to hold performance information for analysis. Each resource
category (module) has an associated set of counters. The data points within a module are queried and
distinguished by the MBean ObjectNames or PerfDescriptors. Examples of counters include the number
of active enterprise beans, the time spent responding to a servlet request and the number of kilobytes
of available memory.

Tivoli Performance Viewer is a thin client integrated into the WebSphere Application Server administrative
console. It provides a simple viewer for the performance data provided by Performance Monitoring
Infrastructure (PMI), and allows users to view and manipulate the data for counters. A particular counter
type can appear in several modules. For example, both the servlet and enterprise bean modules have a

Chapter 4. Monitoring overall system health 13



response time counter. In addition, a counter type can have multiple instances within a module. In the
figure above, both the Enterprise beans module and Bean1 have an Avg Method RT counter.

Counters are enabled at the module level and can be enabled or disabled for elements within the module.
For example, in the figure, if the enterprise beans module is enabled, its Avg Method RT counter is
enabled by default. However, you can then disable the Avg Method RT counter even when the rest of the
module counters are enabled. You can also, if desired, disable the Avg Method RT counter for Bean1, but
the aggregate response time reported for the whole module no longer includes Bean1 data.

As part of a fine-grained control feature, WebSphere Application Server provides statistic sets which are
pre-defined, fixed server-side sets, based on the PMI statistic usage scenarios. The PMI specification
levels include: none, basic, extended, all, or custom. If you choose none, all PMI modules are disabled.
Choosing basic provides the J2EE and the essential set of statistics to give you a basic level of
monitoring. Selecting extended gives you the basic level of monitoring plus Work Load Monitor,
Performance Advisor, and Tivoli resource models for a more robust monitoring set. Choosing all enables
all statistics. Choosing custom gives you fine-grained control to enable or disable statistics individually.

There are only two states for a statistic: enabled or disabled. To provide an option to enable synchronized
updates, WebSphere Application Server, provides a configuration parameter, synchronizedUpdate, at the
PMI service level. When this attribute is true, all the statistic updates are synchronized. By default, the
synchronizedUpdate parameter is set to false. You can select the Use sequential counter updates check
box in the administrative console to enable synchronized updates.

Data collection can affect performance of the application server. The impact depends on the number of
counters enabled, the type of counters enabled and the monitoring level set for the counters.

The following PMI modules are available to provide statistical data:

Enterprise bean module, enterprise bean, methods in a bean
Data counters for this category report load values, response times, and life cycle activities for
enterprise beans. Examples include the average number of active beans and the number of times
bean data is loaded or written to the database. Information is provided for enterprise bean
methods and the remote interfaces used by an enterprise bean. Examples include the number of
times a method is called and the average response time for the method. In addition, the Tivoli
Performance Viewer reports information on the size and use of a bean objects cache or enterprise
bean object pool. Examples include the number of calls attempting to retrieve an object from a
pool and the number of times an object is found available in the pool.

JDBC connection pools
Data counters for this category contain usage information about the JDBC connection pools for a
database. Examples include the number of managed connections or physical connections and the
total number of connections or connection handles.

Java 2 Connector (J2C) connection pool
Data counters for this category contain usage information about the Java 2 Platform, Enterprise
Edition (J2EE) Connector architecture that enables enterprise beans to connect and interact with
procedural back-end systems, such as Customer Information Control System (CICS®), and
Information Management System (IMS™). Examples include the number of managed connections
or physical connections and the total number of connections or connection handles.

Java virtual machine API (JVM)
Data counters for this category contain memory used by a process as reported by JVM run time.
Examples are the total memory available and the amount of free memory for the JVM. JVM run
time also includes data from the JVMTI. This data provides detailed information about the JVM
running the application server.
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Servlet session manager
Data counters for this category contain usage information for HTTP sessions. Examples include
the total number of accessed sessions, the average amount of time it takes for a session to
perform a request, and the average number of concurrently active HTTP sessions.

Thread pool
Data counters for this category contain information about the thread pools for Object Request
Broker (ORB) threads and the web container pools used to process HTTP requests. Examples
include the number of threads created and destroyed, the maximum number of pooled threads
allowed, and the average number of active threads in the pool.

Java Transaction API (JTA)
Data counters for this category contain performance information for the transaction manager.
Examples include the average number of active transactions, the average duration of transactions,
and the average number of methods per transaction.

Web applications, serviet
Data counters for this category contain information for the selected server. Examples include the
number of loaded servlets, the average response time for completed requests, and the number of
requests for the servlet.

Object Request Broker (ORB)
Data counters for this category contain information for the ORB. Examples include the object
reference lookup time, the total number of requests, and the processing time for each interceptor.

OSGi Applications
Data counters for this category contain information for services and for bundle methods. Examples
include the number of service or bundle method invocations, and the average response time of the
service or bundle method.

Web services gateway (WSGW)
Data counters for this category contain information for WSGW. Examples include the number of
synchronous and asynchronous requests and responses.

System data
Data counters for this category contain information for a machine (node). Examples include the
CPU utilization and memory usage. Note that this category is available at the node level, which
means it is only available for the node agent if you are running multiple servers.

Workload Management (WLM)
Data counters for this category contain information for workload management. Examples include
the number of requests, the number of updates and average response time.

Dynamic cache
Data counters for this category contain information for the dynamic cache service. Examples
include in-memory cache size, the number of invalidations, and the number of hits and misses.

Web services
Data counters for this category contain information for the Web services. Examples include the
number of loaded web services, the number of requests delivered and processed, the request
response time, and the average size of requests.

Alarm manager
Data counters for this category contain information for the Alarm Manager.

Object pool
Data counters for this category contain information for Object Pools.

Scheduler
Data counters for this category contain information for the Scheduler service.
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You can access PMI data through the getStatsObject and the getStatsArray method in the PerfMBean.
You need to pass the MBean ObjectName(s) to the PerfMBean.

Use the following MBean types to get PMI data in the related categories:

* DynaCache: dynamic cache PMI data

+ EJBModule*: Enterprise JavaBeans (EJB) module PMI data (BeanModule)
« EntityBean™: specific EJB PMI data (BeanModule)

» JDBCProvider*: JDBC connection pool PMI data

» J2CResourceAdapter*: Java 2 Connectivity (J2C) connection pool PMI data
» JVM: Java virtual machine PMI data

* MessageDrivenBean*: specific EJB PMI data (BeanModule)

* ORB: Object Request Broker PMI data

» Server: PMI data in the whole server, you must pass recursive=true to PerfMBean
» SessionManager*: HTTP Sessions PMI data

» StatefulSessionBean*: specific EJB PMI data (BeanModule)

» StatelessSessionBean*: specific EJB PMI data (BeanModule)

» SystemMetrics: system level PMI data

* ThreadPool*: thread pool PMI data

» TransactionService: JTA Transaction PMI data

* WebModule*: Web application PMI data

» Servlet*: servlet PMI data

* WLMAppServer: Workload Management PMI data

* WebServicesService: Web services PMI data

« WSGW*: Web services gateway PMI data

To use the AdminClient API to query the MBean ObjectName for each MBean type. You can either query
all the MBeans and then match the MBean type or use the query String for the type only: String query =
"WebSphere:type=mytype,node=mynode,server=myserver,*";

Set the mytype, mynode, and myserver values accordingly. You get a Set value when you call the
AdminClient class to query MBean ObjectNames. This response means that you can get multiple
ObjectNames.

In the previous example, the MBean types with a star (*) mean that there can be multiple ObjectNames in
a server for the same MBean type. In this case, the ObjectNames can be identified by both type and name
(but mbeanldentifier is the real UID for MBeans). However, the MBean names are not predefined. They
are decided at run time based on the applications and resources. When you get multiple ObjectNames,
you can construct an array of ObjectNames that you are interested in. Then you can pass the
ObjectNames to PerfMBean to get PMI data. You have the recursive and non-recursive options. The
recursive option returns Stats and sub-stats objects in a tree structure while the non-recursive option
returns a Stats object for that MBean only. More programming information can be found in

lyour own monitoring applications” on page 200.|

Enterprise bean counters
Use this page as a reference for properties of enterprise bean counters.

Counter definitions:
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The EJB home object is the scope for counters, unless specified otherwise. The following table lists other
possible scopes for counters, along with a list of counters that have that scope:

Table 4. Counter scopes. Other possible counter scopes

EJB Scope

Counters

EJB home object and pool object

RetrieveFromPoolCount

RetrieveFromPoolSuccessCount

ReturnsToPoolCount

ReturnsDiscardCount

DrainsFromPoolCount

DrainSize

PooledCount

EJB bean type

MessageCount
MessageBackoutCount
WaitTime
ServerSessionPoolUsage
PassivationCount
ReadyCount
AsyncWaitTime
AsyncQSize
AsyncCancelCount
AsyncFNFFailCount
AsyncFutureObjectCount
DiscardCount
MethodCalls

MethodRt

MethodLoad

MethodLevelCallCount

Some of the counters can be retrieved with the use of java.management.j2ee.statistics API. The following
table lists the available counters, bean type, and API.

Table 5. Enterprise bean counters statistics API. Available java.management.j2ee.statistics API for enterprise bean

counters

Counter Bean type java.management.j2ee.statistics API
CreateCount All EJBStats.getCreateCount()

RemoveCount All EJBStats.getRemoveCount()

ReadyCount Entity EntityBeanStats.getReadyCount()
PooledCount Entity EntityBeanStats.getPooledCount()
MessageCount MDB MessageDrivenBeanStats.getMessageCount()
PassiveCount Stateful StatefulSessionBBeanStats.getPassiveCount()
MethodReadyCount All SessionBeanStats.getMethodReadyCount()
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JDBC connection pool counters

This topic defines the JDBC connection pool counters that are used to monitor the performance of JDBC
data sources

Performance Monitoring Infrastructure (PMI) collects performance data for 4.0 and 5.0 Java Database
Connectivity (JDBC) data sources. For a 4.0 data source, the data source name is used. For a 5.0 data
source, the Java Naming and Directory Interface (JNDI) name is used.

The JDBC connection pool counters are used to monitor the performance of JDBC data sources. You can
find the data by using the Tivoli performance viewer and looking under each application server by click
application_server > JDBC connection pool.

Note: With the instrumentation level set to anything other than MAX, the values may be less accurate for
TimeStatistics and CountStatistics (and in the case of CountStatistics, such as
numConnectionHandles, can even be negative). This is due to counters not being synchronized.
Synchronizing counters is very expensive in terms of resources, so it is only done when the
instrumentation level is set to MAX.

Counter definitions:
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J2C connection pool counters
Use this page as a reference for properties of J2C connection pool counters.

The Java 2 Connector (J2C) connection pool counters are used to monitor J2C connection pool
performance. You can find the data using the Tivoli performance viewer and clicking application_server >
J2C connection pool.

Counter definitions:
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Note: In the JMS Connection Factories section of the Tivoli performance viewer all the entries with the $
sign, for example, JMS$AdviceQCF, represent managed connections to external resources for that
connection pool, which for JMS$AdviceQCF would be jms/AdviceQCF. Connection pools are
registered with PMI under the name, jmsConnections. The J2C component provides the
Performance Monitoring Infrastructure with the details of the managed connections created for each
connection pool. PMI collates this under one module with the name JMS$QCF. This is the entry
that is seen in Tivoli performance viewer under the JMS Connection Factories section.

Java virtual machine counters
You can use the Java virtual machine (JVM) counters that the Performance Monitoring Infrastructure (PMI)
and Tivoli Performance Viewer (TPV) collect to monitor JVM performance.

The total, used, and free heap size counters are available without any additional configuration settings.
The remaining counters are available only when a Java virtual machine profiler is enabled.

Counter definitions:
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gotcha: The statistics that are gathered through the JVM Tool Interface (JVMTI) are different for the JVM
provided by IBM than the statistics that are gathered are for the Sun HotSpot-based JVM,
including Sun HotSpot JVM on Solaris and the JVM provided by Hewlett-Packard for HP-UX.

Object Request Broker counters

You can use the Object Request Broker (ORB) counters that the Performance Monitoring Infrastructure
(PMI) and Tivoli Performance Viewer (TPV) collect to monitor ORB operations.

Counter definitions:
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Servlet session counters
Use this page as a reference for properties of servlet session counters.

Data counters for this category contain usage information for HTTP sessions.

Counter definitions:
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Transaction counters
Use this page as a reference for properties of transaction counters.

Counter definitions:

40 Monitoring
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Thread pool counters

You can use the thread pool counters that the Performance Monitoring Infrastructure (PMI) and Tivoli
Performance Viewer (TPV) collect to monitor your thread pool activity.

Counter definitions:
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Web application counters
Data counters for this category contain information for the selected server.

Counter definitions:
Web application counters
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Servlet counters
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URL counters
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Asynchronous request dispatcher counter
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Workload Management counters

You can use the workload management counters that the Performance Monitoring Infrastructure (PMI) and
Tivoli Performance Viewer (TPV) collect to monitor how efficiently your workload is managed.

Data counters for this category contain information for workload management.

Counter definitions: Client module
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Server module
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System counters

You can use the system counters that the Performance Monitoring Infrastructure (PMI) and Tivoli
Performance Viewer collect to monitor how efficiently your system a specific machine (node) is running.

Counters for this category contain information for a machine (node).

Counter definitions:
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Dynamic cache counters
Use this page as a reference for properties of dynamic cache counters.

You can use the Performance Monitoring Infrastructure (PMI) data for dynamic cache to monitor the
behavior and performance of the dynamic cache service. For information on the functions and usages of
dynamic cache, refer to[Task overview: Using the dynamic cache service to improve performancel.

Use the dynamic cache MBean to access the related data and display it under dynamic cache in the Tivoli
Performance Viewer (TPV).

Counter definitions:
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MBean cache statistics
Use this page as a reference for properties of MBean cache statistics.

You can use the Performance Monitoring Infrastructure (PMI) data for dynamic cache to monitor the
behavior and performance of the dynamic cache service. For information on the functions and usages of
dynamic cache, refer to[Task overview: Using the dynamic cache service to improve performancel

MBean cache statistics:
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Web services counters
Use this page as a reference for properties of web services counters.

You can use the web services counters that the Performance Monitoring Infrastructure (PMI) and Tivoli
Performance Viewer (TPV) collect to monitor the performance of your web services.
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Alarm Manager counters
Use this page as a reference for properties of alarm manager counters.

Counters for this category contain information for the Alarm Manager.

Counter definitions:
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Object Pool counters
Use this page as a reference for properties of Object Pool counters.

Counters for this category contain information for Object Pools.

Counter definitions:
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Scheduler counters
Use this page as a reference for properties of Scheduler counters.

Counters for this category contain information for the Scheduler service.

Counter definitions:
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High availability manager counters
You can use the high availability manager counters that the Performance Monitoring Infrastructure (PMI)
and Tivoli Performance Viewer (TPV) collect to monitor activity within your high availability environment.

Counter definitions:
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Distribution and consistency services (DCS) stack counters

You can use the Distribution and Consistency Services (DCS) counters that the Performance Monitoring
Infrastructure (PMI) and Tivoli Performance Viewer (TPV) collect to monitor communication between core
groups.

Counter definitions:
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PortletContainer PMI counters
Use this page as a reference for properties of PortletContainer PMI counters.

Counter definitions

These counters are the PMI measurement points for a portlet and a portlet application.
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Extension registry counters
Use this page as a reference for properties of extension registry counters.

Data counters for this category contain usage information for the extension registry.

Counter definitions:
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Proxy counters
Use this page as a reference for properties of proxy counters.

You can use the Performance Monitoring Infrastructure (PMI) data to monitor the behavior and
performance of the proxy service.

Counter definitions:
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Service integration bus counters
These service integration bus counters are part of the performance monitoring infrastructure (PMI), which
provides server-side monitoring and a client-side API to retrieve performance information.

To see lists of available PMI counters, use the administrative console to navigate to Monitoring and
Tuning > Performance Monitoring Infrastructure (PMI) > resource_name > [General Properties]
Custom.

For information about service integration bus PMI counters, see the following articles:
* [‘Message store counters”|

« ["Mediation framework counters” on page 100|

* |“Message processor counters” on page 103|

* |“Communications counters” on page 116
* |“Web services gateway counters” on pagm

Message store counters:

These service integration bus message store counters are part of the performance monitoring
infrastructure (PMI), which provides server-side monitoring and a client-side API to retrieve performance
information.

Counter definitions: To see lists of available PMI counters, use the administrative console to navigate to
Monitoring and Tuning > Performance Monitoring Infrastructure (PMI) > server_name > [General
Properties] Custom.

The headings for each table show how to navigate to the counters in the administrative console.
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Mediation framework counters:

These service integration bus mediation framework counters are part of the performance monitoring
infrastructure (PMI), which provides server-side monitoring and a client-side API to retrieve performance
information.

Counter definitions: To see lists of available PMI counters, use the administrative console to navigate to
Monitoring and Tuning > Performance Monitoring Infrastructure (PMI) > server_name > [General
Properties] Custom.

The headings for each table show how to navigate to the counters in the administrative console.

100 Monitoring



ubiH

ansieisebuey

uolelpaw Jad

‘uolyelpaw
B Je AjJusindouod pajelpaw
Buleq sebessaw Jo Jaquinu ay |

100t

1unogpea.y 1 "uonelpajy

Junoppeaiy

1one]

adAL

Ayielnuely

uonduosag

ai

Aoy

sweN

sweu—uoneIpaw <
suonelpa|\ < sweu auibua Buibessew < sauibug Buibessa\ gIS < 99IAI8S GIS < SWEBU J9AISS SUOHBIPSY\ ‘SUOHIUIEP J8junood 3IoMaWel) UoHEIpay 98 8/qel

101

Chapter 4. Monitoring overall system health



‘uoljeulsep pajelpaw
e e ebessaw e ajepaw
0} UdXe} SpU0as||[iW

LI UOIIRIPSN“UoeIpaj

Wi UoNEIPS

MO onsiieISawl] | uoneunsep pajeipaw Jad ul ew jo Junowe ay | €001
‘uoreulsep pelelpaw
B e pajelpaw uaaq
aney jey) sabessaw
Mo olSeISIUNOY | uoneunsap pajelpaw Jod Jo Jaqunu 8y 2001 unoHabessa\paleIpa| uoieIpa|y junopsabessa\parelpa\
1ane] adAL Atenueln uonduosag al Aoy aweN
aweu uoljeulsep < aweu uojeipaw < suoljelpap

< aweu auibua Buibessaw < sauiBbug Buibessay gIS < 991MI9S gIS < dWEBU J9AISS "SUOHBUIISSP PBJBIpayy SUOIIUIIBP J8junod YI10Maluell UONEBIPa)\ /€ 8/qel

102 Monitoring



Message processor counters:

These service integration bus message processor counters are part of the performance monitoring
infrastructure (PMI), which provides server-side monitoring and a client-side API to retrieve performance
information.

Counter definitions: To see lists of available PMI counters, use the administrative console to navigate to
Monitoring and Tuning > Performance Monitoring Infrastructure (PMI) > server_name > [General
Properties] Custom.

The headings for each table show how to navigate to the counters in the administrative console.
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Communications counters:

These service integration bus communications counters are part of the performance monitoring
infrastructure (PMI), which provides server-side monitoring and a client-side API to retrieve performance

information. Communications counters are maintained across all components of WebSphere Application
Server.

Counter definitions: To see lists of available PMI counters, use the administrative console to navigate to

Monitoring and Tuning > Performance Monitoring Infrastructure (PMI) > resource_name > [General
Properties] Custom.

The headings for each table show how to navigate to the counters in the administrative console.

116  Monitoring



JanIes uoleoldde
SIY} 0} POIOBUUOD
uaaq aAeY ey} 1o

sobessaw Jo uoissiwsues}
ay} ayenobeu o) pasn

BJep apn[oul Jou seop Sy
*SUOI}0BUUOD HIOMIBU JBAO
$885900.d JUBI|0 0} JUSS ejep

MO OISIIBISIUN0Y | Pa}oauu0d Sjudl |y | obessaw jo salAq Jo JaquinN 295G usnupmsaIfgebesse|y sielsiusl) unoguanupsaiigsebessapy
sobessaw
JO uoIsSiwsuel} ay} ayenobau
0} pasn ejep apnjoul
JanIes uoneoldde | Jou S80P SIY| "SUOIIOBUUOD
SIY} 0} P}OBUUOD lomjau Jano sassaooid
uaaq aAeY ey} 10 JUBI[O WOI) POAIDOSI BYEP
MO OIISIIBISIUNOY | PB}oaUU0D Sjudld |l | 8bessaw jo salAq Jo JaquinN €95 peaysaifgebessa|y sieiSiual) junoppeaysaifgebesssy
JanIes uopeoldde ‘pajosuu0osip Buiaq jusio
SIY} O} PIOBUUOD | B 0} UOIIOBUUOD YJOMIBU B Ul
u9aq 9ARY JBY) JO | PB)NSaI PUB PalLINd0 aAey
MO OISI}eISIUNOY | Pa}oaUUO0D SHUdID (I ey} SI01I9 UOIEDIUNWWOD €65 SRS S ET ) unogsiony
JanIas uoleoldde PEINES]
SIY} 0} paoauuod | uoneoldde siy} 0} peloaUU0D
SUON0BUUOI/SIUBID | }lomiau Apuaiind sasseooid
Mo onsneisuno) juaung | jusljo jounsip Jo Jaquinu 8yl 1SS payoeRySsius|OsIeISIus!D unojpayoeRysiusliy
"Janias uoljeoldde
ay} yum dn dasy 03 ybnous
1se} eyep sseoold 0} ajqeun
aJe Jey} sjualo 1o uonsabuoo
JanI8s uoleoldde ylomiau ayeoipul Wybiw
SIY} 0} PO}0BUUOD |  senjeA ableT "uoissiWsuel}
usaq aAey Jey Jo Buipuad pjay Buieq
MO OISIIBISIUNOY | PBl0BUUO0D SJUdID (I BJep JO SalAq Jo JaquinN 095 sejhgeluppaleyng sieisiuai) wunojsaligenippaleyng
‘payoene sjuaio
ay} yum dn dasy 03 ybnous
1se} ejep sseoo.id 0} ajqeun
s| Janias uoneoldde ay) 1ey)
areolpul Jybiw sanjea abie
Janes uoneoldde | -Buissaooud Jayuny Buipuad
SIY} 0} Pe}OBULOD pley ale pue xlomau
u9aq 9ARY 1By} IO | BY) WOI) POAIDOSI UBS] dARY
MO OISIIBISIUNOY | PB}OBUUO0D SJUBID |V | BY} Blep JO Sa8lAq Jo JaquinN 19 sajhgpeaypalayng sieisiualn jnogsayigpeaypalayng
‘el
® JO Jleyeq uo sessaooid
waysAs [eussul Aq
Buleq aq ybiw suondsuuod
|dV @Say} JO aWos Ianles
Janes uoneoldde | uoneoidde siyy 0} pajosuuod
SIY} 0} P}OBUUOD slomiau Apuaino ale
SUOI}99UU0D/SIUBID 1By} sjual0 Agq pasn Buleq
MO ollSeISIUN0YD UBLIND | SU0ISS8S |dV 4O Jaquinu ay 2SS SUOI0BUUO)| VY SIBISIUaID JUNODHSUONOBUUOD|dY
1an9] adAL Atenueln uonduosaqg al Aoy aweN

SONSNeIS piepuUR)S < SJUBIID < SUOIBDIUNWWOY gIS < 9JIAISS gS < SWBU JaAIdS

"SOIISHBIS PJBpuUBlS SIUBID SUOHIULEP JBJUN0D SUOKBIIUNWILIOY |t 8|qel

117

Chapter 4. Monitoring overall system health



JanI8s uoleoldde
SIY} 0} P}OBUUOD
uaaq aAey ey} 1o

*SUONDBULOD YIOMIBU
ss0J0e s885800.4d JUBIO
0} BlEp JWSURI} 0} pasn

Mo 2lISIIBISIUNOYD | PBJOBUU0D SJUBID Iy |  suonesado apm jJo JaquunN GG SO 'SIBISIULID UNODSAIM
JanIes uoljeoldde asn 99IMI8S
SIy} 0} Pa}OBUUOD NGl 104 “Ajgreipawwi
uaaq aAeY Jey} Jo | paig|dwod ag Jou p|nod jeyl
MO OIISIIBISIUNOY | PB}oaUU0D SJudlD |IY |  suonelado sjum Jo JaquinN felele} pax00|gsaNI " SIRISIULIID JUNODPSYO0|gSOIIM
‘sabessow
JO uoissiwsuel} 8y ayenobau
Janes uoneoldde 0} pasn ejep pue ejep
SIY} 0} pejoauuod | abessaw yjoq sapnjoul siy L
uaaq aAeY Jey} Jo 'sassa00.d Jual[o 0} Juas
Mo OIISeISIUN0Y | P8JoBUU0D SjuUdID (I ®Blep Jo selq jo sequinN 99 usHUMsaligleloL sieISiualD unoQuanumsaMigleloL
‘sobessow Jo uoIssiwSsUERl}
ay} arenobau 0} pasn
Janies uoneoldde | eyep pue eyep abessaw yjoq
SIY} 0] Pa}OsUU0D sapn|oul siy| ‘sessaooid
uaaq dAeY Jey} Jo JUSII0 WO PaAeal
moT JlISIIeISIUNOY | P8I08UU0D SjuBID |V Ejep 4o selq jo JaquinN S99 peeyseiigeio] ‘sieisiuelD junoppeeyseiAgeiol
Janes uoneoldde *SUOI}08UUOD HIOMIBU
SIU} 0} Pa}OBUU0D SS0J0B $9559004d JUBI|D
uaaq aAeY jey} 1o W0l eyep aAl99al 0} pasn
Mo 21ISIIBISIUNOYD | PBJOBUU0D SUBID Iy | suonesado peal jo JaquunN GGS speay’sjeisiualD unoospeay
JanI8s uoljeoldde ‘asn 99IMI8S
Sy} 0} Pa}OBUUOD NG| 104 "Ajgreipawwl
uaaq aAeY Jey} Jo | paig|dwod ag Jou p|nod jeyl
MO OIISIIBISIUNOY | PBJoauUU0D SjudlD Iy | suoielado peas Jo JaquinN 1G5 paxoo|gspeay sieiSiualD junoppayoo|gspesy
JanI8s uoleoldde
SIY} 0] Pa}OBUU0D
u@a( aAeY Jey} Jo | 's|oo0j0id ISBOIINW BSN Jey)
Mo ONISIEISIUNOY | PBIOBUUOD SJUBID ||y | PORIWSUEI} SBIAG JO JaqunN 8G9 selhgenISeon N SIeISIuaID JunoQsaligailmiIseaniniy
JanI8s uoleoldde
SIY} 0] Pa}OBUU0D *s|000304d }sEOlINW
uaaq aAeY ey} 1o asn jey} paplwsuel}
Mo 21ISIIBISIUNOYD | PBIOBUU0D SIUBID ||V sabessaw Jo JaquinN 6GS abessa|\puasiseoi|n|‘sieISiualD wunonabessa|\puasisesny

sonsnels

pJepuelS < SjUdI|) < SUOEIIUNWWO) gIS < 92IAISS gIS < SWeU J8AIas “(panuijuoo) SoNsHe]S PIEpUBIS SIUslD) SUOHIULSP J8JUN0d SUOHBIIUNWIWOD Lt 8|qel

118  Monitoring



Janies
uoneoldde sy}
0} PajosUU0D
uaaq aney ey}
10 paosuu0d

‘[ong] Ayioud siyy

Je papiwsues} aq
wbiw sebessaw Jo
MoJ} 8y} ajenobsu o}
pasn suoissiwsuel}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIY} 8 panIeoal
ejep abessaw

Jo sa}Aq jo Jequinu
8y} Jo ainsesw
ajelnooe ue s sy}
AreoidA] "sebessaw
0 Awoud SNP

Aq pesn Awoud

8y} 1e paAlgdal elep

MOT |OnsheISIuNo) Sl |1 | 40 S8IAg Jo JaquinN 62L Ay10UJOSINMVPEAIOBHSBIAG SteISPa|Iele QiuaID WNoDAIIOLJOSINMYPEAIBOBYHSIAG
‘sabessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsues}
1043u09 asudwod |jIm
Blep Jo sajhg asay)
AjreoidAy os ‘Ayioud
JOAIBS | SIU} YIM papiwsuel}
uoneoldde siy} oQ Jouued ejep
0] Paoauu0d abessa|y “Ayioud
uaaq aAey eyl a|qissod 1saybiy
10 p81oduUod | BY} Je paAledal elep
MOT |OnsheISuno) Sl ||V | 40 S8IAg Jo JequinN yAVA AiondissybiHiypeAeoadsaIAg sieiSpaleIeqiusii) nodAjioudisaybiHIYpanIoaYsalfg
'safessaw Jo
Moy} a3 ayenobau o}
pasn suoissiwsues}
|0J}U0D 9sUdWOoD [|IMm
elep Jo salAq asay)
AlreoidAy os ‘Ayioud
JOAIBS | SIYl yim papiwsuel)
uoneoldde sy} aq jouued
0} Pa}odUUOD ejep abessa|
uaaq aAey eyl ‘Aoud ybiy
1O payoauuod | e Je paAladal eyep
MOT [dusnieISiuno) Sl || | 40 S8lAg Jo JequinN 6LL AiondubiHivpenieosyselfg sielSpa|ieleqius!iD unooAioudybiHIvVPeAeoayseihg
EY R adAL Ayaejnuesy uonduosag al )] aweN

SONISNeIS pajie}sg < SIUSIID < SUOHEBIIUNWWOY g[S < 99IAIBS IS < SWBU JOAI8S "SOlISIIBIS Pajielod SusljD :SUOHIUNSP J8junoo SUCHEIIUNWILWOD ‘gt 8]qel

119

Chapter 4. Monitoring overall system health



mo

onsnieISiunoy

Janies
uoneoldde sy}
0} Pa}odUU0d
usaq aAey jeyl
10 paoauuod
SjualR I

‘lana] Aoud siyy

1e pojwWsSuel} 8q
wbiw sebessaw jo
MmoJ} 8y} ajenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

awl} wouy YIenemoH
‘lana] Aioud

SIY} e panledal
elep abessow

JO s8}Aq jo Jequinu
8y} Jo ainseaw
ajelnooe ue s sy}
AreoidA] "sebessaw
2 Awoud SNP

Aq pesn Awoud

8y} 1e paAIgdal erep
0 S8JAqQ JO JaquinN

leL

AioudzSINrvpaniaoaysalAg sieispaieleiusli

nooAIIoUdZSINMVYPaAIRdaYSBIAg

Mo

onsieISIUN0D

lanies
uoneoldde sy}
0} Pa}odaUU0D
usaq aAey ey}
10 paoauuod
sjual I

‘[1ana] Auoud siyy

Je paplwsuel} aq
biw sebessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘awl} 0}

aw} WoJj ‘IonemoH
‘1ana) Aoud

SIY} 18 panleoal
elep abessaw

Jo salAg Jo Jaquinu
8y} Jo ainsesw
ajelnooe ue si siy}
AljeoidA ] "sebessaw
L Awoud SNP

Aq pasn Awioud

8y} Je paAlgdal eyep
10 s8lAq Jo JlaquinN

8cL

Aioud LSINMVPaAIedaYSaIAg sieISpa|ieleqiuali0

unoQAIoUd L SINMIPOAIBORYSBIAY

sonsnels

pajielaq < SjudiD < SUOIIEIIUNWWOY g[S < 99IAISS gIS < dWEBU J9AIdS “(panuijuod) SolsnelS pajielad SIusijD :SUOIUSP J8junod SUOHBIIUNWILWOY ‘gt 8|qe]

120 Monitoring



Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} PajosaUU0D
uaaq aney jey}
10 paauu0d
s8I I

‘lena] Aoud siyy

Je paplwsues} aq
wbiw sebessaw Jo
MmoJ} 8y} ajenobsu o}
pasn suoissiwsues}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIY} 8 panIgoal
ejep abessaw

JO sa)Aq jo Jaquinu
8y} Jo ainsesw
ajelnooe ue s sy}
AeoidA] "sebessaw
¥ Awoud SINP

Aq pesn Awoud

8y} Je paAlgdal elep
Jo salAq jo JlaquinN

et A

AoudySINrvpeAeosysaihg sieigpalieloqiualy

wnooAlioUdySINMVYPaAIedaYsalAg

Mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aAey ey}
10 pPaauUu0d
sjual I

‘1ana] Auoud siyy

1e pajniwsuel) aq
ybiw sebessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

Wi} Wolj ‘I9AeMOH
‘1ana] Aioud

Sy} Je paneoal
elep abessaw

0 salAq Jo Jaquinu
8y} Jo ainsesw
ajelnooe Ue si sy}
AljeoidA | "sebessaw
¢ Aond SR

Aq pasn Awoud

8y} Je paAlgdal eyep
J0 salAq Jo JaquinN

9¢L

AoudeSNrvponeoaysalAg sieISpa|iEIeqIuslO

UNOOAIIOUdESINMIVYPOAIRORYSBIAY

sansnels

pajielag < SudI|Y < SUOHEBIIUNWWOY g[S < 9JIAIBS g|S < SWEBU JOAI8S “(PoNuU0o) SoNSHEBIS Pajieled SIusl|D :SUOHIUNSP J18junoo SUCHEIIUNWILWOD gt 8]qel

121

Chapter 4. Monitoring overall system health



mo

onsnieISiunoy

Janies
uoneoldde sy}
0} Pa}odUU0d
usaq aAey jeyl
10 paoauuod
SjualR I

‘lana] Aoud siyy

1e pojwWsSuel} 8q
wbiw sebessaw jo
MmoJ} 8y} ajenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

awl} wouy YIenemoH
‘lana] Aioud

SIY} e panledal
elep abessow

JO s8}Aq jo Jequinu
8y} Jo ainseaw
ajelnooe ue s sy}
AreoidA] "sebessaw
9 Awoud SNP

Aq pesn Awoud

8y} 1e paAIgdal erep
0 S8JAqQ JO JaquinN

€L

Aiold9SINrVPanIaoaysalAg sieISpaieleiuslio

WNoQAIIoLdISINMIVPaAIRIaYSBIAG

Mo

onsieISIUN0D

lanies
uoneoldde sy}
0} Pa}odaUU0D
usaq aAey ey}
10 paoauuod
sjual I

‘[1ana] Auoud siyy

Je paplwsuel} aq
biw sebessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘awl} 0}

aw} WoJj ‘IonemoH
‘1ana) Aoud

SIY} 18 panleoal
elep abessaw

Jo salAg Jo Jaquinu
8y} Jo ainsesw
ajelnooe ue si siy}
AljeoidA ] "sebessaw
S Aywoud NP

Aq pasn Awioud

8y} Je paAlgdal eyep
10 s8lAq Jo JlaquinN

IZA

A1oudSSINMrVPOAIRdRYSaIAg sieISpa|IeleqiualiO

UNODAIIOUSSINMIVPOAIBORYSBIAY

sonsnels

pajielaq < SjudiD < SUOIIEIIUNWWOY g[S < 99IAISS gIS < dWEBU J9AIdS “(panuijuod) SolsnelS pajielad SIusijD :SUOIUSP J8junod SUOHBIIUNWILWOY ‘gt 8|qe]

122  Monitoring



Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} PajosaUU0D
uaaq aney jey}
10 paauu0d
s8I I

‘lena] Aoud siyy

Je paplwsues} aq
wbiw sebessaw Jo
MmoJ} 8y} ajenobsu o}
pasn suoissiwsues}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIY} 8 panIgoal
ejep abessaw

JO sa)Aq jo Jaquinu
8y} Jo ainsesw
ajelnooe ue s sy}
AeoidA] "sebessaw
8 Awoud SNP

Aq pesn Awoud

8y} Je paAlgdal elep
Jo salAq jo JlaquinN

lel

Aioud8sSINrivpeAeoaysalfg sieigpalieleqiualy

unoQAIIoUd8SINMIVPaAIRIaYSBIAG

Mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aAey ey}
10 pPaauUu0d
sjual I

‘1ana] Auoud siyy

1e pajniwsuel) aq
ybiw sebessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

Wi} Wolj ‘I9AeMOH
‘1ana] Aioud

Sy} Je paneoal
elep abessaw

0 salAq Jo Jaquinu
8y} Jo ainsesw
ajelnooe Ue si sy}
AljeoidA | "sebessaw
£ fwoud NP

Aq pasn Awoud

8y} Je paAlgdal eyep
J0 salAq Jo JaquinN

ccl

AoudZSINrvpeaeoaysalAg sieISpa|ieleqIusl

WNoOAIIOUd/SINMIPOAIBORYSBIAY

sansnels

pajielag < SudI|Y < SUOHEBIIUNWWOY g[S < 9JIAIBS g|S < SWEBU JOAI8S “(PoNuU0o) SoNSHEBIS Pajieled SIusl|D :SUOHIUNSP J18junoo SUCHEIIUNWILWOD gt 8]qel

123

Chapter 4. Monitoring overall system health



Mo

onsieIsiunoy

Janies
uoneoldde siy}
0} Pa}odaUU0D
usaq eAey ey}
10 paauu0d
S8l I

'sabessaw Jo

Mol ay} ayenobau o}
pasn suoissiwsuel}
|0Jju0d asudwod [|IM
Blep Jo salhg asay}
AjreoidAy os ‘Ayioud
SIUF UM papiwsuely
aq jouued ejep
abessa|\ Aoud
a|qissod 1samoy|

8} 1B paAI9dal elep
10 salAq Jo JaquinN

cel

K110 J1SOMOTIVPAIB0BHSAIAG SIEISPS|IBISAIULID

JUNODAIIOLJISOMOTIVPOAIROBYSBIAg

mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}osUU0d
usaq aAey jeyl
10 paoauuod
SjualR I

‘sobessaw Jo

Moy} 8y} ajenobsu o}
pasn suoissiwsues}
10J1U0D 9sSLAWOD [|IM
BJep Jo salAg asay}
AjleaidAy os ‘Aoud
SIY} Yum papiwsues
a( joUUBD

elep abessa|y
‘Auoud moj

B Je paAlaoal eyep
10 S8JAqQ JO JaquinN

0€L

Aol dMOTIVPOAIS0BHSOIAG SIEISPS|IBISAIUSID

JUNODAIIOLdMOTIYPaAIBOaYSaIAg

Mo

onsieISIUN0D

lanies
uoneoldde sy}
0} Pa}odaUU0D
usaq aAey ey}
10 paoauuod
sjual I

‘[1ana] Auoud siyy

Je paplwsuel} aq
biw sebessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘awl} 0}

aw} WoJj ‘IonemoH
‘1ana) Aoud

SIY} 18 panleoal
elep abessaw

Jo salAg Jo Jaquinu
8y} Jo ainsesw
ajelnooe ue si siy}
AljeoidA ] "sebessaw
6 Awoud NP

Aq pasn Awioud

8y} Je paAlgdal eyep
10 s8lAq Jo JlaquinN

0cL

A1oud6SINMrVPaAIRdYSaIAG sieISPa|IeleqiualiD

UNODAIIOUdBSINMIVPOAIBORYSBIAY

sonsnels

pajielaq < SjudiD < SUOIIEIIUNWWOY g[S < 99IAISS gIS < dWEBU J9AIdS “(panuijuod) SolsnelS pajielad SIusijD :SUOIUSP J8junod SUOHBIIUNWILWOY ‘gt 8|qe]

124  Monitoring



Janies
uoneoldde sy}
0} PajosaUU0D
uaaq aney jey}
10 paauu0d

'sabessaw Jo

Moy} 8y} ajenobau o}
pasn suoissiwsues}
10J1U0D 9SLAWOD [|IM
Blep Jo salhg asay}
AjleaidAy os ‘Ayoud
SIY} Yum papiwsuesn
8( jouuLd

elep abessa
‘uoissiwsuels}

Joy Ayoud

ajqissod 3seubiy ey
1e papiwsuel} eyep

MO7 |dnsieISiuno) Sl || | 40 S8IAg Jo JequnN 10 Ao disaybiHIvIUSSSaIAg sieISPa|IBIe qiusID wnodAioudisaybiHiviueSsalig
‘sabessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
10J)u02 BsUdwod ||Im
ejep jo salhq asayy
AjreoidAy os ‘Aoud
JOAIBS | SIYl YIM papjwisuel}
uoneoldde sy} aq jouued
0} pPa}oauu0d ejep abessapy
uaaq aAey eyl ‘Aoud ybiy e
10 pajoauuod | e paplwsuel} eyep
MOT |OnsheISuno) Sl |1 | 40 S8IAg Jo JequinN €0L AoudubiHiviuesselAg sieigpa|ieleqiualio wnodAoudubiHiviuesseikg
‘safessaw Jo
Moy} ayy ayenobau o}
pasn suoissiwsuel}
10J3U00 8sUdwod ||Im
ejep jo salhq asayy
AjreoidAy os ‘Ayuoud
JaAIBS | SIYl yIm papiwsuel)
uoneoldde sy} aq jouued
0] pPa1oauu0d ejep abessapy
uaaq aAey eyl ‘Aoud mo| Aian
10 PajodUUOD | B JB POAI9daI Blep
MOT |OnsheISuno) Sl |1 | 40 S8lAg Jo JequinN 5572 AuondmoAisprypenieosHselfg sielspa|ieleqius!iD wnodAioudmothisplypenieoeyseiig
'sabessaw Jo
Mmoj} 8y} ajenobau o}
pasn suoissiwsuel}
|0J}U0D asUdWOoD [jIMm
elep Jo salhq asayl
AlreoidAy os ‘Ayioud
JaAIBS | SIY} YyIm papiwsuel)
uoneoldde sy} aq jouued
0} Pa}oduUU0d ejep abessapy
uaaq aAey ey} ‘Aoud ybiy Aian
1O PajosuUU0d | B JB PAAI9DaI Blep
MOT [dusnieISiuno) Sl || | 40 SelAq jo JequinN 81L AoudybiHAtapypanieoaysalfg sieispa|ielegiusiio wnooAioudybiHAIBAIYPaAIoaYSBIAG

sansnels

pajielag < SudI|Y < SUOHEBIIUNWWOY g[S < 9JIAIBS g|S < SWEBU JOAI8S “(PoNuU0o) SoNSHEBIS Pajieled SIusl|D :SUOHIUNSP J18junoo SUCHEIIUNWILWOD gt 8]qel

125

Chapter 4. Monitoring overall system health



mo

onsnieISiunoy

Janies
uoneoldde sy}
0} Pa}odUU0d
usaq aAey jeyl
10 paoauuod
SjualR I

‘lana] Aoud siyy

1e pojwWsSuel} 8q
wbiw sebessaw jo
MmoJ} 8y} ajenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

awl} wouy YIenemoH
‘lana] Aioud

SIY} 18 paplwsuel}
elep abessow

JO s8}Aq jo Jequinu
8y} Jo ainseaw
ajelnooe ue s sy}
AreoidA] "sebessaw
L Ayoud SNP

Aq pasn Awoud ayy
Je pajlwsuel} eyep
0 S8JAqQ JO JaquinN

494

Aoud | SWrviuessaiAg sieispaieleqiusi)

nopAnioud L SINFvIUeSSaIfg

Mo

onsieISIUN0D

lanies
uoneoldde sy}
0} Pa}odaUU0D
usaq aAey ey}
10 paoauuod
sjual I

‘[1ana] Auoud siyy

Je paplwsuel} aq
biw sebessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘awl} 0}

aw} WoJj ‘IonemoH
‘1ana) Aoud

SIy} 1e paniwsuel]
elep abessaw

Jo salAg Jo Jaquinu
8y} Jo ainsesw
ajelnooe ue si siy}
AljeoidA ] "sebessaw
0 Awoud NP

Aq pasn Auloud ayy
Je paplwsuel} eyep
10 s8lAq Jo JlaquinN

€L

A1oudOSINrvIUeSsealAg sielspa|ieleqius!iD

UN0OAIIOUdOSINMVIUSSSBIAG

sonsnels

pajielaq < SjudiD < SUOIIEIIUNWWOY g[S < 99IAISS gIS < dWEBU J9AIdS “(panuijuod) SolsnelS pajielad SIusijD :SUOIUSP J8junod SUOHBIIUNWILWOY ‘gt 8|qe]

126  Monitoring



Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} PajosaUU0D
uaaq aney jey}
10 paauu0d
s8I I

‘lena] Aoud siyy

Je paplwsues} aq
wbiw sebessaw Jo
MmoJ} 8y} ajenobsu o}
pasn suoissiwsues}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIy} je peniwsuel}
ejep abessaw

JO sa)Aq jo Jaquinu
8y} Jo ainsesw
ajelnooe ue s sy}
AeoidA] "sebessaw
¢ Awoud NP

Aq pasn Awoud ayy
1e paplwsuel} eyep
Jo salAq jo JlaquinN

0LL

AoudeSINrviuegsaiAg sieispaieleqiusiy

wnooAiioudeSINrviueSsakg

Mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aAey ey}
10 pPaauUu0d
sjual I

‘1ana] Auoud siyy

1e pajniwsuel) aq
ybiw sebessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

Wi} Wolj ‘I9AeMOH
‘1ana] Aioud

Sy} e papiwsuel}
elep abessaw

0 salAq Jo Jaquinu
8y} Jo ainsesw
ajelnooe Ue si sy}
AljeoidA | "sebessaw
2 fwond SR

Ag pasn Aoud ayy
Je pajlWSUEl} erep
J0 salAq Jo JaquinN

L.

AoudzSINriviuessalfg sieispa|ieleiusiiy

UNOOAIIOUdZSINMVIUSSSaIAG

sansnels

pajielag < SudI|Y < SUOHEBIIUNWWOY g[S < 9JIAIBS g|S < SWEBU JOAI8S “(PoNuU0o) SoNSHEBIS Pajieled SIusl|D :SUOHIUNSP J18junoo SUCHEIIUNWILWOD gt 8]qel

127

Chapter 4. Monitoring overall system health



mo

onsnieISiunoy

Janies
uoneoldde sy}
0} Pa}odUU0d
usaq aAey jeyl
10 paoauuod
SjualR I

‘lana] Aoud siyy

1e pojwWsSuel} 8q
wbiw sebessaw jo
MmoJ} 8y} ajenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

awl} wouy YIenemoH
‘lana] Aioud

SIY} 18 paplwsuel}
elep abessow

JO s8}Aq jo Jequinu
8y} Jo ainseaw
ajelnooe ue s sy}
AreoidA] "sebessaw
G Awoud NP

Aq pasn Awoud ayy
Je pajlwsuel} eyep
0 S8JAqQ JO JaquinN

80L

AoudSSINrviuaSsalAg sieispaieleqiusl)

JUNODANIOUdSSINMIVIUSSSaIAg

Mo

onsieISIUN0D

lanies
uoneoldde sy}
0} Pa}odaUU0D
usaq aAey ey}
10 paoauuod
sjual I

‘[1ana] Auoud siyy

Je paplwsuel} aq
biw sebessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘awl} 0}

aw} WoJj ‘IonemoH
‘1ana) Aoud

SIy} 1e paniwsuel]
elep abessaw

Jo salAg Jo Jaquinu
8y} Jo ainsesw
ajelnooe ue si siy}
AljeoidA ] "sebessaw
¥ Awoud SNP

Aq pasn Auloud ayy
Je paplwsuel} eyep
10 s8lAq Jo JlaquinN

604

AioudySNrviuesselfg sieispa|ieleqius!|D

WuNoOAIIOUdFSINMIVIUSSSBIAG

sonsnels

pajielaq < SjudiD < SUOIIEIIUNWWOY g[S < 99IAISS gIS < dWEBU J9AIdS “(panuijuod) SolsnelS pajielad SIusijD :SUOIUSP J8junod SUOHBIIUNWILWOY ‘gt 8|qe]

128 Monitoring



Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} PajosaUU0D
uaaq aney jey}
10 paauu0d
s8I I

‘lena] Aoud siyy

Je paplwsues} aq
wbiw sebessaw Jo
MmoJ} 8y} ajenobsu o}
pasn suoissiwsues}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIy} je peniwsuel}
ejep abessaw

JO sa)Aq jo Jaquinu
8y} Jo ainsesw
ajelnooe ue s sy}
AeoidA] "sebessaw
£ Awoud NP

Aq pasn Awoud ayy
1e paplwsuel} eyep
Jo salAq jo JlaquinN

90L

Aoud/ZSNrviuegseiAg sieispaieleqiusiy

wnooAoud/SINMvIueSsakg

Mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aAey ey}
10 pPaauUu0d
sjual I

‘1ana] Auoud siyy

1e pajniwsuel) aq
ybiw sebessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

Wi} Wolj ‘I9AeMOH
‘1ana] Aioud

Sy} e papiwsuel}
elep abessaw

0 salAq Jo Jaquinu
8y} Jo ainsesw
ajelnooe Ue si sy}
AljeoidA | "sebessaw
9 Ayoud NP

Ag pasn Aoud ayy
Je pajlWSUEl} erep
J0 salAq Jo JaquinN

10,

A1oud9SINMvyIUeSsalAg sielspe|ieleqius!|D

UNOOAIIOUdISINMVIUSSSBIAG

sansnels

pajielag < SudI|Y < SUOHEBIIUNWWOY g[S < 9JIAIBS g|S < SWEBU JOAI8S “(PoNuU0o) SoNSHEBIS Pajieled SIusl|D :SUOHIUNSP J18junoo SUCHEIIUNWILWOD gt 8]qel

129

Chapter 4. Monitoring overall system health



Mo

onsIeISIUN0Y

JanIes
uoneoldde siy}
0} Pa}OBUUOD
uaaq aAey jey}
10 paauuod
sjuel I

‘sabessaw Jo

Moy} ayy ayenobau o}
pasn suoissiwsues}
|0Jju00 9SLdwOo9 [|IM
Blep Jo sajhg asay)
AjreoidAy os ‘Ayuoud
SIUF UM papiwsuel}
a( jouued

ejep abessay
‘Auoud mo| e

1e paplwsuel} eyep
Jo s8lAq Jo JlaquinN

147

Aoudmomiviuegsalfg sieispa|ieleqiusii

nopAloudmoTIviuesselig

mo

onsnieISiunoy

Janies
uoneoldde sy}
0} Pa}odUU0d
usaq aAey jeyl
10 paoauuod
SjualR I

‘lana] Aoud siyy

1e pojwWsSuel} 8q
wbiw sebessaw jo
MmoJ} 8y} ajenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

awl} wouy YIenemoH
‘lana] Aioud

SIY} 18 paplwsuel}
elep abessow

JO s8}Aq jo Jequinu
8y} Jo ainseaw
ajelnooe ue s sy}
AreoidA] "sebessaw
6 Awoud NP

Aq pasn Awoud ayy
Je pajlwsuel} eyep
0 S8JAqQ JO JaquinN

0L

AoudeSINrviueSsalAg sieispaieleqiusi)

JUNODANIOUdBSINMIVIUSSSaIAG

Mo

onsieISIUN0D

lanies
uoneoldde sy}
0} Pa}odaUU0D
usaq aAey ey}
10 paoauuod
sjual I

‘[1ana] Auoud siyy

Je paplwsuel} aq
biw sebessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘awl} 0}

aw} WoJj ‘IonemoH
‘1ana) Aoud

SIy} 1e paniwsuel]
elep abessaw

Jo salAg Jo Jaquinu
8y} Jo ainsesw
ajelnooe ue si siy}
AljeoidA ] "sebessaw
g Ayoud NP

Aq pasn Auloud ayy
Je paplwsuel} eyep
10 s8lAq Jo JlaquinN

S0L

Aioud8SINrviuesSselfg sielspa|ieleqius!iD

UNOOAIIOUdSSINMVIUSSSaIAG

sonsnels

pajielaq < SjudiD < SUOIIEIIUNWWOY g[S < 99IAISS gIS < dWEBU J9AIdS “(panuijuod) SolsnelS pajielad SIusijD :SUOIUSP J8junod SUOHBIIUNWILWOY ‘gt 8|qe]

130 Monitoring



Janies
uoneoldde sy}
0} Pa}oBUUOD
uaaq aney ey}
10 paosuuU0d

"1 Awoud SINF e
pani@oal sabessaw

MOT |OnsheISuno) SjusI IV JO JequinN LS. Ayioud L SINrvpeAIeossebessa|y srelspalieleqiualiD wnodAioud L SINMYPanisosysabessay
Janes
uoneoldde sy}
0} Paodauu0d
usaq aney jey} *0 Aywioud NP 1
10 pajoauu0d | paneoal sebessaw
MOT |OnsheISIuNo) SusIP IV JO JequinN 2s. A0 dOSINrYPaAIBOSHSabESSO\ SieISpaliele qiualiD WnoDAIoUdOSINMYPaAIBoaYsabessay
‘sabessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
10J)u02 BsUdwod ||Im
ejep jo salhq asayy
AjreoidAy os ‘Aoud
JOAIBS | SIYl YIM papjwisuel}
uoneoldde sy} aq jouued
0} pPa}oauu0d ejep abessapy
uaaq aAey eyl ‘Aoud mo| Aien e
10 pajoauuod | e paplwsuel} eyep
MOT |OnsheISuno) Sl |1 | 40 S8IAg Jo JequinN SLL Riougmoispryiuessaifg sielspa|ieloqiusii) wnodAiondmoAispviuessaiig
‘safessaw Jo
Moy} ayy ayenobau o}
pasn suoissiwsuel}
10J3U00 8sUdwod ||Im
ejep jo salhq asayy
AjreoidAy os ‘Ayuoud
JaAIBS | SIYl yIm papiwsuel)
uoneoldde sy} aq jouued
0] pPa1oauu0d ejep abessapy
uaaq aney 1eyr | Awoud ybiy Aien e
10 pajoauuod | e paplwsuel} eyep
MOT |OnsheISuno) Sl |1 | 40 S8lAg Jo JequinN c0L AiondubiHAisAIUSSSaIAg sieISpa|iele ius!iD wnodAoudubiHAieviuessekg
'sabessaw Jo
Mmoj} 8y} ajenobau o}
pasn suoissiwsuel}
|0J}U0D asUdWOoD [jIMm
elep Jo salhq asayl
AlreoidAy os ‘Ayioud
JaAIBS | SIY} YyIm papiwsuel)
uoneoldde sy} oQ Jouued eyep
0} P8josuUU0d abessa|\ Aoud
uaaq aAey Jey} | o|qissod 1semo| ayy
1O PajoBUU0D |  Je pPajIWSUEJ} Blep
MOT [dusnieISiuno) Sl || | 40 SelAq jo JequinN 91L Aiondisemoiyiuasseihg sieispalieieqiual) wnooAjioudisemoiyiuesseiig

sansnels

pajielag < SudI|Y < SUOHEBIIUNWWOY g[S < 9JIAIBS g|S < SWEBU JOAI8S “(PoNuU0o) SoNSHEBIS Pajieled SIusl|D :SUOHIUNSP J18junoo SUCHEIIUNWILWOD gt 8]qel

131

Chapter 4. Monitoring overall system health



lanes
uoneoldde siy}
0} P8}OBUU0D
usaq aney jey}
10 pajosuu0d

"6 Aioud SINP 1e
panleoal sebessaw

MOT |o1SHeISIUN0D syl |1y Jo JaqunN evL Ao deSINrvPeAeoaYsabessa|y sieiSpa|ieleqiusli0 WUNOOAIIOUdESINMIVPOAIRDaYSeBESSa)
19NIBS
uoneoldde sy}
0] palosauuod
useq aAey jeyl ‘g Awoud SINF Je
10 p81osuu0d PaAladal sobessaw
MO [OlSHEISIUN0D sjual |1y jo JaqunN YL Ao d8SINrvPeAeoaysabessaly sieispa|ieleqiuslio WUNOOAIIOUdSSINMIPOAIBDaYSaBESSa
JoNIBS
uoneoldde sy}
0} Pa}odauUuU0d
usaq ARy ey} ", Awoud SINF e
10 pajoauu0od | panieoal sabessaw
MO [olISBISIUN0D sl |1y Jo JaquinN SvL AyioudZSINrvpenieossebessa|y sieispa|ieleqiualio wnodAioud/SINrvpanieosysabessay
JoNIBS
uoneoldde sy}
0} Pa}odauUu0d
usaq aAey jey} "9 Awoud SINF e
10 pajoauuod | paneoal sabessaw
MO [olSeISIUN0D sl |1y Jo JaquinN oL K10 J9SINrIVYPaAIBOBHSBbESSON SteISpaliele qiudlD WNoDAIoUdOSINMYPaAIBoRYsahessaN
JBAIBS
uoneoldde sy}
0} pa}osauuod
usaq dAey jey} ' Ayoud SINC 1
10 pP8}osuUu0d paAl@dal sebessaw
MO [OlSHEISIUN0D SRl |1y Jo JaquinN VAZ2 Ay10UdGSINrYPaAIBoaHSabESSa SsieISpaliele qiualiD WnoDAIIoUdGSINMYPaAIBoaYsabessay
JOAIBS
uoneoldde sy}
0} pa}osauuod
ueaq aAey Jeu) v Aioud SN 1e
10 p8josuu0d PaAladal sobessaw
MOT |o1SHEISIUN0D sl |1y Jo JaqunN 8L AoudySNrvPeAleosysabessa|y sieispa|ieleqiuslio WUNOOAIIOUdYSINMIPEAIDYSBhESSB
PEEVAVICHY
uoneoljdde siy}
0} pa}oauuod
ueaq aney Jey) "¢ Aioud SNP 1e
10 p8josuu0d PaAladal sobessaw
MO [OlSHEISIUN0D syl |1y jo JaqunN 6v. AoudeSINrvPeAeoaysabessa|y sieispa|ieleqiuslio WUNOOAIIOUJESINMIPOAIDaYSeBESSa
JonIes
uoneoljdde sy}
0] paloauuod
useq aAey jeyl "2 Awoud SINF e
10 Pa}oduUuU0d | panieoal sabessaw
MO |onsHeISIUN0D sjual ||y jo JaquinN 0S. AoudzSINrivpeAeoaysabessa|y sieispa|ieleqiusli WUNOOAIIOUdZSINMIVPOAIBDDYSaBeSSaN

sonsnels

pajielaq < SjudiD < SUOIIEIIUNWWOY g[S < 99IAISS gIS < dWEBU J9AIdS “(panuijuod) SolsnelS pajielad SIusijD :SUOIUSP J8junod SUOHBIIUNWILWOY ‘gt 8|qe]

132  Monitoring



JanIes
uoneoldde sy}
0} PajosauuUod '/ Auoud
usaq 8Aey jeyy | SN 1B paniwsuel
10 pajosuUu0d sobessaw
MOT [dusnieISuno) s8I I 0 JaqWINN 1572 Aioud/SINrviuessebessa|\ syeispalieleqiualo unooAioud/SINrviueSsebessa |y
Jones
uoneoldde siy}
0] PajodauuUod 9 Aioud
usaq 8Aey jeyy | SIAIM 1B paniwsuel
10 pajosuUu0d sobessaw
MOT [dusnieISiuno) sjual I 0 JaqWINN 9€L Aioud9SINrvIueSsabessa|\ sielspalieleqiualio UN0OAIIOUdISINMYIUSSSabESSa
Janes
uoneoldde sy}
0} Pa1osuUU0d ‘g Awoud
useq dAeY Jeyl | SIAIM e pelwsuel
1O pa}oauuU0d sobessaw
MOT [dusnieISiuno) sjualo I 0 JaqWINN pAYA AioudSSINrviuagsebessa|y sieispalieloqiualio uNoOAIIOUdSSINMYIUSSSabessa
Janes
uoneoldde siy}
0] pPaoauu0d 4 Awoud
useq dAeY Jeyl | SIAIM e pawsuel
10 pajosuu0d sobessaw
MOT |OnsheISuno) sjual I 0 JaquinN 8EL AoudySINriviuessebessa|y syeispalieloqiualo wnodAioudySINrviuegsabessay
Janes
uoneoldde sy}
0] Pajosauuod e Auoud
usaq dAeY Jeyl | SIAIM e pawsuel
10 pajoauu0d sobessaw
MOT |OnsheISunNo) SjusI IV JO JequinN 6€L AioudeSNrviuessebessa|y syeispalieloqiualy wnodAiioudeSINrviuessabessay
JanIes
uoneoldde siyy
0] PajoauuUod ‘2 Auoud
uesq eAey Jeyl | SIAM Je pepiwsues
10 pajosuu0d sobessaw
MOT |OnsheISIuNo) Sl IV JO JequinN oL Aioudgsnriviuessebessa|y syeispajieloqiualy wnodAiioudeSINrviuegsabessay
Joanes
uopeoldde siyy
0] PajodauuUod 1 Aoud
usaq 8Aey jeyy | SIAIM 1B paniwsuel
10 pajosuu0d sabessaw
MOT [dusnieISiuno) S8l I 0 JaqWINN 572 Aioud LSINMvIUeSsebessa|\ sieispalieleqiualo unooAjIoud LSINMYIUSSSsabessay
JETVES
uoneoldde sy}
0] Pajodauuod 0 Aioud
usaq dAey jeyy | SIAM 18 papiwsuel
10 pajosuu0d sobessaw
MOT [dusnieISiuno) sjusl I 0 JaqWINN 474 AioudoSINrviuagsebessa|\ sieispalieleqiualio UN0OAIIOUdOSINMYIUSSSabESSa

sansnels

pajielag < SudI|Y < SUOHEBIIUNWWOY g[S < 9JIAIBS g|S < SWEBU JOAI8S “(PoNuU0o) SoNSHEBIS Pajieled SIusl|D :SUOHIUNSP J18junoo SUCHEIIUNWILWOD gt 8]qel

133

Chapter 4. Monitoring overall system health



Janies
uoneoljdde siy}

0] PajodauuUod 6 Aoud
usaq eAey jeyy | SIAIM 1B papiwsuel
10 paoauuod sobessow
MOT [dusnieISuno) sjusl I 40 JoquinN e€eL AioudeSINrviueSsabessa|\ sielspalieleqiualio wnooAioudeSINrviuegsebessey
lanies
uoneoljdde sy}
0] PajodauuUod g Aioud
useq dAey Jeyl | SIAIM e pewsuel
10 pa}oauuU0d sobessaw
MOT [dusnieISiuno) sjualo I 40 JoquinN veL AioudgSINrviuegsebessa|\ sieispalieloqiualio wnodAioudgSINrviuegsabessay
sonsnels

pajielaq < SjudiD < SUOIIEIIUNWWOY g[S < 99IAISS gIS < dWEBU J9AIdS “(panuijuod) SolsnelS pajielad SIusijD :SUOIUSP J8junod SUOHBIIUNWILWOY ‘gt 8|qe]

134  Monitoring



"Janas uoneoldde
SIY} 0} p81osuUu0d
suonoauuoo/saulbua
Buibessaw

Bunsoy sienies

"JaAes uoneoldde
SIU} 0} P}OBUUOD
ylomiau Ajuaind

sauibua Buibessaw

Bunsoy sessaocoid
Janies uoljeoldde

Mo osieISIUN0Y | suopedldde Juauno ounsip Jo Jsquinu 8yl 10S payoeRy3N‘SIeISIIN junoppayoenyIN
"pa}osUUOISIP
Janes uoneoldde | Buieq auibus Buibessaw
SIY} 0} PA}OBUUOD B 0} UOI}08UU0d
usaq aAeY ey} 10 3}I0OM}BU B Ul pa)nsal
pajoauuUod saulbua pue paiINdo0 aAey Jey}
MO olIseISIUN0Y Buibessaw ||y S10119 UoNEDIUNWWOYD €0G slouz s1eISaN unogsiosy
BEIVEN
uoneoldde ay} yum dn
dasy 01 ybnous ise} elEP
sseo0.d 0} 9|qeun ale
1ey; saulbus Buibessaw
Bunsoy sessaosold
Janias uoleoldde
Janies uoneoydde 1o uonsabuod yiomjau
SIY} 0} P}OBUUOD ayeoipul Jybiw sanjea
uaaq aAeY ey} Jo obe "uoissiwsuel}
pa108uu09 saulbus Buipuad pjay Buleq
MO oliSeISIUN0Y BuiBessaw ||y | eyep jo saihq jo JaquinN 0LS sajhgaipmpaloyng sieisan wnoysaligenippaliayng
‘payoene ylomau s ji
ey} saulbus Buibessow
Bunsoy sessaoold lenles
uoneoldde Jayjo ayl yum
dn daay o} ybnous isey
ejep ssao0id 0} 9|qeun
S| Jonlas uoneoldde
8y} jeys eredipul Jybiw
Janes uoneoldde | senjea abie ‘Buissasoid
SIY} 0} PA}OBUUOD Jayuny Buipuad play
usaq 8ABY By} IO | 8Ie pue MIOM}BU By} WOy
pajoauUod saulbua | paAleoal usaq aAey ey}
MO oliseISIuN0Y BuiBessaw ||y | eyep jo selhq jo JaquinN LIS sajhgpeaypaloyng sieisI N wnogysayigpeaypaloyng
"Janas uoneoldde "Janas uoneoldde
SIY} 0} PA}OBUUOD SIY} 0} P}OBUUOD
suol9auu09/saulbua yiomau Ajjuaiino ale
buibessaw | ey} sauibus Buibessow
Bunsoy sianies Aq pasn buieq
Mo onsneISIuNo) | suoneoljdde Juslnd | SUOISS8S JO Jaquinu 8y | 205 SUoN0BUUO)D|dY SIeISTIN UNODHSUONOBUUOD|dY
1ana1 adAL Ayielnuely uonduosaq ai Aay| aweN

Sonsnels plepuels <

sauibug BuiBessay < SuoneIIUNWWO) g|S < 9JIAIBS IS < SWEBU JOAI8S "SOlISHEIS pJepuels sulbug Buibessayy :Suoniulsp Jajunod SUOKBIIUNWIWIOY ‘€F 8|qe]

135

Chapter 4. Monitoring overall system health



Janies uoleoldde
SIY} 0} PA}OBAUUOD
uaaq aAeY ey} 1o
pajoauuod saulbua

‘asn 90IMIBS

gl o4 “Aleyeipawiwi
palejdwod aq

J0U p|nod jey} suonelado

moT ousieisuno) Buibessaw ||y BlIM Jo JequinN 90§ paxoo|gseliMsIeISTIN UNODP3X00|gSaIM
Janias uoneo)dde
SIY} 0] PajoBUU0D 'sauibua Buibessaw
uaaq aAeY ey} Jo Bunsoy sessacold
pa10auu0d saulbus | laaies uoneoldde o) Juss
moT ousieIsuno) Buibessaw ||y | ejep jo seihq jo JaquinN 145 uspuMsaMigleloL sreISIIN junogusiseIfgeloL
Janies uoneoldde
SIY} 0] PajoBauUU0d 'saulbus Buibessaw
uaaq aAey ey} Jo | Bunsoy sassaooid Jonias
palosuuoo saulbus | uonesldde woly panadal
MO olISeISIUN0Y BuiBessaw ||y | eyep jo salhq jo JaquinN SIS peaysaligelol ‘sieis3an Jnoppeaysaligelol
*SUOI}OBUU0D
}IoM]}au ssoioe
saulbua Buibessaw
Janias uoneoydde Bunsoy sessaosoid
SIY} O} Pa}OBUUOD Janes uoneoldde
uaaq aAeY ey} Jo woJj eyep aAlgoal
paloauuod saulbus 0} pasn suonelado
MO oliseISIUN0Y Buibessaw ||y peal Jo JequinN S0S speaysielISaN junojspeay
Janies uoneoldde 9sn 99IM9S
Sy} O} PeloBUUOD NGl Jo4 “Ajerelpawiwi
uaaq aAeY Jeyy Jo pajejdwod aq
pajoauuod saulbus | jou pjnod ey} suonelado
Mo olsiieISIUN0D buibessaw ||y peal Jo JaqunN /0S5 payoo|gspeay sieiS3aN Junoopaxoo|gspesy
sobessaw
JO UOISSIWSUBJ} By}
ajenobau 0} pasn erep
apnjoul Jou s90p SIY L
*SUOI}OBUUOD YIOM}BU
Janies uoneoydde | Jano saulbus Buibessaw
SIY} 0] PajodUUoD Bunsoy sessaosoid
uaaq aAeY Jey} Jo Janes uoneoldde
palosuuoo sauibus 0} Juas eyep abessaw
Mo olsiieISIUN0D buibessaw ||y Jo salAq Jo JaquinN 21S uanpsalhgabessapy sielSIIN Junojusnupsaiigabessay
sobessaw
JO UOISSIWSUBJ} By}
ajenobau 0} pasn erep
apnjoul Jou s80p Sy
*SUOI}OBUUOD YIOM}BU
Janies uoneoydde | Jano saulbus Buibessaw
SIY} 0} Pe}OBUUOD Bunsoy sessacold
uaaq aAeY Jey) Jo Janes uofeslidde wouy
pa10auu0d sauibus paniaoal eyep abessaw
Mo olsIieISIUN0D Buibessaw ||y Jo salAq Jo JaquinN €1 peaysaifgabessay sieiSI N Junoppeaysalhgabessa|y

soljsnels piepuels < saulbug Buibessayy
< suonedIUNWWOY g|S < 32IAIAS gIS < dWEBU JBAI3S “(panunuod) soisnels plepuels sulbug buibesssyy :SUOKIULSP 18)uN0d SUOHEIIUNWWOD) “SF 8|qe]

136  Monitoring



Mo

ousfeisiuno)

Janies uoleoldde
SIY} 0} PA}OAUUOD
uaaq aAeY ey} 1o
pajosuuod saulbua
Buibessaw ||y

'SUOI}08UU0D
3}lom}au ssoloe
saulbus Buibessaw
Bunsoy sassaooid
Janias uoneoldde
0} elep jwsuel}

0} pasn suoljelado
O}lIM JO JaquinN

¥0S

SalMSIBISAIN

JUNODSAIIM

solsnels plepuels < saulbug buibessayy
< suoledIUNWWOY g[S < d2IAIAS gIS < dWEBU JBAIdS “(Panunuod) soisiels plepuels sulbug buibesssyy :SUORIULSP 18)uN0d SUOHEIIUNWWOD) “SF 8]qe]

137

Chapter 4. Monitoring overall system health



Janies
uoneoldde sy}
0} PajosUU0D
uaaq aney ey}
10 paosuu0d

‘[ong] Ayioud siyy

Je papiwsues} aq
wbiw sebessaw Jo
MoJ} 8y} ajenobsu o}
pasn suoissiwsuel}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIY} 8 panIeoal
ejep abessaw

Jo sa}Aq jo Jequinu
8y} Jo ainsesw
ajelnooe ue s sy}
AreoidA] "sebessaw
0 Awoud SNP

Aq pesn Awoud

8y} 1e paAlgdal elep

MOT |OnsheISIuNo) Sl |1 | 40 S8IAg Jo JaquinN 629 AiondOSINrvPaAIeoYsaIAg sIBISPalBIe QTN WNoDAIIOLJOSINMYPEAIBOBYHSIAG
‘sabessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsues}
1043u09 asudwod |jIm
Blep Jo sajhg asay)
AjreoidAy os ‘Ayioud
JOAIBS | SIU} YIM papiwsuel}
uoneoldde siy} oQ Jouued ejep
0] Paoauu0d abessa|y “Ayioud
uaaq aAey eyl a|qissod 1saybiy
10 p81oduUod | BY} Je paAledal elep
MOT |OnsheISuno) Sl ||V | 40 S8lAg Jo JequinN 219 AiondiseybiHivpaAeoadsaIAg sieISpaleIeaIN nodAjioudisaybiHIYpanIoaYsalfg
'safessaw Jo
Moy} a3 ayenobau o}
pasn suoissiwsues}
|0J}U0D 9sUdWOoD [|IMm
elep Jo salAq asay)
AlreoidAy os ‘Ayioud
JOAIBS | SIYl yim papiwsuel)
uoneoldde sy} aq jouued
0} ‘pajoauUU0d ejep abessa|
uaaq aAey eyl ‘Aoud ybiy
10 ‘pajosuUU0D | B Je panledal ejep
MOT [dusnieISiuno) Sl || | 40 S8lAg Jo JequinN 619 AioudubiHiypanieoaysalig sielspa|iele a3 N unooAioudybiHIvVPeAeoayseihg
EY R adAL Ayaejnuesy uonduosag al )] aweN

sonsnels pajielag <

saulbug Buibessay| < suoneIIUNWWOY g|S < 99IAISS g|S < dWEBU J9AISS "SOlSIBIS palielaq sulbug Buibessay) :SUoiIUep J8junod SUOHBIIUNWILWOY 't 8|qe]

138 Monitoring



Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} PajosaUU0D
uaaq aney jey}
10 paauu0d
s8I I

‘lena] Aoud siyy

Je paplwsues} aq
wbiw sebessaw Jo
MmoJ} 8y} ajenobsu o}
pasn suoissiwsues}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIY} 8 panIgoal
ejep abessaw

JO sa)Aq jo Jaquinu
8y} Jo ainsesw
ajelnooe ue s sy}
AeoidA] "sebessaw
2 Awoud SNP

Aq pesn Awoud

8y} Je paAlgdal elep
Jo salAq jo JlaquinN

129

AioudgSINrivpaniedayseiig sieispalielaq3n

unooAIoUdZSINMVYPaAIRdaYSBIAg

Mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aAey ey}
10 pPaauUu0d
sjual I

‘1ana] Auoud siyy

1e pajniwsuel) aq
ybiw sebessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘Dwl} O}

awi} WoJj ‘JonemoH
‘1ana] Aioud

SIY} 18 panleoal
elep abessaw

0 salAq Jo Jaquinu
8y} Jo ainsesw
ajelnooe Ue si sy}
AljeoidA | "sebessaw
I Awoud SNP

Aq pasn Awoud

8y} Je paAlgdal eyep
J0 salAq Jo JaquinN

829

foud L SNMVPaARoaHsalAg SIBISPa|ieIeaaIN

uNoOAIOUd LSINMIPEAIBORYSBIAY

solsijels pajielaq < sauibug Buibessap

< suoledIUNWWOY gIS < 99IAISS gIS < WU JIdAIdS “(panuljuod) SosnelS pajeied auibug buibesseyy :SUORIULBP J8juUNod SUOHBIIUNWIWIOD bt 8|qel

139

Chapter 4. Monitoring overall system health



mo

Janies
uoneoldde sy}
0} Pa}odUU0d
usaq aAey jeyl
10 paoauuod
olsieISIuNoY SjualR I

‘lana] Aoud siyy

1e pojwWsSuel} 8q
wbiw sebessaw jo
MmoJ} 8y} ajenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

awl} wouy YIenemoH
‘lana] Aioud

SIY} e panledal
elep abessow

JO s8}Aq jo Jequinu
8y} Jo ainseaw
ajelnooe ue s sy}
AreoidA] "sebessaw
¥ Awoud NP

Aq pesn Awoud

8y} 1e paAIgdal erep
0 S8JAqQ JO JaquinN

Gg29

Aioudy SN PaAeoaysalfg sieispalielea3n

wnooAoldySINMVPaAIedaYsalAg

Mo

lanies
uoneoldde sy}
0} Pa}odaUU0D
usaq aAey ey}
10 paoauuod
onsieISIuNoy sjual I

‘[1ana] Auoud siyy

Je paplwsuel} aq
biw sebessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘awl} 0}
aw} WoJj ‘IonemoH
‘1ana) Aoud

SIY} 18 panleoal
elep abessaw

Jo salAg Jo Jaquinu
8y} Jo ainsesw
ajelnooe ue si siy}
AljeoidA ] "sebessaw
¢ Aoud NP

Aq pasn Awioud

8y} Je paAlgdal eyep
10 s8lAq Jo JlaquinN

929

AiLoLdESINMIYPaNB0aYSaIAG SIEISPalIelaa TN

UNOOAIIOUdESINMIVPOAIBORYSBIAY

solsijels pajielag < sauibug Buibessap

< suoiEeIIUNWWOY gIS < dJIAIBS gIS < WU J8AIas (Panuijuod) soisnels pejieloq suibug Buibessayy :SUoIUI8p 18junod SUCHEIIUNWIWIOD vt 8|qel

140 Monitoring



Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} PajosaUU0D
uaaq aney jey}
10 paauu0d
s8I I

‘lena] Aoud siyy

Je paplwsues} aq
wbiw sebessaw Jo
MmoJ} 8y} ajenobsu o}
pasn suoissiwsues}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIY} 8 panIgoal
ejep abessaw

JO sa)Aq jo Jaquinu
8y} Jo ainsesw
ajelnooe ue s sy}
AeoidA] "sebessaw
9 Awoud SNP

Aq pesn Awoud

8y} Je paAlgdal elep
Jo salAq jo JlaquinN

€29

Aioud9snrivpeniedayseiig sieispalieloqan

NoQAIIOLdISINMIVPaAIRIaYSBIAG

Mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aAey ey}
10 pPaauUu0d
sjual I

‘1ana] Auoud siyy

1e pajniwsuel) aq
ybiw sebessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

Wi} Wolj ‘I9AeMOH
‘1ana] Aioud

Sy} Je paneoal
elep abessaw

0 salAq Jo Jaquinu
8y} Jo ainsesw
ajelnooe Ue si sy}
AljeoidA | "sebessaw
S Awoud NP

Aq pasn Awoud

8y} Je paAlgdal eyep
J0 salAq Jo JaquinN

c9

AIoUdSSINMIVPaAIRoaHSaIAG SIBISPa|IEIeaIIN

UNODAIIOUdSSINMIVYPOAIBORYSBIAY

solsijels pajielaq < sauibug Buibessap

< suoledIUNWWOY gIS < 99IAISS gIS < WU JIdAIdS “(panuljuod) SosnelS pajeied auibug buibesseyy :SUORIULBP J8juUNod SUOHBIIUNWIWIOD bt 8|qel

141

Chapter 4. Monitoring overall system health



mo

Janies
uoneoldde sy}
0} Pa}odUU0d
usaq aAey jeyl
10 paoauuod
olsieISIuNoY SjualR I

‘lana] Aoud siyy

1e pojwWsSuel} 8q
wbiw sebessaw jo
MmoJ} 8y} ajenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

awl} wouy YIenemoH
‘lana] Aioud

SIY} e panledal
elep abessow

JO s8}Aq jo Jequinu
8y} Jo ainseaw
ajelnooe ue s sy}
AreoidA] "sebessaw
8 Awoud SNP

Aq pesn Awoud

8y} 1e paAIgdal erep
0 S8JAqQ JO JaquinN

129

Aioud8SINrvPaneoaysalfg sieiSpaliele 3N

noQAIIoLd8SINMIVPaAIRIaYSBIAG

Mo

lanies
uoneoldde sy}
0} Pa}odaUU0D
usaq aAey ey}
10 paoauuod
onsieISIuNoy sjual I

‘[1ana] Auoud siyy

Je paplwsuel} aq
biw sebessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘awl} 0}
aw} WoJj ‘IonemoH
‘1ana) Aoud

SIY} 18 panleoal
elep abessaw

Jo salAg Jo Jaquinu
8y} Jo ainsesw
ajelnooe ue si siy}
AljeoidA ] "sebessaw
£ fwoud NP

Aq pasn Awioud

8y} Je paAlgdal eyep
10 s8lAq Jo JlaquinN

[44°)

fioudZSINPIYPanBoaYSaIAg SIeISPallelaa N

WNoQAIIOUd /SN POAIBORYSBIAY

solsijels pajielag < sauibug Buibessap

< suoiEeIIUNWWOY gIS < dJIAIBS gIS < WU J8AIas (Panuijuod) soisnels pejieloq suibug Buibessayy :SUoIUI8p 18junod SUCHEIIUNWIWIOD vt 8|qel

142  Monitoring



Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} Pa}osUU0d
uaaq aAey jey}
10 paoauuod
SjualR I

'sabessaw Jo

Moy} ay} ayenobau o}
pasn suoissiwsuel}
|0Jju0d asudwod [|IM
Blep Jo salhg asay}
AjreoidAy os ‘Ayioud
SIY} Yim papiwsues
aq Jouued ejep
abessa|\ Aoud
a|qissod 1samoy|

8y} 1e paAIgdal erep
Jo salAq Jo JequinN

cg9

Aol disemoiypanieoaysalkg sieISpalielaa3n

JUNODAIIOLJISOMOTIYPOAIBOOYSaIAG

Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} PajoBUU0D
uaaq aAey jey}
10 paduu0d
s8I I

‘sebessaw Jo

Moy} ay} ajenobsu o}
pasn suoissiwsues}
10J1U0D BSLAWOD [|IM
Blep Jo saljAg asay)
AreoidAy os “Ayioud
SIY} Yim papiwsues
a( jouued

elep abesso|y
‘Auoud moj

B ]B paAlaoal ejep
Jo salAq jo JlaquinN

0€9

KoL dmoTivpenieoeyselAg sieiSpa|ieleaIiN

UN0DAIIOJMOTIYPaAIBODYHSBIAg

Mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aAey ey}
10 pPaauUu0d
SN IV

‘1ana] Auoud siyy

1e pajniwsuel) aq
ybiw sebessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

Wi} Wolj ‘I9AeMOH
‘1ana] Aioud

Sy} Je paneoal
elep abessaw

0 salAq Jo Jaquinu
8y} Jo ainsesw
ajelnooe Ue si sy}
AljeoidA | "sebessaw
6 fwoud NP

Aq pasn Awoud

8y} Je paAlgdal eyep
J0 salAq Jo JaquinN

029

AIoUd6SINMVPaAIROaHSIAG SIBISPa|IEIeaIIN

UNOOAIIOUdBSINMIVPOAIRORYSBIAY

solsijels pajielaq < sauibug Buibessap

< suoledIUNWWOY gIS < 99IAISS gIS < WU JIdAIdS “(panuljuod) SosnelS pajeied auibug buibesseyy :SUORIULBP J8juUNod SUOHBIIUNWIWIOD bt 8|qel

143

Chapter 4. Monitoring overall system health



Janies
uoneoldde sy}
0} Pa}osuUU0d
usaq aAey jeyl
1o pajoauuod

'sabessaw Jo

MmoJ} 8y} ajenobsu o}
pasn suoissiwsues}
|0J}U0D 9sUdWOD [|IM
Blep Jo salhg asay}
AjreoidAy os ‘Ayioud
SIU UM papiwsuel
8( jouued

elep abesso|
‘uoissiwsues}

Jo4 Ayoud

a|qissod 1seybly eup
Je paplwsuel} eyep

MO7 [onsneISiuNo) sl ||y | 40 s8lAg Jo JequnN 109 RioudisaybiHiviuesselig sieispa|ieledain noQAIoUdiseyBIHIVIUBSSaIAg
‘sefessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsues}
10J)u02 BsUdwo9 ||Im
ejep jo sajhq asayy
AjreaidAy os ‘Ayiond
JOAIBS | SIYl UM papjwisuel}
uoneoldde siy} aq jouued
0} pPaodauu0d ejep abessapy
uaaq aAey eyl ‘Aioud ybiy e
10 pejoauuod | e paplwsuel} eyep
MOT |OnsheISuNo) Sl ||V | 40 S8IAg Jo JequinN €09 AoudubiHiviuessalAg sieigpa|ielod3an wnodAoudubiHiviuesseikg
‘sabessaw Jo
Moy} 8y} ayenobau o}
pasn suolissiwsuel}
|0Jju00 9sSLdwOo9 [|IM
ejep jo salhq asayy
AjreoidAy os ‘Ayioud
JOAIBS | SIU} YIM papiwsuel}
uoneoldde siy} aq jouued
0] pPaoauu0d ejep abessay
uaaq aAey eyl ‘Aoud mo| Aian
10 paoauuod | B Je paAledal eyep
MOT |OlsheISuno) Sl |1 | 40 S8IAg Jo JequinN 1€9 Auoudmoisprypenieosysaifg sieispalierea3 N wnodAoudmothisplypenisoeyseihg
'safessaw Jo
Moy} 8y ayenobau o}
pasn suoissiwsuel}
|0J}U0D asUdWOoD [|IM
ejep jo salhq asay}
AlreoidAy os ‘Ayioud
JOAIBS | SIYl Yyim papiwsuel)
uoneoldde sy} aq jouued
0} PaosuUU0d ejep abessa|
uaaq aAey eyl ‘Aoud ybiy Alea
10 paoduuod | e Je paAiadal eyep
MOT [dusnieISiuno) Sl || | 40 S8lAg Jo JequinN 819 AoudybiHAlaaypanieoaysalfg sieispalieledain wnooAiioudybiHAIBAIYPaAIoaYSBIAg

solsijels pajielag < sauibug Buibessap

< suoiEeIIUNWWOY gIS < dJIAIBS gIS < WU J8AIas (Panuijuod) soisnels pejieloq suibug Buibessayy :SUoIUI8p 18junod SUCHEIIUNWIWIOD vt 8|qel

144  Monitoring



Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} PajosaUU0D
uaaq aney jey}
10 paauu0d
s8I I

‘lena] Aoud siyy

Je paplwsues} aq
wbiw sebessaw Jo
MmoJ} 8y} ajenobsu o}
pasn suoissiwsues}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIy} je peniwsuel}
ejep abessaw

JO sa)Aq jo Jaquinu
8y} Jo ainsesw
ajelnooe ue s sy}
AeoidA] "sebessaw
L Ayoud SNP

Aq pasn Awoud ayy
1e paplwsuel} eyep
Jo salAq jo JlaquinN

cl9

Aoud L SNMviuegsalig sieispalielodain

wnodAoud L SNMvIUeSsakg

Mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aAey ey}
10 pPaauUu0d
sjual I

‘1ana] Auoud siyy

1e pajniwsuel) aq
ybiw sebessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

Wi} Wolj ‘I9AeMOH
‘1ana] Aioud

Sy} e papiwsuel}
elep abessaw

0 salAq Jo Jaquinu
8y} Jo ainsesw
ajelnooe Ue si sy}
AljeoidA | "sebessaw
0 Awoud NP

Ag pasn Aoud ayy
Je pajlWSUEl} erep
J0 salAq Jo JaquinN

€19

AioudoSINrviuesselig sieispe|ieled3 N

UN0OAIIOUdOSINMVIUSSSaIAG

solsijels pajielaq < sauibug Buibessap

< suoledIUNWWOY gIS < 99IAISS gIS < WU JIdAIdS “(panuljuod) SosnelS pajeied auibug buibesseyy :SUORIULBP J8juUNod SUOHBIIUNWIWIOD bt 8|qel

145

Chapter 4. Monitoring overall system health



mo

Janies
uoneoldde sy}
0} Pa}odUU0d
usaq aAey jeyl
10 paoauuod
olsieISIuNoY SjualR I

‘lana] Aoud siyy

1e pojwWsSuel} 8q
wbiw sebessaw jo
MmoJ} 8y} ajenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

awl} wouy YIenemoH
‘lana] Aioud

SIY} 18 paplwsuel}
elep abessow

JO s8}Aq jo Jequinu
8y} Jo ainseaw
ajelnooe ue s sy}
AreoidA] "sebessaw
¢ Awoud NP

Aq pasn Awoud ayy
Je pajlwsuel} eyep
0 S8JAqQ JO JaquinN

019

AyioudeSINrviuessalhg sieispalieloa3 N

WUNODANIOUJESINMIVIUSSSaIAG

Mo

lanies
uoneoldde sy}
0} Pa}odaUU0D
usaq aAey ey}
10 paoauuod
onsieISIuNoy sjual I

‘[1ana] Auoud siyy

Je paplwsuel} aq
biw sebessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘awl} 0}

aw} WoJj ‘IonemoH
‘1ana) Aoud

SIy} 1e paniwsuel]
elep abessaw

Jo salAg Jo Jaquinu
8y} Jo ainsesw
ajelnooe ue si siy}
AljeoidA ] "sebessaw
g fwoud NP

Aq pasn Auloud ayy
Je paplwsuel} eyep
10 s8lAq Jo JlaquinN

L9

AioudzSINrviuesselfg sieispe|ieloa3 N

UNOOAIIOUdZSINMVIUSSSaIAG

solsijels pajielag < sauibug Buibessap

< suoiEeIIUNWWOY gIS < dJIAIBS gIS < WU J8AIas (Panuijuod) soisnels pejieloq suibug Buibessayy :SUoIUI8p 18junod SUCHEIIUNWIWIOD vt 8|qel

146  Monitoring



Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} PajosaUU0D
uaaq aney jey}
10 paauu0d
s8I I

‘lena] Aoud siyy

Je paplwsues} aq
wbiw sebessaw Jo
MmoJ} 8y} ajenobsu o}
pasn suoissiwsues}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIy} je peniwsuel}
ejep abessaw

JO sa)Aq jo Jaquinu
8y} Jo ainsesw
ajelnooe ue s sy}
AeoidA] "sebessaw
g Awoud NP

Aq pasn Awoud ayy
1e paplwsuel} eyep
Jo salAq jo JlaquinN

809

AioudssNriviuessalig sieispalielogan

wnoDAioudSSINrvIUeSsakg

Mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aAey ey}
10 pPaauUu0d
sjual I

‘1ana] Auoud siyy

1e pajniwsuel) aq
ybiw sebessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘Dwl} O}

awi} WoJj ‘JonemoH
‘1ana] Aioud

Sy} e papiwsuel}
elep abessaw

0 salAq Jo Jaquinu
8y} Jo ainsesw
ajelnooe Ue si sy}
AljeoidA | "sebessaw
¥ Awoud SNP

Ag pasn Aoud ayy
Je paplwsuel} eyep
J0 salAq Jo JaquinN

609

AoudySNriviuagselig sieispalieledain

UN0OAIIOUdFSINMIVIUSSSBIAG

solsijels pajielaq < sauibug Buibessap

< suoledIUNWWOY gIS < 99IAISS gIS < WU JIdAIdS “(panuljuod) SosnelS pajeied auibug buibesseyy :SUORIULBP J8juUNod SUOHBIIUNWIWIOD bt 8|qel

147

Chapter 4. Monitoring overall system health



mo

Janies
uoneoldde sy}
0} Pa}odUU0d
usaq aAey jeyl
10 paoauuod
olsieISIuNoY SjualR I

‘lana] Aoud siyy

1e pojwWsSuel} 8q
wbiw sebessaw jo
MmoJ} 8y} ajenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

awl} wouy YIenemoH
‘lana] Aioud

SIY} 18 paplwsuel}
elep abessow

JO s8}Aq jo Jequinu
8y} Jo ainseaw
ajelnooe ue s sy}
AreoidA] "sebessaw
2 Awoud SNP

Aq pasn Awoud ayy
Je pajlwsuel} eyep
0 S8JAqQ JO JaquinN

909

Ayioud/SNriviuessalig sieispajieloa3 N

noANIoud ZSINMIVIUSSSaIAg

Mo

lanies
uoneoldde sy}
0} Pa}odaUU0D
usaq aAey ey}
10 paoauuod
onsieISIuNoy sjual I

‘[1ana] Auoud siyy

Je paplwsuel} aq
biw sebessaw Jo
Moy} a8y} ayenobau o}
pasn suoissiwsues}
|0J}U0D ‘awl} 0}

aw} WoJj ‘IonemoH
‘1ana) Aoud

SIy} 1e paniwsuel]
elep abessaw

Jo salAg Jo Jaquinu
8y} Jo ainsesw
ajelnooe ue si siy}
AljeoidA ] "sebessaw
9 Aywoud NP

Aq pasn Auloud ayy
Je paplwsuel} eyep
10 s8lAq Jo JlaquinN

09

Aioud9SINrviuessalfg sieispe|ielea3 N

UNODAIIOUISINMIVIUSSSBIAG

solsijels pajielag < sauibug Buibessap

< suoiEeIIUNWWOY gIS < dJIAIBS gIS < WU J8AIas (Panuijuod) soisnels pejieloq suibug Buibessayy :SUoIUI8p 18junod SUCHEIIUNWIWIOD vt 8|qel

148 Monitoring



Mo

onsIeISIUN0Y

Janies
uoneoldde sy}
0} Pa}odaUUOD
uaaq aAey ey}
10 payauuod
sjual I

'safessaw Jo

Moy} ayy ayenobau o}
pasn suoissiwsues}
|0J}U0D asUdWOoD [jIMm
Blep Jo salhq asay)
AjreoidAy os ‘Ayioud
SIY} UM papiwsuel)
a( jouued

elep abessapy
‘Auoud mo| e

1e paplwsuel} eyep
10 s8lAq Jo JlaquinN

19

Aoudmomiviuegsalhg sieispalierodan

nopAloudmoTIviueSselAg

Mo

onsieISIUN0Y

Janies
uoneoldde sy}
0} PajosaUU0D
uaaq aney jey}
10 paauu0d
s8I I

‘lena] Aoud siyy

Je paplwsues} aq
wbiw sebessaw Jo
MmoJ} 8y} ajenobsu o}
pasn suoissiwsues}
|0J1U0D ‘awl} 0}

awl} Wolj ‘JonemoH
‘lona] Aioud

SIy} je peniwsuel}
ejep abessaw

JO sa)Aq jo Jaquinu
8y} Jo ainsesw
ajelnooe ue s sy}
AeoidA] "sebessaw
6 Awoud NP

Aq pasn Awoud ayy
1e paplwsuel} eyep
Jo salAq jo JlaquinN

09

AoudesSNriviuessalig sieispalielodan

wnoDAiioudeSINrvIueSsakg

Mo

onsieISiunoy

Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aAey ey}
10 pPaauUu0d
sjual I

‘1ana] Auoud siyy

1e pajniwsuel) aq
ybiw sebessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsuel}
|0JjU0D ‘awl} 0}

Wi} Wolj ‘I9AeMOH
‘1ana] Aioud

Sy} e papiwsuel}
elep abessaw

0 salAq Jo Jaquinu
8y} Jo ainsesw
ajelnooe Ue si sy}
AljeoidA | "sebessaw
g Ayond NP

Ag pasn Aoud ayy
Je pajlWSUEl} erep
J0 salAq Jo JaquinN

S09

AioudgSINrviuesselig sieispe|ieled3 N

UNOOAIIOUdSSINMVIUSSSaIAG

solsijels pajielaq < sauibug Buibessap

< suoledIUNWWOY gIS < 99IAISS gIS < WU JIdAIdS “(panuljuod) SosnelS pajeied auibug buibesseyy :SUORIULBP J8juUNod SUOHBIIUNWIWIOD bt 8|qel

149

Chapter 4. Monitoring overall system health



Janies
uoneoldde sy}
0} PajosUU0D
uaaq aney ey}
10 paduu0d

"1 Awoud SINF e
pani@oal sabessaw

MO7 [dnsieISuNo) SusI IV JO JequinN 159 Aiond L SN paneoaysebessa|y sieispalieredain wnodAioud L SINMYPanIsosysabessay
JanIes
uoneoldde sy}
0} pPa}oduu0d
usaq aney jey} *0 Ayiond SINC 1
1o pajosuu0d | paneoal sebessaw
MO7 [onsieISIuNo) S8l I JO JequinN 299 A10udOSINrVPaAIedesabesse | sieiSpaleleaI N UNOOAIIOUJOSINMIVPRAIRDeYSehESSB
‘sefessaw Jo
Moy} 8y} ayenobau o}
pasn suoissiwsues}
10J)u02 BsUdwo9 ||Im
ejep jo sajhq asayy
AjreaidAy os ‘Ayiond
JOAIBS | SIYl UM papjwisuel}
uoneoldde siy} aq jouued
0} pPaodauu0d ejep abessapy
uaaq aAey eyl ‘Aoud mo| Aien e
10 pejoauuod | e paplwsuel} eyep
MOT |OnsheISuNo) Sl |1 | 40 S8IAg Jo JequinN S19 AondmoAiopnyiuessaiig sieispalieiea3an wnodAondmoAisprviuessaiig
‘sabessaw Jo
Moy} 8y} ayenobau o}
pasn suolissiwsuel}
|0Jju00 9sSLdwOo9 [|IM
ejep jo salhq asayy
AjreoidAy os ‘Ayioud
JOAIBS | SIU} YIM papiwsuel}
uoneoldde siy} aq jouued
0] pPaoauu0d ejep abessay
uaaq aAey jeyy | Awoud ybiy Aien e
10 pajoauuod | e paplwsuel} eyep
MOT |OlsheISuno) Sl |1 | 40 S8IAg Jo JequinN 209 AioudubiHAispviusssalfg sieispaliele a3 N wnodAoudubiHAeAviuessekg
'safessaw Jo
Moy} 8y ayenobau o}
pasn suoissiwsuel}
|0J}U0D asUdWOoD [|IM
ejep jo salhq asay}
AlreoidAy os ‘Ayioud
JOAIBS | SIYl Yyim papiwsuel)
uoneoldde sy} oQ Jouued eyep
0} P8josuuU0d obessa| “Aioud
uaaq aAey Jey} | o|qissod 1semo| sy
10 PajodUUOD |  Je palIWSUEl} Blep
MOT [dusnieISiuno) Sl || | 40 S8lAg Jo JequinN 919 Aiondisemoiyiuesseifg sieispalieieqan wnodAjioudisemoiviuesseiig

solsijels pajielag < sauibug Buibessap

< suoiEeIIUNWWOY gIS < dJIAIBS gIS < WU J8AIas (Panuijuod) soisnels pejieloq suibug Buibessayy :SUoIUI8p 18junod SUCHEIIUNWIWIOD vt 8|qel

150 Monitoring



Janies
uoneoldde sy}
0} Pa}osUU0d
uaaq aAey ey}
10 paoauuod

"6 Aioud SINP 1e
panlgoas sebessaw

MOT |21ISIEISIUN0D sjual Iy Jo JaquinN £v9 R1oud6SINrVPaAIedesahesse N sieiSpalelea3 N UNOOAIIOUdESINMVPaAIBOasabessa)y
Janies
uoneoljdde siy}
0} Pa}odaUU0D
ueaq aney Jey) '8 Aioud SNP 1e
10 pajoauuod | panleoal sabessaw
MO [onsheISIuNoD SUETNY 40 JequinN b9 Aioud8SINrivpanieoaysabessay sieispalieloq3 N 1unoDAloLd8S NV Panedaysebessay
Janies
uoneoldde sy}
0} Pa}odaUUOD
useq aAey jeyl ', Awoud SINF e
10 pajoauuod | panleoal sabessaw
MO | dlislieISIUN0D sjualo I 40 JoquinN Sv9 Aioud/SINrvpaniedaysabiessay sieispa|ielea3n WnoQAIoUd/ SN POAIBDYSeBESSaN
JanIes
uoneoldde siy}
0} Pa}OBUUO0D
useq aAey jeyl "9 Awloud SINF e
10 pajoauuod | panleoal sabessaw
MO |oNiSNeISIUN0 sjualo Iy Jo JequinN 99 AIoud9SINrvPaAleoaysabessa|y sieigpalieledIIN 1UNODAIIOLH9SINMVPaAIBdasebessay
Janies
uoneoldde sy}
0} Pa}oBUU0D
usaq aney jey} ' Awoud SNP e
10 pajosuuod | panleoal sabessaw
MO |olISiEISIUN0D sjuelp Iy 4o JaquinN 19 AIoudSSINrVPaAiedaysabessa|y sieiSpaieleaI N UNODAIIOUJSSINMVPaAIedasabessay
Janies
uoneoldde sy}
0} PajosaUU0D
usaq aney jey} ‘v Aoud SNC 1
10 pajoauuod | panleoal sabessaw
MOT |olISHEISIUN0D sjuel Iy Jo JaquinN 89 AoudySINrvPaAiedaysabessa|y sieispa|ieleaI N UNoQAIIOUdYSINMIVPaAIeOasabessa)y
Janies
uopeoldde siyy
0} Pa}osaUU0D
uaaq aAey Jeu "¢ Aioud QNP 1e
10 pajoauuod | panleoal sabessaw
MOT |21ISNEISIUN0D sjual Iy Jo JaquinN 6v9 RioudeSINrvpaniedasabiesse sieispalelea3n UNOOAIIOUdESINMIVPaAIBOaYsabessay
Janies
uoneoldde sy}
0} Pa}odaUUOD
usaq aney ey} "2 Awond SINr 1e
10 pajoauuod | panleoal sabessaw
MO [onsheISIunoD SUET N 4o JequinN 059 AoudzSINrivpanieoaysabessapy sieispalieloq3 N wnoDAloLdZS NV Paniedaysebessey

solsijels pajielaq < sauibug Buibessap

< suoledIUNWWOY gIS < 99IAISS gIS < WU JIdAIdS “(panuljuod) SosnelS pajeied auibug buibesseyy :SUORIULBP J8juUNod SUOHBIIUNWIWIOD bt 8|qel

151

Chapter 4. Monitoring overall system health



lanes
uopeoldde siy}

0] Pajodauuod */ Auoud
usaq 8Aey jeyy | SIAIM 1B papiwsuel
10 pajosuUu0d sabessaw
MOT [dusnieISiuno) S8l I 0 JaqWINN Ge9 AoudZSNriviuegsebesssy sieispa|ieledain unooAIoud/SINMviueSsebessay
Janies
uoneoldde siy}
0} PaoduUU0d ‘9 Awoud
useq dAey Jeyl | SIAIM e pepiwsuel
10 pajosuu0d sobessaw
MOT [dnsnieISiuno) sjual IV 40 JoquinN 9€9 Aoud9snriviuegsebessay sieispa|ielodain wnodAioudoSINrviuegsabessay
Janes
uoneoldde sy}
0] pPaoauu0d ‘g Awoud
useq dAeY Jeyl | SIAIM e pewsuel
10 pajoauu0d sobessaw
MOT |OnsheISuno) sjual I 0 JaquinN €9 AioudsSNriviuegsebessay sieispalielodain wnodAiioudsSINrviuegsabessay
Janes
uoneoldde sy}
0} pPaodauu0d v Aoud
usaq dAeY Jeyl | SIAIM e pawsuel
10 pajoauu0d sobessaw
MOT |OnsheISunNo) S8l I 0 JsquINN 8€9 AoudySNriviuegsebessay sieispa|ielodain wnodAioudySINMviuessabessay
JanIes
uoneoldde sy}
0} Pajoauuod e Auoud
useq eAey jeyl | SIAM 1B paniwsuel
10 pajoauu0d sabessaw
MOT |OnsneISIuNo) SusI IV JO JequinN 6€9 Aioudesnriviuegsebessay sieispalielodan wnodAiioudeSINrviuessabessay
JanIes
uoneoldde sy}
0} PajosauuUod ‘2 Auoud
usaq 8Aey jeyy | SIAM 1B paniwsuel
10 pajoduUu0d sobessaw
MOT [dusnieISuno) s8I I 0 JaquINN or9 AoudgSNriviuessebesssy sreispa|ieledain uNoOAIIOUdZSINMYIUSSSabessa
JEVVEL
uoneoljdde siy}
0] PajodauuUod ‘1 Aoud
usaq eAey jeyy | SIAIM 1B papiwsuel
10 pajosuu0d sobessaw
MOT [dusnieISuno) sjusl I 0 JAaqWINN 8] Aoud LSNrviuagsebessa |y sielspa|ieledaiN wnooAoud | SNMviuegsebessey
Janes
uoneoljdde sy}
0] PajodauuUod 0 Aoud
useq dAey Jeyl | SIAIM e pewsuel
10 pa}oauuU0d sobessaw
MOT [dusnieISiuno) sjualo I 0 JaqWINN 9 AoudoSnriviuegsebessay sieispa|ielodain uNoOAIoUdOSINMVIUSSSabessa

solsijels pajielag < sauibug Buibessap

< suoiEeIIUNWWOY gIS < dJIAIBS gIS < WU J8AIas (Panuijuod) soisnels pejieloq suibug Buibessayy :SUoIUI8p 18junod SUCHEIIUNWIWIOD vt 8|qel

152  Monitoring



lanes
uopeoldde siyy

0] PajodauuUod 6 Aioud
usaq 8Aey jeyy | SIAIM 1B paniwsuel
10 paoauu0d sobessaw
MOT [dusnieISiuno) S8l I J0 JequinN €€9 RioudeSINriviuassebessey sreispa|ieledain wnooAioudeSINrviuegsebesse |y
Janies
uoneoldde sy}
0] Pajodauuod '8 Aioud
usaq dAey jeyy | SIAM 18 papiwsuel
10 paauu0d sobessaw
MOT [dusnieISiuno) sjusl I 40 JoquinN €9 AoudgSNriviuegsebessay sieispa|ielodain

wnonAloLd8SINrIvIuagsabessaly

solsijels pajielaq < sauibug Buibessap

< suoledIUNWWOY gIS < 99IAISS gIS < WU JIdAIdS “(panuljuod) SosnelS pajeied auibug buibesseyy :SUORIULBP J8juUNod SUOHBIIUNWIWIOD bt 8|qel

153

Chapter 4. Monitoring overall system health



server_name > SIB Service > SIB Communications > Messaging Engines > Detailed Statistics

The same set of detailed statistics are available for messaging engines as is described for.
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Web services gateway counters:

These service integration bus web services gateway counters are part of the performance monitoring
infrastructure (PMI), which provides server-side monitoring and a client-side API to retrieve performance
information. Examples of web services gateway counters are the number of synchronous and

asynchronous requests and responses.

To see lists of available PMI counters, use the administrative console to navigate to Monitoring and
Tuning > Performance Monitoring Infrastructure (PMI) > resource_name > [General Properties]

Custom.
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SIP PMI counters

The Session Initiation Protocol (SIP) provides the following counters in the WebSphere Performance
Monitoring Infrastructure (PMI) to monitor the performance of SIP.

Counter definitions:
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PMI data collection

PMI data collection can occur in three different interfaces, Java Management Extension (JMX) interface
(J2EE MBeans and WebSphere Application Server Perf MBean), Performance Servlet, or PMI client API
(deprecated).

JMX Interface
JMX interface is part of the J2EE specification and the recommended way to gather WebSphere
Application Server performance data. PMI data can be gathered from the J2EE managed object
MBeans or the WebSphere Application Server PMI Perf MBean. While the J2EE MBeans provide
performance data about the specific component, the Perf MBean acts as a gateway to the
WebSphere Application Server PMI service, and provides access to the performance data for all
the components.

Performance Servlet
Performance Servlet provides a way to use an HTTP request to query the PMI data for the entire
WebSphere Application Server administrative domain. Since the servlet provides the performance
data through HTTP, issues such as firewalls are trivial to resolve. The performance servlet outputs
the PMI data as an XML document.

PMI client API (deprecated)
PMI client API provides a wrapper class to deliver PMI data to a client. The PMI client API uses
the JMX infrastructure and the Perf MBean to retrieve the PMI data. PMI client provides the data
using a WebSphere Application Server-specific data structure.

PMI client API provides a wrapper class to deliver PMI data to a client. The PMI client API uses
the JMX infrastructure and the Perf MBean to retrieve the PMI data. PMI client provides the data
using a WebSphere Application Server-specific data structure.

Third-party performance monitoring and management solutions

Several performance monitoring, problem determination, and management solutions are available that can
be used with WebSphere Application Server.

These products use WebSphere Application Server interfaces, including:
» Performance Monitoring Infrastructure (PMI)
+ Java Management Extensions (JMX)

See the Performance: Resources for learning information for a link to IBM business partners providing
monitoring solutions for WebSphere Application Server.

Custom PMI API

You can create specific statistics to best meet your monitoring interests by using custom PMI API.

PMI can be extended using the Custom PMI API to create application specific statistics. For example, a
stock trading application can use Custom PMI API to create business specific statistics like "number of
stock sell transactions" and "number of stock buy transactions".

Note that PMI provides detailed performance data about various runtime and application components.
Starting with WebSphere Application Server Version 6.0, PMI offers approximately 180 or more
performance statistics. Before creating new statistics, it is important to make sure that the same data is not
captured by PMI already.

With WebSphere PMI, application developers can add their own application-specific instrumentation. The
Custom PMI API simplifies the process of "PMI enabling" an application by providing an easy to use API.
The statistics created via the Custom PMI can be accessed via the standard PMI and JMX interfaces that
are used by monitoring tools including the Tivoli Performance Viewer.
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PMI instrumentation is based on the Java Platform, Enterprise Edition (Java EE) 1.4 standard. As a result,
Custom PMI supports all the Statistic types (CountStatistic, TimeStatistic, RangeStatistic, and
BoundedRangeStatistic) defined in the JSR-77 Performance Data Framework. Custom PMI does not
support user-defined Statistic types.

What you need to know

PMI collects performance data on runtime applications and provides interfaces that allow external
applications to monitor the performance data.

With server side PMI, application developers can add their own instrumentation to their applications to help
monitor their own predefined performance metrics.

Key features of Custom PMI:
» Create a custom Stats or PMI (Stats is Java EE terminology) module using an XML template.
» Used by the application to instrument code.

» Statistics in the custom Stats module can be accessed via the standard PMI and JMX interfaces that
are used by monitoring tools, including the Tivoli Performance Viewer.

* PMI instrumentation is based on the Java EE 1.4 standard. As a result, Custom PMI supports all the
Statistic types (CountStatistic, TimeStatistic, RangeStatistic, and BoundedRangeStatistic) defined in the
JSR-77 Performance Data Framework.

» Custom PMI does not support user-defined Statistic types.

PMI is for application server performance monitoring, and the data collected by PMI is used to tune the
application server resources such as pools, queues, and caches, etc. Since performance instrumentation
and statistics can have considerable impact on the application server performance, it is necessary that
every statistic added via Custom PMI is relevant towards solving a performance problem. When designing
statistics, consider the following issues:

» Significance of the statistic with respect to solving performance problems.
* Relevance to tuning or configuring the application.
* Avoiding data redundancy and unnecessary frequent data updates.

Enabling PMI data collection

Enable PMI data collection to diagnose problems and tune application performance.
Before you begin

Performance Monitoring Infrastructure (PMI) must be enabled (by default PMI is enabled) before collecting
any performance data. PMI should be enabled before the server starts. If PMI is enabled after the server
is started, the server needs to be restarted to start the PMI.

About this task

When PMI service is enabled, the monitoring of individual components can be enabled or disabled
dynamically. PMI provides four predefined statistic sets that can be used to enable a set of statistics. The
following table provides details about the statistic sets. If the predefined statistic sets does not meet your
monitoring requirement, the Custom option can be used to selectively enable or disable individual
statistics.

Table 64. Statistic set. Enable PMI using the administrative console, wsadmin tool, or Java Virtual Machine Tool
Interface (JVMTI).

|Statistic set | Description
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Table 64. Statistic set (continued). Enable PMI using the administrative console, wsadmin tool, or Java Virtual
Machine Tool Interface (JVMTI).

None All statistics are disabled.

Basic Statistics specified in J2EE 1.4, as well as top statistics like CPU usage and live HTTP
sessions are enabled. This set is enabled out-of-the-box and provides basic performance data
about runtime and application components.

Extended Basic set plus key statistics from various WebSphere Application Server components like WLM,
and dynamic caching are enabled. This set provides detailed performance data about various
runtime and application components.

All All statistics are enabled.

Custom Enable or disable statistics selectively.

Custom setting

WebSphere Application Server Version 6.0 introduces fine-grained control to enable/disable statistics
individually. The fine-grained control is available under the custom statistic set.

Sequential Update

In order to minimize the monitoring overhead, the updates to CountStatistic, AverageStatistic, and
TimeStatistic are not synchronized. Since these statistic types track total and average, the extra accuracy
is generally not worth the performance cost. The RangeStatistic and BoundedRangeStatistic are very
sensitive; therefore, they are always are synchronized. If needed, updates to all the statistic types can be
synchronized by checking the Use sequential update check box.

Procedure

Enable PMI using one of the following methods:

« [“Enabling PMI using the administrative console’]

* |“Enabling PMI using the wsadmin tool” on page 189|

* |“Enabling the Java virtual machine profiler data” on page 199|

Enabling PMI using the administrative console

When PMI service is enabled, the monitoring of individual components can be enabled or disabled
dynamically.

About this task

To monitor performance data through the Performance Monitoring Infrastructure (PMI), you must first
enable PMI through the administrative console.

Procedure

Open the administrative console.

Click Servers > Server Types > WebSphere application servers > server_name.

Click the Configuration tab.

Click Performance Monitoring Infrastructure (PMI) under Performance.

Select the Enable Performance Monitoring Infrastructure (PMI) check box.

Optionally, select the check box Use sequential counter updates to enable precise statistic update.

Optionally, choose a statistic set that needs to be monitored under Currently Monitored Statistic
Set.

No ook owd
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8. Optionally, click on Custom to selectively enable or disable statistics. Choose a component from the
left side tree and enable or disable statistics on the right side table. Go back to the main PMI
configuration page by clicking the Performance Monitoring Infrastructure link.

9. Click Apply or OK.
10. Click Save.

11. Restart the application server. The changes you make will not take effect until you restart the
application server.

What to do next

When in the Configuration tab, settings apply after the server is restarted.

Performance Monitoring Infrastructure settings
Use this page to specify settings for performance monitoring, including enabling performance monitoring,
selecting the Performance Monitoring Infrastructure (PMI) module and setting monitoring levels.

To view this administrative console page, click Servers > Server Types > WebSphere application
servers > server_name > Performance Monitoring Infrastructure (PMI).

Enable Performance Monitoring Infrastructure (PMI):

Specifies whether the application server attempts to enable Performance Monitoring Infrastructure (PMI). If
an application server is started when the PMI is disabled, you have to restart the server in order to enable
it.

Use sequential counter updates:

Specifies whether access to PMI counters (for example, updates to the counters) is sequential. There is
some performance overhead associated with enabling sequential update. The default setting is false.

Persist my changes:

Specifies whether changes to the runtime are also persisted for use on subsequent server startups, and
not just the current server runtime. The default setting is false.

Selecting the Persist my changes option ensures that the counter settings are retained after you restart the
server.

gotcha:

* Do not select this option until after you have made all of the changes that need to be
persisted. After you select this option, click Apply and Save.

» This option does not remain selected. If you use the administrative console to make additional
changes to the counter settings, and you want these changes retained when you restart the
server, you must reselect this option.

Currently monitored statistic set:

Specifies a pre-defined set of Performance Monitoring Infrastructure (PMI) statistics for all components in
the server.

As part of fine-grained control feature, WebSphere Application Server provides new statistic sets, which
are pre-defined, fixed server-side sets based on the PMI statistic usage scenarios. This enhancement
allows a set of statistics to be enabled via a single action or call. The following statistic sets are defined:

None All statistics are disabled.
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Basic Provides basic monitoring for application server resources and applications. This includes J2EE
components, HTTP session information, CPU usage information, and the top 36 statistics. This is
the default setting.

Extended
Provides extended monitoring, including the basic level of monitoring plus workload monitor,
performance advisor, and Tivoli resource models. Extended provides key statistics from frequently
used WebSphere Application Server components.

All Enables all statistics.

Custom
Provides fine-grained control with the ability to enable and disable individual statistics.

Custom monitoring level
Use this page to enable and disable specific PMI counters for individual PMI statistics.

To view this administrative console page, click Servers > Server Types > WebSphere application
servers > server_name > Performance Monitoring Infrastructure (PMI) > Custom.

Custom monitoring level:

Click on the individual PMI statistic in the list on the left. The counters available for that module appear in
the table on the right along with the counter type, a description of the counter, and its current status
(Enabled or Disabled).

You can enable or disable each individual counter by selecting the counter and clicking the Enable or
Disable button, respectively.

Custom monitoring level:

Click on the individual PMI module in the list on the left. The counters available for that statistic appear in
the table on the right along with the counter type, a description of the counter, and its current status
(Enabled or Disabled).

You can enable or disable each individual counter by selecting the counter and clicking the Enable or
Disable button, respectively.

Note: Enabling or disabling a statistic set that contains subsets will affect the configuration of all the
counters contained in the subsets. The parent statistic set that is selected passes down the current
configuration set to its subsets, which can disable any counters that were individually selected

within specific subsets. For best results, configure the parent statistic first, and then select specific
counters within its subsets.

Performance Monitoring Infrastructure collection
Use this page to configure Performance Monitoring Infrastructure (PMI).

To view this administrative console page, click Monitoring and Tuning > Performance Monitoring
Infrastructure (PMI) .

Name:
Specifies the logical name of the server.
The Name property is read only.

Node:
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Specifies the name of the node holding the server.
The Node name property is read only.

Version:
Specifies the version of the WebSphere Application Server product on which the server runs.

The Version property is read only.

Enabling PMI using the wsadmin tool

Use this page to learn how to enable Performance Monitoring Infrastructure using command line instead of
the administrative console.

About this task
You can use the command line to enable Performance Monitoring Infrastructure (PMI).
Procedure

Run the wsadmin command. Using wsadmin, you can invoke operations on Perf Mbean to obtain the
PMI data, set or obtain PMI monitoring levels, and enable data counters.

Note: If PMI data are not enabled yet, you need to first enable PMI data by invoking
setinstrumentationLevel operation on PerfMBean.
The following operations in Perf MBean can be used in wsadmin:

/** Get performance data information for stats =/
public void getConfig (ObjectName mbean);

/** Returns the current statistic set */
public void getStatisticSet ();

/** Enable PMI data using the pre-defined statistic sets.
Valid values for the statistic set are "basic", "extended", "all", and "none" =/
public void setStatisticSet (String statisticSet);

/*x Returns the current custom set specification as a string x/
public void getCustomSetString ();

/*x Customizing PMI data that is enabled using fine-grained control.
This method allows to enable or disable statistics selectively.
The format of the custom set specification string is STATS NAME=ID1,ID2,ID3 seperated by ':',
where STATS_NAME and IDs are defined in WS#Stat interfaces in com.ibm.websphere.pmi.stat package.
Use * to enable all the statistics in the given PMI module. For example, to enable all the statistics
for JVM and active count, pool size for thread pool use: jvmRuntimeModule=*:threadPooTModule=3,4.
The string jvmRuntimeModule is the value of the constant WSJVMStats.NAME and threadPoolModule is the
value of WSThreadPoolStats.NAME.
*
/
public void setCustomSetString (String customSpec, Boolean recursive);

/** Get stats for an MBeanx/
public void getStatsObject (ObjectName mbean, Boolean recursive);

/** Set instrumentation Tevel using String format.
This should be used by scripting for an easy String processing.
The Tevel STR is a Tist of moduleName=Level connected by ":".
NOTE: This method is deprecated in Version 6.0
*/
public void setInstrumentationLevel(String TevelStr, Boolean recursive);
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/** Get instrumentation level in String for all the top Tevel modules.
This should be used by scripting for an easy String processing.
NOTE: This method is deprecated in Version 6.0

*/
public String getInstrumentationLevelString();

/** Return the PMI data in String
NOTE: This method is deprecated in Version 6.0
*/

public String getStatsString(ObjectName on, Boolean recursive);

/** Return the PMI data in String
Used for PMI modules/submodules without direct MBean mappings.
NOTE: This method is deprecated in Version 6.0
*/
public String getStatsString(ObjectName on, String submoduleName, Boolean recursive);

/** Return the submodule names if any for the MBean
NOTE: This method is deprecated in Version 6.0

*/

public String TistStatMemberNames(ObjectName on);

/** Get performance data information for stats =/

public void getConfig (ObjectName mbean);

/** Returns the current statistic set =/
public void getStatisticSet ();

/** Enable PMI data using the pre-defined statistic sets.
Valid values for the statistic set are "basic", "extended", "all", and "none" =*/
public void setStatisticSet (String statisticSet);

/** Returns the current custom set specification as a string */
public void getCustomSetString ();

/%% Customizing PMI data that is enabled using fine-grained control.
This method allows to enable or disable statistics selectively.
The format of the custom set specification string is STATS_NAME=ID1,ID2,ID3 seperated by ':',
where STATS_NAME and IDs are defined in WS*Stat interfaces in com.ibm.websphere.pmi.stat package.
Use * to enable all the statistics in the given PMI module. For example, to enable all the statistics
for JVM and active count, pool size for thread pool use: jvmRuntimeModule=+*:threadPoolModule=3,4.
The string jvmRuntimeModule is the value of the constant WSJVMStats.NAME and threadPoolModule is the
value of WSThreadPoolStats.NAME.
*
/

public void setCustomSetString (String customSpec, Boolean recursive);

/** Get stats for an MBeanx/
public void getStatsObject (ObjectName mbean, Boolean recursive);

/** Set instrumentation level using String format.
This should be used by scripting for an easy String processing.
The Tevel STR is a Tist of moduleName=Level connected by ":".
NOTE: This method is deprecated in Version 8.0
*
/

public void setInstrumentationLevel(String TevelStr, Boolean recursive);

/** Get instrumentation Tevel in String for all the top level modules.
This should be used by scripting for an easy String processing.
NOTE: This method is deprecated in Version 8.0

*/
public String getInstrumentationLevelString();

/** Return the PMI data in String
NOTE: This method is deprecated in Version 8.0
*/
public String getStatsString(ObjectName on, Boolean recursive);
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/*x Return the PMI data in String
Used for PMI modules/submodules without direct MBean mappings.
NOTE: This method is deprecated in Version 8.0

*/

public String getStatsString(ObjectName on, String submoduleName, Boolean recursive);

/** Return the submodule names if any for the MBean
NOTE: This method is deprecated in Version 8.0

*/

public String TistStatMemberNames (ObjectName on);

If an MBean is a StatisticProvider, and if you pass its ObjectName to getStatsObject, you get the Statistic

data for that MBean. MBeans with the following MBean types are statistic providers:
» DynaCache

* EJBModule

* EntityBean

+ JDBCProvider

» J2CResourceAdapter
« JVM

* MessageDrivenBean
- ORB

» Server

» SessionManager

» StatefulSessionBean
» StatelessSessionBean
» SystemMetrics

* ThreadPool

» TransactionService
* WebModule

* Servlet

* WLMAppServer

* WebServicesService
« WSGW

Example

Use the following sample Jacl commands with the wsadmin tool to obtain PMI data:
Obtain the Perf MBean ObjectName

wsadmin>set perfName [$AdminControl completeObjectName type=Perf,x]

wsadmin>set perfOName [$AdminControl makeObjectName $perfName]

Invoke getStatisticSet operation

Use this method to find the statistic set that is currently in effect:
Wsadmin> $AdminControl invoke $perfName getStatisticSet

This method returns one of the following values: basic, extended, all, none.
Invoke setStatisticSet operation
Use this method to enable monitoring using a statistic set.

The valid statistic set values are: basic, extended, all, none.
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Wsadmin> set params [java::new {java.lang.Object[]} 1]
Wsadmin> $params set 0 [java::new java.lang.String extended]
Wsadmin> set sigs [java::new {java.lang.String[]} 1]
Wsadmin> §sigs set 0 java.lang.String

Wsadmin> $AdminControl invoke_jmx $perfOName setStatisticSet
$params $sigs

Invoke getConfig operation

Use this method to find information about the statistics for a given component.
Wsadmin> set jvmName [$AdminControl completeObjectName type=JVM,*]

Wsadmin> set params [java::new {java.lang.Object[]} 1]

Wsadmin> $params set 0 [java::new javax.management.ObjectName $jvmName]
Wsadmin> set sigs [java::new {java.lang.String[]} 1]

Wsadmin> §sigs set 0 javax.management.ObjectName

Wsadmin> $AdminControl invoke_jmx $perfOName getConfig $params
$sigs

This method returns the following:

Stats type=jvmRuntimeModule, Description=The performance data from
the Java virtual machine run time.

{name=UpTime, ID=4, type=CountStatistic, description=The amount of
time (in seconds) that the Java virtual machine has been running.,
unit=SECOND, Tevel=low, statisticSet=basic, resettable=false,
aggregatable=true}

{name=UsedMemory, ID=3, type=CountStatistic, description=The amount
of used memory (in KBytes) in the Java virtual machine run time.,
unit=KILOBYTE, Tevel=low,

statisticSet=basic, resettable=false, aggregatable=true}

{name=FreeMemory, ID=2, type=CountStatistic, description=The free
memory (in KBytes) in the Java virtual machine run time.,
unit=KILOBYTE, Tevel=low, statisticSet=all, resettable=false,
aggregatable=true}

{name=HeapSize, ID=1, type=BoundedRangeStatistic, description=The
total memory (in KBytes) in the Java virtual machine run time.,
unit=KILOBYTE, level=high, statisticSet=basic, resettable=false,
aggregatable=true}

Invoke getCustomSetString operation

This operation provides the current monitoring specification in a string format:
Wsadmin> $AdminControl invoke $perfName getCustomSetString

The output looks similar to the following:

jvmRuntimeModule=4,3,1:systemModule=2,1:threadPoolModule=4,3:thread
PoolModule>HAManager.thread.pool=4,3:threadPoolModule>MessageListenerTh
readPool=4,3:threadPoolModule>0RB.thread.pool=4,3:threadPooTModule>Serv
let.Engine.Transports=4,3:threadPoolModule>TCS_DEFAULT=4,3:transactionM
odule=4,19,16,18,3,7,6,1,14

This output indicates that statistic ID's 1, 3, and 4 are enabled in the JVM component. The description of
the statistic IDs can be found using the above getConfig operation or using the APl documentation. The
output contains the current monitoring specification for the entire server. The individual modules are
separated by a :, and > is used as a separator within the module.

Invoke setCustomSetString operation
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This operation can be used to enable or disable statistics selectively. In the following command the

statistic IDs 1, 2, 3, and 4 are enabled for the JVM module. To enable all the statistic IDs use an asterisk

*)-
Wsadmin> set params [java::new {java.lang.Object[]} 2]
Wsadmin> $params set 0 [java::new java.lang.String
jvmRuntimeModule=1,2,3,4]
Wsadmin> $params set 1 [java::new java.lang.Boolean false]

Wsadmin> set sigs [java::new {java.lang.String[]} 2]

Wsadmin> §sigs set O java.lang.String
Wsadmin> $sigs set 1 java.lang.Boolean

Wsadmin> $AdminControl invoke jmx $perfOName setCustomSetString
$params $sigs

Invoke getStatsObject operation

This operation is used to get the statistics for a given MBean. The following example gets the statistics for

the JVM:

Wsadmin> set jvmName [$AdminControl completeObjectName type=JVM,x]

Wsadmin> set params [java::new {java.lang.Object[]} 2]

Wsadmin> $params set 0 [java::new javax.management.ObjectName
$jvmName]

Wsadmin> $params set 1 [java::new java.lang.Boolean false]

Wsadmin> set sigs [java::new {java.lang.String[]} 2]

Wsadmin> §sigs set 0 javax.management.ObjectName

Wsadmin> $sigs set 1 java.lang.Boolean

Wsadmin> $AdminControl invoke jmx $perfOName getStatsObject $params
$sigs

Stats name=jvmRuntimeModule, type=jvmRuntimeModule#

{

name=HeapSize, ID=1, description=The total memory (in KBytes) in
the Java virtual machine run time., unit=KILOBYTE, type=BoundedRangeStatistic, lTowWaterMark=51200,
highWaterMark=263038, current=263038, integral=2.494158617766E12, TowerBound
=51200, upperBound=262144

name=FreeMemory, ID=2, description=The free memory (in KBytes) in
the Java virtual machine run time., unit=KILOBYTE, type=CountStatistic,
count=53509

name=UsedMemory, ID=3, description=The amount of used memory (in KBytes) in
the Java virtual machine run time., unit=KILOBYTE,
type=CountStatistic, count=209528

name=UpTime, ID=4, description=The amount of time (in seconds) that
the Java virtual machine has been running., unit=SECOND,
type=CountStatistic, count=83050

Invoke getinstrumentationLevelString operation

Use invoke, because it has no parameter.

wsadmin>$AdminControl invoke $perfName
getInstrumentationLevelString

This command returns the following:

beanModule=H:cacheModule=H:connectionPoolModule=H:j2cModule=H:jvmRu
ntimeModule=H:orbPerfModule=H:servletSessionsModule=H:systemModule=
H:threadPoolModule=H:transactionModule=H:webAppModule=H

Chapter 4. Monitoring overall system health

193



Note: You can change the level (n, I, m, h, x) in the above string and then pass it to
setInstrumentationLevel method.

Invoke setinstrumentationLevel operation - enable/disable PMI counters
» sSet parameters ("pmi=I" is the simple way to set all modules to the low level).
wsadmin>set params [java::new {java.lang.Object[]} 2]
wsadmin>$params set 0 [java::new java.lang.String pmi=1]
wsadmin>§params set 1 [java::new java.lang.Boolean true]
» Set signatures.
wsadmin>set sigs [java::new {java.lang.String[]} 2]
wsadmin>§sigs set 0 java.lang.String
wsadmin>$sigs set 1 java.lang.Boolean
* Invoke the method. Use invoke_jmx, because it has a parameter.

wsadmin>$AdminControl invoke_jmx $perfOName
setInstrumentationLevel $params $sigs

This command does not return anything.

Note: The PMI level string can be as simple as pmi=level (where level is n, |, m, h, or x), or something
like module1=level1:module2=level2:module3=Ilevel3 with the same format shown in the string
returned from getInstrumentationLevelString.

Invoke getStatsString(ObjectName, Boolean) operation

If you know the MBean ObjectName, you can invoke the method by passing the right parameters. As an
example, JVM MBean is used here.
* Get MBean query string. For example, JVM MBean.

wsadmin>set jvmName [$AdminControl completeObjectName
type=JVM, x]

» Set parameters.
wsadmin>set params [java::new {java.lang.Object[]} 2]

wsadmin>§params set 0@ [$AdminControl makeObjectName $jvmName]
wsadmin>$params set 1 [java::new java.lang.Boolean true]

» Set signatures.

wsadmin>set sigs [java::new {java.lang.String[]} 2]
wsadmin>$sigs set 0 javax.management.ObjectName wsadmin>$sigs
set 1 java.lang.Boolean

¢ |nvoke method.

wsadmin>$AdminControl invoke_jmx $perfOName getStatsString
$params $sigs

This command returns the following:

{Description jvmRuntimeModule.desc} {Descriptor {{Node wenjianpc}
{Server server

1} {Module jvmRuntimeModule} {Name jvmRuntimeModule} {Type
MODULE}}} {Level 7} {

Data {{{Id 4} {Descriptor {{Node wenjianpc} {Server serverl}
{Module jvmRuntimeM

odule} {Name jvmRuntimeModule} {Type DATA}}} {PmiDataInfo {{Name
jvmRuntimeModul

e.upTime} {Id 4} {Description jvmRuntimeModule.upTime.desc} {Level
1} {Comment {

The amount of time in seconds the JVM has been running}}
{SubmoduleName null} {T

ype 2} {Unit unit.second} {Resettable false}}} {Time 1033670422282}
{value {Coun

t 638} }} {{Id 3} {Descriptor {{Node wenjianpc} {Server serverl}
{Module jvmRunt

imeModule} {Name jvmRuntimeModule} {Type DATA}}} {PmiDatalnfo
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{{Name jvmRuntimeM

odule.usedMemory} {Id 3} {Description
jvmRuntimeModule.usedMemory.desc} {Level 1

} {Comment {Used memory in JVM runtime}} {SubmoduleName null} {Type
2} {Unit uni

t.kbyte} {Resettable false}}} {Time 1033670422282} {Value {Count
66239} }} {{Id

2} {Descriptor {{Node wenjianpc} {Server serverl} {Module
jvmRuntimeModule} {Nam

e jvmRuntimeModule} {Type DATA}}} {PmiDataInfo {{Name
JjvmRuntimeModule. freeMemor

y} {Id 2} {Description jvmRuntimeModule.freeMemory.desc} {Level 1}
{Comment {Fre

e memory in JVM runtime}} {SubmoduleName null} {Type 2} {Unit
unit.kbyte} {Reset

table false}}} {Time 1033670422282} {Value {Count 34356} }} {{Id 1}
{Descriptor

{{Node wenjianpc} {Server serverl} {Module jvmRuntimeModule} {Name
jvmRuntimeMod

ule} {Type DATA}}} {PmiDataInfo {{Name
jvmRuntimeModule.totalMemory} {Id 1} {Des

cription jvmRuntimeModule.totalMemory.desc} {Level 7} {Comment
{Total memory in

JVM runtime}} {SubmoduleName null} {Type 5} {Unit unit.kbyte}
{Resettable false}

1} {Time 1033670422282} {Value {Current 100596} {LowWaterMark
38140} {HighWaterM

ark 100596} {MBean 38140.0} }}}}

Invoke getStatsString (ObjectName, String, Boolean) operation

This operation takes an additional String parameter, and it is used for PMI modules that do not have
matching MBeans. In this case, the parent MBean is used with a String name representing the PMI
module. The String names available in an MBean can be found by invoking listStatMemberNames. For
example, beanModule is a logic module aggregating PMI data over all Enterprise JavaBeans, but there is
no MBean for beanModule. Therefore, you can pass server MBean ObjectName and a String
(beanModule) to get PMI data in beanModule.
* Get MBean query string. For example, server MBean
wsadmin>set mySrvName [$AdminControl completeObjectName
type=Server,name=serverl,
node=wenjianpc,*]
» Set parameters.
wsadmin>set params [java::new {java.lang.Object[]} 3]
wsadmin>$§params set 0 [$AdminControl makeObjectName $mySrvName]
wsadmin>$params set 1 [java::new java.lang.String beanModule]
wsadmin>$params set 2 [java::new java.lang.Boolean true]
» Set signatures.

wsadmin>set sigs [java::new {java.lang.String[]} 3]
wsadmin>$sigs set 0 javax.management.ObjectName

wsadmin>$sigs set 1 java.lang.String
wsadmin>$sigs set 2 java.lang.Boolean

¢ |nvoke method.

wsadmin>$AdminControl invoke jmx $perfOName getStatsString
$params $sigs

This command returns PMI data in all the Enterprise JavaBeans within the BeanModule hierarchy because
the recursive flag is set to true.

Note: This method is used to get stats data for the PMI modules that do not have direct MBean
mappings.
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Invoke listStatMemberNames operation
* Get MBean queryString. For example, Server.

wsadmin>set mySrvName [$AdminControl completeObjectName
type=Server,name=serverl,

node=wenjianpc,*]
» Set parameter.

wsadmin>set params [java::new {java.lang.Object[]} 1]
wsadmin>$params set 0 [$AdminControl makeObjectName
$mySrvName]

» Set signatures.

wsadmin>set sigs [java::new {java.lang.String[]} 1]

wsadmin>§sigs set 0 javax.management.ObjectName
wsadmin>$AdminControlinvoke jmx $perfOName
1istStatMemberNames $params $sigs

This command returns the PMI module and submodule names, which have no direct MBean mapping. The
names are seperated by a space " ". You can then use the name as the String parameter in getStatsString
method. For example:

beanModule connectionPoolModule j2cModule servletSessionsModule
threadPoolModule
webAppModule

Customize and run the following example Jython script with the wsadmin tool to obtain PMI data:

PNt N m o s o o o o oo
print "Obtain the Perf MBean ObjectName"

PPN M o m m m e e e e e e
perfName = AdminControl.completeObjectName ('type=Perf,*')

perfOName = AdminControl.makeObjectName (perfName)

print perfOName

PPN M e mm m e e e \n"

)T T S Sy S
print "Invoke getStatisticSet operation "

Print e e e e e e e e e e e e e e e e e e e —mm e - "
print AdminControl.invoke (perfName, 'getStatisticSet')

PriNt o mm o o o e \n"

PNt Ao m oo o o o o
print "Invoke setStatisticSet operation"

Print Mmoo oo
params = ['extended']

sigs = ['java.lang.String']
print AdminControl.invoke jmx (perfOName, 'setStatisticSet', params, sigs)

PPN e o e e e e e \n"

Print A= oo o m e m o e - "
print "Invoke getConfig operation"

PriNt M mm s m o e "
jvmName = AdminControl.completeObjectName ('type=JVM,=*"')

params = [AdminControl.makeObjectName (jvmName)]

sigs = ['javax.management.ObjectName']

print AdminControl.invoke jmx (perfOName, 'getConfig', params, sigs)

PPNt M mmm o o o o e e \n"
AL A T T et
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print "Invoke getCustomSetString operation"

PriNE M mm s m e e "
print AdminControl.invoke (perfName, 'getCustomSetString')

PP AN e e o e e e e e \n"
Print Mmoo o mm o o e - "
print "Invoke setCustomSetString operation"

PriNt M mm s m o e e "
params = ['jvmRuntimeModule=1,2,3,4', java.lang.Boolean ('false')]

sigs = ['java.lang.String', 'java.lang.Boolean']

print AdminControl.invoke jmx (perfOName, 'setCustomSetString', params, sigs)

PPNt M mmm m o o o e e \n"
AL A (T T "
print "Invoke getStatsObject operation"

P ANt M mm mmm m s o e e e "
jvmName = AdminControl.completeObjectName ('type=JVM,*"')

params = [AdminControl.makeObjectName (jvmName), java.lang.Boolean ('false')]

sigs = ['javax.management.ObjectName', 'java.lang.Boolean']

print AdminControl.invoke_jmx (perfOName, 'getStatsObject', params, sigs)

PriNt M mmmm m o o e \n"
Print Mmoo o o mm e - "
print "Invoke getInstrumentationLevelString operation"

Print Mmoo oo oo - "
print AdminControl.invoke (perfName, 'getInstrumentationLevelString')

PriNt M mmmm m o e \n"
Print M= m oo oo mm o e - "
print "Invoke setInstrumentationLevel operation - enable/disable PMI counters "

Print Mmoo oo - "
params = ['pmi=1', java.lang.Boolean ('true')]

sigs = ['java.lang.String', 'java.lang.Boolean']

print AdminControl.invoke jmx (perfOName, 'setInstrumentationLevel', params, sigs)

PP AN e m e o e e e e \n"
PPNt AN m oo m m o e e e e e "
print "Invoke getStatsString(ObjectName, Boolean) operation"

PriNt M mm e m e e e "
jvmName = AdminControl.completeObjectName ('type=JVM,*"')

params = [AdminControl.makeObjectName (jvmName), java.lang.Boolean ('true')]

sigs = ['javax.management.ObjectName', 'java.lang.Boolean']

print AdminControl.invoke_jmx (perfOName, 'getStatsString', params, sigs)

PPNt M mmmm o o e e \n"
PriNt AN m m o o oo e e e oo "

print "Invoke getStatsString (ObjectName, String, Boolean) operation"

print e e e

mySrvName = AdminControl.completeObjectName ('type=Server,name=serverl,node=wcsNode,x")

params = [AdminControl.makeObjectName (mySrvName),
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'beanModule’,
java.lang.Boolean ('true')]

sigs = ['javax.management.ObjectName',
'java.lang.String',
'java.lang.Boolean')

print AdminControl.invoke jmx (perfOName, 'getStatsString', params, sigs)
R At it T \n"

DI ME A Im o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e E e m S e M e e e e e s e —mm e "
print "Invoke listStatMemberNames operation"

] T A e e T TP
mySrvName = AdminControl.completeObjectName ('type=Server,name=serverl,node=wcsNode,x*")

params = [AdminControl.makeObjectName (mySrvName)]
sigs = ['javax.management.ObjectName']

print AdminControl.invoke jmx (perfOName, 'listStatMemberNames', params, sigs)
PPNt e mm m o o e e e \n"

Obtaining a list of performance counters from the command line
Obtain a list of performance counters from the command line.

Before you begin

The application server must be running when you obtain a list of performance counters from the command
line.

About this task

You can obtain a list of performance counters from the command line.

Procedure
1. Bring up a command line window.
2. Type the following commands:

set perf [$AdminControl completeObjectName type=Perf,x]

set perfON [$AdminControl makeObjectName $perf]

set params [java::new {java.lang.Object[]} 1]

$params set 0 [java::new java.util.Locale "en-US"]

set sigs [java::new {java.lang.String[]} 1]

$sigs set 0 java.util.Locale

set out [java::cast {com.ibm.websphere.pmi.PmiModuleConfig[]}

[$AdminControl invoke_jmx $perfON getConfigs $params $sigs]]

for {set i 0} {$i < [$out Tength]} {incr i 1} { puts [[$out get $i] toString] }

3. Results similar to the following example are returned:

Stats type=systemModule, Description=The system performance data from
the operating system.

{name=FreeMemory, ID=3, type=CountStatistic, description=A
snapshot of

free memory (in KB)., unit=N/A, level=low, statisticSet=all,
resettable=false, aggregatable=true, zosAggregatable=true}

{name=CPUUsageSinceServerStarted, ID=2, type=AverageStatistic,
description=The average CPU utilization since the server was
started.,

unit=N/A, level=medium, statisticSet=extended, resettable=true,
aggregatable=true, zosAggregatable=true}
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{name=CPUUsageSinceLastMeasurement, ID=1, type=CountStatistic,
description=The average CPU utilization since the Tlast query.,
unit=N/A,

level=low, statisticSet=basic, resettable=false,
aggregatable=true,

zosAggregatable=true

Enabling the Java virtual machine profiler data
Use the Java virtual machine profiler to enable the collection of information.

About this task

Use the |Java Virtual Machine Tool Interface (JVMTI)| to collect data about garbage collection and thread
states from the JVM that runs the application server. When JVMTI is enabled, a collection of
JVMTI-specific statistics can be enabled through the predefined All statistic set or through the use of a
Custom statistic set.

To enable JVMTI data reporting for each individual application server:

Procedure
1. Open the administrative console.

2. Click Servers > Server Types > WebSphere application servers in the administrative console
navigation tree.

Click the application server for the JVM profiler that needs enabling.

In the Server Infrastructure section, click Java and process management > Process definition >
Java virtual machine.

Type -agentlib:pmiJvmtiProfiler in the Generic JVM arguments field.
Click Apply or OK.
Click Save.

Click Servers > Server Types > WebSphere application servers in the administrative console
navigation tree.

Click the application server for the JVM profiler that needs enabling.

10. Click the Configuration tab. When in the Configuration tab, settings apply when the server is
restarted. When in the Runtime Tab, settings apply immediately. Performance Monitoring
Infrastructure (PMI) can be enabled only in the Configuration tab.

11. Click Performance Monitoring Infrastructure under Performance.
12. Select the Enable Performance Monitoring Infrastructure (PMI) check box.
13. Click Custom and select JVM Runtime on the left-side tree.

14. Click a JVM profiler group under JVM Runtime and enable or disable the statistic on the right-side
table. Go back to the main PMI configuration page, by clicking PMI.

15. Click Apply or OK.
16. Click Save.
17. Start the application server, or restart the application server if it is currently running.

18. Refresh the Tivoli Performance Viewer if you are using it. The changes you make do not take effect
until you restart the application server.

> w

© N oo

©

Java virtual machine profiling
Use Java virtual machine profiling to gather data about your system for performance analysis.

The Java virtual machine Tool Interface (JVMTI) is a native programming interface that provides tools the
ability to inspect the state of the Java virtual machine (JVM).
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JVMTI provides the ability to collect information about the JVM that runs the application server. The Tivoli
Performance Viewer leverages these interfaces to enable more comprehensive performance analysis.

JVMTI is a two-way function call interface between the JVM and an in-process profiler agent. The JVM
notifies the profiler agent of various events, for example, garbage collection and thread starts. The profiler
agent activates or deactivates specific event notifications that are based on the needs of the profiler.

JVMTI supports partial profiling, by enabling you to choose which types of profiling information to collect
and to select certain subsets of the time during which the JVM API is active. JVMTI greatly increases the
performance impact. Therefore, it is recommended that you use JVMTI monitoring to help diagnose
application problems only.

Developing your own monitoring applications

You can use the Performance Monitoring Infrastructure (PMI) interfaces to develop your own applications
to collect and display performance information.

About this task

There are three such interfaces - a Java Machine Extension (JMX)-based interface, a PMI client interface,
and a servlet interface. All three interfaces return the same underlying data.

Procedure

['Using PMI client to develop your monitoring application (deprecated)”’ on page 215
[‘Retrieving performance data with PerfServlet” on page 215|

[‘Compiling your monitoring applications” on page 223]

[FRunning your new monitoring applications” on page 224

['Using the JMX interface to develop your own monitoring application” on page 220
[‘Developing PMI interfaces (Version 4.0) (deprecated)” on page 223.]

ook wn =

Example

This example provides code directly using Java Management Extension (JMX) API. For information on
compiling your source code, see "Compiling your monitoring applications."

package com.ibm.websphere.pmi;

import com.ibm.websphere.management.AdminClient;

import com.ibm.websphere.management.AdminClientFactory;

import com.ibm.websphere.management.exception.ConnectorException;

import com.ibm.websphere.management.exception.InvalidAdminClientTypeException;
import com.ibm.websphere.management.exception.=*;

import java.util.*;

import javax.management.*;

import com.ibm.websphere.pmi.*;

import com.ibm.websphere.pmi.client.*;
import com.ibm.websphere.pmi.stat.*;

[**
* Sample code using AdminClient API to get PMI data from PerfMBean

* and individual MBeans.
*

* @ibm-api

*/

public class PmidmxTest implements PmiConstants

{

200 Monitoring



private AdminClient ac = null;

private ObjectName perfOName = null;
private ObjectName serverOName = null;
private ObjectName wIimOName = null;
private ObjectName jvmOName = null;
private ObjectName orbtpOName = null;

private boolean failed = false;
private PmiModuleConfig[] configs = null;

[*%

* Creates a new test object

* (Need a default constructor for the testing framework)
*/

public PmiJmxTest()

{

1

[**
* @param args[0] host
* @param args[1] port, optional, default is 8880

% @param args[2] connectorType, optional, default is SOAP connector
*

*/
public static void main(String[] args)

{

PmidmxTest instance = new PmidmxTest();

// parse arguments and create AdminClient object
instance.init(args);

// navigate all the MBean ObjectNames and cache those we are interested
instance.getObjectNames () ;

boolean v6 = !(new Boolean(System.getProperty ("websphereV5Statistics"))).
booleanValue();

if( v6 )
{
// test V6 APIs
instance.doTestV6();
}

else

{

// set level, get data, display data
instance.doTest();

// test for EJB data
instance.testEJB();

// how to use JSR77 getStats method for individual MBean other than PerfMBean
instance.testJSR77Stats();

}

[*%

* parse args and getAdminClient
*/

public void init(String[] args)
{

try
{
String host = null;
String port = "8880";
String connector = AdminClient.CONNECTOR_TYPE_SOAP;
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if(args.length < 1) {
System.err.printIn("ERROR: Usage: PmiJmxTest <host> [<port>] [<connector>]");
System.exit(2);

}

else

{
host = args[0];

if (args.length > 1)
port = args[1];

if (args.length > 2)
connector = args[2];

}

if(host == null) {
host = "localhost";

}

if(port == null) {
port = "2809";

}

if (connector == null) {
connector = AdminClient.CONNECTOR_TYPE_SOAP;
}

System.out.printin("host=" + host + " , port=" + port + ",connector=" + connector);

System.out.printin("main: create the adminclient");
ac = getAdminClient(host, port, connector);

catch (Exception ex)

{
failed = true;
new AdminException(ex).printStackTrace();
ex.printStackTrace();

}

[**

* get AdminClient using the given host, port, and connector

*

/

public AdminClient getAdminClient(String hostStr, String portStr, String

connector) {
System.out.printin("getAdminClient: host=" + hostStr + " , portStr=" + portStr);
AdminClient ac = null;
java.util.Properties props = new java.util.Properties();
props.put(AdminClient.CONNECTOR_TYPE, connector);
props.put(AdminClient.CONNECTOR_HOST, hostStr);
props.put (AdminClient.CONNECTOR_PORT, portStr);

/* set the following properties if security is enabled and using SOAP
connector x/
/* The following shows how to set properties for SOAP connector when
security is enabled.
See AdminClient javadoc for more info.

Properties props = new Properties();
props.setProperty(AdminClient.CONNECTOR_HOST, "localhost");
props.setProperty(AdminClient.CONNECTOR PORT, "8880");
props.setProperty(AdminClient.CONNECTOR_TYPE, AdminClient.CONNECTOR

TYPE_SOAP) ;
props.setProperty(AdminClient.CONNECTOR_SECURITY_ ENABLED, "true");
props.setProperty(AdminClient.USERNAME, "test2");
props.setProperty(AdminClient.PASSWORD, "user24test");
props.setProperty("javax.net.ssl.trustStore",
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"C:/WebSphere/AppServer/etc/DummyClientTrustFile.jks");
props.setProperty("javax.net.ssl.keyStore",

"C:/WebSphere/AppServer/etc/DummyClientKeyFile.jks");
props.setProperty("javax.net.ssl.trustStorePassword", "WebAS");

props.setProperty("javax.net.ss1.keyStorePassword", "WebAS");
*/

try {
ac = AdminClientFactory.createAdminClient(props);
}

catch(Exception ex) {
failed = true;
new AdminException(ex).printStackTrace();
System.out.printin("getAdminClient: exception");

}

return ac;

}

[ **

* get all the ObjectNames.

*/

public void getObjectNames() {

try {

[/ === mm o
// Get a list of object names
S —

javax.management.ObjectName on = new javax.management.ObjectName
("WebSphere:x");

if(objectNameSet != null) {
Iterator i = objectNameSet.iterator();
while (i.hasNext()) {
on = (ObjectName)i.next();
String type = on.getKeyProperty("type");

// uncomment it if you want to print the ObjectName for each MBean
// System.out.printin("\n\n" + on.toString());

// find the MBeans we are interested

if(type != null && type.equals("Perf")) {
System.out.printin("\nMBean: perf =" + on.toString());
perfOName = on;

1

if(type != null && type.equals("Server")) {
System.out.printin("\nMBean: Server =" + on.toString());
serverOName = on;

1

if(type != null && type.equals("JVM")) {
System.out.printIn("\nMBean: jvm =" + on.toString());
jvmOName = on;

1

if(type != null && type.equals("WLMAppServer")) {
System.out.printIn("\nmain: WLM =" + on.toString());
wimOName = on;

1

if(type != null && type.equals("ThreadPool"))
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String name = on.getKeyProperty("name");
if (name.equals("ORB.thread.pool"))

System.out.printIn("\nMBean: ORB ThreadPool =" + on.toString());
orbtpOName = on;

}

}

else {
System.err.printin("main: ERROR: no object names found");
System.exit(2);

}

// You must have Perf MBean in order to get PMI data.

if (perfOName == null)

{
System.err.printin("main: cannot get PerfMBean. Make sure PMI is enabled");
System.exit(3);

}

catch(Exception ex)

{
failed = true;
new AdminException(ex).printStackTrace();
ex.printStackTrace();

}

/** Test V6 APIs */
public void doTestVé ()

{
System.out.printin ("\ndoTestV6() output:\n");

// the following methods are specific to V6 and demonstrates the V6 API..so set the flag to false
String v5PropFlag = System.setProperty ("websphereV5Statistics", "false");
try
{
Object[] params;
String[] signature;

// get current statistic set that is used for monitoring
System.out.printin ("\nCurrent statistic set: " + ac.invoke(perfOName, "getStatisticSet", null, null));

// get all statistics from the server using Perf MBean

System.out.printin ("\nGet all statistics in PMI tree");

signature = new String[]{"[Lcom.ibm.websphere.pmi.stat.StatDescriptor;","java.lang.Boolean"};
params = new Object[] {new StatDescriptor[]{new StatDescriptor(null)}, new Boolean(true)};

com.ibm.websphere.pmi.stat.WSStats[] wsStats = (com.ibm.websphere.pmi.stat.WSStats[])
ac.invoke(perfOName, "getStatsArray", params, signature);
System.out.printin (wsStats[0].toString());

// get statistics from one JVM MBean using J2EE JMX

System.out.printin ("\nGet JVM statistics using JVM MBean");
javax.management.j2ee.statistics.Stats j2eeStats = (javax.management.j2ee.statistics.Stats)
ac.getAttribute(jvmOName, "stats");

System.out.printin (j2eeStats.toString());

// get statistics from a specific thread pool -- WebContainer thread pool
System.out.printin ("\nGet statistics for a specific thread pool");
signature = new String[]{"[Lcom.ibm.websphere.pmi.stat.StatDescriptor;","java.lang.Boolean"};

StatDescriptor webContainerPoolSD = new StatDescriptor (new String[] {WSThreadPoolStats.NAME,
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"WebContainer"});
params = new Object[] {new StatDescriptor[]{webContainerPool1SD}, new Boolean(true)};

wsStats = (com.ibm.websphere.pmi.stat.WSStats[])
ac.invoke(perfOName, "getStatsArray", params, signature);
System.out.printin (wsStats[0].toString());

// set monitoring to statistic set "extended"

System.out.printin ("\nSet monitoring to statistic set 'Extended'");
signature = new String[]{"java.lang.String"};

params = new Object[] {StatConstants.STATISTIC_SET EXTENDED};

ac.invoke(perfOName, "setStatisticSet", params, signature);

// get current statistic set that is used for monitoring
System.out.printin ("\nCurrent statistic set: "+ ac.invoke(perfOName, "getStatisticSet", null, null));

// selectively enable statistics for all thread pools
System.out.printin ("\nSelectively enable statistics (ActiveCount and PoolSize statistics)
for thread pool -- fine grained control");

StatDescriptor threadPoolSD = new StatDescriptor (new String[]
{WSThreadPoolStats.NAME});
// create a spec object to enable ActiveCount and PoolSize on the thread pool
StatLevelSpec[] spec = new StatlLevelSpec[1];
spec[0] = new StatLevelSpec (threadPoolSD.getPath(), new int[]
{WSThreadPoolStats.ActiveCount, WSThreadPoolStats.PoolSize});

signature = new String[]{"[Lcom.ibm.websphere.pmi.stat.StatLevelSpec;","java.lang.Boolean"};
params = new Object[] {spec, new Boolean(true)};

ac.invoke(perfOName, "setInstrumentationLevel", params, signature);

// get current statistic set that is used for monitoring
System.out.printin ("\nCurrent statistic set: "+ ac.invoke(perfOName, "getStatisticSet", null, null));

// get statistics from all thread pools

System.out.printin ("\nGet statistics from all thread pools");

signature = new String[]{"[Lcom.ibm.websphere.pmi.stat.StatDescriptor;","java.lang.Boolean"};
params = new Object[] {new StatDescriptor[]{threadPoolSD},new Boolean(true)};

wsStats = (com.ibm.websphere.pmi.stat.WSStats[])
ac.invoke(perfOName, "getStatsArray", params, signature);
System.out.printin (wsStats[0].toString());

}

catch (Exception e)

e.printStackTrace();
}

// set the property to original value
System.setProperty ("websphereV5Statistics", v5PropFlag);
}

[**

% Some sample code to set level, get data, and display data. (V5)
* @deprecated Use 6.0 APIs.

*/

public void doTest()

{
try

// first get all the configs - used to set static info for Stats
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// Note: server only returns the value and time info.

// No description, unit, etc is returned with PMI data to reduce communication cost.
// You have to call setConfig to bind the static info and Stats data Tater.

configs = (PmiModuleConfig[])ac.invoke(perfOName, "getConfigs", null, null);

// print out all the PMI modules and matching mbean types
for (int i=0; i<configs.length; i++)
System.out.printin("config: moduleName=" + configs[i].getShortName() +
", mbeanType=" + configs[i].getMbeanType());

// set the instrumentation level for the server
setInstrumentationLevel (serverOName, null, PmiConstants.LEVEL_HIGH);

// example to use StatDescriptor.

// Note WLM module is only available in ND.

StatDescriptor sd = new StatDescriptor(new String[] {"wimModule.server"});
setInstrumentationLevel (wImOName, sd, PmiConstants.LEVEL HIGH);

// example to getInstrumentationLevel
MBeanLevelSpec[] mlss = getInstrumentationLevel(wImOName, sd, true);
// you can call getLevel(), getObjectName(), getStatDescriptor() on mlss[i]

// get data for the server
Stats stats = getStatsObject(serverOName, true);
System.out.printin(stats.toString());

// get data for WLM server submodule
stats = getStatsObject(wimOName, sd, true);
if (stats == null)
System.out.printin("Cannot get Stats for WLM data");
else
System.out.printin(stats.toString());

// get data for JVM MBean
stats = getStatsObject(jvmOName, true);
processStats(stats);

// get data for multiple MBeans

ObjectName[] onames = new ObjectName[]{orbtpOName, jvmOName};

Object[] params = new Object[]{onames, new Boolean(true)};

String[] signature = new String[]{"[Ljavax.management.ObjectName;",
"java.lang.Boolean"};

Stats[] statsArray = (Stats[])ac.invoke(perfOName, "getStatsArray",
params, signature);

// you can call toString or processStats on statsArray[i]

if (!failed)

System.out.printIn("A11 tests passed");
else

System.out.printin("Some tests failed");

}

catch(Exception ex)

{
new AdminException(ex).printStackTrace();
ex.printStackTrace();

[**

* Sample code to get Tevel

*/

protected MBeanLevelSpec[] getInstrumentationLevel(ObjectName on, StatDescriptor sd, boolean recursive)

{
if (sd == null)
return getInstrumentationLevel(on, recursive);
System.out.printin("\ntest getInstrumentationLevel\n");
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try {
Object[] params = new Object[2];
params[0] = new MBeanStatDescriptor(on, sd);
params[1] = new Boolean(recursive);
String[] signature= new String[]{ "com.ibm.websphere.pmi.stat.MBeanStatDescriptor", "java.lang.Boolean"};
MBeanLevelSpec[] mlss = (MBeanLevelSpec[])ac.invoke(perfOName, "getInstrumentationLevel", params, signature)
return mlss;
}
catch(Exception e) {
new AdminException(e).printStackTrace();
System.out.printin("getInstrumentationLevel: Exception Thrown");
return null;

1
[**

* Sample code to get Tevel
*
/
protected MBeanLevelSpec[] getInstrumentationLevel(ObjectName on,
boolean recursive) {
if (on == null)
return null;
System.out.printin("\ntest getInstrumentationLevel\n");
try {
Object[] params = new Object[]{on, new Boolean(recursive)};
String[] signature= new String[]{ "javax.management.ObjectName",
"java.lang.Boolean"};
MBeanlLevelSpec[] mlss = (MBeanLevelSpec[])ac.invoke(perfOName,
"getInstrumentationLevel", params, signature);
return mlss;
}

catch(Exception e) {
new AdminException(e).printStackTrace();
failed = true;
System.out.printin("getInstrumentationLevel: Exception Thrown");
return null;

}

[**
* Sample code to set Tevel
* @deprecated Use 6.0 APIs.
*
/
protected void setInstrumentationLevel(ObjectName on, StatDescriptor sd,
int level) {
System.out.printIn("\ntest setInstrumentationLevel\n");
try {
Object[] params new Object[2];
String[] signature null;
MBeanlLevelSpec[] mlss = null;
params[0] = new MBeanlLevelSpec(on, sd, level);
params[1] = new Boolean(true);

signature= new String[]{ "com.ibm.websphere.pmi.stat.MBeanLevelSpec","java.lang.Boolean"};
ac.invoke(perfOName, "setInstrumentationLevel", params, signature);

}

catch(Exception e) {
failed = true;
new AdminException(e).printStackTrace();
System.out.printin("setInstrumentationLevel: FAILED: Exception Thrown");

}

[*%

* Sample code to get a Stats object
* @deprecated Use 6.0 APIs.

*/
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public Stats getStatsObject(ObjectName on, StatDescriptor sd, boolean
recursive) {

if (sd == null)
return getStatsObject(on, recursive);

System.out.printin("\ntest getStatsObject\n");
try {
Object[] params = new Object[2];
params[0] = new MBeanStatDescriptor(on, sd); // construct MBeanStatDescriptor
params[1] = new Boolean(recursive);
String[] signature = new String[] { "com.ibm.websphere.pmi.stat.MBeanStatDescriptor", "java.lang.Boolean"};
Stats stats = (Stats)ac.invoke(perfOName, "getStatsObject", params, signature);

if (stats == null) return null;

// find the PmiModuleConfig and bind it with the data
String type = on.getKeyProperty("type");
if (type.equals(MBeanTypeList.SERVER _MBEAN))
setServerConfig(stats);
else
stats.setConfig(PmiClient.findConfig(configs, on));

return stats;

} catch(Exception e) {
failed = true;
new AdminException(e).printStackTrace();
System.out.printin("getStatsObject: Exception Thrown");
return null;

}

[**
* Sample code to get a Stats object
*/
public Stats getStatsObject(ObjectName on, boolean recursive) {
if (on == null)
return null;

System.out.printin("\ntest getStatsObject\n");

try {
Object[] params = new Object[]{on, new Boolean(recursive)};

String[] signature = new String[] { "javax.management.ObjectName",
"java.lang.Boolean"};

Stats stats = (Stats)ac.invoke(perfOName, "getStatsObject", params,
signature);

// find the PmiModuleConfig and bind it with the data
String type = on.getKeyProperty("type");
if (type.equals(MBeanTypelist.SERVER_MBEAN))
setServerConfig(stats);
else
stats.setConfig(PmiClient.findConfig(configs, on));

return stats;

catch(Exception e) {
failed = true;
new AdminException(e).printStackTrace();
System.out.printin("getStatsObject: Exception Thrown");
return null;
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}
[*%

* Sample code to navigate and get the data value from the Stats object.

*/

private void processStats(Stats stat) {

}
[*%

processStats(stat, "");

* Sample code to navigate and get the data value from the Stats and

Stati

stic object.

* @deprecated Use 6.0 APIs.

*/

private void processStats(Stats stat, String indent) {

stat.

PmiCl

if(stat == null) return;
System.out.printIn("\n\n");

// get name of the Stats
String name = stat.getName();
System.out.printin(indent + "stats name=" + name);

// 1ist data names
String[] dataNames = stat.getStatisticNames();
for (int i=0; i<dataNames.length; i++)

System.out.printin(indent + " " + "data name=" + dataNames[i]);

System.out.printin("");

// list all datas

//com.ibm.websphere.management.statistics.Statistic[] allData =

getStatistics();

// cast it to be PMI's Statistic type so that we can have get more

// Also show how to do translation.
//Statistic[] dataMembers = (Statistic[])allData;
Statistic[] dataMembers = stat.listStatistics();
if(dataMembers != null) {

for(int i=0; i<dataMembers.length; i++) {

System.out.print(indent + " " + "data name=" +

ient.getNLSValue(dataMembers[i].getName())

+ ", description=" + PmiClient.getNLSValue
(dataMembers[i].getDescription())
+ ", startTime=" + dataMembers[i].getStartTime()
+ ", lastSampleTime=" + dataMembers[i].getLastSampleTime());
if(dataMembers[i].getDatalnfo().getType() == TYPE_LONG) {

System.out.printIin(", count=" + ((CountStatisticImpl)dataMembers[i]).getCount());

}

else if(dataMembers[i].getDataInfo().getType() == TYPE_STAT) {
TimeStatisticImpl data = (TimeStatisticImpl)dataMembers[i];
System.out.printIn(", count=" + data.getCount()
+ ", total=" + data.getTotal()
", mean=" + data.getMean()

+
+ ", min=" + data.getMin()
+ ", max=" + data.getMax());

}
else if(dataMembers[i].getDataInfo().getType() == TYPE_LOAD) {
RangeStatisticImpl data = (RangeStatisticImpl)dataMembers[i];
System.out.printIn(", current=" + data.getCurrent()
+ ", integral=" + data.getIntegral()
+ ", avg=" + data.getMean()
+ ", TowWaterMark=" + data.getLowWaterMark()
+ ", highWaterMark=" + data.getHighWaterMark());
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// recursively for sub-stats
Stats[] substats = (Stats[])stat.getSubStats();
if(substats == null || substats.length == 0)

return;
for(int 1=0; i<substats.length; i++) {
processStats(substats[i], indent + " ",
!
1
[x%

* The Stats object returned from server does not have static config info.
You have to set it on client side.
*/
public void setServerConfig(Stats stats) {
if(stats == null) return;
if(stats.getType() != TYPE_SERVER) return;

PmiModuleConfig config = null;

Stats[] statList = stats.getSubStats();
if (statList == null || statList.length == 0)
return;
Stats oneStat = null;
for(int i=0; i<statList.length; i++) {
oneStat = statList[i];
if (oneStat == null) continue;
config = PmiClient.findConfig(configs, oneStat.getStatsType());
//getName
if(config != null)
oneStat.setConfig(config);
else
{
config = getStatsConfig (oneStat.getStatsType());
if (config != null)
oneStat.setConfig(config);
else
System.out.printin("Error: get null config for " + oneStat.getStatsType());

}

[**
* sample code to show how to get a specific MBeanStatDescriptor
* @deprecated Use 6.0 APIs.
*/
public MBeanStatDescriptor getStatDescriptor(ObjectName oName, String name) {
try {
Object[] params = new Object[]{serverOName};
String[] signature= new String[]{"javax.management.ObjectName"};
MBeanStatDescriptor[] msds = (MBeanStatDescriptor[])ac.invoke
(perfOName, "listStatMembers", params, signature);
if (msds == null)
return null;
for (int i=0; i<msds.length; i++) {
if (msds[i].getName().equals(name))
return msds[i];
}
return null;
1
catch(Exception e) {
new AdminException(e).printStackTrace();
System.out.printIn("listStatMembers: Exception Thrown");
return null;
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[**

* sample code to show you how to navigate MBeanStatDescriptor via
listStatMembers

* @deprecated Use 6.0 APIs.

*

/
public MBeanStatDescriptor[] TistStatMembers(ObjectName mName) {

if (mName == null)
return null;

try {

Object[] params = new Object[]{mName};

String[] signature= new String[]{"javax.management.ObjectName"};

MBeanStatDescriptor[] msds = (MBeanStatDescriptor[])ac.invoke

(perfOName, "listStatMembers", params, signature);

if (msds == null)
return null;

for (int i=0; i<msds.length; i++) {
MBeanStatDescriptor[] msds2 = 1

}

return null;

istStatMembers(msds[i]);

}

catch(Exception e) {
new AdminException(e).printStackTrace();
System.out.printIn("1istStatMembers: Exception Thrown");
return null;

[**
* Sample code to get MBeanStatDescriptors
* @deprecated Use 6.0 APIs.
*/
public MBeanStatDescriptor[] listStatMembers(MBeanStatDescriptor mName) {
if (mName == null)
return null;

try {
Object[] params = new Object[]{mName};
String[] signature= new String[]{"com.ibm.websphere.pmi.stat.MBeanStatDescriptor"};
MBeanStatDescriptor[] msds = (MBeanStatDescriptor[])ac.invoke(perfOName, "listStatMembers",
params, signature);
if (msds == null)
return null;
for (int i=0; i<msds.length; i++) {
MBeanStatDescriptor[] msds2 = TistStatMembers(msds[i]);
// you may recursively call listStatMembers until find the one you want
}
return msds;
}
catch(Exception e) {
new AdminException(e).printStackTrace();
System.out.printin("1istStatMembers: Exception Thrown");
return null;

}
[**

* sample code to get PMI data from beanModule
* @deprecated Use 6.0 APIs.

*/

public void testEJB() {

// This is the MBeanStatDescriptor for Enterprise EJB
MBeanStatDescriptor beanMsd = getStatDescriptor(serverOName,
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PmiConstants.BEAN_MODULE) ;
if (beanMsd == null)
System.out.printIn("Error: cannot find beanModule");

// get the Stats for module Tevel only since recursive is false
Stats stats = getStatsObject(beanMsd.getObjectName(), beanMsd.
getStatDescriptor(), false); // pass true if you wannt data from individual beans

// find the avg method RT

TimeStatisticImpl rt = (TimeStatisticImpl)stats.getStatistic
(EJBStatsImpl.METHOD RT);

System.out.printIn("rt is " + rt.getMean());

try {
java.lang.Thread.sleep(5000);

} catch (Exception ex) {
ex.printStackTrace();

1

// get the Stats again
Stats stats2 = getStatsObject(beanMsd.getObjectName(), beanMsd.
getStatDescriptor(), false); // pass true if you wannt data from individual beans

// find the avg method RT

TimeStatisticImpl rt2 = (TimeStatisticImpl)stats2.getStatistic
(EJBStatsImpl.METHOD RT);

System.out.printIn("rt2 is " + rt2.getMean());

// calculate the difference between this time and last time.
TimeStatisticImpl deltaRt = (TimeStatisticImpl)rt2.delta(rt);
System.out.printin("deltaRt is " + rt.getMean());

}

[**
* Sample code to show how to call getStats on StatisticProvider MBean
directly.
* @deprecated Use 6.0 APIs.
*
/
public void testJSR77Stats() {
// first, find the MBean ObjectName you are interested.
// Refer method getObjectNames for sample code.

// assume we want to call getStats on JVM MBean to get statistics
try {

com.ibm.websphere.management.statistics.JVMStats stats =
(com.ibm.websphere.management.statistics.JVMStats)ac.
invoke (jvmOName, "getStats", null, null);
System.out.printin("\n get data from JVM MBean");
if (stats == null) {
System.out.printIn("WARNING: getStats on JVM MBean returns null");
} else {

// first, Tink with the static info if you care
((Stats)stats).setConfig(PmiClient.findConfig(configs, jvmOName));

// print out all the data if you want
//System.out.printin(stats.toString());

// navigate and get the data in the stats object
processStats((Stats)stats);

// call JSR77 methods on JVMStats to get the related data
com. ibm.websphere.management.statistics.CountStatistic upTime =
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stats.getUpTime();
com.ibm.websphere.management.statistics.BoundedRangeStatistic
heapSize = stats.getHeapSize();

if (upTime != null)
System.out.printIn("\nJVM up time is " + upTime.getCount());
if (heapSize != null)
System.out.printin("\nheapSize is " + heapSize.getCurrent());
}
} catch (Exception ex) {
ex.printStackTrace();
new AdminException(ex).printStackTrace();

[*%
Get PmiModuleConfig from server
*/
public PmiModuleConfig getStatsConfig (String statsType)
{
try
{
return (PmiModuleConfig)ac.invoke(perfOName, "getConfig",
new String[]{statsType},
new String[]{"java.lang.String"});
1
catch(Exception e)
{
e.printStackTrace();
return null;

[**
* Get PmiModuleConfig based on MBean ObjectName
@deprecated Use com.ibm.websphere.pmi.client.PmiClient.findConfig()
*/
public PmiModuleConfig findConfig(ObjectName on) {
if (on == null) return null;

String type = on.getKeyProperty("type");
System.out.printIn("findConfig: mbean type =" + type);

for (int i=0; i<configs.length ; i++) {

if (configs[i].getMbeanType().equals(type))
return configs[i];
}
System.out.printIn("Error: cannot find the config");
return null;

1
[**

* Get PmiModuleConfig based on PMI module name
@deprecated Use com.ibm.websphere.pmi.client.PmiClient.findConfig()
*/
public PmiModuleConfig findConfig(String moduleName) {
if (moduleName == null) return null;

for (int i=0; i<configs.length ; i++) {
if (configs[i].getShortName().equals(moduleName))

return configs[i];

}

System.out.printIn("Error: cannot find the config");

Chapter 4. Monitoring overall system health

213



return null;

}

PMI client interface (deprecated)
The data provided by the Performance Monitoring Infrastructure (PMI) client interface is documented here.

Access to the PMI client interface data is provided in a hierarchical structure. Descending from the object
are node information objects, module information objects, CpdCollection objects and CpdData objects.
Using Version 5.0, you will get Stats and Statistic objects. The node and server information objects contain
no performance data, only static information.

Each time a client retrieves performance data from a server, the data is returned in a subset of this
structure; the form of the subset depends on the data retrieved. You can update the entire structure with
new data, or update only part of the tree, as needed.

The JMX statistic data model is supported, as well as the existing CPD data model from Version 4.0.
When you retrieve performance data using the Version 5.0 PMI client API, you get the Stats object, which
includes Statistic objects and optional sub-Stats objects. When you use the Version 4.0 PMI client API to
collect performance data, you get the CpdCollection object, which includes the CpdData objects and
optional sub-CpdCollection objects.

The following are additional Performance Monitoring Infrastructure (PMI) interfaces:
* BoundaryStatistic

» BoundedRangeStatistic

» CountStatistic

» MBeanStatDescriptor

* MBeanLevelSpec

* New Methods in PmiClient
* RangeStatistic

« Stats

 Statistic

» TimeStatistic

The following PMI interfaces introduced in Version 4.0 are also supported:
* CpdCollection
* CpdData
» CpdEventListener and CpdEvent
* CpdFamily class
* CpdValue
— CpdLong
— CpdStat
— CpdLoad
» PerfDescriptor
* PmiClient class

The CpdLong maps to CountStatistic; CpdStat maps to Time Statistic; CpdCollection maps to Stats; and
CpdLoad maps to RangeStatistic and BoundedRangeStatistic.

Note: Version 4.0 PmiClient APIs are supported in this version, however, there are some changes. The
data hierarchy is changed in some PMI modules, notably the enterprise bean module and HTTP sessions
module. If you have an existing PmiClient application, and you want to run it against Version 5.0, you
might have to update the PerfDescriptor(s) based on the new PMI data hierarchy. Also, the getDataName
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and getDatald methods in PmiClient are changed to be non-static methods in order to support multiple
WebSphere Application Server versions. You might have to update your existing application which uses
these two methods.

Using PMI client to develop your monitoring application (deprecated)

You can use the Performance Monitoring Infrastructure (PMI) interfaces to develop your own applications
to collect and display performance information.

About this task
The following is the programming model for Performance Monitoring Infrastructure (PMI) client:

Procedure
1. Create an instance of This is used for all subsequent method calls.

2. Optional: You can create your own MBeans. See the extending the WebSphere Application Server
administrative system with custom MBeans for more information.

3. Call the listNodes() and listServers(nodeName) methods to find all the nodes and servers in the
WebSphere Application Server domain.

4. Call listMBeans and listStatMembers to get all the available MBeans and MBeanStatDescriptors.
Call the getStats method to get the Stats object for the PMI data.

6. Optional: The client can also call setStatLevel or getStatLevel to set and get the monitoring level. Use
the MBeanLevelSpec objects to set monitoring levels.

o

Performance Monitoring Infrastructure client (WebSphere Version 4.0)
A Performance Monitoring Infrastructure (PMI) client is an application that receives PMI data from servers
and processes this data.

In WebSphere Application Server Version 4.0, PmiClient API takes PerfDescriptor(s) and returns PMI data
as a CpdCollection object. Each CpdCollection could contain a list of CpdData, which has a CpdValue of
the following types:

* CpdLong

* CpdStat

* CpdLoad

Version 4.0 PmiClient APIs are supported in this version, however, there are some changes. The data
hierarchy is changed in some PMI modules, notably the enterprise bean module and HTTP sessions
module. If you have an existing PmiClient application, and you want to run it against WebSphere
Application Server Version 5.0 or above, you might have to update the PerfDescriptor(s) based on the new
PMI data hierarchy. Also, the getDataName and getDatald methods in PmiClient are changed to be
non-static methods in order to support multiple WebSphere Application Server versions. You might have to
update your existing application which uses these two methods.

Retrieving performance data with PerfServlet

The PerfServlet is used for simple end-to-end retrieval of performance data that any tool, provided by
either IBM or a third-party vendor, can handle.

Before you begin
The servlet provides a way to use an HTTP request to query the performance metrics for an entire

WebSphere Application Server administrative domain. Because the servlet provides the performance data
through HTTP, issues such as firewalls are trivial to resolve.
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The PerfServlet provides the performance data output as an XML document, as described in the provided
document type description (DTD). In the XML structure, the leaves of the structure provide the actual
observations of performance data and the paths to the leaves that provide the context.

bprac: The PerfServlet is a sample monitoring tool that uses WebSphere Application Server
administration and monitoring interfaces to expose performance data. Using the PerfServlet is not
intended for real-time performance monitoring in production environments or for use in large
topologies. For these environments you should use the Tivoli Performance Viewer or ITCAM (IBM
Tivoli Composite Application Manager) for WebSphere Application Server.

Specific best practices for the PerfServlet are the following:

* PerfServlet overhead: The PerfServlet is not designed to run concurrently. Being a single
threaded servlet, it would collect the data sequentially from available servers. This single
threaded operation can cause higher response times when the PerfServlet is used in larger
deployments.

* PerfServiet in large deployments:

— By default, when the PerfServlet is first initialized, it retrieves the list of nodes and servers
within the cell in which it is deployed. Because collecting this data costs in system
processing time, the PerfServlet holds this information as a cached list. To force the servlet
to refresh its configuration, you can use the option "refreshconfig=true". However, using this
option is not recommended unless required, because this option adds extra overhead to the
PerfServlet processing.

— Use option, node and server, if you are looking for a specific server's performance data.

» PerfServlet response time: The PerfServlet responsiveness depends on the following factors:
— Numbers of application servers that exist in the cell.
— Number of resources configured in the cell (including applications).

» PerfServlet alternative: If you are looking for an alternative to using the PerfServlet to capture
data programmatically, refer to the Perf MBean programming interfaces documentation, which
exists in the Reference > Programming Interfaces > MBean interfaces section of the
WebSphere Application Server information center..

Starting with version 6.0, the PerfServiet in WebSphere Application Server uses the JMX Perf MBean
interface to retrieve the PMI data and outputs an XML document that uses the Java Platform, Enterprise
Edition (Java EE) 1.4 Performance Data Framework to describe the statistics. The PerfSerlvet in can also
provide an output that is compatible with the PerfServlet 5.0. To provide PerfServlet 5.0 compatible output
it uses the PMI client interface.

The performance servlet .ear file PerfServietApp.ear is located in the WAS _HOME/installableApps directory,
where WAS_HOME is the installation path for WebSphere Application Server.

Starting with version 6.1, you must enable application security to get the PerfServlet working.
About this task
The performance servlet is deployed exactly as any other servlet. To use it, follow these steps:

Procedure
1. Deploy the servlet on a single application server instance within the domain.

2. After the servlet deploys, you can invoke it to retrieve performance data for the entire domain. Invoke
the performance servlet by accessing the following default URL:

http://hostname/wasPerfTool/serviet/perfserviet
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Results

The performance servlet provides performance data output as an XML document, as described by the
provided document type definition (DTD). The DTD is located inside the PerfServietApp.ear file.

PerfServlet input
The PerfServlet input and output is used for simple end-to-end retrieval of performance data that any tool,
provided by either IBM or a third-party vendor, can handle

The PerfServlet is deployed in one of the application server instance within the domain. By default, the
PerfServlet collects all of the performance data across a WebSphere Application Server cell. However, it is
possible to limit the data returned by the servlet to either a specific node, server, or PMI module:

Node .The servlet can limit the information it provides to a specific host by using the node parameter.
For example, to limit the data collection to the node ‘rjones’, invoke the following URL:
http://hostname/wasPerfTool/servlet/perfservliet?node=rjones

Server
The servlet can limit the information it provides to a specific server by using the server parameter.

For example, in order to limit the data collection to the ‘testserver’ server on all nodes, invoke the
following URL:

http://hostname/wasPerfTool/serviet/perfserviet?server=testserver

To limit the data collection to the ‘testserver’ server located on the host ‘rjones’, invoke the
following URL:

http://hostname/wasPerfTool/servlet/perfserviet?node=rjones&server=testserver
Module

The servlet can limit the information it provides to a specific PMI module by using the module
parameter. You can request multiple modules by using the following URL:

http://hostname/wasPerfTool/serviet/perfserviet?module=beanModule+jvmRuntimeModule

For example, to limit the data collection to the beanModule on all servers and nodes, invoke the
following URL:

http://hostname/wasPerfTool/serviet/perfserviet?module=beanModule

To limit the data collection to the beanModule on the server ‘testserver’ on the node rjones, invoke
the following URL:

http://hostname/wasPerfTool/serviet/perfserviet?node=rjones&server=testserverdmodule=beanModule

To find the list of the modules, invoke the PerfServlet help with the following URL:
http://hostname/wasPerfTool/servlet/perfserviet?action=help

In WebSphere Application Server, Network Deployment (ND), the PerfServlet automatically connects to the
deployment manager to provide PMI data about the entire cell.

When the performance servlet is first initialized, it retrieves the list of nodes and servers within the domain
in which it is deployed. Because the collection of this data is expensive, the performance servlet holds this
information as a cached list. If a new node is added to the domain or a new server is started, the
performance servlet does not automatically retrieve the information about the newly created element. To
force the servlet to refresh its configuration, you must add the refreshConfig parameter to the invocation as
follows:

http://hostname/wasPerfTool/serviet/perfserviet?refreshConfig=true

You may want to configure other parameters of the performance servlets according to your specific needs.
You can define the host, port number, connector type, and a user name and password.
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* Host. This defines the host name where the server is running. The default value is "localhost." For base
installations, use "localhost" or "host" where application server is running.

In WebSphere Application Server, Network Deployment installations, use the Deployment Manager's
host name.

Note: There can be more than one server instance in WebSphere Application Server, Network
Deployment installations and a performance servlet can be installed in any one of the servers.

» Port. This is the port through which the server will connect. The default value is '8880' (SOAP connector
port in base installation). In a base installation, use the application server SOAP or RMI connector port.

In a WebSphere Application Server, Network Deployment installation, use the Deployment Manager's
SOAP or RMI port.

Note: The port numbers for SOAP/RMI connector can be configured in the administrative console
under Servers > Application Servers > server_name > End Points.

« Connector. The connector type can be either SOAP or RMI. The default value is SOAP.
» Username. If security is enabled provide the user name.
» Password. If security is enabled provide the password.

PerfServlet output
The PerfServlet input and output is used for simple end-to-end retrieval of performance data that any tool,
provided by either IBM or a third-party vendor, can handle.

The performance servlet .ear file PerfServietApp.ear is located in the WAS_HOME/installableApps directory.

The PerfServlet 6.0 provides output using the J2EE 1.4 Performance Data Framework. By default, the
PerfServlet output is in 6.0 format. PerfServlet can provide the output in 5.0 format using the version
parameter:

http://hostname/wasPerfTool/serviet/perfserviet?version=5

Refer to [‘PMI data classification” on page 11|for details about the Performance Data Framework.

PerfServlet 5.0 output details: The following section describes the PerfServlet 5.0 output. There are
three types of leaves or output formats within the XML structure: PerfNumericinfo, PerfStatinfo, and
PerfLoadInfo.

PerfNumericinfo:

When each invocation of the performance servlet retrieves the performance values from Performance
Monitoring Infrastructure (PMI), some of the values are raw counters that record the number of times a
specific event occurs during the lifetime of the server. If a performance observation is of the type
PerfNumericInfo, the value represents the raw count of the number of times this event has occurred since
the server started. This information is important to note because the analysis of a single document of data
provided by the performance servlet might not be useful for determining the current load on the system. To
determine the load during a specific interval of time, it might be necessary to apply simple statistical
formulas to the data in two or more documents provided during this interval.

The PerfNumericinfo type has the following attributes:

time Specifies the time when the observation was collected (Java System.currentTimeMillis)
uid Specifies the PMI identifier for the observation

val Specifies the raw counter value

The following document fragment represents the number of loaded servlets. The path providing the context
of the observation is not shown:
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<numLoadedServlets>
<PerfNumericData time="988162913175" uid="pmil" val="132"/>
</numLoadedServiets>

PerfStatinfo:

When each invocation of the performance servlet retrieves the performance values from PMI, some of the
values are stored as statistical data. Statistical data records the number of occurrences of a specific event,
as the PerfNumericlnfo type does. In addition, this type has sum of squares, mean, and total for each
observation. This value is relative to when the server started.

The PerfStatinfo type has the following attributes:

time Specifies the time when the observation was collected (Java System.currentTimeMillis)

uid Specifies the PMI identifier for the observation

num  Specifies the number of observations

sum_of_squares
Specifies the sum of the squares of the observations

total Specifies the sum of the observations

mean Specifies the mean (total number) for this counter

The following fragment represents the response time of an object. The path providing the context of the
observation is not shown:

<responseTime>
<PerfStatInfo mean="1211.5" num="5" sum_of_squares="3256265.0"
time="9917644193057" total="2423.0" uid="pmil3"/>
</responseTime>

PerfLoadInfo:

When each invocation of the performance servlet retrieves the performance values from PMI, some of the
values are stored as a load. Loads record values as a function of time; they are averages. This value is
relative to when the server started.

The PerfLoadInfo type has the following attributes:
time Specifies the time when the observation was collected (Java System.currentTimeMillis)

uid Specifies the PMI identifier for the observation

currentValue
Specifies the current value for this counter

integral
Specifies the time-weighted sum

timeSinceCreate
Specifies the elapsed time in milliseconds since this data was created in the server

mean Specifies time-weighted mean (integral/timeSinceCreate) for this counter

The following fragment represents the number of concurrent requests. The path providing the context of
the observation is not shown:
<poolSize>

<PerfLoadInfo currentValue="1.0" integral="534899.0" mean="0.9985028962051592"

time="991764193057" timeSinceCreate="535701.0" uid="pmi5"/>
</poolSize>
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Using the JMX interface to develop your own monitoring application

You can use AdminClient API to get Performance Monitoring Infrastructure (PMI) data by using either
PerfMBean or individual MBeans.

Before you begin

You can invoke methods on MBeans through the AdminClient Java Management Extension (JMX)
interface. You can use AdminClient API to get Performance Monitoring Infrastructure (PMI) data by using
either PerfMBean or individual MBeans. See information about using individual MBeans at bottom of this
article.

Individual MBeans provide the Stats attribute from which you can get PMI data. The PerfMBean provides
extended methods for PMI administration and more efficient ways to access PMI data. To set the PMI
module instrumentation level, you must invoke methods on PerfMBean. To query PMI data from multiple
MBeans, it is faster to invoke the getStatsArray method in PerfMBean than to get the Stats attribute from
multiple individual MBeans. Perf MBean can provide PMI data from multiple MBeans using a single JMX
call, but multiple JMX calls have to be made through individual MBeans.

See the topic "Developing an administrative client program" for more information on AdminClient JMX.
About this task

After the performance monitoring service is enabled and the application server is started or restarted, a
PerfMBean is located in each application server giving access to PMI data. To use PerfMBean:

Procedure

1. Create an instance of AdminClient. When using AdminClient API, you need to first create an instance
of AdminClient by passing the host name, port number and connector type.

The example code is:

AdminClient ac = null;
java.util.Properties props = new java.util.Properties();
props.put(AdminClient.CONNECTOR_TYPE, connector);
props.put(AdminClient.CONNECTOR_HOST, host);
props.put (AdminClient.CONNECTOR_PORT, port);
try {
ac = AdminClientFactory.createAdminClient (props);
1

catch(Exception ex) {
failed = true;
new AdminException(ex).printStackTrace();
System.out.printin("getAdminClient: exception");

}

2. Use AdminClient to query the MBean ObjectNames. After you get the AdminClient instance, you can
call queryNames to get a list of MBean ObjectNames depending on your query string. To get all the
ObjectNames, you can use the following example code. If you have a specified query string, you will
get a subset of ObjectNames.
javax.management.ObjectName on = new javax.management.ObjectName ("WebSphere:=");

Set objectNameSet= ac.queryNames(on, null);
// you can check properties 1ike type, name, and process to find a specified ObjectName

After you get all the ObjectNames, you can use the following example code to get all the node names:

HashSet nodeSet = new HashSet();
for(Iterator i = objectNameSet.iterator(); i.hasNext(); on =
(ObjectName)i.next()) {
String type = on.getKeyProperty("type");

220 Monitoring



if(type != null && type.equals("Server")) {
nodeSet.add(servers[i].getKeyProperty("node"));

}

Note, this will only return nodes that are started. To list running servers on the node, you can either
check the node name and type for all the ObjectNames or use the following example code:

StringBuffer oNameQuery= new StringBuffer(41);
oNameQuery.append ("WebSphere:*");
oNameQuery.append (", type=").append("Server");
oNameQuery.append(",node=") .append(mynode) ;

oSet= ac.queryNames (new ObjectName(oNameQuery.toString()), null);
Iterator i = objectNameSet.iterator ();
while (i.hasNext ()) {
on=(objectName) i.next();
String process= on[i].getKeyProperty("process");
serversArraylList.add(process);

}

Get the PerfMBean ObjectName for the application server from which you want to get PMI data. Use
this example code:

for(Iterator i = objectNameSet.iterator(); i.hasNext(); on = (ObjectName)i.next()) {
// First make sure the node name and server name is what you want
// Second, check if the type is Perf
String type = on.getKeyProperty("type");
String node = on.getKeyProperty("node");
String process= on.getKeyProperty("process");
if (type.equals("Perf") && node.equals(mynode) &
& server.equals(myserver)) {
perfOName = on;

}

Invoke operations on PerfMBean through the AdminClient. After you get the PerfMBean(s) in the
application server from which you want to get PMI data, you can invoke the following operations on the
PerfMBean through AdminClient API:

- setStatisticSet: Enable PMI data using the pre-defined statistic sets.

Object[] params = new Object[] { com.ibm.websphere.pmi.stat.StatConstants.STATISTIC_SET EXTENDED};
String[] signature = new String[] {"java.lang.String"};

ac.invoke (perfOName, "setStatisticSet", params, signature);

- getStatisticSet: Returns the current statistic set.
String setname = (String) ac.invoke (perfOName, "getStatisticSet", null, null);

- setCustomSetString: Customizing PMI data that is enabled using fine-grained control.
This method allows to enable or disable statistics selectively. The format of the custom
set specification string is STATS_NAME=ID1,ID2,ID3 seperated by ':', where STATS_NAME
and IDs are defined in WS*Stat interfaces in com.ibm.websphere.pmi.stat package.
params[0] = new String (WSJVMStats.NAME + "=" + WSJVMStats.HeapSize);

params[1] = new Boolean (false);

signature = new String[] {"java.lang.String", "java.lang.Boolean"};

ac.invoke (perfOName, "setCustomSetString", params, signature);

Note: Statistics that are not Tisted in the set string are not changed.

- getCustomSetString: Returns the current custom set specification as a string
String setstring = (String) ac.invoke (perfOName, "getCustomSetString", null, null);

- setInstrumentationLevel: set the instrumentation Tevel
params[0] = new MBeanLevelSpec(objectName, new int[]{WSJVMStats.HEAPSIZE});
params[1] = new Boolean(true);
signature= new String[]{ "com.ibm.websphere.pmi.stat.MBeanLevelSpec",
"java.lang.Boolean"};
ac.invoke(perfOName, "setInstrumentationlLevel", params, signature);
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- getInstrumentationLevel: get the instrumentation Tevel
params[0] = objectName;
params[1] = new Boolean(recursive);
String[] signature= new String[]{
"javax.management.ObjectName", "java.lang.Boolean"};
MBeanlLevelSpec[] mlss = (MBeanLevelSpec[])ac.invoke(perfOName,
"getInstrumentationLevel", params, signature);

- setInstrumentationlLevel: set the instrumentation level (deprecated in V6.0)
params[0] = new MBeanLevelSpec(objectName, optionalSD, level);
params[1] = new Boolean(true);
signature= new String[]{ "com.ibm.websphere.pmi.stat.MBeanlLevelSpec",

"java.lang.Boolean"};
ac.invoke(perfOName, "setInstrumentationlLevel", params, signature);

- getInstrumentationlLevel: get the instrumentation level (deprecated in V6.0)
Object[] params = new Object[2];
params[0] = new MBeanStatDescriptor(objectName, optionalSD);
params[1] = new Boolean(recursive);
String[] signature= new String[]{
"com.ibm.websphere.pmi.stat.MBeanStatDescriptor", "java.lang.Boolean"};
MBeanLevelSpec[] mlss = (MBeanlLevelSpec[])ac.invoke(perfOName,
"getInstrumentationLevel", params, signature);

- getConfigs: get PMI static config info for all the MBeans
configs = (PmiModuleConfig[])ac.invoke(perfOName, "getConfigs", null, null);

getConfig: get PMI static config info for a specific MBean
ObjectName[] params = {objectName};
String[] signature= { "javax.management.ObjectName" };
config = (PmiModuleConfig)ac.invoke(perfOName, "getConfig", params,
signature);

- getStatsObject: you can use either ObjectName or MBeanStatDescriptor
Object[] params = new Object[2];
params[0] = objectName; // either ObjectName or or MBeanStatDescriptor
params[1] = new Boolean(recursive);
String[] signature = new String[] { "javax.management.ObjectName",
"java.lang.Boolean"};
Stats stats = (Stats)ac.invoke(perfOName, "getStatsObject", params,
signature);

Note: The returned data only have dynamic information (value and time stamp).
See PmiJmxTest.java for additional code to Tink the configuration information with the
returned data.

- getStatsArray: you can use either ObjectName or MBeanStatDescriptor
ObjectName[] onames = new ObjectName[]{objectNamel, objectName2};
Object[] params = new Object[]{onames, new Boolean(true)};
String[] signature = new String[]{"[Ljavax.management.ObjectName;",
"java.lang.Boolean"};
Stats[] statsArray = (Stats[])ac.invoke(perfOName, "getStatsArray",
params, signature);

Note: The returned data only have dynamic information (value and time stamp).
See PmiJmxTest.java for additional code to Tink the configuration information with the
returned data.

- listStatMembers: navigate the PMI module trees
Object[] params = new Object[] {mName};
String[] signature= new String[]{"javax.management.ObjectName"};
MBeanStatDescriptor[] msds = (MBeanStatDescriptor[])ac.invoke(perfOName,
"TistStatMembers", params, signature);

or,
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Object[] params = new Object[]{mbeanSD};

String[] signature= new String[]
{"com.ibm.websphere.pmi.stat.MBeanStatDescriptor"};

MBeanStatDescriptor[] msds = (MBeanStatDescriptor[])ac.invoke
(perfOName, "listStatMembers", params, signature);

Refer the API documentation for deprecated classes

* To use an individual MBean: You need to get the AdminClient instance and the ObjectName for
the individual MBean. Then you can simply get the Stats attribute on the MBean.

Developing PMI interfaces (Version 4.0) (deprecated)

You can use the Performance Monitoring Infrastructure (PMI) interfaces to develop your own applications
to collect and display performance information.

About this task

This section discusses the use of the Performance Monitoring Infrastructure (PMI) client interfaces in
applications. Read the basic steps in the programming model:

Procedure

1. Retrieve an initial collection or snapshot of performance data from the server. A client uses the
CpdCollection interface to retrieve an initial collection or snapshot from the server. This snapshot,
which is called Snapshot in this example, is provided in a hierarchical structure as described in data
organization and hierarchy, and contains the current values of all performance data collected by the
server. The snapshot maintains the same structure throughout the lifetime of the CpdCollection
instance.

2. Process and display the data as specified. The client processes and displays the data as specified.
Processing and display objects, for example, filters and GUIs, can register as CpdEvent listeners to
data of interest. The listener works only within the same Java virtual machine (JVM). When the client
receives updated data, all listeners are notified.

3. Display the new CpdCollection instance through the hierarchy. When the client receives new or
changed data, the client can simply display the new CpdCollection instance through its hierarchy.
When it is necessary to update the Snapshot collection, the client can use the update method to
update Snapshot with the new data.

Snapshot.update(S1);
// ...later...
Snapshot.update(S2);

Results

Steps 2 and 3 are repeated through the lifetime of the client.

Compiling your monitoring applications
Use this page to find the JAR files required to compile your Performance Monitoring Infrastructure (PMI).

Procedure

To compile your Performance Monitoring Infrastructure (PMI) code, you must have the following JAR file in
your class path:

* %WAS_HOME%/plugins/com.ibm.ws.runtime_6.1.0.jar
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What to do next

The JAR files listed above are needed to compile the [PmiJmxTest example application|. If your monitoring
applications use APlIs in other packages, also include those packages on the class path. If any
WebSphere Application Server class is not found with the above set of jars, then you can include all the
WebSphere jars using:

javac -classpath %WAS_HOME%\plugins\com.ibm.ws.runtime_6.1.0.jar myclass.java

Running your new monitoring applications
Use this page to learn about the steps you must follow in order to run monitoring applications.

About this task

Follow these steps to run your monitoring applications.

Procedure

1. You need a WebSphere Application Server installation or WebSphere Application Server Java Platform,
Enterprise Edition (Java EE) client package to run a PMI application.

2. Use a PMI client API to write your own application.

3. Compile the newly-written PMI application and place it on the class path. (The jar files under
%WAS_HOME%\lib and %WAS_HOME%\classes folder will be placed in the class path by the
following script.)

4. To run a PMI application you need a WebSphere Application Server runtime environment (the
application server installation or a Java EE client package). Using the following script to run the
application:

Note: The following is formatted for Windows based systems. You may need to adjust the script
depending on your operating system.

Qecho off
OsetTocal

call "%dpOsetupCmdLine.bat"

"%JAVA_HOME%\bin\java" "%CLIENTSAS%" "%CLIENTSOAP%" -DwebsphereV5Statistics=false
-Dwas.install.root="%WAS_HOME%" -Dws.ext.dirs="%WAS_EXT DIRS%" -classpath "%WAS_CLASSPATH%"
com.ibm.ws.bootstrap.WSLauncher com.ibm.websphere.pmi.PmidmxTest %*

Performance Monitoring Infrastructure client package
Use this page to learn how to use the PmiClient application and JMX connector to communicate to the
Perf MBean in an application server.

A Performance Monitoring Infrastructure (PMI) client package provides a PmiClient wrapper class to
deliver PMI data to a client. As shown in the following figure, the PmiClient API uses the AdminClient API
to communicate to the Perf MBean in an application server.

The PmiClient communicates with the network manager first, retrieving an AdminClient instance to each
application server. When the PmiClient receives the instance, it uses it to communicate with the application
server directly for performance or level setting changes. Since level settings are persistent through
PmiClient, you are only required to set it once, unless you want to change it.

Performance Monitoring Infrastructure and Java Management Extensions
The PmiClient APl does not work if the Java Management Extensions (JMX) infrastructure and Perf

MBean are not running. If you prefer to use the AdminClient API directly to retrieve PMI data, you still have
a dependency on the JMX infrastructure.
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When using the PmiClient API, you have to pass the JMX connector protocol and port number to
instantiate an object of the PmiClient. Once you get a PmiClient object, you can call its methods to list
nodes, servers and MBeans, set the monitoring level, and retrieve PMI data.

The PmiClient API creates an instance of the AdminClient API and delegates your requests to the
AdminClient APIl. The AdminClient API uses the JMX connector to communicate with the Perf MBean in
the corresponding server and then returns the data to the PmiClient, which returns the data to the client.

Running your monitoring applications with security enabled
You can opt to run a Performance Monitoring Infrastructure client application with security enabled.

About this task

In order to run a Performance Monitoring Infrastructure (PMI) client application with security enabled, you
must have %CLIENTSOAP% properties defined on your Java virtual machine command line for a SOAP
connector, and %CLIENTSAS% properties defined for a RMI connector. The %CLIENTSOAP% and
%CLIENTSAS% properties are defined in the setupCmdLine.bat or setupCmdline.sh files.

Procedure
 If you are configuring security for a SOAP connector:

1. Set com.ibm.SOAP.securityEnabled to True in the soap.client.props file for the SOAP connector. The
soap.client.props property file is located in the properties directory.
2. Set com.ibm.SOAP.ToginUserid and com.ibm.SOAP.loginPassword as the user ID and password for
login.
 If you are configuring security for a RMI connector, set the sas.client.props file or type the user ID
and password in the window, if you do not put them in the property file for Remote Method Invocation
(RMI) connector. A common mistake is to leave extra spaces at the end of the lines in the property file.
Do not leave extra spaces at the end of the lines, especially for the user ID and password lines.

Creating a custom PMI using StatsFactory
You can update your application to call methods defined using A Stats/PMI template (Performance
Monitoring Infrastructure), resource bundle, Stats/PMI module and methods to update custom statistics.

About this task

You can update your application to call methods defined using A Stats/PMI template, resource bundle,
Stats/PMI module and methods to update custom statistics. The following process is required to instrument
a component using a custom PMI:

» Define a Stats/PMI template (xml file).

» Define the resource bundle (properties file).

* Define the Stats/PMI module and create the Stats/PMI object using StatsFactory.

» Define methods that your application will use to update custom statistics.

» Update your application to call methods (defined in the preceding step) appropriately.
» Access the application.

» Connect to the Tivoli Performance Viewer (TPV) and view the Custom PMI statistics.

Procedure

1. Define the Stats/PMI template. StatsFactory allows a runtime component to create a custom Stats/PMI
module using an XML template. The template should follow the DTD com/ibm/websphere/pmi/xml/
stats.dtd. The following is an example of a template used in a sample application.
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<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE Stats SYSTEM "stats.dtd">

<Stats type="com.stats.MyStats">
<description>MyStats.desc</description>
<resourceBundle>com.stats.MyStatsResourceBundle</resourceBundle>

<CountStatistic ID="1" name="MyStats.NumRequests">
<level>low</level>
<unit>MyStats.unit.none</unit>
<description>MyStats.NumRequests.desc</description>
<statisticSet>basic</statisticSet>
</CountStatistic>

<BoundedRangeStatistic ID="2" name="MyStats.expensiveStat ">
<level>high</level>
<unit>MyStats.unit.none</unit>
<description>MyStats.expensiveStat.desc</description>
<updateOnRequest>true</updateOnRequest>
</BoundedRangeStatistic>
</Stats>

2. Define the resource bundle The resource bundle allows you to define the name of statistic and its
description in proper language/wording. A sample resource bundle would look like this:

MyStats.desc=My View PMI Module
MyStats.NumRequests=Request Count

MyStats.NumRequests.desc=Total number of My view requests served.
MyStats.unit.none=None

MyStats.expensiveStat = Expensive Stat
MyStats. expensiveStat.desc = Number of Expensive stats

MyStats.Group= My Group
MyStats.Instance=My Instance
3. Define the Stats/PMI module and create the Stats/PMI object using StatsFactory.
a. Create a class which extends StatisticActions
public class MyStatisticsModule extends StatisticActions
b. Declare count variables of type SPI*, such as :SPICountStatistc and SPIBoundedRangeStatistic.

private SPICountStatistic numReqs;
private SPIBoundedRangeStatistic expensiveStat;

c. Create StatsGroup of type StatsGroup and Statsinstance of type Statsinstance

private static StatsGroup stocksStatisticsGroup = null;
private StatsInstance stocksStatistics = null;

MyStatisticsGroup = StatsFactory.createStatsGroup("MyStats.Group", template, null);
MyStatistics = StatsFactory.createStatsInstance("MyStats.Instance",MyStatisticGroup,null,this);

where the template would be the path in the application where the xml file is located. An example
of this follows:

String template = "/com/stats/MyStats.xml";

4. Once the Statistics are created in the Statsinstance, statisticCreated is called to indicate that a statistic
is created in the Stats instance. .You can assign statistics declared above to the appropriate statistic.
An example follows:

public void statisticCreated (SPIStatistic s) --> Called when the Statistics are
created in the Stats Instance

{
if (s.getld() == MyStats.NUMREQS)
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numReqs = (SPICountStatistic)s; ---> Assign Statistic
}
}

5. Define methods which your application will use to update custom statistics.

public void onRequestArrival(){
if (numRegs != null)
{

numReqs.increment () ; ---> Increment/Decrement Statistic as per Req

}

6. You can also implement the updateStaisticRequest method to update statistics on a specific request by
the client or any other monitoring application.

public void updateStatisticOnRequest (int datald)

{
if (datald == MyStats.expensiveStat)

{

expensiveStat.set (xxxxx);

}

In the above example, datald would be the id of the statistic that is to be updated.
7. Update your application to call methods (defined in above steps) appropriately.
8. Access the application.
9. Connect Tivoli Performance Viewer and view the custom PMI statistics.

Monitoring performance with Tivoli Performance Viewer

Tivoli Performance Viewer enables administrators and programmers to monitor the overall health of
WebSphere Application Server from within the administrative console.

Before you begin

In Version 4.0, Tivoli Performance Viewer was named the Resource Analyzer. In Version 5.0, Tivoli
Performance Viewer is a stand-alone Java application. In Versions 6.0.x and later, Tivoli Performance
Viewer is embedded in the administrative console. From|Tivoli Performance Viewel, you can view current
activity and summary reports, or log Performance Monitoring Infrastructure (PMI) performance data. Tivoli
Performance Viewer provides a simple viewer for the performance data collected by the Performance
Monitoring Infrastructure.

About this task

By viewing Tivoli Performance Viewer data, administrators can determine which part of the application and
configuration settings to change in order to improve performance. For example, you can view the servlet
summary reports, enterprise beans, and Enterprise JavaBeans (EJB) methods in order to determine what
part of the application to focus on. Then, you can sort these tables to determine which of these resources
has the highest response time. Focus on improving the configuration for those application resources taking
the longest response time.

Procedure

1. Optional:|Adjust the Performance Monitoring Infrastructure (PMI) settings| for the servers that you want
to monitor. The PMI service is enabled by default with a basic set of counters enabled.

2. |Monitor current server activity] You can view real-time data on the current performance activity of a
server using Tivoli Performance Viewer in the administrative console.
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* Use the performance advisors to examine various data while your application is running. The
performance advisor in Tivoli Performance Viewer provides advice to help tune systems for optimal
performance by using collected PMI data.

« |Configure user and logging settings| for Tivoli Performance Viewer. These settings may affect the
performance of your application server.

. |View summary reportsl on servlets, Enterprise JavaBeans (EJB) methods, connections pools and
thread pools in WebSphere Application Server.

. |View performance modules| that provide graphs and of various performance data on system
resources such as CPU utilization, on WebSphere pools and queues such as database connection
pools, and on customer application data such as servlet response time. In addition to providing a
viewer for performance data, Tivoli Performance Viewer enables you to view data for other products
or customer applications that have implemented custom PMI.

* WebSphere Application Server Version 8 for IBM i requires Portable Application Solutions
Environment (PASE), 5761SS1 (IBM i 6.1) or 5770SS1 (IBM i 7.1) option 33, for graphics

3. |View server performance Iogsl You can record and view data that has been logged by Tivoli
Performance Viewer in the administrative console. Be sure to [configure user and logging settings| for
Tivoli Performance Viewer.

4. |Log performance datal You can record real-time data for later retrieval and analysis.

Why use Tivoli Performance Viewer?

Administrators and programmers can monitor the overall health of WebSphere Application Server from
within the administrative console by using Tivoli Performance Viewer.

From Tivoli Performance Viewer, you can view current activity or log Performance Monitoring Infrastructure
(PMI) performance data for the following:

» System resources such as CPU utilization

* WebSphere pools and queues such as a database connection pool

» Customer application data such as average servlet response time

You can also view data for other products or customer applications that implement custom PMI by using
Tivoli Performance Viewer. For more information on custom PMI, refer to [‘Enabling PMI data collection” on|

By viewing PMI data, administrators can determine which part of the application and configuration settings
to alter in order to improve performance. For example, in order to determine what part of the application to
focus on, you can view the servlet summary report, enterprise beans and Enterprise JavaBeans (EJB)
methods, and determine which of these resources has the highest response time. You can then focus on
improving the configuration for those application resources with the longest response times.

Tivoli Performance Viewer is used to help manage configuration settings by viewing the various graphs or
using the Tivoli Performance Advisor. For example, by looking at the summary chart for thread pools, you
can determine whether the thread pool size needs to be increased or decreased by monitoring the percent
(%) usage. After configuration settings are changed based on the data provided, you can determine the
effectiveness of the changes. To help with configuration settings, use the Tivoli Performance Advisor. The
Advisor assesses various data while your application is running, and provides configuration setting advice
to improve performance.

Tivoli Performance Viewer topologies and performance impacts

The Tivoli Performance Viewer enables administrators and programmers to monitor the overall health of
WebSphere Application Server from within the administrative console.

The following two topologies exist for the Tivoli Performance Viewer:
» Tivoli Performance Viewer running in a single server environment
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» Tivoli Performance Viewer running in a WebSphere Application Server, Network Deployment
environment

When the Tivoli Performance Viewer is running in a single server environment, the collection and viewing
of the data occurs in the same Java virtual machine. Because the collection and viewing of data occurs in
the application server, performance may be affected depending on Tivoli Performance Viewer settings.
['Viewing Data with the Tivoli Performance Viewer’ on page 233 describes the various Tivoli Performance
Viewer settings and their effect on performance.

When the Tivoli Performance Viewer is used in a WebSphere Application Server, Network Deployment
environment, the data is collected at each of the nodes and stored in memory at the administrative agent.
Data is then viewed from the deployment manager. This architecture enables the monitoring work to be
distributed among the nodes. Similar to the single server environment, the various |user and Iogging|
directly influence the extent to which performance is affected.

Viewing current performance activity

You can view the current performance activity of a server using the Tivoli Performance Viewer in the
administrative console.

Before you begin

Once monitoring is enabled, Tivoli Performance Viewer monitors the performance activity of all servers on
a node, which includes the associated application servers and the administrative agent for the node being
monitored.

About this task

Tivoli Performance Viewer enables administrators and programmers to monitor the current health of
WebSphere Application Server. Because the collection and viewing of data occurs in the application
server, performance may be affected. To minimize performance impacts, monitor only those servers whose
resources need to be optimized.

Procedure

1. Click Monitoring and Tuning > Performance Viewer > Current Activity in the console navigation
tree. The [Tivoli Performance Viewer current activity collection|is displayed.

2. Start monitoring the current activity of a server in either of two ways:

* Under Server, click the name of the server whose activity you want to monitor. Clicking on the name
starts the monitoring for the server and displays the activity page for the server.

« Select the check box for the server whose activity you want to monitor, and click Start Monitoring.

A[Tivoli Performance Viewer console panellis displayed, providing a navigation tree on the left and a
view of real-time data on the current performance activity of a server on the right.

3. From the navigation tree, select the server activity data that you want to view.

Option Description

Advisor Use the Performance Advisor to examine various data
while your application is running. The Performance
Advisor provides advice to help tune systems for optimal
performance and gives recommendations on inefficient
settings by using collected PMI data.

Settings |Configure user and logging settingd for Tivoli
Performance Viewer. These settings can affect the
performance of your application server.
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Option Description

Summary Reports [View summary reportd on servlets, enterprise beans
(EJBs), EJB methods, connections pools and thread
pools in WebSphere Application Server.

Performance Modules [View performance modules|that provide graphics and
charts of various performance data on system resources
such as CPU utilization, on WebSphere pools and
queues such as database connection pools, and on
customer application data such as servlet response time.
In addition to providing a viewer for performance data,
Tivoli Performance Viewer enables you to I\_/iew data foﬂ
|other products or customer applications that have
implemented custom PMIL.

What to do next

When you finish monitoring a server, select the server and click Stop Monitoring. Tivoli Performance
Viewer automatically stops monitoring a server if the browser window is closed or if the user logs out.

Note: When using Mozilla Firefox Version 3.5.16, the Tivoli® Performance Viewer graphical charts do not
render correctly. When viewing performance data, you might see an empty graph or missing data,
even though you selected counters to display in the chart. Use Firefox Version, 3.6.13 or higher, to
resolve this problem.

Selecting a server and changing monitoring status

Use this page to start and stop monitoring for each server and to select a server for Tivoli Performance
Viewer. You can also view the collection status for each server.

On this page, you can view the collection status of each server. When the collection status is Monitored,
Tivoli Performance Monitor is enabled. If the collection status is Available, the server is ready to be
enabled. If the collection status is Unavailable, server stopped, PMI not enabled, or nodeagent
stopped, you must restart your server before you can start monitoring. Click on any server or node agent
to view the current activity for that server. Lastly, Performance Data Collection Not Supported means
that the server is not version 6.0.x or later.

Maximum rows: Specifies the maximum number of rows that displays when the collection is large. The
rows that are not displayed appear on the next page.

Retain filter criteria: Specifies whether to use the same filter criteria entered in the show filter function to
display this page the next time you visit it.

Start monitoring:

Select one or more servers from the list and press Start monitoring to start the Tivoli Performance Monitor
for the selected servers.

Stop monitoring:

Select one or more servers from the list and press Stop monitoring to stop the Tivoli Performance Monitor
for the selected servers.

Configuring Tivoli Performance Viewer settings
You can configure user and logging settings of the Tivoli Performance Viewer. Configuring the Tivoli
Performance Viewer settings affects the performance of your application server.
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About this task

Tivoli Performance Viewer monitors the performance activity of all servers on a node.

You can configure the activity monitoring of Tivoli Performance Viewer on a per-user basis. Any changes
made to Tivoli Performance Viewer settings are only for the server being monitored and only affect the

user viewing the data.

You can change the user and log Tivoli Performance Viewer settings in the administrative console.

Procedure

» Configure the Tivoli Performance Viewer user settings.

1. Click Monitoring and Tuning > Performance Viewer > Current Activity > server_name >
Settings > User in the console navigation tree. To see the User link on the [Tivoli Performance]

ewer page} expand the Settings node of the Tivoli Performance Viewer navigation tree on the left
side of the page. After clicking User, the Tivoli Performance Viewer user settings are displayed on

the right side of the page.

2. Change the values as needed for the user settings. The settings are described briefly below and in
more detail in the [Tivoli Performance Viewer settings}

Refresh Rate

Specifies how frequently Tivoli Performance Viewer
collects performance data for a server from the
Performance Monitoring Infrastructure (PMI) service
provided by that server.

The default is 30 seconds. To collect performance data
for the server more frequently, set the refresh rate to a
smaller number. To collect performance data less
frequently, set the refresh rate to a larger number. The
allowed range is 5 to 500 seconds.

Buffer Size

Specifies the number of entries to be stored for a server.
Data displayed in Tivoli Performance Viewer is stored in a
short in-memory buffer. After the buffer is full, each time a
new entry is retrieved the oldest entry is discarded. The
default buffer size is 40 entries. Supported values are 10,
20, 30, 40, 50, 60, 70, 80, 90 and 100. The larger the
buffer size, the more memory is consumed. Thus, specify
a buffer size that allows you capture enough monitoring
data for analysis without wasting memory storing
unneeded data.
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View Data As Specifies how counter values are displayed. Viewing

options include the following:

Raw Value
Displays the absolute value. If the counter
represents load data, such as the average
number of connections in a database pool, then
Tivoli Performance Viewer displays the current
value followed by the average. For example, 18
(avg:5).

Change in Value
Displays the change in the current value from
the previous value.

Rate of Change
Displays the ratio change/(T1 - T2), where
change is the change in the current value from
the previous value, T1 is the time when the
current value was retrieved, and T2 is the time
when the previous value was retrieved.

The refresh rate and buffer size settings combine to control how much temporal history you have for
the application server. The default values for Refresh Rate (30 seconds) and Buffer Size (40
entries) provide you with a 20-minute history of the application server's performance. Changing one
of these parameters affects the length of the temporal history.

The values you set for Refresh Rate and Buffer Size depend on your use of Tivoli Performance
Viewer. To diagnose a known problem on a test machine, you might poll data more frequently while
having a decreased buffer size. To monitor a production server, you might poll data less frequently
and specify a buffer size depending on how much history you want. However, Tivoli Performance
Viewer is not intended to be a full-time monitoring solution.

3. Click Apply.

» Configure the Tivoli Performance Viewer log settings. The log settings control what happens when Start
Logging is clicked in, for example, a[summary reporf on the performance of a servlet, enterprise bean
(EJB), EJB method, connection pool or thread pool.

1.

Click Monitoring and Tuning > Performance Viewer > Current Activity > server_name >
Settings > Log in the console navigation tree. To see the Log link on the [Tivoli Performance Viewer
[page] expand the Settings node of the Tivoli Performance Viewer navigation tree on the left side of
the page. After clicking Log, the Tivoli Performance Viewer log settings are displayed on the right
side of the page.

2. Change the values as needed for the log settings. The settings are described below and in the|[Tivoli
[Performance Viewer settings|
Duration Specifies the length of time, in minutes, that logging
continues, unless Stop Logging is clicked first. Tivoli
Performance Viewer is not intended as a full-time logging
solution.
Maximum File Size Specifies the maximum size, in megabytes, of a single

file. Note that Tivoli Performance Viewer automatically
zips log files to save space and this parameter controls
the pre-zipped file size and not the post-zipped, which is
smaller.
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Maximum Number of Historical Files

Specifies the number of files Tivoli Performance Viewer
writes before stopping. If Tivoli Performance Viewer
reaches the maximum file size before the logging duration
ends, it continues logging in another file, up to the
maximum. If Tivoli Performance Viewer reaches the
maximum number of historical files before the logging
duration ends, Tivoli Performance Viewer deletes the
oldest historical file and continues logging in a new file.
The total amount of data that is stored is constrained by
the Maximum File Size and Maximum Number of
Historical Files parameters.

File Name

Specifies the name of the log file. The server name and
the time at which the log is started is appended to the log
name to help users identify a log file.

Log Output Format

Specifies whether Tivoli Performance Viewer writes log
files as XML or in a binary format. Binary format provides
a smaller log file when uncompressed and is
recommended if space is a consideration.

3. Click Apply.

Viewing Data with the Tivoli Performance Viewer
Use this page to view and refresh performance data for the selected server, change user and log settings,
view summary reports, and information on specific performance modules.

To view this administrative console page, click Monitoring and Tuning > Performance Viewer > Current

Activity > server.

Click the server name to view the current activity for that server. In this view, the Tivoli Performance
Viewer has two main parts, which include the navigation panel located beside the administrative console
navigation tree, and the data viewing panel located to the right of the Tivoli Performance Viewer navigation

panel.

Refresh:

Click Refresh to rebuild the navigation tree. Refreshing is helpful when the available Performance
Monitoring (PMI) Infrastructure data has changed, and the tree does not reflect those changes.

View Module(s):

Click View Module after one or more performance modules are selected in the tree to display the
information for these modules in the data viewing panel.

The Data Monitoring panel enables the selection of multiple counters and displays the resulting
performance data for the associated resources. It consists of two panels:

* Viewing Counter panel

» Counter Selection panel. If necessary, you can change the scaling factors by editing the default values

in the scale field.

Deselect all items:

Select Deselect all items to quickly deselect all modules that are selected in the navigation tree.

Navigation tree:
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Use the navigation tree to view advisor output, configure Tivoli Performance Viewer, and select PMI
modules for viewing.

» Click the Advisor node to have the advisor display the data in the viewing panel.
» Expand the Settings node to select and configure either the User or Log settings.
* Expand the Performance Modules node to view one or more PMI modules.

Advisor:

Click Advisor to examine various data while your application is running. The Performance Advisor
provides advice to help tune systems for optimal performance using the PMI data collected.

The first table represents the number of requests per second and the response time in milliseconds for the
web container.

The pie graph displays the CPU activity as a percentage of busy and idle.
The third table displays average thread activity for the different resources, for example, Default, Object
Request Broker, and web container. Activity is expressed as the number of threads or connections busy

and idle.

To view detailed information about the advice, select the message you want to view. This view provides
additional information about the advice message, severity, description, user action, and detail.

User settings:

Change the values as needed for the following user settings:

Refresh Rate Specifies how frequently Tivoli Performance Viewer
collects performance data for a server from the
Performance Monitoring Infrastructure (PMI) service
provided by that server. The default is 30 seconds. To
collect performance data for the server more frequently,
set the refresh rate to a smaller number. To collect
performance data less frequently, set the refresh rate to a
larger number. The allowed range is 5 to 500 seconds.

Buffer Size Specifies the amount of data to be stored for a server.
Data displayed in Tivoli Performance Viewer is stored in a
short in-memory buffer. After the buffer is full, each time a
new entry is retrieved the oldest entry is discarded. The
default buffer size is 40. Allowed values are 10, 20, 30,
40, 50, 60, 70, 80, 90 and 100. The larger the buffer size,
the more memory is consumed. Thus, specify a buffer
size that allows you capture enough monitoring data for
analysis without wasting memory storing unneeded data.
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View Data As Specifies how counter values are displayed. Viewing

options include the following:

Raw Value
Displays the absolute value. If the counter
represents load data, for example, the average
number of connections in a database pool, then
Tivoli Performance Viewer displays the current
value.

Change in Value
Displays the change in the current value from
the previous value.

Rate of Change
Displays the ratio change/(T1 - T2), where
change is the change in the current value from
the previous value, T7 is the time when the
current value was retrieved, and T2 is the time
when the previous value was retrieved.

Log settings:

The log settings control what happens when Start Logging is clicked in, for example, a summary report
on the performance of a servlet, enterprise bean (EJB), EJB method, connection pool or thread pool.

Change the value as needed for the following log settings:

Duration Specifies the length of time, in minutes, that logging
continues, unless Stop Logging is clicked first. Tivoli
Performance Viewer is not intended as a full-time logging
solution.

Maximum File Size Specifies the maximum size, in megabytes, of a single
file. Note that Tivoli Performance Viewer automatically
zips log files to save space and this parameter controls
the pre-zipped file size and not the post-zipped, which is
smaller.

Maximum Number of Historical Files Specifies the number of files Tivoli Performance Viewer
writes before stopping. If Tivoli Performance Viewer
reaches the maximum file size before the logging duration
ends, it continues logging in another file, up to the
maximum. If Tivoli Performance Viewer reaches the
maximum number of historical files before the logging
duration ends, Tivoli Performance Viewer deletes the
oldest historical file and continues logging in a new file.
The total amount of data that is stored is constrained by
the Maximum File Size and Maximum Number of
Historical Files parameters.

File Name Specifies the name of the log file. The server name and
the time at which the log is started is appended to the log
name to help users identify a log file.

Log Output Format Specifies whether Tivoli Performance Viewer writes log
files as XML or in a binary format. Binary format is
recommended as it provides a smaller log file when not
compressed.

View summary reports:

Summary reports are available for each application server.
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Before viewing reports, make sure data counters are enabled and monitoring levels are set properly.

The standard monitoring level enables all reports except the report on Enterprise JavaBeans (EJB)
methods. To enable an EJB methods report, adjust the PMI level to include EJB method data.

Tivoli Performance Viewer provides the following summary reports for each application server:

Servlets
The servlet summary lists all servlets that are running in the current application server. Use the
servlet summary view to quickly find the servlet that consumes the most time and the applications
that use them, and to determine which servlets are invoked most often. You can sort the summary
table by any of the columns.

Tips

» Sort by Avg Response Time to find the slowest servlet or JavaServer page (JSP). The Avg
Response Time is specified in milliseconds.

» Sort by Total Requests to find the servlet or JSP used the most.

» Sort by Total Time to find the servlet or JSP with the highest response times.

Enterprise JavaBeans
The Enterprise JavaBeans (EJB) summary lists all enterprise beans running in the server, the
amount of time spent in their methods, the number of EJB invocations, and the total time spent in
each enterprise bean.

total_time = number_of invocations * time_in_methods

Sort the various columns to find the most expensive enterprise bean. Also, if the PMI counters are
enabled for individual EJB methods, select the check box next to the EJB name see statistics for
each of the methods.

Tips

» Sort by Avg Response Time to find the slowest enterprise beam.

» Sort by Method Calls to find the enterprise bean used the most.

» Sort by Total Time to find the enterprise bean with the slowest response time.

EJB Methods
The EJB method summary shows statistics for each EJB method. Use the EJB method summary
to find the most costly methods of your enterprise beans.
Tips
+ Sort by Avg Response Time to find the slowest EJB method.
» Sort by Method Calls to find the EJB method used the most.
* Sort by Total Time to find the EJB method with the slowest response time.

Connection pools

The connection pool summary lists all data source connections that are defined in the application

server and shows their usage over time.

Tip

* When the application is experiencing normal to heavy usage, the pools used by that application
should be nearly fully utilized. Low utilization means that resources are being wasted by
maintaining connections or threads that are never used. Consider the order in which work
progresses through the various pools. If the resources near the end of the pipeline are under
utilized, it might mean that resources near the front are constrained or that more resources than
necessary are allocated near the end of the pipeline.

Thread pools
The thread pool summary shows the usage of all thread pools in the application server over time.

Tip
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* When the application is experiencing normal to heavy usage, the pools used by that application
should be nearly fully utilized. Low utilization means that resources are being wasted by
maintaining connections or threads that are never used. Consider the order in which work
progresses through the various pools. If the resources near the end of the pipeline are under
utilized, it might mean that resources near the front are constrained or that more resources than
necessary are allocated near the end of the pipeline.

Performance module:

View performance modules that provide graphics and charts of various performance data on system
resources such as CPU utilization, on WebSphere Application Server pools and queues such as database
connection pools, and on customer application data such as servlet response time. In addition to providing
a viewer for performance data, Tivoli Performance Viewer enables you to view data for other products or
customer applications that have implemented custom PMI.

Each performance module has several counters associated with it. These counters are displayed in a table
underneath the data chart or table. Selected counters are displayed in the chart or table. You can add or
remove counters from the chart or table by selecting or deselecting the check box next to them. By
default, the first three counters for each module are shown.

Note: In Version 8, the Tivoli Performance Viewer graph uses Dojo Technology for plotting the
performance activity rather than the Scalable Vector Graphics (SVG) format. The Dojo format
provides a better user experience and is more processor and memory efficient for the application
server. The SVG format is still supported but is deprecated in Version 8 of this product. To use the
SVG format and image format, set the JVM property to false; for example:
com.ibm.websphere.tpv.DojoGraph=false. If the property is set to false, Dojo is disabled and Tivoli
Performance Viewer displays interactive graphics using the SVG format or non-interactive graphics
using the JPG format. When you specify to use the SVG format by setting
com.ibm.websphere.tpv.DojoGraph=false, if you do not have the Adobe SVG browser plug-in
installed, you are prompted to download and install it. If you select not to install the plug-in (by
selecting Cancel), Tivoli Performance Viewer displays the static image. If your browser is Internet
Explorer 7, the Adobe SVG installation prompt might be inaccessible. To resolve the problem,
reinstall Adobe SVG. By default, this pr