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Preface

This IBM® Redbook is intended for use by those already familiar with most of the iSeries™
IBM-provided performance tools generally available through the i5/0OS™ operating systems
commands and iSeries Navigator interfaces, and the additional- cost Performance Tools for
iSeries, 5722-PT1, licensed program.

iDoctor for iSeries is a set of software performance analysis tools and associated services
that go beyond the capabilities of generally available performance-related tools in evaluating
the health of your iSeries-based system. These advanced performance-analysis tools are to
be used when those generally available performance tools are not able to clearly identify
causes for health concerns. These tools gather detailed information and provide automated
and graphical analysis of this detailed data.

The Job Watcher is one of these iDoctor tools and is the key “next-step advanced tool” for
analyzing this detailed performance data. This book:

» Gives an overview of most of the IBM-provided iSeries performance measurement and
management tools and positions Job Watcher among them.

» Describes the components of performance and how Job Watcher provides access to
detailed performance data.

» Provides examples of using Job Watcher functions and its graphical interfaces in three
environments: a traditional RPG application, an SQL application, and a Java™ application.

» Provides Job Watcher collected data file/table and field/column definitions, along with
examples of SQL queries of this data that provide information beyond that of Job
Watcher’s wide array of graphical reports and drill-down information.

The book’s objective is to make the performance analyst proficient in using the Job Watcher
as a key tool in their performance analysis tool kit.

The team that wrote this redbook

This redbook was produced by a team of specialists from around the world working at the
International Technical Support Organization, Rochester Center.

Jim Cook is a Senior Software Engineer at the ITSO, Rochester Center. He leads teams that
produce iSeries Announcement presentation sets that are maintained on the iSeries technical
support Web sites and presents at ITSO iSeries Forums internationally. Jim also produces
IBM Redbooks™ about various iSeries and IBM eServer™ i5 topics.

Sandi Chromey is a Senior IT/Architect Specialist with IBM Global Services. She provides
iSeries performance support to both internal and external customers within IBM Global
Services. Sandi has been with IBM for 23 years, 12 years of which have been in IT. She also
has experience in iSeries development and component test.

Tom Edgerton is a Staff Software Engineer with the IBM Rochester Software Support center.
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and teaches extensively about iSeries performance.
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iDoctor for iSeries Job Watcher
positioning

In this introductory chapter we discuss the primary components of performance, such as CPU
processing time and disk I/O operations, and then summarize the various performance
evaluation tools that are available for IBM eServer iSeries and i5 systems, including iDoctor
for iSeries Job Watcher.

Specifically, in this chapter we provide:

» Overview of the components of job or thread performance

» Brief descriptions of all iSeries performance tools, including the suite of IBM iDoctor for
iSeries performance tools, one of which is iDoctor for iSeries Job Watcher

» Expanded overview of Job Watcher
By reviewing the iSeries performance tools descriptions in this chapter, you can see where
iDoctor for iSeries Job Watcher fits among the various performance tools. Some of the tools

that are described are included at no cost as part of IBM i5/0S, which is the V5R3 level of
0S/400®. Other performance tools described here are available at additional charge.

Terminology notes:
» In this book, we use the shortened product name, Job Watcher, wherever possible.

» We use the term iSeries to represent both iSeries systems and POWER5™-based IBM
eServer i5 systems.

» We generally use i5/0S and OS/400 V5R3 interchangeably.

» We use the terms thread and task in many figures and descriptions in this book, but the
higher-level term job name is used in many of the user interfaces to Job Watcher
functions and i5/0S.

© Copyright IBM Corp. 2005. All rights reserved. 1



1.1 Job Watcher view of IBM-provided iSeries performance tools

You may be reading this book because your system has performance problems, you are
curious about iDoctor for iSeries Job Watcher and what it can do for you, or you already use
Job Watcher and want more detailed information. Whatever your reason, the need to find out
exactly what your system and its applications are doing, learn what resources they are using,
and ensure peak performance has never been more critical. To help meet this need, iSeries
systems have several readily available performance tools to assist you in evaluating your
system’s performance characteristics. These include i5/0S commands such as Work with
Active Jobs (WRKACTJOB) and Work with Disk Status (WRKDSKSTS), i5/0S Management
Central’s performance monitors, and the command and reports available with the
Performance Tools for iSeries Licensed Program Product (5722PT1).

IBM has also developed advanced performance tools that are included in the iDoctor for
iSeries set of tools. Job Watcher is one of these tools.

Before going into the tools themselves, we review the major components of performance in
the next section, “Components of performance.” Note that in this topic we sometimes
reference the most likely performance tool to used to assess utilization of this component.

Later in this chapter we provide summary-level information about all IBM-provided
performance management tools including all iDoctor for iSeries separated advanced
performance tools, including Job Watcher.

As the last major topic of this chapter we expand on Job Watcher itself and position this tool
versus all of the other performance tools described here. In succeeding chapters we provide
more in-depth information about using Job Watcher, based on different types of work
examples.

Note that in describing the components of performance, we make reference to the
performance tools described in succeeding topics of this chapter.

1.2 Components of performance

This topic describes the performance components of a job, thread, or task running within an
iSeries system. We refine the definitions of job, thread, and task later in this chapter.

Job Watcher was designed to give the most accurate accounting of utilized resources and
wait states of a job over time on a snapshot interval basis. In other words, you will see the
exact elapsed time spent running and waiting.

The iDoctor graphical view of this data is referred to as the job’s Run/Wait Signature
throughout Job Watcher documentation.

Waits are summarized by type or category and stored in wait buckets for every job, thread, or
task running on the system while the Job Watcher is collecting its data. Each wait bucket type
has a count and elapsed time, which are continuously, automatically maintained by the
system. Job Watcher harvests this wait information at a snapshot interval.

Note that we have used the term snapshot several times. This means a point-in-time capture
of Job Watcher performance data. A snapshot is not a trace and as such it may miss some
small amount of information that a trace would have recorded. However, on a very busy
system a trace’s collection of detailed information can have a severe negative impact on
overall system performance. More detail about Job Watcher’'s sampling technique is
described in Appendix E, “Job Watcher advanced topics” on page 255.

2 IBM iDoctor for iSeries Job Watcher: Advanced Performance Tool



In addition to the wait buckets, the current wait condition of a job, thread, or task (its type and
duration, if detected) is also recorded at the end of each snapshot interval.

Additional job information can be harvested at snapshot interval time if requested when
starting the Job Watcher. This includes data such as the job’s program or procedure call stack
(hierarchy of programs or procedures called), the last active SQL statement run, and program
or procedure activation statistics. This information further enhances the performance
investigation that can be done through the Job Watcher. This kind of data helps identify the
most active programs or procedures during the job’s, thread’s, or task’s active run time and
what the job was doing.

Several different components may affect performance on an iSeries. A high-level breakdown
of these components consists of:

» CPU
» Disk I/O
» Other (seizes, locks, gates)

In the following figures we represent a simplified view of these three main components of
performance but do not describe all detailed categories under CPU, CPU & Queuing, Disk
I/O, and Other. More details are provided starting with 2.6, “Detailing waits” on page 27.

A further breakdown of CPU components might look like Figure 1-1.

CPU Disk I/O Other
| S |
| |
| CPU Time !
| |
| |
User 0S/400 Mi CPU LIC Wait
Program Program Instructions Queuing Assist

Figure 1-1 CPU components

Note: LIC assist tasks are defined as tasks running in the background doing work on
behalf of a requesting job. Examples are DBL3xxx tasks that handle asynchronous disk
I/Os on behalf of jobs, load/dump tasks (LD component) on behalf of save/restore tasks,
and on behalf of other LIC tasks.

We use the term M in these figures and elsewhere to refer to Machine Instruction—level
instructions (below the operating system level), which is referred to in more current
documentation as the Technology Independent Machine Interface (TIMI).

A further breakdown of Disk 1/0O components might look like Figure 1-2 on page 4.
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4

CPU Disk I/O Other
CPU Queung | Disk /0 Other
Pending
Sync Read/ Fault/
Write Write Wait
Async 1/0 Waits

Object  Operation Poo Operation Unit &
Name & ' Start/Stop Type &

Type Time (MS/AS) Length o

Figure 1-2 Components of Disk I/O

Pending (page) Fault/Write wait applies when the system has determined to write some main
storage data/program code to disk and there is a wait to actually perform that write to disk. A
fault is the result of needing to bring new data or instructions into main storage when there is
not enough available space, so least-used data or instructions have to be written to disk first.
Note that asynchronous I/O can also become momentarily synchronous (4synch 1/0 Waits)
because, for example, the target disk is already busy performing previously issued 1/O

operations.

A further breakdown of the Other components of performance might look like Figure 1-3 on

page 5.

IBM iDoctor for iSeries Job Watcher: Advanced Performance Tool




CPU Disk 1/10 Other

Job Watcher, ...
LIC Primitives: Job Watcher and PEX Trace

CPU QLCJ;ePuliJng DASD Seizes = Locks ngs,
|
|
I Measured
Seizes & Locks: Performance Tool's PEX Trace, and
| Categorized
|

Figure 1-3 Other components of performance

A first look at locks can be determined with the Performance Tools for iSeries Licensed
Program Product (5722PT1) Transaction Report options. This processes the performance
trace data collected by the i5/0S Start Performance Trace (STRPFRTRC) and End
Performance Trace (ENDPFRTRC) commands.

Seizes and gates (a low-level synchronization function) are LIC-level lock/unlock or
seize/release mechanisms. iDoctor for iSeries Job Watcher and iDoctor for iSeries PEX
analyzer provide more details, including the job/thread waiting on an object, the job/thread
holding the object, and the object name and type. Job Watcher measures and categorizes
gates (wait and related information). This is all discussed in detail in 2.4, “The mysteries of
waiting” on page 26.

Notes: Seizes and gates occur below the TIMI and do not time out. Locks occur above the
TIMI and will eventually time out.

Later in this chapter we provide summary information about the iDoctor for iSeries tools
mentioned here, Job Watcher, and PEX (trace) analyzer and other performance tools
available on iSeries systems. This book focuses on Job Watcher, but also includes the
Heap Analyzer in the Java application chapter.
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Figure 1-4 Summarization of performance components

Figure 1-4 represents a moderately detailed summarization of the content in the preceding
three figures on CPU, Disk I/O, and Other.

One or several of these components can be a bottleneck and a problem source for some
transactions. While the thought of replacing the entire iSeries server with a newer and faster
model may be an alternative, it might not be the most effective or efficient use of time and
resources. With the help of the proper tools, performance can be improved by diagnosing
these bottlenecks. By properly balancing system resources, all jobs can run at their optimal
level with minimal resource conflicts. Job Watcher and PEX Analyzer measure and present all
instrumented components accurately.

There are a variety of iSeries performance tools in addition to those available under iDoctor to
help you balance your system resources. Some of these tools show you real-time data and
others show you what has already happened on your system. The next section describes the
available system-level tools and explains when you would use them.

1.3 System-level tools

Use the following tools to find out the overall use of system resources. Some of these tools
show real-time data, and others enable you to analyze previously collected performance data.

1.3.1 Real-time performance tools

Real-time performance tools refer to the tools that can measure system resources such as
CPU usage, memory pool page faulting, and disk utilization on a near real-time basis. The
tools most often used for system-wide performance monitoring are:

» Work with System Status (WRKSYSSTS) command (included at no additional charge with
0OS/400 in earlier releases and i5/0S in its Version 5 Release 3 level)

» Work with Disk Status (WRKDSKSTS) command (included at no additional charge with
0S/400 in earlier releases and i5/0S in its Version 5 Release 3 level)
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» Work with Active Jobs (WRKACTJOB) command (included at no additional charge with
0OS/400 in earlier releases and i5/0S in its Version 5 Release 3 level)

» Work with System Activity (WRKSYSACT) command

» Management Central (included at no additional charge as part of iSeries Access for
Windows®, 5722-XE1)

» Database Monitor for iSeries (included at no additional charge with OS/400 in earlier
releases and i5/0S in its Version 5 Release 3 level)

» SQL Performance Monitors (Visual Explain) (included at no additional charge as part of
iSeries Access for Windows, 5722-XE1)

» iDoctor for iSeries suite of products

Each of these tools is introduced in the following sections.

1.3.2 WRKSYSSTS command

Use the Work with System Status (WRKSYSSTS) command for a quick and easy way to
check the status of your system. The Work with System Status display is actually two displays
on one screen. The upper half shows statistics about the status of the system, while the lower
half is used to both observe and adjust the memory pool sizes and activity levels.

For more information about this command, search for WRKSYSSTS at:

http://publib.boulder.ibm.com/infocenter/iseries/v5r3/ic2924/index.htm

1.3.3 WRKACTJOB command

Use the Work with Active Jobs (WRKACTJOB) command to display the performance and
status information for the currently active jobs/threads in the system. All information is
gathered on a job basis. The jobs are ordered on the basis of the subsystem in which they are
running.

For more information about this command, search for WRKACTJOB at:
http://publib.boulder.ibm.com/infocenter/iseries/v5r3/ic2924/index.htm

1.3.4 WRKDSKSTS command

Use the Work with Disk Status (WRKDSKSTS) command to observe how the disk units are
performing on your system. When viewing the Work with Disk Status display, observe the
percent busy data. By looking at the percent busy, you can determine whether there are too
few arms or if the arms are too slow.

For more information about this command, search for WRKDSKSTS at:
http://publib.boulder.ibm.com/infocenter/iseries/v5r3/ic2924/index.htm

1.3.5 WRKSYSACT command

Use the Work with System Activity (WRKSYSACT) command to view performance data in
real-time fashion. This data is reported for any selected job or task that is currently active on
the system. The performance statistics reported by this function represent activity that has
occurred since a previous collection, and they are reset on every collection interval.
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The major differences between WRKSYSACT and the other real-time performance-related
display commands are:

» WRKSYSACT is the only CL command that shows how both the jobs and the tasks use
the system resources.

» WRKSYSACT is not part of 0S/400 or i5/0S. It is included as part of the Performance
Tools for iSeries Licensed Program Product (5722PT1).

» Only one user at a time may use the WRKSYSACT command. If this command is already
in use in another job, when you issue this command, you get a message indicating this
fact.

For more information about this command, search for WRKSYSACT at:

http://publib.boulder.ibm.com/infocenter/iseries/v5r3/ic2924/index.htm

1.3.6 Collection Services

Collection Services is a no-charge part of i5/0S that collects a set of iSeries “performance
metrics” or “performance categories” over a start/stop time period. The time period start and
stop times can be specified by an administrator or automatically when running Performance
Management for iSeries (see 1.4.2, “Performance Management for iSeries” on page 15).

Collection Services comes with IBM-supplied, pre-defined sets of performance categories
that can be selected for collection or you can select only specific categories to collect under a
custom option.

In general, IBM recommends always running Collection Services. When starting Collection
Services, you can determine how long to keep a collection object before the system
automatically deletes it. This gives you the advantage of having at least summary-level (Graph
History) performance data over a long time and collection object data available for detailed
analysis (after creating the performance database files based on the collection object).

You can create the performance database files at any time from the collection object as long
as it is still on the system.

Starting and ending Collection Services can be performed using either i5/0S commands or
the iSeries Navigator interface. More details about Collection Services are provided in 1.3.7,
“Management Central’ on page 8.

1.3.7 Management Central

8

iSeries Navigator Management Central provides a far-ranging set of functions that includes
performance-related capabilities. Management Central functions are accessed only through
the iSeries Navigator interfaces that are part of the iSeries Access for Windows product. The
Management Central performance-related functions enable you to:

» Collect i5/0S performance data using the underlying i5/0S Collection Services function.
This data can be used to identify the relative amount of system resources used by different
areas of your system. When you collect then convert the collected data to performance
database files, you can analyze this information on a regular basis, to help better balance
your resources. This analysis can help you detect increased usage in system resources,
identify possible sources of performance bottlenecks, or identify jobs or microcode tasks
that need further investigation—all with the intent of improving performance from your
system. You can customize your data collections to collect only the data you want.
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You can also start and stop Collection Services with i5/0S commands, such as Start
Performance Collection (STRPFRCOL) and End Performance Collection (ENDPFRCOL)
commands.

When a collection has completed, the compressed collection data is stored within a
collection object. Some system functions can make use of this condensed set of
performance data, but its format is not described externally. You must perform a create
performance database files function to be able to analyze the collected data.

Information about these files and their fields can be found at the iSeries Information
Center at:

http://publib.boulder.ibm.com/infocenter/iseries/v5r3/ic2924/index.htm

Expand Systems management — Performance. To view or download the PDF, click
Print this topic.

The collection object can be saved, restored, and sent to another iSeries system for later
performance database file creation and analysis by the appropriate tools described within
this chapter.

Convert the Collection Services performance data into performance database files. This
conversion can be an option on the Start Collection Services interface or from a pull-down
menu. Alternatively, you can use the Create Performance Data (CRTPFRDTA) command.
(These files and their fields are defined in the iSeries Information Center.) These files can
then be processed by user-written queries or by the Performance Tools for iSeries
Licensed Program Product (5722PT1), or other applications that produce performance
reports.

A subset of the 5722-PT1 functions can be optional in iSeries Navigator as a performance
graphics plug-in. The plug-in functions include graphical representations of several
performance metrics and producing the performance tools printed reports. When you use
the iSeries Navigator plug-in interface you can select performance data from already
collected data or the currently running collection, up to the last collected interval that
specified when starting the current collection.

It is this performance database file data that you can analyze on a regular basis as
described above when collecting the performance data. Using the create performance
data interfaces, you can specify subsets of start and stop time periods within the originally
specified start and stop collection period. This way you can collect performance data over
an extended time period (default is approximately 24 hours) but create performance
database files only for the time period you are interested in.

We discuss more about the performance reports in 1.4.1, “Performance Tools for iSeries
Licensed Program product (5722-PT1)” on page 14.

Graphically view summarized collection services data over an extended period of time
(one year is the default). This is done using the iSeries Navigator Graph History function.
This can be used to observe the variability of specific performance metrics over several
months.

Run monitors that can graphically show several performance metrics and other monitor
functions in near-real time.

The following types of monitors are provided:

— System monitor

— Job monitor

— Message monitor

— B2B activity monitor
— File monitor
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Focusing on performance-related capabilities in this book, both system and job monitors
use Collection Services data to track the elements of system or job performance. The
system monitors can graphically display in real time the changes to a particular
performance metric over time up to approximately the last 60 minutes. Job monitors can
monitor some job performance metrics as well as certain job status changes, such a job
starting, ending, or being held.

Depending on the specific monitor type, each type has a unique set of possible automated
actions you can specify to take, such as calling a program, holding a job, and responding
to a message. You can manually display job details where appropriate.

Through a single iSeries Navigator Management Central workstation, you manage collection
services and run the monitors on one or more iSeries systems at the same time. For more
details in this area, refer to the iSeries Information Center or see the redbook Managing
0S5/400 with Operations Navigator V5R1, Volume 5: Performance Management, SG24-6565.

1.3.8 Collect performance trace data

You can collect detailed performance trace data using the Start Performance Trace
(STRPFRTRC) and End Performance Trace (ENDPFRTRC) commands. The performance
trace data contains more detailed information at the job level than that collected using
Collection Services and is placed in separate files.

Collecting this level of detail places additional demands on a running system, so it is often run
only for short time periods after you have already collected and analyzed the Collection
Services performance database files data. Analyzing this performance trace data can help
identify resource contention, program-level resource usage, and transaction delays.

The primary tool for analyzing this trace data is using the Performance Tools for iSeries
Transaction Report, described later in this chapter. With this transaction report, you can view
the highest CPU utilization programs or the name of a locked object and the associated
holder and waiter job names.

See “Performance Tools for iSeries reports” on page 15 for a list of the reports that process
this trace data.

If the Performance Tools trace data reports do not provide sufficient details to identify the
performance problem, consider using:

» Performance Explorer
» iDoctor for iSeries suite of tools

1.3.9 Performance Explorer

10

Performance Explorer (PEX) is a no-charge i5/0S detailed performance data collection tool
invoked by i5/0S commands. This PEX data can be used to help find application
program-level causes of performance problems that cannot be identified by Collection
Services data and general performance monitors. You define and start or end a PEX
collection under one of three options: *STATUS, *PROFILE, and *TRACE.

The Performance Tools for iSeries licensed program provides printed report options for PEX
*STATUS and *PROFILE data that includes a low-level summary of disk operations, CPU
utilization, file opens, and programs, including Ml programs invoked. Printing PEX Profile data
can be used to identify actual high-level languages statements (assuming that program
compiler statement-optimization levels have not been used on the programs) causing
significant CPU utilization.
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As described later in this chapter (“PEX Analyzer” on page 13), the iDoctor for iSeries PEX
Analyzer provides extended PEX Trace data analysis details, compared to the Performance
Tools for iSeries PEX reports. This output can include the PEX information provided by the
Performance Tools for iSeries PEX printed data reports plus additional information about wait
states and objects referenced details, and DASD space consumption.

1.3.10 Database Monitor for iSeries

Database Monitor for iSeries (DB Monitor) is a tool that can be used to analyze database
performance problems that typically is used when you suspect query functions are involved.
DB Monitor measures the performance of programs that use SQL to access and manipulate
data that may have a significant performance impact.

DB Monitor data is most useful if the user has a basic knowledge of iSeries query
optimization techniques.

DB Monitor has two user interfaces:

» 5250 commands
— STRDBMON
— ENDDBMON

» iSeries Navigator, which uses the SQL Performance Monitors interface described in
1.3.11, “SQL performance monitors” on page 11.

Attention: When the DB monitor is gathering data, CPU utilization (up to 20 to 30 percent)
and disk storage consumption may temporarily increase, especially if there is a significant
amount of database activity being collected. On a busy system you would run this monitor
for as short a time period as possible.

1.3.11 SQL performance monitors

The iSeries Navigator version of the Start Database Monitor (STRDBMON) function is called
a detailed SQL performance monitor. You start this monitor by right-clicking SQL Performance
Monitors under the database portion of the iSeries Navigator tree and select New —
Detailed. You can monitor a single query or all queries. After the monitor is started, it appears
in the SQL performance monitors list.

SQL Performance monitors provide several predefined reports that you can use to analyze
your monitor data. To view these reports, right-click a monitor and select Analyze. The
monitor does not have to be ended in order to view this information. Additionally, you can
import a monitor that has been started by using STRDBMON or some other interface.
Right-click SQL Performance monitors and select Import. You can then use the same
predefined reports to analyze your monitor data.

SQL Visual Explain is a tool used to graphically display the optimization method selected by
the database engine (the optimizer) when a query is performed. Visual Explain provides a
graphical representation and makes it easier for you to determine actions to be taken (such
as creating a new index).

Visual Explain can be used:

On SQL statements stored in database performance monitor data

On detailed monitor data (STRDBMON or Detailed SQL Performance Monitor)

Via the Recent SQL Performance Monitors task in iSeries Navigator's SQL Script Center
On SQL statements in the SQL Script Center

vyvyyy
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Monitor data has to be collected on OS/400 V4RS5 or later level of the operating system to
guarantee that all of the information is available for representing the data accurately. You may
also collect data on one system and analyze it on a different one.

1.3.12 iDoctor for iSeries suite of products

12

The iDoctor for iSeries software consists of tools to collect performance data on a system and
tools to analyze that data either on the same system or on a separate system. The iDoctor
suite of tools can be used on a system with performance problems or to determine the health
of your system to use as a baseline for future performance problems. In most cases, you
would have used the other performance tools described in this chapter before using one of
the iDoctor for iSeries components described here.

iDoctor for iSeries currently consists of the following components:

iDoctor for iSeries Job Watcher

iDoctor for iSeries Heap Analysis Tools for Java (also known as Heap Analyzer)
iDoctor for iSeries PEX Analyzer

Performance Trace Data Visualizer (PTDV)

vyvyyvyy

The server-side portion of these components consists of a variety of data collection and
analysis programs designed to consolidate performance data in a more usable format. The
client-side components for Job Watcher, Heap Analyzer, and PEX Analyzer consist of
graphical interfaces (also called the graphical user interface, or GUI) for displaying the server
data in flexible graph and table views. PTDV provides table and tree views of Performance
Explorer Collection data with an emphasis on Java analysis.

PTDV and Heap Analyzer are offered as a free service on an as-is basis. All other
components offer a 45-day free trial period with the option to buy after the trial period.

Requests to purchase the components are made via the following Web site:

http://www.ibm.com/eserver/iseries/support/i_dir/idoctor.nsf

Job Watcher
Job Watcher consists of:

» Tools for collecting data
» Tools for analyzing and viewing the collected data

Job Watcher returns near-real-time information about a selected set of jobs, threads, or
licensed internal code (LIC) tasks. It is similar in sampling function to the system commands
WRKACTJOB and WRKSYSACT in which each refresh computes delta information for the
ending snapshot interval. In the Job Watcher, these refreshes can be set to occur
automatically, even as frequently as every 5 seconds. Better yet, Job Watcher harvests the
data from the jobs/threads/tasks being watched in a manner that does not affect other jobs on
the system while it is collecting.

Job Watcher collected data includes the following:

» Standard WRKSYSACT type information

- CPU

— DASD I/O breakdown

— DASD space consumption

— For jobs or threads, the user profile under which the job/thread is running. For
prestarted server jobs that were started under user profile QUSER, you can see the
user profile that is currently being serviced by that job/thread, rather than QUSER.

— And more

IBM iDoctor for iSeries Job Watcher: Advanced Performance Tool


http://www.ibm.com/eserver/iseries/support/i_dir/idoctor.nsf
http://www.ibm.com/eserver/iseries/support/i_dir/idoctor.nsf

Expanded details about types of waits and object lock/seize conditions

Last run SQL statements syntax

Program/procedure call stack, 1000 levels deep

More (See 1.6, “Expanded Job Watcher overview” on page 17, for more details.)

vvyyy

Heap Analyzer

Usually the first symptom of a problem related to heap growth (typically found with programs
written in C++ or Java) is a gradual or a sudden increased rate of paging in the pool the Java
jobs are running in. This is most often caused by an uncontrollable growth of the heap size. If
we keep adding memory to the pool, we treat the symptoms but do not remove the problem
itself.

Heap Analyzer provides tools for doing the heap analysis, advanced debug, and application
review.

Use this tool in two stages:

1. Collect the data.
2. Analyze the data.

Note that you must choose from three collection options:

» Obiject table dump
» Object create profile

PEX Analyzer

The iDoctor for iSeries PEX Analyzer Service includes a software tool specifically tuned for
identifying issues affecting system and application performance. The detailed analysis it
provides picks up where the PM/400 and Performance Tools products leave off and supplies a
drill-down capability that provides a low-level summary of:

MI program call flow

Program and procedure CPU use
Object I/O activity

Fault analysis

vyvyyy

The client component enables you to condense and graph iSeries PEX trace, statistical, and
profile data.

The PEX Analyzer provides graphical visualization of PEX collection data. The Print PEX
Report (PRTPEXRPT) command (part of the iSeries Performance Tools Licensed Program
Product (5722-PT1)) was the typical method used to view reports created over PEX data.
iDoctor for iSeries is a value-add to PRTPEXRPT by providing more flexible interfaces for
viewing potentially large and complex data.

PEX Analyzer analyzes PEX TRACE data that was previously collected on the current or
some other iSeries 400 system. PEX Analyzer can analyze only data that has been collected.
For example, if the PEX TRACE collection did not include database file activity, PEX Analyzer
cannot produce reports on database file activity. It is important to understand that it is at the
time of PEX data collection that the decision is made concerning which types of data are
collected. The decision about what data is collected controls the type of available analyses.
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1.4 Performance tools for previously collected data

You must collect performance data (stored within the collection services object) and then,
from that collection object, convert the data to the performance database files, if you are
planning to use the Performance Tools for iSeries product or write your own queries on those
performance database files. There are also third-party performance analysis products that
use this performance database files data.

1.4.1 Performance Tools for iSeries Licensed Program product (5722-PT1)

14

The Performance Tools for iSeries program product includes tools for analyzing the
performance database files, and producing information at a system, job, or program level. The
Performance Tools for iSeries product provides an interface to the start and end Collection
Services functions.

The printed report and graphics functions help you identify and correct performance-related
problems. Some commonly used features are outlined in the following sections.

In this section, we assume you understand the previously discussed ways to collect
performance data and generate performance database files through either of the following
interfaces:

» From a 5250 (green-screen) display, using commands
» iSeries Navigator

You may choose to create the performance database files while collecting the performance
data. However, to minimize system overhead during the active collection, we suggest that you
collect the data and create the files later only when needed.

If you have PM eServer iSeries (also known as PM/400) activated on your system, PM/400
will automatically start Collection Services and you see job QYPSPFRCOL active. If PM/400
is not activated, you can manually start and stop Collection Services through the iSeries
Navigator interface, start and end collection options on the Performance tool's GO PERFORM
menu or Start Performance Tools (STRPFRT) command, or use the Start Performance
Collection (STRPFRCOL) command.

CRTPFRDTA command

You can use the iSeries Navigator interfaces to create the performance database files or use
the Create Performance Data (CRTPFRDTA) command to create a set of database files from
the performance information that Collection Services stores in a management collection
(*MGTCOL) object. You can also use the Configure Performance Collection (CFGPFRCOL)
command and set the Create Database Files (CRTDBF) parameter to *YES. This will
automatically create the database files and process the data in the current management
collection object as it is collected. The database files are discussed in detail in the iSeries
Information Center under Systems management — Performance:

http://publib.boulder.ibm.com/pubs/htm1/as400/v5rl/ic2924/index.htm

DSPPFRDTA command

The Display Performance Data (DSPPFRDTA) command presents general information about
the data collection and provides a summary of the performance statistics. You can use this
command to view the performance database files data from a 5250 workstation as an
alternative to using the Performance Tools reports.
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iSeries Navigator Performance Tools plug-in

Performance Tools for iSeries provides an optional graphical plug-in that can be used by an
iSeries Navigator Windows client workstation. This plug-in interface can quickly access any of
the sets of performance database files on the system, including up to the last interval of a
currently active Collection Services collection. With this plug-in you essentially get a graphical
representation of the functions provided by the Display Performance Data command 5250
interface. If desired, you can also print most of the Performance Tools for iSeries reports.

Performance Tools for iSeries reports

Based on the data collected on the system, Performance Tools for iSeries provides you with
two sets of reports. From the sample data, you can generate the following reports:

System report
Component report
Job report

Pool report
Resource report

vyvyyvyyvyy

If you collected the trace data, you may also produce more detailed reports:

» Transaction report
» Lock report
» Batch job trace report

Advisor

Advisor is a semi-automatic tuner that provides an easy-to-use way to improve many of the
performance characteristics of your system. Advisor can help you to define specific tuning
values and other parts of a processing environment to provide better performance for specific
processing conditions on your system. Advisor analyzes performance data and then
produces recommendations and conclusions to help improve performance.

1.4.2 Performance Management for iSeries

PM eServer iSeries, a dynamic function integrated into OS/400 and IBM @server i5/0S ®,
automates many of the functions that are associated with capacity planning and performance
analysis. It is simple, requiring nothing beyond activating the function and periodically
confirming that data is being collected and transmitted to IBM. It is an automated and
self-managing tool that helps keep you aware of any impending performance or capacity
system issues. PM/400 uses Collection Services to gather the non-proprietary performance
and capacity data from your server and then sends the data to IBM. When you send your data
to IBM, you eliminate the need to store all of the trending data yourself. IBM stores the data
for you and provides you with a series of reports and graphs that show your server’s growth
and performance. You can access your reports electronically using a traditional browser.

The PM/400e service includes a set of reports, graphs, and profiles that help you maximize
current application and hardware performance (by using performance trend analysis) and to
better understand (by using capacity planning) how your business trends relate to the timing
of required hardware upgrades such as CPU or disk. Capacity planning information is
provided by trending system utilization resources and throughput data which can be thought
of as an early warning system for your servers. You may think of PM/400e as a virtual
resource that informs you about the health of your system.

PM/400 uses less than 1% of your central processing unit (CPU). It uses approximately
58 MB of disk space, which depends on your hardware model and the size of your collection
intervals.
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1.4.3 Performance Explorer

Performance Explorer (PEX) is a no-charge i5/0S detailed performance data collection tool
invoked by i5/0S commands. This PEX data can be used to help find application program
level causes of performance problems that cannot be identified by Collection Services data
and general performance monitors. You define and start or end a PEX collection under one of
three options: *STATUS, *PROFILE, and *TRACE.

The Performance Tools for iSeries licensed program provides printed report options for PEX
*STATUS and *PROFILE data, that includes a low-level summary of disk operations, CPU

utilization, file opens, and programs, including invoked MI programs. Printing PEX Profile data
can be used to identify actual high-level languages statements (if program compiler statement
optimization levels have not been used on the programs) causing significant CPU utilization.

As described earlier in this chapter (“PEX Analyzer” on page 13), the iDoctor for iSeries PEX
Analyzer provides extended PEX Trace data analysis details, compared to the Performance
Tools for iSeries PEX reports. This output can include the PEX information provided by the
Performance Tools for iSeries PEX printed data reports plus additional information about wait
states and objects-referenced details, and DASD space consumption.

1.5 Using the system available performance tools

If you suspect your system requires tuning changes, investigate the items outlined in this
section. Many of the performance tools described in this chapter provide information about
the following sets of information, but Job Watcher provides more complete information
(except for some of the other iDoctor for iSeries tools also described in this chapter).

CPU utilization

Use the following tools to determine whether there are too many jobs on the system or if
some jobs are using a large percentage of processor time when CPU utilization is running
fairly high on your system:

» Work with Active Jobs (WRKACTJOB)

» Work with System Activity (WRKSYSACT)
» Performance Tools for iSeries, System Report

Disk
Use the following tools to determine whether you have enough disk space and disk units on
your system:

» Work with Disk Status (WRKDSKSTS)
» Performance Tools for iSeries, Component Report

Main storage
Use the Work with System Status (WRKSYSSTS) command to investigate faulting and the
wait-to-ineligible transitions.

Communication lines
Use the following tools to find slow lines, errors on the line, or too many users for the line:

Performance Tools for iSeries, Advisor

Performance Tools for iSeries, Component Report
iSeries Diagnostic Tools, Communications Trace

Start Communications Trace (STRCMNTRC) command

vyvyyy
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IOPs and IOAs

Use the following Performance Tools to determine if the workload distribution between the 1/0
Processors (IOPs) and associated /O Adapters (IOAs) is not evenly balanced or if there are
not enough I0OPs and IOAs:

» Performance Tools for iSeries, Advisor
» Performance Tools for iSeries, Component Report

Object locks
Use the following tools to investigate locks on your system:

» Performance Tools for iSeries, Lock Report
» Work with Object Locks (WRKOBJLCK) command
» iDoctor for iSeries, Performance Explorer

Program or procedure CPU utilization and disk I/O counts
Use the following tools to investigate locks on your system:

» Performance Tools for iSeries, Transaction Report (requires STRPFRTRC/ENDPFRTRC
collected data)

» iDoctor for iSeries, Performance Explorer (using Performance Tools for iSeries PEX
reports)

You have probably had a chance to use some or even all of these performance tools at one
time or another. They have more than likely helped you find lots of problems. In this book we
assume you have used the performance tools described above, except the iDoctor for iSeries
suite of tools. These other tools have not quite identified the cause of poor performance
results, and the next logical step is to use the iDoctor for iSeries Job Watcher.

1.6 Expanded Job Watcher overview

Job Watcher provides the user with the ability to collect many different types of information
about a set of jobs (or all jobs and tasks) on a system and it does this while providing near
real-time, detailed, and summarized views of job, thread, and task performance data that
enable you to begin your analysis immediately. The data is collected by a server job, stored in
database files, and displayed on a client via the iDoctor GUI presentation facilities.

Job Watcher is a sampling tool similar in function to the i5/0S commands WRKACTJOB and
WRKSYSACT in that each refresh computes delta information for the ending snapshot
interval. Refreshes occur automatically and can be as frequent as every 100 milliseconds (the
*NODELAY—termed *FULLSPEED prior to V5R3—option for one job could even be faster).
Job Watcher collects the data in a manner that does not affect the code path of the
jobs/threads/tasks being watched. Job Watcher’s collection methodology is similar to that of
the Work with System Activity (WRKSYSACT) command, which is included as part of the
Performance Tools for iSeries Licensed Program Product 5722-PT1.

In 1.2, “Components of performance” on page 2, we describe the components of job
performance on almost any operating system, but from an iSeries viewpoint. Job Watcher
was designed to give an accurate accounting of these components for a job on a snapshot
interval basis. In other words, you will know the exact elapsed time spent running and waiting
on a per-job basis. The iDoctor graphical view of this data is referred to as the job’s Run/Wait
Signature.

Waits are summarized by type or categories and stored into wait buckets for every job, thread,
and task running on the system. Each wait bucket has two parts, a count and a time, and are
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continuously maintained by the system automatically. Job Watcher harvests the wait buckets
at the end of each snapshot interval. In addition to the wait buckets, the current wait condition
of a job, thread, or task (its wait type, wait duration, and for object lock/seize waits, the object
name and its holder if known) is also recorded at the end of each snapshot interval.

There is even more detailed job information besides waits that can be harvested at snapshot
time if requested. Data such as the job’s call stack, the last active SQL statement executed,
and activation group statistics further enhances Job Watcher performance investigation
possibilities. This type of data helps identify the programs and procedures that are involved
during both the active run time and the wait time of a job, thread, or task.

Whether you are trying to find a problem or determine the potential for improving a job’s run
time, you should consider using the Job Watcher module of the iDoctor suite of tools and
services to complement the other performance tools you are using and the collection routines
you already have in place.

In addition to Job Watcher being a monitor and collector of job performance related
information, it is primarily used as an analyzer and presenter of the collected data. Its output
used for analysis is produced through SQL-based queries and iDoctor GUI presentation
facilities (both of which can be modified and saved for later use, as user-defined queries and
graphs tailored to specific requirements). Job Watcher also has a powerful function that can
launch programs and commands based on user-defined rules and actions. This capability
was not available with the level V5R3 Job Watcher that was used while this redbook was
created. This function is a very powerful feature and will be made available in a future update
to V5R3 Job Watcher.

Job Watcher has been described by some as a Run/Wait profiler because of the
characteristic appearance of its graphical data presentation format. By collecting data over
important jobs or applications during periods of good performance and viewing and
comparing those profiles (or run/wait signatures) with profiles collected at other times when
performance changes occurred, you can shorten both the discovery and the remedy cycles.
Underneath the profiles are drill-down details that may, in themselves, be sufficient to address
the situation appropriately or, at the very least, help to guide you to the next step with
additional tools or instrumentation.

Those proficient with Job Watcher usage like it because they can get started into analysis and
problem determination after the first two snapshot intervals are complete. Sometimes there is
enough detail to recognize victims and nail culprits given the sketch provided by the snapshot
intervals without having to run, dump, and analyze traces. Even when the Job Watcher sketch
is deemed insufficient and the experts want more detail, Job Watcher and a PEX trace can be
run at the same time.

Someone with minimal performance skills can become engaged in the performance collection
and initial analysis with some basic training. While they may not be capable of explaining the
reasons behind the run/wait signatures, they will likely be able to identify the jobs, quantify the
impact to a job’s run time or a user’s response time, and get the right expert or application
developers involved sooner and with more specificity about the situation using Job Watcher
data. This initiative can be a key factor in shortening the problem-determination process.

Even though Job Watcher gives a snapshot interval view of job performance and not a detail
PEX trace view, the ability to rapidly take snapshots (if needed) and the capability to capture
drill-down details at snapshot time gives Job Watcher trace-like tendencies. Often, the Job
Watcher approach provides just enough detail to address the situation satisfactorily.

Here are more details about how Job Watcher works and the kinds of information that Job
Watcher provides, in general, more completely than other available performance tools.
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Job Watcher returns near-real-time information about a selected set of jobs, threads, and
licensed internal code (LIC) tasks. It is similar in sampling function to the system commands
WRKACTJOB and WRKSYSACT, where each refresh computes delta information for the
ending snapshot interval. In Job Watcher, these refreshes can be set to occur automatically,
even as frequently as every five seconds. Better yet, Job Watcher harvests the data from the
jobs/threads/tasks being watched in a manner that does not affect other jobs on the system
while it is collecting.
Job Watcher collected data includes the following:
» Standard WRKSYSACT type information

- CPU

— DASD I/O breakdown

— DASD space consumption

— For jobs or threads, the user profile under which the job/thread is running

For prestarted server jobs that were started under user profile QUSER, you can see
the user profile that is currently being serviced by that job, rather than QUSER.

— And more

» Some data not available anywhere else in real time (after the fact, Performance Tools
performance trace and Transaction report can identify locked objects and associated job
holders and waiters):

— Seize time (this includes objects being locked at the operating system level and objects
being seized at the microcode level)

e Holder and waiter job and thread

¢ Specific Licensed Internal Code block point ID (described in Chapter 2, “Overview
of job waits and iDoctor for iSeries Job Watcher” on page 21)

— Wait occurrences in addition to seizes, including a breakdown of the types of waits (all
waits) that occurred

— Details about the current wait:
e Duration of the wait
¢ Object being waited for
¢ Conflicting job/thread/task information
¢ Specific LIC block point ID

» Call stacks (sometimes this is termed the invocation stack) that is 1000 levels deep of
called programs and procedures

» SQL statements, host variables

» Communications data

» Activation group statistics

The data created by the tool is summarized in many different types of reports and graphs via
the GUI client. The client provides a quick picture of what is happening on a per-thread basis

when multiple different threads are being watched. You have the flexibility to select a job or an
interval and drill down for the details while the watch is in progress or after it has ended.

You may even save the collected data and restore it to another system and analyze it there.
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Tip: Run Job Watcher when your system is running normally and you are not having
performance problems. This gives you a health check of your system so that when it does
have performance problems, you have a baseline to make comparisons to. You might want
to run Job Watcher over your system for a period in the morning, afternoon, and possibly
during the evening when you might have more batch-type jobs running.

You could also run Job Watcher over specific key jobs on your system when they are
running well for baseline-comparison purposes.

Job Watcher can be downloaded from this Web site:

http://www.ibm.com/eserver/iseries/support/i_dir/idoctor.nsf

Select Build and download information on the left-hand side pane and choose the
appropriate download option.

A typical situation for deciding to use Job Watcher is for a job that is taking a long time to run
but is using hardly any CPU resource and disk I/Os are not particularly excessive. Job
Watcher is an excellent tool to help you determine job waits, seizes, and other types of
contention. Identifying why a job or multiple jobs or threads are not doing anything when they
should be, is a primary situation to demonstrate a key set of Job Watcher capabilities. Thus
we start with the topic of job waits in Chapter Chapter 2, “Overview of job waits and iDoctor
for iSeries Job Watcher” on page 21.
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Overview of job waits and
iDoctor for iSeries Job Watcher

This chapter gives a general discussion of wait analysis, then focuses on the wait analysis
capabilities built into Job Watcher.

Wait analysis is a major feature of the Job Watcher tool. Therefore, in order to understand the
examples shown in the other chapters in this book, we explain waits and the Job Watcher wait
buckets in detail in this chapter.

Later in this book we include examples of user-written queries against the files produced
during a Job Watch collection. To understand those queries and write your own queries, refer
to wait bucket definitions listed in Table 2-3 on page 30 of this chapter and the Job Watcher
file and field descriptions included in “Job Watcher terminology” on page 200.

© Copyright IBM Corp. 2005. All rights reserved. 21



2.1 Simplified view of running and waiting

One of the main purposes of the iDoctor for iSeries Job Watcher tool is to, in near real time,
quantify the amount of wall clock time a thread or task spends running and the amount of
time it spends waiting. This first section introduces the concepts of running and waiting in a
rather simplistic environment. The real world complexities of iSeries processor sharing, LPAR
considerations, and so forth, will come later in our wait bucket descriptions.

All units of work in a system at any instant in time are in one of three states:
1. On a CPU (also known as dispatched to a processor, running, or active)

2. Ready to use CPU, but waiting for a processor to become available (also known as ready
or CPU queued)

3. Waiting for something or someone (also known as blocked, or idle)

Terminology note: On an iSeries system, a unit of work can be a single-threaded job, a
thread within a multi-threaded job, or a single system (microcode) task. So either thread or
task represents the smallest unit of work that is actually dispatched by the system to run
within a processor. In this book we use the terms thread and task interchangeably except
where noted.

Even though we use the terms thread and task in many figures and descriptions in this
book, the higher-level term job name is used in many of the user interfaces to Job Watcher
functions and i5/0S. Just keep in mind that it is a thread or a task that is doing the work
and affected by any wait condition.

Hardware multi-threading (iSeries SSTAR technology) and simultaneous multi-threading
(eServer i5 POWERS technology), where a single processor is logically treated as more
than one physical processor, raises the issue of differences between the time dispatched to
a processor and actual CPU time. Both hardware multi-threading and simultaneous
multi-threading are designed to minimize physical processor wait time when threads are
dispatched to the processor, but at the microsecond level they have to wait to access
instructions or data in the L2 or L3 caches or main memory.

More on this later.
A thread’s progress over time of running and waiting is termed its run/wait signature and

might be characterized as shown in Figure 2-1, with each of the components repeating over
time (not shown).

CPU (1) CPUq (2) Waits (3)

e Elapsed Time —

Figure 2-1 A thread’s run/wait signature

Attention: The figures in this book that have bar and line graphical displays use multiple
colors that may not be completely distinguishable in black-and-white printed format. To
interpret these figures properly, view them online in PDF format in real color.
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How much time a unit of work spends in state 1 depends on the program design and how
much work it is requested to perform.

How much time a unit of work spends in state 2, ready to run but waiting for a processor to
use, is a function of the amount of CPU competition it experiences while getting its work done.

How much time a unit of work spends in state 3 depends on many factors. At this point, we
need to differentiate between two types of waits:

» Type A: Waiting for a work request to arrive (also known as idle)

» Type B: Waits that occur while performing a work request (also known as blocked)

For example, type A waits in interactive work are considered key/think time. These waits are
typically not a problem; any problem is usually external to the machine they are observed on
(for example, a communications problem causing slow arrival of work requests).

Note: Traditional batch jobs rarely have any type A waits. A non-interactive job, such as a
server job, could have a type A wait. An example is a server job waiting on a data queue or
a message queue when the queue is empty.

Type B waits are the interesting ones. While it is debatable whether all of these types of waits
should be considered problems, the following is a safe and valid statement:

Outside of CPU usage and contention, type B waits are the reason jobs and threads take
as long as they do to complete their work.

A more refined run/wait signature for an interactive job or thread might look like Figure 2-2.

Key/Think (A) CPU CPUq Waits (B)

Figure 2-2 Interactive job/thread run/wait signature

A typical batch job type/thread run/wait signature looks similar to Figure 2-3.

CPU CPUq Waits (B)

Figure 2-3 Batch job run/wait signature

2.2 Job Watcher terminology

To understand Job Watcher graphs and reports, you should be familiar with some
terminology, which we summarize in the following topics:

» Thread

A thread is a separate and unique flow of control within a job. A thread runs a procedure
asynchronously to other threads running within the job. This term is used at the iSeries
and i5 operating system level, also referred to as above the Technology Independent
Machine Interface (TIMI). The Licensed Internal Code (LIC) or microcode level actually
uses the term task count.

A single job can have one or many threads. It always has one single primary thread (also
called an initial thread) and may have any number of secondary threads.
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The work performed by a job is the sum of work performed by all threads within that job
plus the work that is done for that job by other system tasks or jobs.

An LIC task does not have threads.
Task count

This term is used within the LIC and is discussed here because it may appear in detailed
Job Watcher information. At the operating system level it is analogous to a thread number
but does not have the same value as the thread number at the microcode level. The
microcode task dispatcher manages tasks using the task count value.

A task count is a unique numeric identifier assigned by the microcode to every
dispatchable unit of work (job, thread, or task). Every job thread and LIC task has a unique
task count value, assigned in ascending sequence, starting when the system or partition is
IPLed (also termed started or activated). A task count value is unique within a partition
while that partition is active.

A task count is associated with a TDE, which is a control block representing an individual
task or individual thread within a job. Within a job, there is one task count that represents
the primary thread, and zero to many unique, different task counts represent each of any
secondary threads.

Note that at the microcode level each task count has a run priority that was either
established at the operating system level (such as via the job’s run priority parameter) or
according to microcode implementation requirements.

The task count is used in several of the queries we use on Job Watcher collected data
throughout this book. It is used, for example, to get a thread’s call stack information.

TDE

This stands for Task Dispatcher Element, which is an LIC control block that anchors every
dispatchable unit (thread or task) to be run in the system. The tasking component of the
iSeries system uses the TDE when dispatching work (assigning work to run on a
processor). Note that many of the performance metrics are scoped to a thread or task in a
TDE and harvested by Job Watcher from the TDE.

For this book, assume that a TDE is associated with a single thread of a job or a single LIC
task.

The TDE contains both the task count and the accounting data necessary for running the
thread or task in priority among other threads or tasks and for basic performance analysis.

While not showing the TDE values, operating system thread values can be seen on
several operating system command screens, such as the Work with Active Jobs —
Show job details — Work with Threads option display a thread number.

Task count values are shown only on low-level tools, such as Job Watcher output.

The Performance Tools for iSeries Work with System Activity command shows active
operating system thread numbers and LIC tasks.

The thread or job information that can be shown using these WRKACTJOB/WRKSYSACT
command interfaces includes information stored in the TDE.

Snapshot

A Job Watcher collection is point-in-time sample data of the chosen job threads and tasks.
Note that we have used the term “snapshot” several times. A point-in-time capturing of a

shapshot is not a trace and as such it may miss some small amount of information that a
trace would have recorded. However, on a very busy system a trace’s collection of detailed
information can have a severe negative impact on overall system performance.

Appendix E, “Job Watcher advanced topics” on page 255 describes more about how Job
Watcher’'s sampling technique works.
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» Interval

The delta time between snapshots. An interval number is stored in Job Watcher files for
chronological sequencing. The interval size is based on the data collection interval that is
selected.

Note that as Job Watcher processes each individual thread or task TDE, the actual
interval time for each one will be unique. In most cases the intervals will all be close to the
user-specific interval duration. As Job Watcher data is sampling data (not a trace), this will
not always be the case.

» Eye catcher

An eye catcher is a three-character short description of an individual type of low-level wait
within the system. It is used to determine why work is not progressing.

For example, an eye catcher of Rex represents a wait for a request for an exclusive seize
and has an ENUM of 101.

» ENUM

An ENUM is how the system internally identifies an individual detailed type of low-level
wait. A single ENUM has only one eye catcher; however, a single eye catcher may be
associated with several different ENUMs.

An ENUM is also known as a block identifier.

See “Description of ENUM to queueing bucket mappings” on page 205 for a list of all
possible waits in ENUM sequence, including eye catchers and the corresponding bucket
numbers and description for Version 5 Release 3.

» Bucket number

A bucket number is also known as a bucket identifier, wait bucket, block bucket, or
queueing bucket identifier.

There are 32 separate bucket identifiers for every job/thread and task on the system. Each
bucket identifier has two parts:

— Counts
— Durations

At V5RS3, there are 199 different ENUMSs, each of which represents an individual low-level
type of wait. These 199 ENUMs are mapped into the 32 buckets; hence the counts and
durations of several related ENUMs are mapped into the same bucket. This grouping into
buckets is done to minimize overhead of extra information being stored in the TDE.

For example, the description of queueing bucket 15 is seize contention, and 20 different
ENUMs are mapped to this bucket identifier. Two of the eye catchers associated with
these ENUMs show Rex and Rsh, which identify the individual types of seize as exclusive
seize and shared seize, respectively.

2.3 Level set on wait conditions

This discussion applies to individual units of work, which are single-threaded jobs and
individual job threads. Many modern application engines involve the use of more than one job
or more than one thread (or both) to process each transaction. Examples of multiple job
applications on the iSeries systems include the HTTP servers and Domino® servers. Several
of these HTTP server and Domino server jobs are also multi-threaded.

The ideas presented in this topic apply in these multi-threaded cases, but each unit of work
must be analyzed individually. There is an additional burden placed on the analysis process to
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tie together the flow of work across the multiple jobs or threads. With many of today’s modern
transaction engines it is difficult to differentiate between type A and type B waits.

2.4 The mysteries of waiting

The waiting component of a job or thread’s life is easy to compute but rarely discussed and
scrutinized.

For batch type work the wait component is computed as follows:
Waits = Elapsed Time - CPU Time

For interactive type work the wait component is computed as follows:
Waits = Elapsed Time - CPU Time - Key/Think Time

Notes:

» This is a simplified example that excludes CPU queuing for both interactive and batch
type work. CPU queuing could be part of a performance bottleneck; it is discussed later
in this book.

» Non-interactive server jobs that wait for new entries on a data or message queue can
be characterized by the Interactive type work wait components example above. The
Key/Think Time would be replaced by “Wait on queue” time.

What is the reason why waits have historically been ignored unless they become so severe
that the elapsed time difference becomes painfully obvious? The suggested answer is
because little instrumentation and few tools exist to measure and provide details about waits.
Waits are the “slightly-off relative” who lives in the basement. Unless his demand for food
becomes excessive, or the music gets too loud, he is best ignored. You certainly do not want
to talk about him with friends.

2.5 Are waits bad?

26

This section contends that the answer is yes. (Obviously, we are talking about type B waits.)
There is a common misconception that a job or thread that uses high CPU is intrinsically bad.
It might be bad. For example, if a work process normally 2 hours to complete with 45 minutes
of CPU and after a software or data change it now takes 4 hours with 3 hours of CPU, that is
bad. But just looking at a job or thread (in a non-comparative way) that uses a high
percentage of CPU and declaring it bad misses the point that the lack of or minimal
occurrences of type B waits is a good thing. For batch-type work (that does not have type A
waits, where it is waiting for work to arrive), if the type B waits are reduced or eliminated, the
job/thread’s CPU density increases. Ultimately, it could use 100% of a processor.

Note: If a single thread consumes all of a single processor for a period of time, it is 100%
CPU dense. If it consumes 1/8 of a processor for the same period, it is 12.5% CPU dense.
This is true regardless of the number of processors on the system or in the partition. For
systems with more than one CPU in the partition, CPU density is not what is seen on
WRKACTJOB or WRKSYSACT commands but can be computed by those or from knowing
how many CPUs are available to the job.

UDB DB2® multitasking can make a job/thread appear to use more than 100% of a
processor as the background assisting tasks promote their CPU consumption numbers
into the client job/thread. This can also make accurate capacity planning more difficult.
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Here is an example to explain the considerations just discussed:

A batch job runs for 6 hours and uses 117 minutes of CPU. The first thing to consider is how
much of the wasted 243 minutes of elapsed time was spent in CPU queuing (that is,
contending or waiting for a processor). This chapter demonstrates how this value, and all the
waits, can be measured in great detail. But for this example, we suppose that 71 minutes of
CPU queuing was involved. This means that the job was in type B waits 172 minutes. This
means that the job could potentially run in 3 hours and 8 minutes if the type B waits were
completely eliminated. Contrast this with how the job might perform if the CPU speeds on the
machine were doubled. One would expect the CPU minutes and CPU queuing minutes to be
halved yielding a job run time of 4 hours and 30 minutes. So in summary, eliminating the
type B waits could have the job run in 3 hours and 8 minutes. Doubling the CPU capacity
could have the job run in 4 hours and 30 minutes.

In summary, wait analysis and reduction can be a very powerful, cost-effective way of
improving response time and throughput.

A last word on the significance of waits comes from an IBM On Demand Business poster
spotted outside the iSeries Benchmark Center in Rochester, Minnesota, which contains this
phrase:

All computers wait at the same speed.

Think about it.

2.6 Detailing waits

Up to this point, this chapter has made the case that wait analysis (and resulting corrective
actions) could lead to great satisfaction. What is the first step in wait analysis? It begins with
obtaining details about the individual waits.

Remember a summary run/wait signature for a typical batch type job/thread might look like
Figure 2-4.
CPU CPUq Waits (B)

Figure 2-4 Run/wait signature for a batch job/thread

Wait analysis begins by identifying details in the waits (B) component. Look at Figure 2-5.

CPU CPUq Waits (B)

Database related waits

DASD Reads DASD Writes Rec Locks Journal

Figure 2-5 Raw amount of time spent in different types of waits
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Figure 2-5 on page 27 represents the first phase of detailing: the raw amount of time spent in
different types of waits. The next obvious metric needed is the number of each type of waits.

Table 2-1 Number of each type of wait

DASD reads

DASD writes

Record locks

Journal

3,523

17,772

355

5,741

Computed averages are next. Suppose the durations, counts, and averages are like those

shown in Table 2-2. Duration and averages are shown in seconds.

Table 2-2 Computed averages

DASD reads DASD writes Record locks Journal
42s 73s 45s 44s
3,523 17,772 355 5,741
0.012s 0.004s 0.126s 0.007s

This is already enough information to begin contemplating actions. Some of the questions to

consider:

»

»

»

How many of the DASD reads are page faults?

Would main memory/pool changes help?

What objects are being read from DASD?

What programs are causing the reads?

How could those DASD reads be reduced, eliminated, or made asynchronous?
Could the DASD read response time be better?

What objects are being written to DASD?

What programs are causing the writes?

How could those DASD writes be reduced, eliminated, or made asynchronous?
Could the DASD write response time be better?

What DB2 files are involved with the record locks?

What programs are requesting the record locks?

What other jobs/threads are causing the record lock contention?

What files are being journaled?

What journals are involved?

Are the journals needed and optimally configured?

Could Commit cycles or the Journal PRPQ be used to reduce this wait component?
Is the DASD 1/O subsystem write cache (or caches) large enough?

Is the DASD configuration well balanced in terms of IOPs, I0As, busses, RAID, and
mirroring configurations?

While these questions must be addressed, it is beyond the scope of this book to delve into
details of how to tackle the wait corrective actions.
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2.7 iDoctor for iSeries Job Watcher

All preceding material was a generic discussion of wait analysis. Now we focus on the wait
analysis capabilities that are built into Job Watcher.

Job Watcher is a sampling-based performance tool. At specified time intervals, or as fast as
possible, a Job Watcher command or function will sample anywhere from 1 thread or job to all
threads and jobs on an iSeries i5/0S partition (or single system when there are no partition
configurations). This gathers a large variety of performance data, much of it beyond the scope
of this book. But one of the main reasons for the creation of Job Watcher was to capitalize on
wait metrics first introduced into the system in Version 5 Release 1 of the iSeries Licensed
Internal Code (LIC) and then expanded in later releases.

Remember the statement that a job/thread is either running on a processor, waiting for a
processor to become available, or waiting for someone or something? The LIC has assigned
an identifier to all points in LIC code that actually enter the wait state. In Version 5 Release 2,
there are about 165 wait points. In Version 5 Release 3, there are about 199 such wait points.
Each individual wait point is sometimes referred to as an ENUM, which is shorthand for the
C++ programming language’s enumerated value and simply means a fixed set of items. When
a V5R3 job/thread is in the wait state, it is in one of the 199 possible wait points. The current
wait of a job/thread can be referred to by the numerical value of the ENUM (for example, 51)
or by a 3 character eye catcher that has been assigned to each ENUM (for example, JBw) or
by a text string associated with each (for example, JOBUNDLEWAIT).

Note: Some types of waits are identified with greater granularity than other points. For
example, locks and seizes have more individual wait points identified than do other types of
waits that tend to share block points.

At the actual run/wait microcode level, only LIC code can truly enter a wait. If an application
or i5/0S program enters a wait state, it does so within the LIC code it has caused to run on
its behalf.

2.8 Waiting point groupings (wait buckets)

A large number of individual wait points is great from a data-empowerment point of view.
However, when it comes to keeping track of them on a wait-point by wait-point basis for every
unit of work, it presents challenges to efficient implementation. An ideal design would be for
each of the possible wait points (199 in V5R3) to have its own set of data associated with it for
each unit of work (job, thread, or task). The minimum amount of accounting data that would
be needed includes:

» Occurrence count
» Total time accumulator

It was determined that keeping 199 pairs of these numbers associated with every job, thread,
or task on a machine was simply too much overhead (mainly in the area of main storage
requirements).

On the iSeries and i5 servers, a compromise has been reached that allows for a potentially
very large number of individual wait points to be mapped into a modest-sized set of
accounting data. This set of accounting numbers is called the wait buckets. There are 32 such
buckets, but three of them (plus one, which is reserved) have special purposes so there are
28 buckets available to map the 199 wait points. Again, these buckets exist on a
per-unit-of-work basis.
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2.8.1 Do wait buckets defeat the purpose of many block points?

One might ask, “What is the value in having a large number of unique block points (199 in
V5RQ) if all of this detail will be lost when they are put into 29 wait buckets?” That is a fair
question. The real loss of granularity is felt with sampling-based tools such as Job Watcher.
But even with Job Watcher, there is good use of the high wait point counts.

At any given instant in time, the full granularity afforded by all the wait points is available to
sampling based tools. For example, at this particular moment in time, thread XYZ is waiting in
block point ENUM 114 and it has been waiting there for n microseconds.

Trace-based tools, such as the iDoctor for iSeries PEX Analyzer (which is not covered in this
book), can see every wait transition and effectively do the accounting on a per-ENUM basis,
making full use of the granularity provided.

For these two reasons, maximizing wait point granularity is a good thing to do.

Important:

1. From an implementation viewpoint, the block points identified in this V5R3 level of
documentation are subject to some modification in future releases, subject to changed
implementation within the system.

2. The 32 wait buckets that are identified for Job Watcher are a superset of the similar
Counter Set nn wait values shown when using a Management Central System Monitor -
Show Properties job details window. The Counter Set nn wait values may be sufficient
for identifying that a wait problem exists, but Job Watcher provides much more detailed
wait information.

Learn more in 2.10, “Management Central’s use of wait bucket mapping” on page 48.

2.8.2 Job Watcher wait points (ENUMs) and wait buckets

As mentioned earlier, wait accounting is the core functionality of the Job Watcher tool. The
LIC supports remapping of ENUMs to buckets. As shipped, a V5R3 iSeries system does not
have all 32 wait buckets utilized; all ENUMs are assigned within the first 16 buckets. Job
Watcher performs a remapping when it starts to utilize most of the 32 buckets, thereby
maximizing the granularity of wait identification.

Note: There is good reason for assigning ENUMSs within the first 16 buckets. Collection
Services also harvests wait bucket information for every thread on the system. As
mentioned earlier, there is a pair of numbers associated with each bucket (occurrence
count, total time). By restricting the default mapping to be within the first 16 buckets,
Collection Services reduces the number of DASD bytes that are required to hold the
job/thread information. Minimizing this amount-per-thread data is very important.
Collection Services is designed so that it can be run 24 x 7 x 365. In that type of
environment, every data item gathered on a per-thread basis increases the DASD space
requirements for Collection Services.

The bucket definitions Job Watcher uses in V5R3 are shown in Table 2-3.

Table 2-3 Wait bucket definitions for Job Watcher

Bucket Bucket description

1 Time dispatched to a CPU
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2 CPU queuing time

3 Total wait time

4 (Reserved)

5 DASD (page faults)

6 DASD (non-fault reads)

7 DASD space usage contention
8 Idle, waiting for work

9 DASD writes

10 DASD (other reads or writes)
11 DASD operation start contention
12 Mutex-semaphore contention
13 Journal serialization

14 Machine-level gate serialization
15 Seize contention

16 Database record lock contention
17 Object lock contention

18 Other waits

19 Main storage pool overcommitment
20 JAVA user (including locks)

21 JAVA JVM

22 JAVA (other)

23 Socket accepts

24 Socket transmits

25 Socket receives

26 Socket (other)

27 IFS pipe

28 IFS (other)

29 Data queue receives

30 MI queue (other)

31 MI wait on events

32 Abnormal contention

Additional details about the buckets and the ENUMSs that are assigned to each are included in
the following sections.
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Important:

1. The bucket number and its assigned wait type description can change between i5/0S
releases. This book is based on V5R3. and Job Watcher mappings for V5R3. These
assignments may change in follow-on releases.

2. The system licensed code (LIC) has many more individual block points (as described in
section 2.9, “LIC queuing primitives and more granular wait points” on page 32) that are
mapped by IBM i5/0S software components using internal interfaces to a smaller
number of wait types or buckets. Only one mapping can be in effect at one time across
the system or partition.

3. However, each i5/0S component, such as Job Watcher or Collection Services, or
Management Central System Monitor — Job Details, maps the wait buckets according
each component’s presentation of wait information to their end user interface.

For example, Job Watcher maps all 32 buckets. Management Central System Monitor-
Job Details shows a subset of the 32 buckets and, by default, does not use the
mappings that Job Watcher uses.

The mapping at the time the System Monitor - Show Properties job details information
is shown uses either the default mappings or the Job Watcher mappings if a Job
Watcher collection has been at least started. The default wait bucket mapping is
restored at the next system power on or LPAR partition activation.

See 2.10, “Management Central’s use of wait bucket mapping” on page 48 for more
details.

2.9 LIC queuing primitives and more granular wait points

Each of the 199 block points in the system is some form of approximately 20 different LIC
queuing primitives. Individual block points may be reported (that is, assigned an ENUM) as
one of the primitives’ ENUMSs (which is the default assignment), or (preferably) the specific
block-owning LIC component can chose to invent another, more descriptive ENUM for the
block point.

For example, consider a synchronous DASD I/O READ wait. Though not 100 percent
complete, essentially the wait (block) that occurs in a job/thread while a synchronous DASD
read is in progress is implemented with an LIC queuing primitive known as a single task
blocker (eye catcher QTB, ENUM number 4). That is, when LIC blocks a job/thread due to
waiting for a synchronous DASD read to complete, it uses a QTB wait primitive/mechanism. If
the component that owns this function (Storage Management) had done no further
identifying, that is how such waits would report (QTB, ENUM 4). That would be all right except
that there are probably a lot of other block points that also use QTB.

Therefore, it would be impossible to differentiate DASD READ blocks from other blocks.
Fortunately, Storage Management, realizing how important it is to quantify DASD operation
waits, has invented a different eye catcher and ENUM (SRd, 158) that overrides QTB,4.
Before you start to read this section about the wait buckets and their ENUMs, you might read
the description of bucket 18 first. Bucket 18 contains many of the default LIC Queuing
Primitives ENUMs.

2.9.1 Disclaimer

The following discussion includes the opinion of the writer of the white paper that this chapter
is based on. It is far less complete than many people (including the white paper author) would
like it to be. However, no single person knows all of the nuances of all 199 wait points in
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V5R3. Also, in spite of 199 individual points, many of these remain general and generic to
some degree, preventing them from categorically being declared normal or bad. This
discussion should be viewed as:

» Potentially in error or somewhat out-of-date as iSeries software changes become available
over time.

» As a starting point, a guideline to interpreting wait points and buckets, but not as the latest,
only, or 100 percent complete information.

2.9.2 Bucket 1: Dispatched Time (previously referred to as CPU)

This accumulates the amount of time a thread or task has been dispatched to a processor.
Dispatched to a processor means that the thread or task has been assigned a processor, so it
can begin execution of machine instructions. No wait points are assigned or mapped because
a dispatched thread or task is not waiting. Job Watcher continues to use the heading of CPU
for this bucket. Technically, the previous bucket label of CPU is misleading because
Dispatched Time frequently differs from CPU used time. This is especially true when running
on a system with simultaneous multi-threading (SMT) implementation or in a shared
processor pool partition. See the expanded discussion that follows Figure 2-6, which
demonstrates the relationship between Dispatched Time and CPU Time.

Job/Thread A

Qs> —To~0T 0 -0
» x0 0 —W

Job/Thread B

Q@S —-To0o~0T 0 —0O
» X000 —W

— Bucket 1 Time
CPU Time

Figure 2-6 Relationship between Dispatched Time and CPU Time

The dispatched time value can differ from the CPU Time measure by other means, including
Display Job (DSPJOB), Work with Active Jobs (WRKACTJOB), Work with System Activity
(WRKSYSACT part of Performance Tools for iSeries, 5722PT1 product) commands, OS/400
job accounting, and the DELTACPU field in Job Watcher itself). The differences can be
significant. The main factors that cause these discrepancies are:

» The processor hardware multi-threading (HMT) feature of iSeries SSTAR technology
systems - 270, 820, 830, 840 models: This can cause bucket 1’s time to be larger than the
actual CPU time. HMT means that, up to a point in time, more than one thread or task can
be simultaneously assigned to the same physical processor. In that scenario, they share
the processor’s cycles, mainly during long off-chip operations such as memory fetches.
Job Watcher’s bucket 1 will record the elapsed time a thread or task has been dispatched.
The real CPU value will include only the exact number of cycles used by the thread or task
while it was dispatched.
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» The processor simultaneous multi-threading (SMT) feature of iSeries POWER5
technology systems - 520, 550,570, 595 models: This can also cause bucket 1’s time to be
larger than the actual CPU time. SMT treats a single physical processor as two complete
logical processors. Two threads or tasks that are ready to run can be assigned to the same
physical processor simultaneously. In that scenario, they share the processor’s cycles,
mainly during long off-chip operations such as L2, L3 cache, and memory fetches. Job
Watcher’s bucket 1 will record the elapsed time a thread or task has been dispatched. The
real CPU value will include only the exact number of cycles used by the thread or task
while it was dispatched.

» Background assisting tasks, such as those used in the DB2 Multi-tasking feature:
Background assisting tasks, which promote (add) their CPU usage back into the client
job/thread, will cause the client thread’s bucket 1 value to be smaller than the measured
CPU time.

Note: This means that bucket 1’s value for the assisting tasks themselves would be
larger (over time) than the CPU measured by WRKSYSACT or Collection Services.
Due to the way these tasks work we do not show their individual CPU utilization, but we
do show their associated wait buckets.

» LPAR shared/partial processors: This is where the tricky concept of virtual processors
comes into play. Bucket 1 actually records the elapsed time a thread or task is dispatched
to a virtual processor, not (necessarily) a physical processor. Similar to HMT and SMT
mentioned previously, a virtual processor can be shared across LPARs. If that occurs
while a thread or task is dispatched to one of these, the bucket 1 time will be greater than
the CPU time, because it will include time the thread or task is dispatched but is waiting for
its turn at the physical processor behind the virtual one.

In the simplistic running and waiting introduction to this chapter, Figure 2-7 was presented.

CPU (1) CPUq (2) Waits (3)

— Elapsed Time —

Figure 2-7 A thread’s run/wait signature

After the discussion above, the diagram should now look like Figure 2-8.

Time Dispatched (1) CPUq (2) Waits (3)

— Elapsed Time —

Figure 2-8 A thread'’s run/wait signature in an LPAR/shared processor environment
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A further breakdown of (1), which we can now label Bucket 1, might look like Figure 2-9.

Time Dispatched (B1) CPUq (B2) Waits (B3)

Time dispatched and actual CPU used

QPRCMLTTSK LPAR

True CPU Usecs Used Sharing Sharing

Figure 2-9 Further breakdown of a thread’s run/wait signature

Important: The job waits accounting buckets used by Job Watcher do not break down
Bucket 1 into the constituent parts shown in Figure 2-9. However, much of the time, an
additional metric gathered per interval can quantify the first True CPU Microseconds
(useconds) Used part. The additional metric gathered is simply the CPU Time Used.
(Again, this is a value separate from Bucket 1). When is it not true that this additional
metric can be used to quantify the True CPU Useconds Used part of Bucket 1? Answer: if
the thread being examined is having work done on its behalf by worker/assist LIC tasks.

Those tasks promote their CPU useconds used (and several other metrics, such as DASD
I/O counts, exception counts, etc.) back into the requesting thread’s metrics. In those
cases, the True CPU Useconds Used will be much larger than just what the thread itself
had used, making it even more difficult to accurately quantify its CPU usage.

Note: Worker/assist LIC tasks do not promote their wait bucket counts and times into the
requesting thread. (This is good!)

2.9.3 Bucket 2: CPU queuing

No wait points assigned. Waiting for a processor is a special kind of wait. This is simply the
number of microseconds a thread or task has waited, while ready to run, for a processor to
become available.

After reading the complex description of Bucket 1 (Time Dispatched), we learned that Time
Dispatched can also include “sharing” delays. This raises the natural question:

What is the difference between the QPRCMLTTSK system value on and LPAR processor
sharing that is part of Bucket 1 and the queuing that is reported in Bucket 2? After all,
queuing and sharing are nearly synonymous.

The simple answer is that there is not much difference. In particular, the LPAR sharing part of
Bucket 1 and all of Bucket 2 reflect wall clock time delays in the execution of work due to
having to share a processor with other units of work. In the LPAR case, the sharing is
occurring with units of work in other partitions. Bucket 2 time is the sharing time with other
units of work in the same partition. QPRCMLTTSK sharing is somewhat more of an
accounting shift, rather than true queuing or sharing.
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Bucket 1 sharing times versus bucket 2 analogy

Bucket 2 is similar to the time spent waiting in line to gain entrance to a convention hall.
Bucket 1’s sharing time is the time spent after one is inside the convention, waiting in short
lines to view particular booths.

Note: Even if there is little to no actual processor competition (sharing) occurring within a
partition while a thread is running, there may always be miniscule amounts of time
reported in this bucket. This is an artifact of the fact that some tiny, finite amount of time
transpires between when a thread becomes ready to run and when it is actually dispatched
to a processor.

2.9.4 Bucket 3: Total block time

This is the computed time summary of all the occurrence counts and total block times for
buckets 4 through 32.

2.9.5 Bucket 4: Reserved

No wait points assigned.

2.9.6 Bucket 5: DASD (page faults)

These are the waits associated with implicit (page fault) DASD reads.

Page faults are frequently (but not exclusively) caused by having too many jobs/threads
running concurrently in too small of a main store pool. If the faulted-on object type is a 1AEF
(Temporary Process Control Space), then that is a likely cause. However, there are other
types of activity where page faults are expected or normal. For example:

» When a program or application first starts up in a job/thread.

» DB2 Access Paths (keyed parts of physical files, or logical files). These tend to be
referenced in a highly unpredictable way, and faulting in pages of access paths is
considered normal.

» Page faults on database (DB) and index pages could indicate normal random access to
database records.

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
161 SFt MAINSTORE/LOGICAL-DASD-I0: PAGE FAULT
162 SFP MAINSTORE/LOGICAL-DASD-I0: PAGE FAULT IO PENDING
164 GRf MAINSTORE/LOGICAL-DASD-I0: ACCESS GROUP READ FOR FAULT
165 SRR MAINSTORE/LOGICAL-DASD-I0: ACCESS GROUP READ FOR FAULT IO PENDING
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2.9.7 Bucket 6: DASD (non-fault reads)

These are simply the waits associated with explicit (read this from DASD for me) synchronous
DASD reads. The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
158 SRd MAINSTORE/LOGICAL-DASD-I0: DASD READ
159 SRQ MAINSTORE/LOGICAL-DASD-I0: DASD READ IO PENDING

2.9.8 Bucket 7: DASD space usage contention

When an object or internal LIC object is created or extended, and free DASD space has to be
located to satisfy the request, there is some level of serialization performed. This is done on
an Auxiliary-Storage-Pool-by-Auxiliary-Storage-Pool (ASP-by-ASP) and disk-unit-by-disk-unit
basis. Normally one would expect to see few, if any, of these types of waits. If they are present
in significant percentages, it usually means that the operating system and licensed microcode
are being asked (by applications) to perform a very high rate of object creates, extends,
truncates, or deletes.

Note: Opening a DB2 file causes a create of internal control blocks. The size of the DASD
space requests is not relevant to these blocks. It is the rafe of requests that is relevant.

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
145 ASM DASD SPACE MANAGER: CONCURRENCY CONTENTION
146 ASM DASD SPACE MANAGER: ASP FREE SPACE DIRECTORY
147 ASM DASD SPACE MANAGER: RR FREE SPACE LOCK
148 ASM DASD SPACE MANAGER: GP FREE SPACE LOCK
149 ASM DASD SPACE MANAGER: PERMANENT DIRECTORY LOCK
180 ASM DASD SPACE MANAGER: TEMPORARY DIRECTORY LOCK
181 ASM DASD SPACE MANAGER: PERSISTENT STORAGE LOCK
182 ASM DASD SPACE MANAGER: STATIC DIRECTORY LOCK
183 ASM VIRTUAL ADDRESS MANAGER: BIG SEGMENT ID LOCK
184 ASM VIRTUAL ADDRESS MANAGER: LITTLE SEGMENT ID LOCK
185 ASM DASD SPACE MANAGER: IASP LOCK
186 ASM DASD SPACE MANAGER: MOVE CHAIN
187 ASM DASD SPACE MANAGER: HYPERSPACE LOCK
188 ASM DASD SPACE MANAGER: NON PERSISTENT DATA LOCK
189 ASM VIRTUAL ADDRESS MANAGER: TEMPORARY SEGMENT ID RANGE MAPPER LOCK
190 ASM VIRTUAL ADDRESS MANAGER: PERMANENT SEGMENT ID RANGE MAPPER LOCK
191 ASM VIRTUAL ADDRESS MANAGER: IASP SEGMENT ID RANGE MAPPER LOCK

2.9.9 Bucket 8: Idle/waiting for work

These are the waits on the Technology Independent Machine Interface (TIMI) queue
associated with each OS job that is internally known as the MI Response Queue. Normally for
5250-type interactive applications this would reflect the key/think time. Other possible uses
would be APPC/APPN SNA-type communication I/O waits.
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The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
340 QMr IDLE WAIT, MI RESPONSE QUEUE WAIT

2.9.10 Bucket 9: DASD writes

These are the waits associated with synchronous DASD writes, or waiting for asynchronous
DASD writes to complete.

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
167 SWt MAINSTORE/LOGICAL-DASD-I0: DASD WRITE
168 SWP MAINSTORE/LOGICAL-DASD-I0: DASD WRITE IO PENDING
170 SWp MAINSTORE/LOGICAL-DASD-I0: PAGE OUT WRITE
171 GPg MAINSTORE/LOGICAL-DASD-I0: ACCESS GROUP PURGE
172 GPP MAINSTORE/LOGICAL-DASD-I0: ACCESS GROUP PURGE IO PENDING
174 GTA MAINSTORE/LOGICAL-DASD-I0: GENERIC ASYNC IO TRACKER WAIT
175 GTS MAINSTORE/LOGICAL-DASD-I0: GENERIC SINGLE TASK BLOCKER WAIT
176 GTT MAINSTORE/LOGICAL-DASD-I0: GENERIC TIMED TASK BLOCKER

2.9.11 Bucket 10: DASD (other reads or writes)

The ENUMs with the DSM eye catcher deal primarily with actions taken to do DASD unit
configuration and setup and should rarely be seen in production jobs or threads.

The other ENUMSs with an eye catcher other than DSM are DASD op waits that cannot be
differentiated by read or write type of operations. These should rarely occur.

The following list shows the ENUMs that are associated with this bucket.
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Eye
Enum Catcher Description
60 DSM DASD MANAGEMENT OPS: FIND COMPRESSION GROUP
61 DSM DASD MANAGEMENT OPS: DEALLOCATE COMPRESS GROUP
62 DSM DASD MANAGEMENT OPS: READ COMPRESSION DIRECTORY
63 DSM DASD MANAGEMENT OPS: WRITE COMPRESSION DIRECTORY
64 DSM DASD MANAGEMENT OPS: INIT COMPRESSION START REORG
65 DSM DASD MANAGEMENT OPS: MIRROR READ SYNC
66 DSM DASD MANAGEMENT OPS: MIRROR REASSIGN SYNC
67 DSM DASD MANAGEMENT OPS: MIRROR WRITE VERIFY SYNC
68 DSM DASD MANAGEMENT OPS: READ
69 DSM DASD MANAGEMENT OPS: READ DIAG
70 DSM DASD MANAGEMENT OPS: VERIFY
71 DSM DASD MANAGEMENT OPS: VERIFY DIAG
72 DSM DASD MANAGEMENT OPS: WRITE
73 DSM DASD MANAGEMENT OPS: WRITE DIAG
74 DSM DASD MANAGEMENT OPS: WRITE VERIFY
75 DSM DASD MANAGEMENT OPS: WRITE VERIFY DIAG
76 DSM DASD MANAGEMENT OPS: REASSIGN
77 DSM DASD MANAGEMENT OPS: REASSIGN DIAG
78 DSM DASD MANAGEMENT OPS: ALLOCATE
79 DSM DASD MANAGEMENT OPS: ALLOCATE DIAG
80 DSM DASD MANAGEMENT OPS: DEALLOCATE
81 DSM DASD MANAGEMENT OPS: DEALLOCATE DIAG
82 DSM DASD MANAGEMENT OPS: ENABLE AUTO ALLOCATE
83 DSM DASD MANAGEMENT OPS: DISABLE AUTO ALLOCATE
84 DSM DASD MANAGEMENT OPS: QUERY COMPRESSION METRICS
85 DSM DASD MANAGEMENT OPS: QUERY COMPRESSION METRICS DIAG
86 DSM DASD MANAGEMENT OPS: COMPRESSION SCAN READ
87 DSM DASD MANAGEMENT OPS: COMPRESSION SCAN READ DIAG
88 DSM DASD MANAGEMENT OPS: COMPRESSION DISCARD TEMP DATA
89 DSM DASD MANAGEMENT OPS: COMPRESSION DISCARD TEMP DATA DIAG
150 STv MAINSTORE/LOGICAL-DASD-I0: SAR NOT SET
151 SRv MAINSTORE/LOGICAL-DASD-1I0: REMOVE
152 SRP MAINSTORE/LOGICAL-DASD-10: REMOVE IO PENDING
153 SC1 MAINSTORE/LOGICAL-DASD-I0: CLEAR
154 SCP MAINSTORE/LOGICAL-DASD-1I0: CLEAR IO PENDING
156 SUp MAINSTORE/LOGICAL-DASD-I0: UNPIN
157 SUP MAINSTORE/LOGICAL-DASD-I0: UNPIN IO PENDING
177 SMP MAINSTORE/LOGICAL-DASD-I0: POOL CONFIGURATION
178 SMC MAINSTORE/LOGICAL-DASD-I0: POOL CONFIGURATION CHANGE

2.9.12 Bucket 11: DASD operation start contention

These waits occur when a DASD operation start is delayed due to a very high rate of
concurrent DASD operations in progress at the moment it is requested.

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
49 QRR QURESSTACKMSGPOOL, ABNORMAL DASD OP START CONTENTION
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2.9.13 Bucket 12: Mutex/Semaphore contention

These are the block points used by C and C++ programming languages (used by i5/0S, some
licensed program implementations, or user-written application programs), usually in the
POSIX or Portable Application Solutions Environment (PASE) environments, to implement
Mutex and Semaphore waits.

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
15 QMG QUMUTEXGATE, NOT OTHERWISE IDENTIFIED
16 QSm QUSEMAPHORE, NOT OTHERWISE IDENTIFIED

2.9.14 Bucket 13: Journal serialization

This book holds the waits associated with database or other object (such as data queues)
journaling. The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
50 JBo JOURNAL BUNDLE OWNER WAIT FOR DASD COMPLETION
51 JBw JOURNAL BUNDLE WAIT FOR DASD COMPLETION

260 EFJ EPFS: WAIT FOR OS TO FINISH APPLY JOURNAL CHANGES
261 ERJ EPFS: WAIT FOR OS REQUEST TO APPLY JOURNAL CHANGES

Enum 50 is the wait in the thread that is actually performing the DASD write to the journal. It is
the wait for DASD journal writes to complete. Journal uses some fancy approaches to DASD
ops to do their writes absolutely as efficiently as possible. That is why DASD writes to journals
are not accounted for in the DASD write bucket. (It is good for performance analysis to have
these journal writes differentiated).

Enum 51 is the wait that occurs in threads other than the one that’s performing the DASD
writes. For efficiency, multiple jobs or threads can ride along the journal DASD writes
performed by other jobs or threads.

2.9.15 Bucket 14: Machine level gate serialization

40

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
2 QGa QUGATE, NOT OTHERWISE IDENTIFIED
3 QTG QUTRYGATE, NOT OTHERWISE IDENTIFIED

QGa is a very high-performance, low-overhead serialization primitive used by LIC. It is the
type of primitive in which there can be one and only one holder. Normally, QGa is used in
areas in which the anticipated wait time, if any, is very small (microseconds).

Note: Some related block points (QGb, QGc, QGd) are covered in 2.9.33, “Bucket 32:
Abnormal contention” on page 47.
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2.9.16 Bucket 15: Seize contention

Think of seizes as the LIC’s equivalent of locks. A seize almost always occurs on or against
an Ml object (DB2 physical file member, data queue, program, library, user profile, and so
forth). Seizes can conflict with locks and can cause lock conflicts. There is a large variety of
seizes: shared, exclusive, fair, and intent-exclusive. Explaining everything about seizes is
beyond the scope of this book; they are, after all, internal LIC primitives that are subject to
change at any time. If seizes are a significant percentage of a run/wait signature, examining
the call stack, wait object, and holding task or thread (if any) are probably necessary to
understand what is causing the contention.

Seizes are frequently (but not exclusively) associated with database objects and operations.
Concurrent activities in multiple jobs such as opens, closes, journal synchronization points,
access path building, and so forth, might lead to seize waits. Other actions or objects that can
experience seize waits include libraries and user profiles during high rates of concurrent
create or delete activity in multiple jobs.

This bucket is the first mention of the term holding task (or holding thread). However, Job
Watcher has the ability to determine the holder for more than just seize waits. It can do so for
locks, database record locks, and other wait ENUMs based on a low-level serialization
primitive called a gate.

In the area of waiters and holders, it needs to be pointed out that the waiter (the job or thread
that is experiencing the wait) is frequently the victim, not the culprit. Therefore in a number of
situations, it is more important to concentrate on the holders because they are affecting the
waiters.

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
100 Rex SEIZE: EXCLUSIVE
101 Rex SEIZE: LONG RUNNING EXCLUSIVE
102 Rsh SEIZE: SHARED
103 Rix SEIZE: INTENT EXCLUSIVE
104 Ris SEIZE: INTENT SHARED
105 Rfa SEIZE: FLUSH ALL
106 Rdx SEIZE: DATABASE EXCLUSIVE
107 Rii SEIZE: INTERNAL INTENT EXCLUSIVE
108 Rot SEIZE: OTHER
109 RTk SEIZE: LOCK CONFLICT
112 RXX SEIZE/LOCK IMPOSSIBLE
125 Rsp SEIZE: OFF-LINE IASP
126 Rra SEIZE: RELEASE ALL
127 Rrs SEIZE: RELEASE
133 Rss SEIZE/LOCK: INTERNAL SERVICE TOOLS HASH CLASS GATE
135 Rmf SEIZE: MONITORED FREE
141 Rcu SEIZE: CLEANUP
143 Rsv SEIZE/LOCK: SERVICE
320 SOo COMMON MI OBJECT CHECKER: SEIZE OBJECT
321 SOi COMMON MI OBJECT CHECKER: SEIZE FOR IPL NUMBER CHECK

2.9.17 Bucket 16: Database record lock contention

The typical record lock contention occurs when a holder has the record (SQL row) locked for
an update or exclusively for a short period of time.
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The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
110 RDr DB RECORD LOCK: READ
111 RDu DB RECORD LOCK: UPDATE
123 RDw DB RECORD LOCK: WEAK
134 Rxf DB RECORD LOCK: TRANSFER
136 Rck DB RECORD LOCK: CHECK
139 Rex DB RECORD LOCK: CONFLICT EXIT

2.9.18 Bucket 17: Object lock contention

These are the conflicts between threads involving objects. The OS frequently needs and
obtains locks during such operations as:

v

Opening a DB2 file

» Creating or deleting an object into a library
» Moving an object to a different library

» Ownership changes

The operating system can also use symbolic locks as a serialization mechanism. These are
called space location locks.

Application code can explicitly use locks via the Allocate Object (ALCOBJ) command.

The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
113 RIr LOCK: SHARED READ
114 RIo LOCK: SHARED READ ONLY
115 RIu LOCK: SHARED UPDATE
116 RIa LOCK: EXCLUSIVE ALLOW READ
117 RIe LOCK: EXCLUSIVE NO READ
118 RMr LOCK: SEIZE CONFLICT, EXCLUSIVE
119 RMo LOCK: SEIZE CONFLICT, SHARED
120 RMu LOCK: SEIZE CONFLICT, INTENT EXCLUSIVE
121 RMa LOCK: SEIZE CONFLICT, INTENT SHARED
122 RMe LOCK: SEIZE CONFLICT, INTERNAL INTENT EXCLUSIVE
124 RMm LOCK: MATERIALIZE
128 Rdo LOCK: DESTROY OBJECT
129 Rdp LOCK: DESTROY PROCESS
130 Rdt LOCK: DESTROY THREAD
131 Rdx LOCK: DESTROY TRXM
132 Rar LOCK: ASYNC RETRY
137 Rtr LOCK: TRACE
138 Rul LOCK: UNLOCK
140 Rlc LOCK: LOCK COUNT
142 Rpi LOCK: PROCESS INTERRUPT

Note: The ENUMs with the word SEIZE in the description are lock conflicts caused by
existing seizes on an object.
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2.9.19 Bucket 18: Other waits

This is the Job Watcher's wait accounting bucket for miscellaneous wait types.

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher
1 QCo
4 QTB
5 QUW
6 QQu
7 QTQ
9 QPo
10 QMP
11 QMP
12 QsP
13 QsSC
17 QSB
240 RCA
241 RCI
242 RCM
243 RCB
244 RCB
245 RCE

Description
QUCOUNTER, NOT OTHERWISE IDENTIFIED
QUSINGLETASKBLOCKER, NOT OTHERWISE IDENTIFIED
QUUNBLOCKWHENDONE, NOT OTHERWISE IDENTIFIED
QUQUEUE, NOT OTHERWISE IDENTIFIED
QUTREEQUEUE, NOT OTHERWISE IDENTIFIED

QUPOOL, NOT OTHERWISE IDENTIFIED
QUMESSAGEPOOL, NOT OTHERWISE IDENTIFIED
QUSIMPLEMSGPOOL, NOT OTHERWISE IDENTIFIED
QUSTACKLESSMSGPOOL, NOT OTHERWISE IDENTIFIED
QUSTATECOUNTER, NOT OTHERWISE IDENTIFIED

QUSYSTEMBLOCKER, NOT
FUNCTIONS:
FUNCTIONS:
FUNCTIONS:
FUNCTIONS:
FUNCTIONS:
FUNCTIONS:

LIC CHAIN
LIC CHAIN
LIC CHAIN
LIC CHAIN
LIC CHAIN
LIC CHAIN

OTHERWISE IDENTIFIED

SMART CHAIN ACCESS

SMART CHAIN ITERATOR

CHAIN MUTATOR

SMART CHAIN PRIORITY BUMP 1
SMART CHAIN PRIORITY BUMP 2
CHAIN ACCESS EXTENDED

In the list, the ENUMSs with eye catchers beginning with a Q are the generic wait points. They
are the low-level LIC blocks that have not (yet) been uniquely identified. These ENUMSs will be
seen when LIC blocks code that has not gone out of its way to uniquely identify the block
point. The only identification that exists is the differentiation afforded by the type of LIC
blocking primitive used. A few opinions can be offered for some of them:

» QCo is frequently used for timed waits. The wait used at the core of the DLYJOB
command is a QCo wait. It is also used by POSIX condition variable waits.

» QTB is a wait primitive used for many purposes (unfortunately). About the only generic
statement that can be made on it is that it is used when a thread or task is waiting for a
specific action to happen on its behalf, explicitly for that thread or task.

For example, waiting for synchronous DASD reads and writes to complete uses QTB
blocks. Fortunately, DASD reads and writes have further been identified, so they are
covered by their own unique buckets. They are not lumped into QTB (see other buckets).

2.9.20 Bucket 19: Main storage pool overcommitment

These waits indicate that one or more main storage pools are currently overcommitted.
Regular operations, such as explicit DASD reads or page faults, are being delayed in order to
locate free main storage page frames to hold the new incoming data.
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The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
155 GCP MAINSTORE/LOGICAL-DASD-I0: CLEAR PAGE OUT WAIT
160 GRQ MAINSTORE/LOGICAL-DASD-I0: DASD READ PAGE OUT WAIT
163 GFP MAINSTORE/LOGICAL-DASD-I0: PAGE FAULT PAGE OUT WAIT
166 GRR MAINSTORE/LOGICAL-DASD-I0: ACCESS GROUP READ FOR FAULT PAGE OUT
169 GWP MAINSTORE/LOGICAL-DASD-I0: DASD WRITE PAGE OUT WAIT
173 SPw MAINSTORE/LOGICAL-DASD-IO: PAGE OUT WAIT, POOL OVERCOMMITMENT

2.9.21 Bucket 20: Java user (including locks)

The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
200 JUW JAVA: USER WAIT
201 JSL JAVA: USER SLEEP
203 JSu JAVA: SUSPEND WAIT
209 JoL JAVA: OBJECT LOCK
304 JSG JAVA: SYNCHRONOUS GARBAGE COLLECTOR WAIT
305 JSF JAVA: SYNCHRONOUS FINALIZATION WAIT

2.9.22 Bucket 21: Java JVM

44

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
302 JWH JAVA: GARBAGE COLLECTOR WAIT HANDSHAKE WAIT
303 JPH JAVA: PRIMARY GC THREAD WAIT FOR HELPER THREADS DURING SWEEP
306 JGW JAVA: GARBAGE COLLECTOR WAITING FOR WORK
307 JFW JAVA: FINALIZATION WAITING FOR WORK

Enums in the Java user bucket represent wait points that a customer application or other
third-party software can request of a Java Virtual Machine (JVM). The wait points are entered
only when the customer application specifically requests the JVM to enter the desired wait. If
the waits in this category are very frequent or endure for extended periods of time, the user
should investigate the wait and determine if the frequency or duration is something that is
unexpected.

Special consideration should be given to the Java Object Lock bucket. Waits in the Java
Object Lock bucket should be neither frequent nor long. Frequent Java Object Lock waits are
an early indication of an application that will not scale as the number of users is increased.
Long Java Object Lock waits indicate an application contention point and reduce the
throughput that the application will achieve.
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2.9.23 Bucket 22: Java (other)

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
202 JWC JAVA: WAIT FOR COUNT
204 JEA JAVA: END ALL THREADS
205 JDE JAVA: DESTROY WAIT
206 JSD JAVA: SHUTDOWN
207 JCL JAVA: CLASS LOAD WAIT
208 JSL JAVA: SIMPLE LOCK
300 JGG JAVA: GARBAGE COLLECTOR GATE GUARD WAIT
301 JAB JAVA: GARBAGE COLLECTOR ABORT WAIT
309 JGD JAVA: GARBAGE COLLECTION DISABLE WAIT
310 JGE JAVA: GARBAGE COLLECTION ENABLE WAIT

2.9.24 Bucket 23: Socket accepts

These are socket op block points associated with the socket accept() API call. Normally, but

not always, these represent a thread waiting for work.

The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
210 STA COMM/SOCKETS: SHORT WAIT FOR ACCEPT
211 LTA COMM/SOCKETS: LONG WAIT FOR ACCEPT

2.9.25 Bucket 24: Socket transmits

These are waits associated with Socket API calls that are sending and transmitting data.

The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
212 STS COMM/SOCKETS: SHORT WAIT FOR TCP SEND
213 LTS COMM/SOCKETS: LONG WAIT FOR TCP SEND
216 SuUS COMM/SOCKETS: SHORT WAIT FOR UDP SEND
217 LUS COMM/SOCKETS: LONG WAIT FOR UDP SEND

2.9.26 Bucket 25: Socket receives

These are waits associated with socket API calls that are receiving data.

The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
214 STR COMM/SOCKETS: SHORT WAIT FOR TCP RECEIVE
215 LTR COMM/SOCKETS: LONG WAIT FOR TCP RECEIVE
218 SUR COMM/SOCKETS: SHORT WAIT FOR UDP RECEIVE
219 LUR COMM/SOCKETS: LONG WAIT FOR UDP RECEIVE
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2.9.27 Bucket 26: Socket (other)

The primary wait points that should be seen from this bucket involve the SELECT socket API.
That API can be used by an application for a variety of complex waiting scenarios.

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
220 SAS COMM/SOCKETS: SHORT WAIT FOR IO COMPLETION
221 LAS COMM/SOCKETS: LONG WAIT FOR IO COMPLETION
222 SSW COMM/SOCKETS: SELECT SHORT WAIT
223 SLW COMM/SOCKETS: SELECT LONG WAIT

2.9.28 Bucket 27: IFS pipe

These waits are due to Integrated File System (IFS) pipe operations.

The ENUMs associated with this bucket are:

Eye
Enum Catcher Description
252 PPC IFS/PIPE: MAIN PIPE COUNT
253 PRP IFS/PIPE: READ END OF PIPE
254 PWP IFS/PIPE: WRITE END OF PIPE
255 PRW IFS/PIPE: PIPE READ WAITERS
256 PWW IFS/PIPE: PIPE WRITE WAITERS

2.9.29 Bucket 28: IFS (other)

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
250 PRL IFS/PIPE: FILE TABLE ENTRY EXCLUSIVE LOCK
251 PRC IFS/PIPE: LIC REFERENCE COUNT

2.9.30 Bucket 29: Data queue receives

These are the waits on Ml data queue objects.

The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
341 QMd DATA QUEUE WAIT

2.9.31 Bucket 30: Ml queue (other)

These are waits on MI queue objects other than the two preceding types. In general, these
would be internal operating system operations or user queue/dequeue waits.
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Note: For example, most of a subsystem monitor job’s normal wait point is a dequeue on
an MI queue (that is, neither the MI response queue nor a data queue).

The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
342 QMo OTHER MI QUEUE WAIT

2.9.32 Bucket 31: Ml wait on events

Machine Interface event waits are used mainly across jobs by internal operating system
programs.

The following list shows the ENUMSs that are associated with this bucket.

Eye
Enum Catcher Description
330 EMw MI EVENT WAIT

2.9.33 Bucket 32: Abnormal contention

These waits reflect a high rate of concurrent waits and releases occurring against a wide
variety of many of the other wait points listed previously. There are two types of these waits:

» Unsuccessful wakeup retries (QGb, QGc, QGd)
» Waiting in line to buy a ticket that gets you into the main wait line (QWL)

The following list shows the ENUMs that are associated with this bucket.

Eye
Enum Catcher Description
8 QRP QURESSTACKMSGPOOL, NOT OTHERWISE IDENTIFIED
14 QWL QUWAITLIST, WAITING FOR ACCESS TO A WAIT LIST
40 QGb QUGATEB, ABNORMAL QUGATE CONTENTION, FIRST RETRY
41 QGc QUGATEC, ABNORMAL QUGATE CONTENTION, SECOND RETRY
42 QGd QUGATED, ABNORMAL QUGATE CONTENTION, THIRD RETRY

Now that you are familiar with the concept of waits and wait groupings, you are better
prepared to take advantage of the Job Watcher data by using the run/wait graphing support.
In the next chapter we explain how to set up, run, and generally navigate through the Job
Watcher functions and interfaces.

However, we provide one more topic on waits, from a Management Central System Monitor
viewpoint. This is to illustrate the interdependence between System Monitor - Job Details wait
information and Job Watcher wait bucket mappings of the same detailed wait “blocks”
collected by the system.

The next topic expands on the Management Central mapping of wait buckets as described
earlier in the shaded “Important” boxes under:

» 2.8.1, “Do wait buckets defeat the purpose of many block points?” on page 30
» Table 2-3 on page 30
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2.10 Management Central’s use of wait bucket mapping

The job detail information available through the System Monitor-Show Properties function
uses a default mapping of the wait bucket information collected by the system’s microcode
unless a Job Watcher collection has been started at least once.

Refer to the Job Watcher wait buckets listed in Table 2-3 on page 30 while reading this topic.

Collection Services is actually collecting the performance data for the system monitor and
uses the mapping in effect each time it collects performance data. Assuming Job Watcher has
not been active on your system or partition since the last IPL, Management Central uses the

default wait mappings (as Counter Set nn wait labels) as shown in Figure 2-10.

Note that the counter set wait label starts at zero, rather than one. Counter set 0 corresponds
to Job Watcher waits bucket number 1.
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Figure 2-10 System Monitor Job Details default wait buckets mapping
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After a Job Watcher collection has been started within your system or partition, Collection
Services and the System Monitor use the Job Watcher wait bucket mappings in Show
Properties (job details), as shown in Figure 2-11.

¥ Monitor "JCMONJANZE® E]@

File ~Jobs WYiew Graphs Help

w|o| = B8 x|

Status: Started  Systems and groups: Rchasz10

PU Utilization {Interactive Feature) - {7:43:00, 0.00) on Rchas10  Interactive Fe...
@ (g L 1-( , 0.00)

100
80 1 Qpadev000s -
G0 -
. ‘
1 T T h
A7 QpadevoooT -
L |
¥ 4

| O | 0 10 20 30 40!8( 0] il B0 g 100
— | [apadevo007 (100-00)

Property Walue Ll

Stream file bytes written o
Counter Set 0 wait count 5
Counter Set 0 wait time o
Counter Set 0 description TIME DISPATCHED OM A& CPU
Counter Set 1 wait count o
L ' Counter Set 1 wait time o
T Counter Set 1 description ZPU queuing
» Counter Set 2 wait count o
» =|| [Sounter Set 2 wait time o
Counter Set 2 description TOTAL WAIT TIME
Counter Set 3 wait count o
Counter Set 3 wait time o
Counker Set 3 description Reserved
Counter Set 4 wait count 1
Counter Set 4 wait time
Counter Set 4 description DASD (PAGE FALLTS) w
(Qpadev0007 (100.00)
Property Walue Ll
Counter Set 5 wait count 1] Qpadev0007 (100.00)
Counker Set 5 wait time u} Property Yalue -~
Counter Set 5 description DASD NON-FALLT READS Counker Set @ description DASD (OTHER READS OR WRI...
Counter Set & wait count z Counter Set 10 wait count 0
Counter Set 6 wait time 1599765 Counter Set 10 wait time i}
Counter Set & description DASD SPACE USAGE COMTEN... Counter Sek 10 description DASD OP-START COMTENTION
Counter Set 7 wait count 0 Counter Set 11 wait count 0
Couriter Sek 7 walt time 0 Courter Set 11 wait time i
Counter Set 7 description Idle | waiting For wark Counter Set 11 description MUTE/SEMAPHORE COMTEM. .,
Counter Set & wait count 0 Counter Set 12 wait count 0
Couriter Sek & walt time 0 Caunter Set 12 wait time i
Counter Set & description DASD WRITES Counter Sek 12 description JOURMAL SERIALIZATION
Counter Set 9 wait count 0 Counter Set 13 wait count 0
Couriter Setk 3 wait time 0 Counter Set 13 wait time i
Crannber SeE 9 desrrinkinn MASH (OTHFR RFAMNS OR WRT... Counter Sek 13 description M&CHINE LEYEL GATE SERIAL. ..
Counter Set 14 wait count o
Counter Set 14 wait time o
Counter Set 14 description SEIZE CONTEMNTION w

Figure 2-11 System Monitor Job Details after Job Watcher wait buckets mapping

The mapping at the time the System Monitor - Show Properties job details are shown uses
either the default mappings or the Job Watcher mappings if a Job Watcher collection has
been at least started. If a Job Watcher collection starts while a System Monitor is running, the
next refresh of the job detail properties uses the Job Watcher mapping.

The default wait bucket mapping is restored at the next system power on or LPAR partition
activation.
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Getting started

In this chapter we cover what is new in V5R3 Job Watcher and familiarize you with how to
obtain Job Watcher and navigate through its array of functions. We show various options in
the Job Watcher wizard and provide a basic understanding of the more commonly used

g

raphs.

The topics we include cover include:

>

>

>

Enhancements to Job Watcher at V5R3MO

An overview on how to obtain Job Watcher

Starting a Job Watcher collection

How to use data collection options

Examples of viewing system-wide or job-specific signatures

Example of zeroing in on a selected portion of a signature

Example of the most commonly used data collections and graphical views of data

Attention: The figures shown in this book that have bar and line graphical displays consist
of multiple colors in real life. These figures are best viewed online in real color, rather than
in printed format which typically shows only black, white, and shades of gray, to understand
what is being described.
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3.1 Enhancements to Job Watcher at V5R3MO0

We highlight the V5R3 level of Job Watcher usability and functionality improvements and then
proceed with to how to obtain Job Watcher, leading to its general capabilities and navigation.
If you are not familiar with Job Watcher in previous releases, just read this book!

3.1.1 The collection engine

»

3.1.2 GUI

Completely rewritten engine, providing faster and more efficient collection with more
options. Reference 3.3, “Starting a Job Watcher collection” on page 54 for more details.

Dramatically less data collected per time interval, with corresponding dramatic reduction in
the resources consumed by the collecting job. V5R3 Job Watcher adopts a design similar
to Collection Services: only a tiny amount of information is put into DB2 files for jobs,
threads, and tasks that have been completely idle for a Job Watcher snapshot interval.

Data collection only for active threads and tasks, reducing the number of bytes consumed
for call stack information.

In the V5R2 version, it was not even possible to collect call stacks for every thread or task,
only for those that were running or in certain types of predetermined waits. It would have
been impractical to allow all threads or tasks to have their call stacks harvested, because
the engine did not differentiate between active and idle threads or tasks.

New ways to select which jobs and tasks to collect: system-wide, unique, or generic job or
task name, pool ID, subsystem, taskcount, current user profile.

Options for dynamically selecting which call stacks to collect; or all can be collected.

An option to periodically write Job Watcher data in huge blocks rather than every interval,
providing significant collection time performance improvement at the cost of delays in
seeing the data.

Multiple ways to end a collection: DB size limit, number of seconds, number of intervals,
selected jobs or tasks become inactive.

ASP threshold option added to end collection if total disk space exceeds a specified limit.2

New graphs, for example: transactions, CPU by priority, system-wide seize contention per
interval

New graph categories to make it easier to locate the data of interest

New property pages at summarized (over multiple jobs) and detailed levels (a single job)
to consolidate information and make analysis easier

New options to manipulate Job Watcher data providing copy, FTP, save, and restore
support using the GUI or 5250 commands

Easier-to-use Collection Wizard
Automatic font resizing in graph views
Enhancements to the query definition interface

Improved call stack viewer, with information about why the call stack was collected and an
option to view the call stack for the holding job if appropriate

Database sizes now listed for each Job Watch collection

1 This is available only when starting Job Watcher using the WCHJOB command from the QIDRWCH library.
2 The default is to use ASP threshold and can be changed only when using the QIDRWCH/WCHJOB command.

52 IBM iDoctor for iSeries Job Watcher: Advanced Performance Tool



3.1.3 Naming

All iDoctor component libraries have now been renamed to begin with QIDR:

» New library QIDRWCH replaces QPYRTJW.

» New library QIDRGUI replaces QYPBASE.

» Database files named QAPYJW?* instead of QPYRT* ship with OS in library QSYS.
V5R3MO enhancements descriptions used in this book come from the following Web site:
https://www-912.ibm.com/i_dir/idoctor.nsf/fagNewAtV5R3.html

3.2 How to obtain Job Watcher

If you do not already have Job Watcher installed on your iSeries or i5 server, you can obtain a
45-day trial version by filling out and submitting a trial agreement form located at:

https://www-912.ibm.com/i_dir/idoctor.nsf/JWTrialAgreement.htm]

For the trial agreement form, you must provide:

» The serial number of your iSeries or i5 system
» Your OS/400 version and release level

After the form is submitted, you should receive a reply e-mail within 24 hours that will contain
a temporary access code. The access code can be added either during the installation of Job
Watcher or after Job Watcher has been installed. The access code must be entered before
you can start a Job Watcher collection or analyze an existing Job Watcher collection that has
been restored from another iSeries or i5 system.

As Figure 3-1 shows, all iDoctor components including Job Watcher can be downloaded from:
https://www-912.ibm.com/i_dir/idoctor.nsf/downloadsV5R3.htm1

Address @j https: ffwn-912,ibm, comyi_dir fidoctor . nsffdownloadsvsr3, heml
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Country fregion [select] Termsz of use

Home Products Services & solutions Support & downloads My account

iSeries support I Ig“] (@qp],v(\!,_
Consulting services V5 RBMD
Documentation
_Build and_download Last updated 13 Jan 2005 (2:00 pm CST).
information =+ Installation FAGQs
< WSRIMO Install Image Build Level Required PTFs :
S WSREZMO b watch S00050-CO0367 = Reaister for a 45 day
atcher (2.86MB) 5 e be MF34003, SI15800 Job watcher trial
S WSRIMO an ter f p
-+ Register for a 45 day
- Client updates * PEx Analyzer (16,7MB) S00063-CO0367 N
13 Jan 2005 Mone FPEX Analyzer trial
= Dernos
. g:lr:ice representatives PTE information Request a price quote
#» To download these PTFs to your system, we suggest you use Fix =+ Job Watcher
s Central, _
Heap Analysis Tools for #» The PTFs must be loaded and applied. -+ PEX Analyzer
Java™
Job Watcher Popular links
L -+ Required PTFs
PTDY
-+ How to determine the
latest build level
Related links
ao

Figure 3-1 Job Watcher download Web site (March 2005)

Click the Job Watcher link to begin the download process. Appendix A, “Installing and
uninstalling Job Watcher details” on page 191 has detailed installation instructions.
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3.3 Starting a Job Watcher collection

In this section we show how to start a Job Watcher collection using the iDoctor GUI front end.
The install process added an icon to your desktop that you can use to access iDoctor, or you
can access the iDoctor for iSeries link from the Start menu.

3.3.1 Connecting to your system

1. Add a connection. If your system is not listed under the My Connections window, use the
Add Connection option from the File pull-down menu to add your system to the list of
available systems (Figure 3-2).

k& iDoctor for iSeries (=[]
File Edit View Window Help
A R
Close
Add Connection... E]@
% Description
Exit

iDoctor for iSeries

Figure 3-2 Add Connections

2. Enter your system name (Figure 3-3) and click OK.

. i . . ()8
Fleaze provide the following information about the iS eries _

zerver o connect ta.
Cancel
)g Server: RCHASMZS
Description: ||—

Figure 3-3 Add Connection: enter system name
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3. Double-click the system name and, in the pop-up window, enter your iSeries user ID and
password (Figure 3-4).

k&4 iDoctor for iSeries = BB

sﬂ|><|AF0|$\

E My Connections

FErIVTr N - — T

=

System

T

Signon to iSeries x

B Rehasm27 System: Irchasm25 !
User ID: Imyuser m

Password: Ixxxxxxxx

QK. Cancel

iDoctor for iSeries

Figure 3-4 User profile verification

3.3.2 Access Job Watcher

After your user profile and password are validated, the iDoctor application panel displays a list
of all iDoctor components that are installed on your system.

1 iDoctor Components ﬁ

1 ze thiz interface to work with the iDoctor for iSeries components on your system. 'ou may also apply
access codes bo pour syztem that were given to you by [B zervice o authorize uze o a compaonent,

Connected to system FchasmZ5 with uzer TOMED Charge ser |

— Component list for gystem Bchazm25:
ﬂ Component | Status
Job Watchsr  Awailable
Heap Analyzer Available
PEX Analyzer Awailable

Launch

To authorize use for a companent, enter the access code below:

_ Leweh|
Access code: I— ol |
[

Figure 3-5 iDoctor Application component list

Chapter 3. Getting started 55



If you added the Job Watcher access code during the installation, the status will display as
Available and you can either double-click Job Watcher or highlight Job Watcher and select
Launch to continue.

If a status of error shows for Job Watcher, it probably is the result of not applying either the
required PTFs or the access code. If you need to add the access code, enter it in the window
and click Apply to make Job Watcher available.

The latest list of required Job Watcher PTFs can be found on the Job Watcher download site:
https://www-912.ibm.com/i_dir/idoctor.nsf/downloadsV5R3.html

3.3.3 Starting the Job Watcher collection wizard

56

The following steps show how to use the Job Watcher collection wizard to start a Job Watcher
collection. If this is the first time Job Watcher has been started and there is no existing Job
Watcher data on the system, skip to step 2 on page 57 to go directly to the wizard.

1. When there is existing Job Watcher data on the system, right-click Job Watcher in the left
pane and select Start Job Watch (Figure 3-6).

k&4 iDoctor for iSeries g@ =
File Edit View Window Help
A lmo &
ﬁ @ Rchasm25: Job Watcher - #
Systel|| = Job Wai — e =
E—— Explore
B ® Start Job \“Iatm.%; 5 callstk or other opts
! R Migrate guery and=graph definitions | hostvar every int
Open MNew Data Viewer B stmt + hostvar every int
ec stmt-+hostvar+prepstmtary-+eur all int
Froperties  hostvar ath int
Gﬂ:ﬁlhtﬁ SQL last exec stmt + hostvar every int
GADht7 SQL last exec stmt-+hostvartprepstmtary-reur all int
(i ke
Rchasm25: Job Watcher 1- 5 of 8 objects

Figure 3-6 Start Job Watch
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2. The Job Watcher Wizard welcome window (Figure 3-7) opens. Click Next to define your
Job Watcher startup options and start the collection process.

Job Watcher Wizard - Welcome - Rchasm25

Welcome to the iDoctor for iSeries Job Watcher Wizard
This wizard will guide you through the process of creating a job watch.
Your request to create a job watch will be submitted to a batch job on the

server. This job may take a considerable amount of time to complete
depending on the options provided.

Click Cancel at any time to exit the wizard

| Cancel Help

Figure 3-7 Job Watcher Wizard

3. In the Startup Options window (Figure 3-7) we define the basic startup options:

Definition: A definition is a stored set of parameter settings that can quickly be reused
to set up and run multiple job watches that use the same startup options. To create a
definition, enter a name in the window and select Save As. To use an existing
definition, select the desired definition name from the pull-down menu. The startup
options from the selected definition are loaded into the wizard.

Job Watch Name: This is a 10-character collection name that will be used as the file
member name when creating each member in the Job Watcher output files.

Library: This is the name of the library on the iSeries where your Job Watcher
collection output files will be created. If the library does not already exist, Job Watcher
asks whether you want to create the library now. If you decide not to create the library,
you must specify a library that already exists.

Interval duration: The approximate elapsed time in seconds between each data
collection sample. On a very busy system it is possible for the Job Watcher collection
job to take slightly longer than the specified interval duration to complete (1/10 second
longer has been observed).

There is also the option to collect the data as fast as possible. If the Collect as fast as
possible box is checked, the interval duration parameter will be grayed out.

Note: Job Watcher can collect a large amount of data in a very short period of time
when collecting as fast as possible.
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Job Watcher Wizard - Startup Options - Rchasm23

Job Watcher Startup Options:

Defirition: “NONE ~| Delete.. | Save As|
Job Watch EXAMPLE

Mame:

Library: JOBWATCHER

Interval 5 0.1 - 3,600.0 seconds
duration:

I Collect as fast as possible

Maximum data 1000 1-333333 MB
to collect:

Description: Job Watcher example

Data collection :

options. Corfigure... J

< Back MNext = Cancel I Help

Figure 3-8 Startup Options

Tip: When trying to determine the programs or procedures that are causing high
CPU usage in a specific job, set the collection interval to as fast as possible and
have the collection run for a duration of no more than five minutes. This will produce
a more accurate view of what programs or procedures are using CPU.

— Maximum data to collect: This is the maximum size that you allow the Job Watcher
output database to grow in megabytes. Valid options are 1 to 999,999. If you happen to
enter a value larger than the space available on your system, Job Watcher will stop
automatically when your DASD threshold is reached. We go into more detail on
stopping Job Watcher in 3.4, “Stopping a Job Watcher collection” on page 78.

— Description: A description is optional but may be helpful if someone else will analyze
this data, in which case you may want to describe why you started this collection.

— Data collection options: Described in the next section, “Data collection options.”

3.3.4 Data coliection options

Selecting the Configure button next to Data collection options gives you the ability to fine
tune your data sampling. Learn more about the following topics and figures in the iDoctor
documentation, which you can download from:

https://www-912.ibm.com/i_dir/idoctor.nsf/documentation.html

Data collection options: call stack

By default, Job Watcher collects call stacks during every interval. See Table 3-1 on page 59
for a description of each option. In Figure 3-9 on page 59 we have selected Advanced so that
you can see these additional options.
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Job Watcher Wizard - Data Collection Options @

Call stack collection frequency:
" Every interval
" Never
" Only eveny Nth interval

+ Advanced

microseconds

Call Stack ] saL ] Activation Groups ] Sockets/Communications

Indicate below how call stacks should be collected for the active jobs collected in the Job Watch.
Call stacks for jobs in idle waits are never collected.

[ Collect the call stack only for jobs in corflict with other jobs longer than N microseconds

Caollect the call stack only for jobs in a "bad wait” fike a seize condition) longer than M

N:  [10000 0 - 4,000.000,000

N: 10000 0 - 4,000.000.000

s |

Figure 3-9 Data Collection Options: Call Stack tab

Tip: Call stack information can be useful in determining what programs or procedures are
responsible for wait conditions such as objects locks and seizes. This facilitates a shorter

problem resolution time.

Table 3-1 gives a description of each of the available options.

Table 3-1 Call stack options

Call stack options

Description

Every Interval

The call stack will be collected every interval for every active job in the
collection. An active job is a job that used CPU.

Never

The call stack will never be collected

Only every Nth. interval

The call stack will be collected only for active jobs every Nth interval.
Selecting this displays a field where the value of Nth can be entered.

For example, if the value for Nth is 5, then only jobs that used CPU
every 5th interval of the collection will be collected.

Advanced

Provides the option to dynamically collect call stacks based on
performance statistics found in the data. Choosing this option enables
you to collect call stacks, for example, for only those jobs that are in
conflict or holding other jobs longer than a specified time, or only for
jobs that are in a bad wait condition, such as a seize.
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Data collection options: SQL

On the SQL tab, the default is Do not collect any SQL statements. In Figure 3-10, we selected
to collect Active SQL statements and host variables. Chapter 5, “SQL, call stack, and journal
analysis examples” on page 125, shows SQL statement data collection examples.

Job Watcher Wizard - Data Collection Options @

Call Stack SGL | Activation Groups ] Sockets/Communications

Indicate below the type of SQL information that should be collected and the how often it should be ‘
collected.

SQL collection type:

" Do not collect any SQL statements
+ Active SCL statements and host varables
(" Last executed SOL statements and host variables

" Last executed SQL statemerts, host variables, prepared statement amays and open cursors

SQL collection frequency:

" Every interval

+ Only every Nth interval Walue for N: ~ 2-1000

QK | Cancel | Help

Figure 3-10 Data Collection Options: SQL
Table 3-2 gives a description of each of the available SQL options.

Table 3-2 SQL options

SQL options Description

Do not collect any SQL statements | No SQL statements will be collected.

Active SQL statements and host SQL statements and host variables will be collected for any job
variables that is currently running SQL statements within the collection.

Last executed SQL statementsand | Collects the last executed SQL statement and host variables for

host variables every job in the collection, for every interval the job is active.

Last executed SQL statements, Collects the last executed SQL statement and host variables for

host variables, and prepared every job in the collection, for every interval the job is active. It

statement arrays also collects information about prepared statement arrays and
open cursors for the job running the SQL statement.

SQL collection frequency This displays only if you select one of the options to collect SQL
statements. You can collect every interval or only every Nth
interval.

Tip: Active SQL statements and host variables are used when analyzing a performance
issue where we are unsure if SQL is being used. The collected data shows any jobs using
SQL, and if they are long running SQL statements they appear across multiple intervals.
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Data collection options: Activation groups
Figure 3-11 shows the Activation Groups tab. The default is to not collect any activation group
information. For a complete description of each option, see Table 3-3.

-

Job Watcher Wizard - Data Collection Options @

should be collected.

{+ Every interval

Call Stack | SQL  Activation Groups

Indicate below the type of activation group information that should be collected and how often it

Activation group collection type:

" Do not collect any activation group information
{+ Activation group counters in file QAPYJWPRC

™ Activation group counters and complete details

Activation group collection frequency:

™ Only eveny Nth interval

Sockets/Communications

Figure 3-11 Data Collection Options: Activation Groups tab

Tip: Heavy activation group create and delete activity is very expensive, and a significant
increase can indicate a problem such as a new level of software with some non-optimal
performance design choices.

Table 3-3 lists a description for each of the available options.

Table 3-3 Activation group options

Activation group options

Description

Do not collect any activation
group information

No activation group data will be collected.

Activation group countersin
file QAPYJWPRC

If this option is selected, counters in the gapyjwprc file (the job or
process information file) will be filled. The fields that will be filled are
curnumactg (current number of activation groups) and curnumact
(current number of activations).

Activation group counters
and complete details

Collects the activation group counters in the prior option as well as
additional files containing complete information about the activation
groups for all jobs in the Job Watch:

gapyjwaigp - general activation group information

gapyjwaihp - activation group heap sizes and counts

gapyjwaipa - list of programs in each activation group collection

Activation group collection
frequency

This is available only if you select one of the options to collect activation
group data. You can collect every interval or only every Nth interval.
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Socket communication data collection options
On the Sockets/Communications tab (Figure 3-12), the default is to never collect socket
communications data. Table 3-4 lists a description for each option.

Job Watcher Wizard - Data Collection Options @

* MNever

" Every interval

Call Stack | SQL | Activation Groups ~Sockets/Communications
Indicate below whether or not socket communications data should be collected:

Sockets data collection frequency:

" Only every Nth interval

|

Cancel Help |

Figure 3-12 Data Collection Options: Sockets/Communications tab

Table 3-4 is a description of each of the available options.

Table 3-4 Sockets/Communication data collection options

Option

Description

Never

Never collect socket or communication data.
Never is currently the default option.

Every Interval

Collect socket and communication data every interval

Only every Nth interval

The socket and communication data will be collected only for
active jobs every Nth interval. Selecting this field will display a
field where the value of Nth can be entered.

For example, if the value for Nth is 5 then only every 5th
interval of the collection will be collected.
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3.3.5 Job and task options

In this section we define what jobs and tasks we want to collect in our Job Watcher collection.

Job Watcher Wizard - Job/Task Option - Rchasm25 -|

Indicate below whether to collect all jobs and/or tasks orto select
specific jobs and tasks.

Jobtask selection:

* Include all jobs and tasks

" Include all jobs
" Include all tasks

" Select specific jobs and tasks

™ Collect idle jobs/tasks on 1st interval

Allows job/task names that are idle throughout the entire
collection to be visible in the graphs.

< Back Mext > | Cancel | Help [

Figure 3-13 Job/Task Options window

Table 3-5 has a description of each option.

Table 3-5 Jobs/Tasks options

Option Description

Include all jobs and tasks This option includes all user and system jobs as well as all system
tasks. Prior to V5RS3 this was called a system-wide collection.

Include all jobs This option includes all user and system jobs.

Include all tasks This option includes all system tasks.

Select specific jobs and Selecting this option provides additional panels where we can specify

tasks specific jobs or tasks that you want to include in your collection. See
“More on selecting specific jobs and tasks” on page 64.

Collect idle jobs on first Selecting this option forces all jobs and tasks to be included in the first

interval interval. Normally only jobs and tasks that use CPU during an interval

would be included. If starting Job Watcher when a problem is already
in progress, it is a good idea to include idle jobs and tasks. If starting
Job Watcher prior to a problem occurring there is no need to include
idle jobs and tasks.
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3.3.6 More on selecting specific jobs and tasks

Currently there are six different methods you can use to select jobs and tasks that you want to

include in your Job Watcher collection. Use the pull-down menu next to Select by to select
the method you want to use (Figure 3-14).

Job Watcher Wizard - Job/Task Selection - Rchasm25
Indicate the jobs, tasks and/or threads you wish to include in your Job Watch below:
Select by: |.Ju:|b name J\Jq Add...
Job name
JobAask selection critera: Task name Remaove
Cument user profile
Selection| Selection Task count
Type Subsystem name
Pool ID
< Back Next = Cancel Help
Figure 3-14 Job/Task Selection

In this section we cover these six methods and explain how to use them.
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Job name

Clicking Add displays a panel that enables you to create a list of jobs by using filters. You can
filter the jobs you want to display by using a combination of the following; jobname, job

number, user profile, and current user.

Job Watcher Wizard - Job/Task Selection - Rchasm27

Indicate the jobs, tasks and.or threads you wish to include in your Job Watch below:
Select by: |Uob name =1 .idd..[:
Job/task selection criteria: Remove ‘
Selection| Selection
Type
< Back MNead = Cancel | Help

Figure 3-15 Job/Task selections: Job name

1. In Figure 3-16 we specify the user tomed. By clicking Refresh, we get a list of all jobs that

user tomed has active. By using the pull-down menu for the Status option, we can also

change the status to Jobq. This lists jobs that user tomed has in jobq status.

w

Indicate the jobs to include in pour job vatch below;

Job Filter Information:

Mamme:  [=a] | Murnber: =l L
Uszer  |iomed Current
J LIZEr

Jobz matching the job filker information;

Statusz: |Aclive

4dd

[~

Hefresq

Figure 3-16 Add job list
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2. By highlighting one or more jobs and clicking Add Selected, we add these jobs to our
collection. Click Close to continue.

. jgb wntch mnrd Addhb«sﬂcmmgﬁ

- [0

Indicate the jobs to include in pour job watch below:

—Job Filker Information:

M arne: IxﬁLL Nurnber: I ‘
User: Immed Currest I

LZEr

Add | Refresh ' |

Add Seljg.led |

Jobz matching the job filker information:

Subsystem |Job User MNumber |Function Current  |Entersd
MName User System
On
QBATCH LOOPERI TOMED

003262 STRLOOPER3 TOMED
QINTER. ~ QPADEV(O004 TOMED 003239

QINTER ~ QPADEV0(0 TOMED 003260
QEATCH STRLOOPER TOMED 003261

1HLL04 10:41:38
WERKOBJFDM TOMED 10/11/04 10:39:32
CMDENT TOMED 10v11/04 10:41:12

60 TOMED 1071104 10:41:5¢

<]

Figure 3-17 Add jobs
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3. This returns us to the Job/Task Selection window (Figure 3-18) where we click Next to
continue setting up our Job Watcher collection.

Job Watcher Wizard - Job/Task Selection - Rchasm25

Indicate the jobs, tasks and.or threads you wish to include in your Job Watch below:

Select by: |Job name j Add..
Job/task selection criteria: Remove

Selection |Selection
Type
Jobname LOOPERL/ TOMED / 003262

< Back Mead = Cancel Help

Figure 3-18 Job/Task Selection

Tip: With the Remove button, you can remove any selection that you decide not to include.
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Task name

The task name would be a valid system task. Although we cannot build a list of active tasks as
we could when selecting a job, we can use generic names. For example, include SMP* for all
tasks starting with SMP and this would include the storage management page out tasks.

Using the Select by pull-down menu, choose Task name and click Add to display a window

for entering the tasks that you want to include (Figure 3-19).

Indicate the jobs, tasks and.or threads you wish to include in your Job Watch below:

Select by: |Task name

Job/task selection criteria:

| Add.
Remove

Selection
Type

Selection

& Job Watch Wizard - Add Tasks - Rchasm25

Tazk Infarmation:

=%

Indicate the tasks ta include in your job watch:

genefic hame

Taszk name: |SMF'*1 Add
alloed
Cloze
< Back Next = Cancel Help

Figure 3-19 Add system task name
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You can include multiple system tasks by entering each task name or generic task name

individually and clicking Add. After you have entered all system tasks that you want to

include in your Job Watcher collection, click Close, then click Next to continue.

Job Watcher Wizard - Job/Task Selection - Rchasm25

Indicate the jobs, tasks and.or threads you wish to include in your Job Watch below:

Select by: |Task name

Job/task selection criteria: Remove

Selection | Selection
Type
Task name 3MP*

Task name IPRTROO013

< Back | Mead >%J Cancel Help

Figure 3-20 Job/Task selection

Current user profile

This option is very useful when you want to include jobs in your Job Watcher collection that

run under a generic user profile but service specific users. For example, the QZDASOINIT

jobs are submitted by QUSER. If you display the job and look at the job status attributes you
will see the job’s current user profile, which is the user that is being serviced by this job. In the

example in Figure 3-21, this QZDASOINIT job is servicing the current user TOMED.

Display Job Status Attributes

Job:  QZDASOINIT User:  QUSER Number: 005281
Status of job . . . . . . . . .. .. ... ACTIVE
Current user profile . . . ... ... . . : TOMED
Job user identity . . . . . . . ... .. . TOMED

Setby .. ... ... ... ... ... *DEFAULT
Entered system:

Date . . . . v . v e v e e e e e e e . . 10/19/04

Time . . . . v v v v v v e v e e v v ot 16:56:37

Figure 3-21 Job status attributes
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From the Select by pull-down menu, choose Current user profile and click Add to enter the
user profile that you want to include in your Job Watcher collection (Figure 3-22).

Indicate the jobs, tasks and/or threads you wish to include in your Job Watch below:

Select by: ICurrerrt user profile LI Add.. |
Jobtask selection criteria: Remave |

Selection | Selection J

@ Job Watch Wizard - Add Current User Profile - Reh... - (023

Indicate the current uzer profile to filker the job selection by:

Current User Profile; ———————————— N _|

Mame: tarn Add

Cloze

24

Figure 3-22 Add current user profile

Click Close to return to the Job/Task Selection window. After you have added all current user
profiles that you want to include in your Job Watcher collection, click Next.

Job Watcher Wizard - Job/Task Selection - Rchasm25

Indicate the jobs, tasks and/or threads you wish to include in your Job Watch below:

Select by: ICurrerd user profile LI Add.
e ; JobAask selection critera:

Selection Selection
Current user profile TOM

<Back | Next 3 | Cancel Help

Figure 3-23 Job/Task selection
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Task count

Task count is a unique value that the Licensed Internal Code (LIC) layer of the system
assigns to every dispatchable unit of work (job, thread, or task), as described in more detail in
2.2, “Job Watcher terminology” on page 23.

Use the Select by pull-down menu to choose Task count and click Add to enter the task
count that you want to include in your Job Watcher collection, as shown in Figure 3-24.

Indicate the jobs, tasks and/or threads you wish to include in your Job Watch below:

Select by: | Task count vj Add...
JobAask selection critera: Remove

Selection| Selection |

Type
@ Job Watch Wizard - Add Task Count - Rchasm25 o)ed
Indicate the task count 1D of the thread or tazk to include in the job watch:
Taszk Count 1D:
Tazk Count; |;-'-| 767 add I
Cloze
< Back | Mexd = Cancel Help

Figure 3-24 Add Task Count

Tip: Other than using the system service tools (for example, with the Start Service Tools
command, STRSST) or a Performance Explorer trace, the only way to determine a job’s
task count is from an existing Job Watcher collection. Therefore we would use this option
only as a result of analyzing either a currently running, system-wide Job Watcher collection
or a Job Watcher collection that included a large set of jobs and we found a need to

harvest more detailed information about a specific job that was exhibiting unusual wait or
runtime conditions.
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Subsystem

Using the subsystem option enables you to define a Job Watcher collection for all jobs that
are running under a specific subsystem or group of subsytems.

From the Add Subsystem window (Figure 3-25), use the pull-down menu to select the
subsystems that you want to include by highlighting a subsystem name and clicking Add.
Repeat for each additional subsystem you want to add.

You can also specify non-existent subsystem descriptions. If such a subsystem becomes
active later, Job Watcher will collect data for the jobs or threads in that subsystem if they
become active. When you have finished adding all of the subsystem names, click Close to
return to the Job/Task Selection window.

Indicate the jobs, tasks and/or threads you wish to include in your Job Watch below:

Selectby: | gpgystem name

Job/task selection criteda:

Selection
Type

Selection

-] Ak |

_Remove

% Job Watch Wizard - Add Subsystem - Rchasm25

m]
IE3

Subsyztem information;

Subsystemn
name::

Indicate the subszystem to filker the job selection by;

[aBaTCH J%
CHAIMECH

L1ABRMMET
OBATCH
QCHMN

LCTL

\Watrher

LHTTPSYR
GIDRJw
GINTER
LSERVER
QSPL
L5T5wWRE

QUSEWRE

Cloze

4dd

ICancel

Help

1-11 nf 11 nhierte

Figure 3-25 Add Subsystem selection
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Pool ID

The final selection method we examine is pool ID. If you suspect that the faulting rate in a pool
is too high this is a good method to use to determine the exact cost these faults are having on
the jobs running in this pool.

Use the Select by pull-down menu to choose Pool ID, and select Add to display the window
where you enter the pool ID you want to include in your Job Watcher collection. Job Watcher
will collect information for jobs and threads running in that pool when that pool is actually
being used.

Job Watcher Wizard - Job/Task Selection - Rchasm25

Indicate the jobs, tasks and/or threads you wish to include in your Job Watch below:

Selectby: | pool ID

JobAask selection critera: Remove

& ] X

Indicate the Pool 10 o filtker the job zelection by:
Faal 1D

Proal: )
2 1-B4 Add
Cloze

< Back Mead = Cancel Help

Figure 3-26 Select Pool ID

Chapter 3. Getting started 73



Job Watcher validates that you have entered a value between 1 and 64 but does not check to
ensure that the value you entered is a valid system pool ID. That is, if one of the specified pool
IDs is not active during the Job Watcher collection period, it is merely not recorded in any Job
Watcher data.

Job Watcher Wizard - Job/Task Selection - Rchasm25

Indicate the jobs, tasks and.or threads you wish to include in your Job Watch below:

Selectby: |Pool ID

Job/task selection criteria: Remove

Selection| Selection
Type
PoolID 4
PoolID 35
PoolID 11

< Back MNexd = !}‘ Cancel Help

Figure 3-27 Pool ID selection

After you have entered all of the pool IDs that you want to include in your Job Watcher
collection, click Next. This displays options for ending the Job Watcher collection.

Important: We have briefly shown you several different options so that your collection
does not collect information about every started job, thread, or task during a Job Watcher
collection. Even with these options, you may still record many thousands of jobs, threads,
and tasks on a very busy system. A typical example of this would be systems or partitions
with thousands of HTTP server users or Domino mail users.

In those cases with perhaps 90,000 threads (most not consuming CPU) that are available
for viewing, keep in mind the content of 3.5, “Viewing Job Watcher data” on page 78. You
should look at the graphs showing jobs, threads, or tasks ranked by whatever statistics that
you decide are the most interesting to you, such as graphs ranking jobs, threads, or tasks
by CPU, by seizes, or even by I/O rates, or by access to the integrated file systems (IFS),
5250 transactions, and so on.

3.3.7 Ending Options window

The Ending Options window is where we define how long we want our Job Watcher collection
to run. As we see in the following examples, two options will determine how long our
collection will run:

» Collect for a specific number of intervals: Use this option to specify how many intervals
you want Job Watcher to collect. Valid options are 1 through 2,000,000,000. This also
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gives the estimated collection run time based on the number of intervals and the interval
length. See the example in Figure 3-28.

Job Watcher Wizard - Ending Options - Rchasm25

Indicate below one of the following conditions that should cause the Job
Watch to end.

The job watch will also end if the size of the collection reaches the
maximum data to collect parameter value.

* Collect a specific number of intervals
Intervals: {100 1-2,000,000,000

Estimated collection run time:
8.333 minutes

™ Collect for a specific time duration

[ End collection if all threads watched become inactive

Make sure to limit the job selection if using this option.
COtherwise the job watch will never' end.

< Back Mext > Cancel Help

Figure 3-28 Ending Options: Intervals

» Collect for a specific time duration: When selecting this option, a field is displayed in
which you can specify the time in seconds, minutes, hours, or days. The default is seconds
and the value can contain a decimal value. See the example in Figure 3-29.

Job Watcher Wizard - Ending Options - Rchasm25

Indicate below one of the following conditions that should cause the Job
Watch to end.

The job watch will also end i the size of the collection reaches the
maximum data to collect parameter value.

™ Collect a specific number of intervals

* Collect for a specific time duration

Time: 10 minutes

may be entered as a

[ End collection i all threads watched bec(y,

Make sure to limit the job selection if using this option.
COtherwise the job watch will never' end.

< Back Mext > Cancel Help

Figure 3-29 Ending Options: Time

» End collection if all threads watched become inactive: This option is available only
when select jobs and tasks are specified. Using this option causes Job Watcher to end
when all jobs and tasks that are included in the collection have ended.
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3.3.8 Job Watcher Wizard summary

76

The last window we see before our Job Watcher collection starts is a summary of the options
that we have selected for our Job Watcher collection.

Job Watcher Wizard - Summary - Rchasm25

Here is a summary of your selections.

‘fou have selected to create a Job Watch named EXAMPLE in library e
JOBWATCHER 1

Selected options:
Job Watch name: EXAMFLE
Library: JOBWATCHER
Interval duration: & seconds
Ending criteria: 7200 elapsed seconds
Maimum data to collect: 1000 megabytes
Description: Job Watcher example

Selected Jobs:
“ALL

Selected Tasks:

Activation group collect: Counters in QAPYJWPRC file
Frequency: Ewvery interval
Call stack detail collect: Everyinterval
SOL statement detail collect: Cumently executing SQL statement @q

To submit your request now click “Finish’

< Back | Finish | Cancel | Help |

Figure 3-30 Job Watcher options summary

Scroll down the Summary window to see the actual command that is submitted to the iSeries
or i5 system (Figure 3-31 on page 77). The remote command string shown here can also be
copied and pasted to a 5250 command line or to a CL program source for use in other
operational environments.

Click Finish to submit the WCHJOB command and start our Job Watcher collection. The Job
Watcher collection job runs in subsystem QSYS/QIDRJW.
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Job Watcher Wizard - Summary - Rchasm25

Here iz a summary of your selections.

“ALL A

Activation group collect: Counters in QAPYJWPRC file
Frequency: Every interval

Call stack detail collect: Every interval

SOL statement detail collect: Cumently executing SQOL statement
Frequency: Ewvery interval

Sockets/‘communications data collect: Every interval

No rule defintion has been associated with this Job Watch.
Remote Command String:

Q5Y5/5BMJOB CMD{QIDRWCH/WCHJOB

OUTLIBMBR{JOBWATCHER EXAMPLE) REFLACE("YES)
UNTIL({(*DASDME 10000 ("NBRSEC 7200))) INTDELAY(S)
JOBS(["ALLIOBS)) TASKS("ALL) DATATYPEU("CALLSTACK "ALWAYS)
("SQLCURSTMT “ALWAYS) "ACTGRPSUM “ALWAYS)*SOCKETTCP
“ALWAYS) ("SOCKETJOBS "ALWAYS)) TEXT(Job Watcher example) )
JOB{QWCHJOB) JOBD(QIDRWCH/QWCHJOB) JOBQIQGFL/QIDRIW) |
INLLIBL{CURRENT) RTGDTA{GWCHJORB) ]

To submit your request now click “Finish®

< Back | HnisE | Cancel Help

Figure 3-31 Job Watcher summary options continued

3.3.9 Active Job Watcher

After you have submitted your Job Watcher collection, the iDoctor for iSeries window opens
(Figure 3-32). You may have to expand Job Watcher in the left pane to display the list of
libraries that contain Job Watcher data. From the library list, select the library that you used
for your Job Watcher data. This displays your collection in the right pane; in the example in
Figure 3-32 you can see that this collection is still in progress, which means that our collection
is still active.

k& iDoctor for iSeries - [Rchasm25: Job Watcher - #1] =JoJEd
@File Edit View Window Help (=1 4

x Al@mR B <
= @ Job Watcher  |» | |Watch Name tatus Endjﬁ:(o]leclim Job Watcher|Last interval| Active |Description Start
+. (G Dhtt [ reason |size VEM collected  |threads
+- (G5 Dhi2 L5

+- (G Dht3 @@-PLE In proxess 2 VIR0 26 25 Job Watcher example 200
+- () Dht4 Q
+1-G) Dhis Data Viewer

+- G5 Dht6
+ () Dht7
+- G5 Dht8
e ?th Green = Active

Refresh

Rchasm25: Job Watcher\Jobwatcher 1-1of 1 objects

Figure 3-32 Active Job Watcher example
As well as showing the status of our collection we can also see the size, release level, and the

last interval collected. For a collection that is in progress, the last interval value will increase
with each refresh of the window. We are also shown the number of active threads and
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description, and if we scroll to the right, we see the time that we started the collection and the
time the last interval was collected.

Tip: Next to a collection’s watch name is a folder (icon) with two gears on it. When these
gears are green as we see to the left of watch name EXAMPLE, the collection is still active.
When the gears change to red, the collection has completed and is ready for analysis. We
do not have to wait for a collection to complete; we can also view graphs and analyze a
collection up to the most recently completed collection interval while active as well.

Job Watcher collection functions are performed by server job QPYSWJOB running in
subsystem QIDRJW. Its collected data is stored in multiple i5/0S Job Watcher database
files in the library you specified when starting the collection. Your Job Watch name
(collection name) is used as the member name in each of these files to associate the
collected data to a specific collection.

The Job Watcher client Graphical User Interface (GUI) component performs its graphical
views of the collected data by real time access to the iSeries server's Job Watcher
database file members.

3.4 Stopping a Job Watcher collection

The following are the different ways that a Job Watcher collection can or will stop:

1. Time limit reached: As we saw in the previous section we can specify a time limit to the
collection run time. See 3.3.7, “Ending Options window” on page 74 for more details about
setting a time limit.

2. Maximum intervals reached: We also covered this in the previous section, where we were
able to set the number of intervals that we wanted to collect data for. See 3.3.7, “Ending
Options window” on page 74 for more detail on setting the intervals.

3. Maximum data collected: We set this value when we defined our start-up options; this is
the maximum size in megabytes that we are allowing the Job Watcher database to grow.

4. Auxiliary storage threshold reached: Starting with V5R3, Job Watcher will stop
automatically if the system auxiliary storage threshold is reached. This will prevent system
crashes as a result of auxiliary storage reaching 100%.

5. Termination of the job QWCHJOB: If the Job Watcher collection job is terminated, the
collection of data will also stop. But the collection data will still be valid up to the last
interval that was written to the output files.

6. Using the stop option: There is also an option via the iDoctor GUI application to stop your
collection by right-clicking your collection and selecting Stop.

7. All threads of the watched jobs terminate, thereby satisfying the “stop when all threads
end” start option.

3.5 Viewing Job Watcher data

Job Watcher collections are analyzed using the iDoctor client workstation GUI component.
Throughout the remainder of this book, this component will be referred to simply as the Job
Watcher GUI, GUI, or the iDoctor GUI, unless otherwise noted. If the iDoctor GUI is not
already open, click the iDoctor for iSeries desktop icon, connect to your system, and launch
Job Watcher. If you need help starting Job Watcher, see 3.3.1, “Connecting to your system”
on page 54 and 3.3.2, “Access Job Watcher” on page 55 for more information.
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3.5.1 Job Watcher view

Job Watcher uses a split window view, with a tree pane on the left side and a list on the right.
The initial list that displays when launching Job Watcher is a list of libraries on the system
containing Job Watcher output data. By right-clicking on a Job Watcher library, you can
choose the Select fields option, which enables you to change the layout of the fields that are
displayed in the Watch Name list (Figure 3-33).

k&1 iDoctor for iSeries - [Rchasm25: Job Watcher - #1] =JoEd
@ File Edit View Window Help ~ | @ X
x AR £ |
= @ Job Watcher |# | | Watch Name Status Ending Collection|Idle thread| Job Watcher|Last ir
+ [ Dhjwlib reason size graph VEM collect
-5 Dt (MB) files?
+- () Dhe2 @svswesr Ready for analysis  Time limit 460 None VIR3MO
+- G5 Dht6 (@ syswe Ready for analysis  Time limit 494 None VIR3MO
+- G5 Dht? @ SYSWCH3 Beady for analysis  Time limit 207 None
+ [ Dhts @JOB\\ CH1 Beady for analysis Interval limit @ None
. E;:I] Dhto @JOB\\ CH2 Beady for analysis  Interval limit 4 None
G} Edge @JOB\\ CH3 Ready for analysis Interval limit <1 Tes
L @\\'CHSX 51 Ready for analysiz Interval limit 330 Nons
+- G} Javalib y - - 4 ) p
ku @\\ CHSYS2 Ready for analysis Interval limit 173 None
i Explore @ weHs Y84 Ready for snalysis Interval imit 134 None
: gygyy  Select fields... ATCHWCHI Ready for anatysis Interval limit 33 Noze
= @ O % ATCHWCH2 Ready for analysis Interval limit 33 None
+-[@ SYSW|  Start Job Watch...
W
- jgg\\ Copy...
- @ Save... Red = Completed
- [@ J0BW
+ @ Wy Clear 3]
------ Delete L=
Rchasm25: JobWatch  poname 1- 10 of 11 objects

Figure 3-33 Select fields

The Select fields option displays a window that enables you to remove fields and change the
order in which the fields are displayed. Move a field up or down the list by clicking on and
dragging the field to the desired location within the list. Figure 3-34 shows an example of
moving the start date to below the collection status field. A field can be removed from being

displayed by removing the check mark next to the field name.

T Field selection for ‘Edge’

To rearder fieldz drag and drop to their desired position. Unchecked fields will not be
shown in the list.

Mote: The first figld for each view cannot be reordered or hidden.

dd

First field: ‘wiatch Name Help
fcldtional fislds: Default | Toggle Selected|
Show? | Description |

Shatug

Ending rg%:n
Collection size [ME]
|dle thread graph files?
Job ' atcher YRM
Last interval collected
Active threads
Description

Start tirne

End time

Process creating collection

HEEEEEEEREEE

=X

Figure 3-34 Field selection for Job Watcher

Figure 3-35 on page 80 shows what the window looks like after our changes.
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k& iDoctor for iSeries - [Rchasm25: Job Watcher - #1]

@ File Edit View Window Help

G} Jobwatcher
+[@ SYSWCHI
+.[@ sYSWCE2
+[@ SYSWCH3
+[@ JOBWCH!I
+-[@ JOBWCH2
+[@ JOBWCH3
+[@ WCHSTSI

[N

@ weHsYs4

Rchasm25: Job Watcher\Jobwatcher

[@BATCHWCH] Ready for analysis
[@BATCHWCH? Ready for analysis

2004-10-18-16.45.03.661000
2004-11-02-09.30.18.762000
2004-11-02-10.42.48.381000

Beady for analysis

A R D
= @ Job Watcher || |Watch Name Status Start time End time Description

+- () Dhjwlib |
+- [ Dht1 |
+- [ Dht2 | |@syswer Ready for analysis  2004-10-13-13.43.38.044000 2004-10-13-14.44.02.530000 System Wide Job
+- G5 Dht6 | [@svswez Ready for analysis  2004-10-14-09.08.35.1 2004-10-14-10.08.43 250000
+- () Dht7 | (@ svswers Ready for analysis  2004-10-14-13.30.32.818000 2004-10-14-14.30.46.048000 System wide collef
+ 7 Dhts [@10BWCHL Ready for analysis  2004-10-18-08.19.31.602000 18-09.26.45.815000 Job Specific collec
+. G Duto | @ oBWCEH2 Ready for analysis  2004-10-18-08.52.41.227000 200 18-09.26.16.478000
i E;—I] Edee (@& 10BWCH3 Ready for analysis  2004-10-18-11.41.03.037000 7
i E;—I] Ja‘?alib | |@wessyst Ready for analysis  2004-10-18-13.54.32.910000

' [@wcHsvs2 Ready for analysis  2004-10-18-13.24.17.74%000

2004-10-18-17.
2004-11-02-09.46. ILE RPG Batch jol

.3 second interval

Figure 3-35 Job Watcher collection view

Figure 3-36 shows an example of four levels within the tree:

a. All libraries on the system that contain Job Watcher output data.

kel
A |l £ | g
B &
P + G Edged E # | |Report description
! 050231 : E\o:-l‘ ST [iix] Collection overview time signature
B et 3 m Ty (1] Seizes and locks tivae signature
B ss12 = (@) Jobwrather E [iit] Comtention tirvae sigrature
B s - (@ syswent . ] DASD tire signaturs
B Reieso? Wait graphs by interval i Toummal tirne signature
B Rchesio - Wait graphs by job fia] Tarva time signature
B Rchesing +[5E CPU graphs ] DB record lock time signature
B rohasiis +|- [ [0 graphs by intereal [isr] Pool wer.corfunitrr.mnt t#m signature
B Rohasiz2 +-[m| [F5 graphs by interval 1] Coraranmications tire signature
B Rrobesi2s + Other graphs by interval
B Rohasss + Server-side output files
B Rohasm: User-defined queties
B Rrohasmd: it User-defined gaphs
B Rehusm2 +. [ sYsweH2
Fchasmzs.rechland.ibm.com:  Job Watcher) Jobuwatcher| Sysweh1iwait graphs by interval E

1 -9 of 9 objects

Figure 3-36 Job Watcher view layout

b. The next level beneath the library is a list of Job Watcher collections. By right-clicking a
Job Watcher collection, you can access the collection properties. In the property
window, you can check the collection options that were used for this Job Watcher
collection (Figure 3-37 on page 81 and Figure 3-38 on page 82).

c. Below the collections is an initial list of folders: graphs, output files, and queries.

By clicking on one of these initial folders, you see either another list of folders, a list of
the server side output files, or user-defined queries and graphs.
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d.

Righ

In our example, we clicked Wait graphs by interval, which produced the associated
reports shown in the right pane.

Note that the Server side output files folder (left pane) lists the files that are part of or
are associated with the collection. A user can open the file and see all records. Reports
(in the right pane in Figure 3-36 on page 80) are either user-defined or Job
Watcher-supplied table views over one or more files in Job Watcher. The order of the
fields and selection of records are customized for the report’s intent.

At the bottom of the iDoctor for iSeries window is a view showing the level we have
currently drilled down to.

Attention: Newly created libraries will not automatically appear under Job Watcher. To
refresh your list of libraries, the easiest thing to do is to select (click) the Job Watcher
folder within the tree in the left pane. This action refreshes the list automatically.

If the Job Watcher folder was already selected, clicking the refresh button is necessary
to update the list of libraries.

t-clicking a Job Watcher collection gives a fast path to the graph folders, plus additional

options to Create idle thread graph files, Copy, Delete, and Transfer a collection.

Creating Idle threads graph files is discussed in “Waits that span multiple intervals” on
page 267.

Copy, Delete, and Transfer options are discussed in Appendix D, “Overview of Job Watcher
5250 commands” on page 241. We discuss the CPYJWCOL, DLTJWCOL, and FTPJWCOL
commands.

Whe

n right-clicking an active collection, there is also the option to stop the collection.

In Figure 3-37, we selected the Properties option.

Erl iDoctor for iSeries g@
File Edit '-a'ie;\'—'\":'indo',\' Help
x N
="
BR /| @ Rchasm25: Job Watcher - #1
Systeg -G Jobwatcher # | |Report Foldar Description
-« (@ SYSWCE Explare sl Collection-wide interval summary graphs highli
Ry : Collection-wide job summary graphs ranked by
- i Collection-wide CPU and CPU queneing
* @ JOEWCE Wa!t graphs '.JY Inlter\«'al ’ Collection-wide physical and logical IO activity
+[@g JoBwer  Waitoraphsiobsignatires V| 6o o wide TFS statistics
+ @ JOBWCH CF:U graphs ‘ Collection-wide transactions, state transitions,
+ [@ WCHSYS DASD/IO graphs b ks Job Watcher output files
¥ @ WCHSTS g;graphsh : Reports defined previously over data within th
+-[@g WCHSTS Sfetat Graphs defined previously over data within thi
e [@ BATCHY Create idle thread graph files
| E @BaTcHEY
+ E;:.] Twrdata Delete
+- G Kurtz Transfer to...
+ E;:.] Larry
+- (37 Rb_old_dh
+ E;:.] Redbookdh Properties %
2.[78 Radhanldhi Ty
Rchasm25: Job Watcher\Jobwatcher\Syswchi 1-9of 5 objects

Figure 3-37 Job Watcher collection properties
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In the Properties window, we can see the data options settings that were selected during the
starting of the Job Watcher collection.

Job Watch ‘SYSWCH1" Properties - Rchasm25 N =)<

General Creation settings

The Job Watch was created the following parameters:

Selected options: A
Job Watch name: SYSWCH1
Library: JOBWATCHER
Interval duration: 10 seconds
Ending criteria: 3600 elapsed seconds
Maxdmum data to collect: 4000 megabytes
Description: System Wide Job Watcher collection

Selected Jobs:
“ALL

Selected Tasks:
“ALL

Activation group collect: All details
Frequency: Every interval

Call stack detail collect: Every interval

SO statement detail collect: Cumently executing SGL statement
Frequency: Every interval

Sockets/communications data collect: Never

oK | Cancel | Hep |

Figure 3-38 Collection settings

3.5.2 iDoctor preferences

Before we start reviewing some of the various graphs and reports within Job Watcher, we first
take a look at the preference settings that can be used within the iDoctor client. From all of the
windows that you enter via the iDoctor client, you can select Edit — Preferences to display
the iDoctor preferences.

k&1 iDoctor for iSeries - [Rchasm25: Job Watcher - #1] M=%
@ Fie Edit View Window Help -9 x
] AR
+ [ SetFont.. :: Watch Name | Status Ending
+ E Preferences... reason
+- G} Dhid %
+-G5) Dht3 @S
+ G} Dht6 @
+- G5} Dht7 s
+ GF) Dhi8
+-GF) Dht?
+ E:;.j Edg=
+-[ @8 SYSWCHI
+-[@@ SYSWCH2
- [ SYSWCH3
+ (G Skel sl &l |
Rchasm25: Job Watcher\Jobwatcher 1- 3 of 3 objects

YSWCHI Ready for analysiz  Time limit
YTSWCH2 Ready for analysis  Time limit
YSWCH3 Inprogress

Figure 3-39 iDoctor client: Preferences
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We do not cover all of the settings because they are all well documented within the iDoctor

documentation. We, however, do cover those that we feel enhance your ability to analyze Job
Watcher data.

Preferences = @

Display l[:lipboard | File | PEX Analyzer Specffic: | Job Watcher Speciic

Table Views:
" Display short field names

* Display long descriptions {f available)

[~ Allow multiple records in the Record Quick View window

Graph Views:
Bars per page - vertical 50 Bars per page - horizontal |2
bar graphs (1to 300) bar graphs (1 to 300)

I+ Enable automatic scaling

[~ Automatically resize forts and adjust labels
v Show X mxs values X =ds font size:

2
v Show Y2 as (f available)  Y1/Y2 zds fort size: 2 & - 20

Animations:

- Display | Clipboard | File | PEX énalyzer Speciiic  Job Watcher Specific
[ Enable animations

1 Jobwatcher treedlist view options:

¥ Dizable caching inJob 'Watcher tree/list views.

¥ Alwaps open new reports/graphs in an existing D ata Viewer (if available)

i~ Data Viewer report options:

Drefault titl farmat:

J<Iibrary> f<job watchs /<report name: _Li

[~ Auto-efresh reports for active Job Watches every N seconds. 11 il
[5 - 10000)

Fﬂ Always dizplay [zoroll ta] new real-time data after an auto-refresh.

—Job summary graphs/reports options:

7 Summarize over last N intervals

+ Summarize over a range of intervals Start: 1153 End: 1202

QK | Cancel ] Help

Figure 3-40 Display preferences: accessing example 1
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You can also access the iDoctor preferences within a Job Watcher graph or report by right-
clicking anywhere in the graph or report.

i} Data Viewer - #2 - [JOBWATCHER/SYSWCH3/Job signatures ranked by seizes - #1] |- |[O/E3
@ File Edit View Window Help =& X

= e 5 & -

Al|E | 2

Job signatures ranked seizes: Intervals 1 to 400

UPDADDROO2 / TOMED / 004282: 00000001
UPDADDROO1 / TOMED / 004280: 00000001
UPDADDROOE / TCMED / 004265: 00000002

Wait graphs

UFDADDROOS / TOMED / D04267: 00000001 CPU graphs
UFDADDROOT / TOMED / 004286: 00000001 DASD/IO graphs
UPDADDROOZ / TOMED / 004281: 00000001 IFS graphs

UPDADDROOS / TOMED / 004252: 00000001
UFPDADDROOS / TOMED / 004284: 00000002
UPDADDROOS / TOMED / 004288: 00000001
UFPDADDRO10 / TOMED / 004283 00000001
USERJCB10 / TOMED / 004244: 00000001
USERJOBS / TOMED /004242 00000001
USERJCB12 / TOMED / 004248: 00000001
USERJOBT / TOMED / 004241: 00000001
USERJCB17 / TOMED / 004252: 00000001
USERJOB1E / TOMED / 004251: 00000001
JO-EVALUATE-TASK: 453

USERJOB12/ TOMED / 004248: 00000001
USERJCB18 / TOMED / 004253: 00000001
USERJOB19/ TOMED / 004258: 00000001

* T ¥ v r

Other graphs

Detail Records

Copy
Save As...

Preferences...
Graph Deﬁnitinll% r
Query Definition ¥

Properties

000 —
100 —

o0 —
A00—

(L L FT T T T T T 1T

OO0 oO0OOoO0OO0OO0OO0O0C oo O0OO0Cocoooo oo oo
T MY OO ~DDDO T NM Wk~ o ® o™ W ook~
Ll e Y I o B B I oV o )

Time (seconds)
< i I i ’,'
X: UPDADDROO7 f TOMED [ 004266: 00000001 Y1: 1358.4061 (Cpu time (seconc Bars 1 - 20 of 43

Figure 3-41 Display preferences: accessing example 2

— Bars per page (vertical and horizontal): Sometimes you will want to increase or
decrease the number of bars that you display within your graph. This enables you to
see more or fewer intervals. Separate values may be specified, one for horizontal-type
bar graphs and one for vertical-type bar graphs.

— Enable automatic scaling: When turned on, all of the wait graphs by interval will have
their y axis automatically adjust to the current highest value. When analyzing these
graphs we have found that sometimes it is better to turn off this feature and manually
adjust the maximum y axis value. The reason is that it is easy to scroll through a graph
and not notice the y axis value increasing and decreasing and miss a problem.

— Automatically resize fonts and labels: In order to see all of the y axis legend
descriptions on some of the larger graphs it is necessary to turn off this feature and
make the y axis font smaller. Figure 3-40 on page 83 shows an example of where we
unchecked Automatically resize fonts and changed the y axis font to 8 in order to see
all of the legend descriptions.

» Job Watcher specific:

— Auto-refresh reports: When viewing Job Watcher data in real time, make sure this
value is turned on. Also, set the value to equal or more than your collection interval
time. If your collection interval is 20 seconds, do not set the refresh time to 10 seconds.

— Always display (] in Figure 3-40 on page 83): Again, when looking at real-time data,
make sure this is set on as well.

» Job summary graphs/reports options:

— Summarize over last N intervals: We found that this option is best used when analyzing
real-time data.
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— Summarize over a range of intervals: When analyzing a collection that is completed
this option worked best for us. The range we use depends on the problem we were
analyzing. For example, if the performance problem was present during the entire
collection we would set the range from 1 to n where n would be the last interval in our
collection. But if the performance problem we are trying to analyze was present during
only a portion of the collection, we would then change the range to equal only the time
the problem was present.

3.5.3 Reports and graphs: Example 1

How you start viewing your Job Watcher data depends on the type of problem you are faced
with, and sometimes we are faced with a totally unknown entity. This is where Job Watcher
really excels in pointing us to the source of a problem.

Important: Job Watcher will not always identify the exact cause of a problem, but if you
think of the problem as a large building, Job Watcher at least leads you to the right office.

Job Watcher comes with an extensive collection of graphs. In this section we introduce you to
some of the graphs used in analyzing Job Watcher data originally collected for all jobs and
system tasks.

1. Figure 3-42 shows a list of the different graph folders in the left window pane; in the right
window pane is a list of graphs currently listed under Wait graphs by interval folder.

=
k& iDoctor for iSeries - [Rchasm25: Job Watcher - #1] = | D_]
@ File Edit View Window Help x
A EE D
¥ @ SYSWCHI1 # | |Report description |
= @ S‘IiS‘S:CE—E] ] Collection overview tims signature
- [@@ SYSWCH3 [isf] Seizes and locks time si&mre
[ Wait graphs by interval il Contention time signaturs
+)-[oE Wait graphs by job il DASD time signature
+-- [ CPU graphs i Tournal time signature
+ DASDIO graphs [ist] Java time signature
+ IFS graphs il DB record lock time signature
¥ Other graphs 1t Pool overcommitment time signaturs
1 [&9 Server-side output files | | | lii] Communications time signature
i) User-defined queries
| User-defined graphs
+-[@ JOBWCH!
* @ JOBWCH2 ™
Rchasm25: Job Watcher\Jobwatcher\Syswch3Wait graphs b

Figure 3-42 Job Watcher graph folders

2. For the purpose of this exercise, we assume that we have very little information about the
problem. All we know is that there was a performance problem and a Job Watcher
collection was collected during this time.

The first graph that we want to start with a case like this is titled Collection overview time
signature, which will show the run and wait times for all active jobs during each interval.
Some of what we will see in this graph can also be found by using other iSeries
commands such as WRKACTJOB, WRKSYSSTS, WRKDSKSTS, WRKSYSACT, as well
as Performance tools reports. But we demonstrate in the following examples that Job
Watcher enables us to drill down through a suspected wait problem to determine the
impact that this wait condition is having on the entire system or on a particular job.
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Figure 3-43 shows an example of a Collection overview time signature graph. We use this
figure to illustrate areas of information about the typical multi-colored graph and some
ways to manipulate the graph data shown. Note, however, that not all Job Watcher graphs
will have the same options.

We call your attention to the areas discussed below. You can customize the way some of
the information is shown, but the colors representing each specific metric are fixed per
metric. The best way to understand these descriptions (and the real Job Watcher
graphics) is to view this book in a PDF viewer supporting colors to see the unique colors
used for each metric. These colors are less distinguishable in black-and-white.

The left y-axis represents clock time seconds. The range of time values can be
increased and decreased.

The right y-axis represents the number of active threads or tasks for the jobs selected
to be included in the collection. The black line graph shows the number of active
threads or tasks over the set of time intervals shown.

Select Edit — Preferences to specify how many intervals (bars) are shown on a single
graph window and the graph text font size to minimize the amount of scrolling left-right
and up-down that is required to see the information being displayed.

In this example, each bar represents the total threads or tasks wait times within each
interval for all jobs, tasks, or threads. Job Watcher has specific colors for each wait
type, as shown in area [l in the graph.

The interval time stamp for a subset of interval bars is listed vertically under that bar.

For our Collection overview time signature example, the matrix shown as taking the
highest amount of time is purple - Seize contention time (seconds) (as indicated by
portions of the interval bars represented by the [} areas) and red CPU time (seconds)
(as indicated by [J areas).

You can scroll through all time intervals using the slider at the bottom of the window.
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Figure 3-43 Collection overview time signature
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The help window shown in this example displays whenever you move your cursor over one
of the sections within a bar of the graph. The purpose of this window is to display extended

information about the interval and the wait condition your mouse is positioned over.

Important: The height of the bars for each interval may vary. By design, Job Watcher

has a default set of wait buckets to be included (and shown) for each of its graphs, such
as Collection overview time signature shown here with the 12 wait bucket metrics. For a

particular collection, since not all wait buckets are shown for an interval, the heights of

the bars may vary. This is also shown in our example.

The Run/wait time signature for a single job includes all 32 wait buckets and the interval

bars are all the same height, as shown in Figure 3-46 on page 89.

3. When you see an interval with a high wait condition or high CPU usage, you will probably
want more details about which jobs are being effected. Right-click the next level of graphs

to display. Figure 3-44 shows an example.

¥2: 41 [10.037732] Graph control 1 Bars 153 - 202 of 358

¥: [166] 13.58.40.391  ¥1: 40,1026 (Seize contention time (seconds))
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Figure 3-44 Additional graph options

In Figure 3-44, when we right-clicked the Seize contention section of the graph, the first

graph option displayed is a Seize contention graph by job. The first available graph always

applies to the section you clicked on.
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4. An example of a seize contention graph by job is shown in Figure 3-45. In this graph we

show all of the jobs that were waiting on a seize during interval 166.

i} Data Viewer - #1 - [JOBWATCHER/SYSWCH3/Summarized job run/wait time signatures by Seiz... [~ ||0|E3

& Fle Edit View Window Help

= E X

B @ | 5= - B Al e B 0

Summarized job runiwait time signatures

UFDADDROOE / TOMED / 004267 00000001

Wait graphs
CPU graphs

Objects waited on

Seize contention: Intervals 166 to 166

Funfwait time sug"natl..r%

DASD/IO graphs
IFS graphs

UFDADDROOS f TOMED ¢ 004264 00000002 Other graphs

Detail Records

Copy
Save As...

UPDADDROOS / TOMED / 004285: 00000002
Preferences...
Graph Definition  »
Query Definition

UPDADDROD4 / TOMED / 004262: 00000001

Properties

Time {seconds)

¥: UPDADDR.OOE f TOMED / 004257: 00000001 Y1: 10.0287 (Seize contention time (seconds)] Ears 1-4of%

10

Figure 3-45 Summarized jobs by seize contention

The Summarized job run/wait time signatures by Seize contention lists all jobs waiting on
a seize in descending order by the wait time. In the example in Figure 3-45, this is not
obvious as all four jobs are waiting about 10 seconds, which was also the length of our
collection interval. Right-click on any one of these jobs to display additional graph options.
You can also display the Detail Records. Selecting the Run/Wait time signature graph
displays a complete run/wait signature for the selected job. In this example we have

selected the first job listed.
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5. When you display a job run/wait signature, the graph always starts at interval one. Scroll to
the right until you reach the interval you want to investigate. In our example we are
interested in looking at interval 166 (Figure 3-46).

i3 Data Viewer - #1 - [JOBWATCHER/SYSWCH3/Run/wait time signature for UPDADDROOS / TOME... |- |05
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Figure 3-46 Job run/wait signature

Important: In Figure 3-46 there are four intervals—158, 159, 161, and 163—where no
graph bars are displayed. This is because job task count details are collected only when
a job uses CPU. If a job is in a long wait across multiple intervals you will see blank time
intervals between solid waits. For the means to correctly populate these blank intervals
with bad waits that are occurring, see “Waits that span multiple intervals” on page 267.

By positioning our cursor over interval 166 we can see that this job spent 100% of this
interval sample waiting on a seize.
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6. Click interval 166 to display the Interval Details window, which has 12 tabs that summarize
the data collected for this specific job at this specific interval. Read more about the various
tabs in 3.5.5, “Tabs in the Interval Details window” on page 97.

The first tab displayed in the Interval Details window is the Quick view. The holding thread
is displayed in the traditional OS/400 format of job name/user/job number and the task
count is in parenthesis at the end.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3 = @
Transactions ] IFS ] SaL ] Job state transitions ] Guery ]
Quick view l Call stack ] Object waited on ] Holding thread Aask ] Wait buckets ] Physical 1/0g ] Logical 1/0s ]
General:
Job information: UPDADDROOS / TOMED / 004267: 00000001 Change... Interval: 166 :I
Job subsystem: DEMODH Thread status: RUN Job function: PGM-UPDADDR3
Curment user profile: TOMED Priority: 10
Curment wait:

[320,/S00) Common mi obje er; seize object  Cument wait durstion: 1.330 seconds

Object waited on: TESTBASEPF/TESTEASEFF Interval duration: 10.025 seconds
Holding thread ortask: ~ UPDADDRO10/ TOMED / 004265: (1086) Interval end: 2004-10-14-13.58.40.395000
Selected point details:
Description Value |[A’
Selectad field:
[Interval] - timestamp [166] 13.58.40.391
Seize contention time (zeconds) 10.028679
All other fields:
Cpu time (seconds) 000063
Cpu quevsing time (seconds) 000006
Rezerved time (zeconds) 0

Dasd page faults time (s2conds)

Dazd non fault reads time (zeconds)

Dasd space usage contention time (seconds)
Idle / waiting for work time (seconds)

Dazd writes time (zeconds)

Dazd (other) time (zeconds)

Dazd op-start contention time (zeconds)

R ===

Figure 3-47 Job/interval details: task count 1084
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7. Now that we have the holding thread or task, the next step is to check it to determine the
status of this job or task in interval 166. There are two ways to do this:

a. Query the Job Watcher output file QAPYJWTDE. We discuss creating custom queries
and some that we have created in Appendix C, “Querying and graphing tips for Job
Watcher” on page 221.

b. Use the Change button on the Interval Detail window to change the job or task that is
displayed. When you click the Change button, a window opens for selecting the job you
want to display, as shown in Figure 3-48.

@ Job/Task Selection N =<
Select the job or tazk pou wizh to view the details for:
Job/uzer'number: thread Tazk [A]
ID -or- count
Tazk name: tazk count
SMIOSTCPGTSKOD02: 187 187
SMPOLOOL: 189 189
SMPOOLBAL: 192 192
SMSARABNPAGEHDLE.: 305 305
SMXCSPRVSE: 306 306

UFDADDEQ01 / TOMED / 004260: 0000 1077
UPDADDRO02 / TOMED / 004261: 0000 1078
UFDADDREQ03 / TOMED / 004262: 0000 1079
UPDADDROM / TOMED / 004263: 0000 1080
UFDADDROS / TOMED / (004264: 0000> 1081
UPDADDRO0S / TOMED / 004265: 0000 1082
UFDADDEQ07 / TOMED / 004266: 0000 1083
UPDADDRO00S / TOMED / 004267: 0000 1084
UFPDADDEQ0S / TOMED / 004268: 0000 1083
UPDADDRO10/ TOMED |/ (0426%: 0000 1086
FXMSPDBUSO1000000: 168 168
XMSPDBUS02000000: 175 17

[

ok Cancel Help

1

Figure 3-48 Select job or task to view

Note: The time it takes to display the contents of this window is proportional to the number
of active jobs, threads, or tasks you specified to include in the Job Watcher collection.

8. Click OK to see the job or task details shown in Figure 3-49 on page 92.
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9. Figure 3-49 shows the Interval details for task count 1086. At a quick glance it would be
easy to think that this task count is also waiting, as the current wait is shown as QGa
Qugate([).

In reality, however, this field could be either the current or the task’s most recent (last) wait.
In the case of task count 1086, it is the last wait. You can tell it is the last wait by observing
the Thread status as RUN (f)) and the Current wait duration is 0 microseconds ([§).

Note that the thread number (00000001, in our example) comes from the THREADID field
in the primary Job Watcher database file QAPYJWTDE. (File APYJWTDW is described in
“The master file QAPYJWTDE for jobs, threads, and tasks” on page 208.)

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3 = Q

Transactions ] IFS ] SaL ] Job state transitions ] Query ]
Quick view l Call stack ] Object waited on ] Holding thread Aask ] Wait buckets ] Physical 1/0s ] Logical 1/0g ]

General:

Job information: UPDADDRO10 / TOMED / 004263: 00000001 Change... Interval: 166 :I
Job subsystem: DEMODH Thread status: RUN E Job function: PGM-UPDADDRZ

Curment user profile: TOMED Priority: 10

Curment wait: m (2/QGa) Qugate, not otherwise identified Cument wait duration: 0 microseconds

Object waited on: Segment type MACHINE INDEX RADIX4 SECONDAR Interval duration: 10.029 seconds

Holding thread ortask: ~ UPDADDRO0S / TOMED / D04264: (1081) Interval end: 2004-10-14-13.58.40.352000

Selected point details:

Description Value | rS
Selectad field:

[Interval] - timestamp [166] 13.58.40.391 A

Seize contention time (zeconds) 0 3
All other fields:

Cpu time (seconds) 10.029124

Cpu quevsing time (seconds)
Rezerved time (zeconds)

Dasd page faults time (s2conds)
Dazd non fault reads time (zeconds)

Dasd space usage contention time (seconds)

Idle / waiting for work time (seconds)
Daszd writes time nds)
Dasd (other) time (z2conds)

Dazd op-start contention time (seconds)

R = IR

Figure 3-49 Interval 166 details: task count 1086
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10.Also, by clicking the Wait buckets tab we can see that task count 1086 spent 100% of the
interval consuming CPU.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3

- [oled

Transactions
Quickview | Calstack | Objectwaiteden | Holding thread/task

IF5

5aQL

Job state transitions I Query I

Wait buckets

Physical I/0s |  Logical 1/Os

—General:
Job information: UPDADDRO10 / TOMED / 004263: 00000001 Change...l Interval: 166 :I
Job subsystem: DEMODH Thread status: RUN Job function: PGM-UPDADDR3
Curment user profile: TOMED Priority: 10
Curmrent wait: (2/QGa) Qugate, not otherwise identified Curment wait duration: 0 microseconds
Object waited on: Segment type MACHINE INDEX RADIX4 SECONDAR Interval duration: 10.025 seconds
Holding thread ortask: ~ UPDADDRO0S / TOMED / 004264: (1081) Interval end: 2004-10-14-13.58.40.352000
Wait bucket statistics {only buckets with a time value greater than zero shown):
Bucket |Description |Percent |Time Total Average | Occursnces| Current
number of Total |(zeconds) |occurences |time wait
Time (zeconds) | second time
01 Cpu 100 10.029124 0 0 0 0 microseconds

QK | Cancel Help

@_

Figure 3-50 Wait Buckets for task count 1086, interval 166
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11.Click the Call stack tab to see an example of the call stack at the end of this sample
interval, as shown in Figure 3-51.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3 @

Transactions ] IFS ] SaL ] Job state transitions ] Query ]
Quick view Call stack l Object waited on ] Holding thread Aask ] Wait buckets ] Physical 1/0s ] Logical 1/0g ]

General:

Job information: UPDADDRO10 / TOMED / 004263: 00000001 Change... Interval: 166 :I
Job subsystem: DEMODH Thread status: RUN Job function: PGM-UPDADDR3

Curment user profile: TOMED Priority: 10

Curmrent wait: (2/QGa) Qugate, not otherwise identified Curment wait duration: 0 microseconds

Object waited on: Segment type MACHINE INDEX RADIX4 SECONDAR Interval duration: 10.025 seconds

Holding thread ortask: ~ UPDADDRO0S / TOMED / 004264: (1081) Interval end: 2004-10-14-13.58.40.352000

Call stack contents:

Call ‘Pmyzm ‘Module ‘Oﬂ'set ‘Pmcedure ]
level

& 001 00000038 lockExclusive_ 10QuGateCodeFUL
&2 002 0000C294  #dbinchn

&2 003 0000483C  #dbupdim

&2 004 0000012C  #dbmodim

&2 003 D00DOBES  #dbupden

&2 006 #cfmir

&2 007 syscall A portal

&2 008 QDEUDR

£ 009 000001D0  chlabranch

& 010 000000C8  afuser_program call portal

&5 011 QSQRUN3  QSQUPDAT (0008688 SQL_Update

55012 QSQROUTE QSQROUTE 00004624 FASTPATH PROC

55013 QSQROUTE QSQROUTE 0000137C QSQROUTE

& 014 000001D0  cblabranch ™

h QK | Cancel Help

Figure 3-51 Call stack for task count 1086, interval 166

Given the call stack information, even if you are not familiar with the application, you can show
this information to whose who are familiar with the application implementation. They should
be able to tell you what the job is doing, which helps you understand whether what you see is
normal.

In our example, looking only at the program names that are listed, we can tell that a DB2 UDB
for iSeries (0S/400 database) function is being used (QDBUDR) along with SQL functions as
indicated by the QSQ prefix on the program names.

3.5.4 Graphs and reports: Example 2

In the first example of reports and graphs, we demonstrated how to use a drill-down
methodology to determine the source of a problem. In this example, we show some ways to
minimize the multiple drill-down steps.

Using the UPADDRO10/TOMED/004269 job, we have shown that there is significant seize
wait time that must be understood. In Figure 3-43 on page 86 we looked at a Collection
summary graph, in which it is obvious that there is a significant amount of seize time.
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In this example we show another way to use specific graphs to determine the source of a
problem. In Figure 3-52 we select the Wait graphs by job folder and the Job signatures

ranked by seize graph, which leads to the example window in Figure 3-53.

k& iDoctor for iSeries - [Rchasm25: Job Watcher - #1]

M=%

® Fie Edit View Window Help

A R D

=

= [@@ SYSWCH3
+ Wait graphs by interval

grapl
+ DASDVIO graphs
+ IFS graphs
+ Other graphs
+ Server-side output files
User-defined queries
User-defined graphs

Rchasm25: Job Watcher\Jobwatcher\Syswch3\Wait graphs by job

Report description |

ist] Job signatures ranked by seizes (Intervals 1 to 400)

fist] Job signatures ranked by journal (Intervals 1 to 400)

iit] Job signatures ranked by db record locks (Intervals 1 to 400)

far] Job signatures ranked by object locks (Intervals 1 to 400)

[t Job signatures ranked by java locks (Intervals 1 to 400)

[ist] Job signatures ranked by dasd page faults (Intervals 1 to 400)

fiar] Job signatures ranked by dasd space contention (Intervals 1 to 400)
il Job signatures ranked by abnormal contention (Intervals 1 to 400)
Other graphs

1-9of 9 objects

Figure 3-52 Wait graphs by job

Figure 3-53 shows all of the jobs in the Job Watcher collection listed in descending order of

seize time.

I3} Data Viewer - #1 - [JOBWATCHER/SYSWCH3/Job signatures ranked by seizes - #1]

@ File Edit View Window Help

B@|a |6 | lali@ ] o

Bl %]

UFDADDROO3 / TOMED / 004262: 00000001
UFDADDROO1 / TOMED / 004260: 00000001
UFDADDROOE / TOMED / 004285: 00000002
UFDADDROOS / TOMED / 004287: 00000001
UFPDADDROOT / TOMED / 004286: 00000001
UFDADDROOZ / TOMED / 004261: 00000001
UFDADDROO4 / TOMED / 004263: 00000001
UFDADDROOS / TOMED / 004284: 00000002
UFPDADDROOS / TOMED / 004268: 00000001
UPDADDRO10 / TOMED / 004269: 00000001
USERJOB10 / TOMED / 004244: 00000001
USERJOBS / TOMED / 004242: 00000001
USERJOB12/ TOMED / 004246: 00000001
USERJOBT / TOMED / 004241: 00000001
USERJOB17 / TOMED / 004252: 00000001
USERJOB16 / TOMED / 004251: 00000001
JO-EVALUATE-TASK: 452

USERJOB13/ TOMED / 004248: 00000001
USERJOB18 / TOMED / 004253: 00000001
USERJOB19/ TOMED / 004258: 00000001

£ 1l

¥: UPDADDRO03 / TOMED / 004262: 00000001 Y1: 1245,0131 (Cpu time (seconds))

Job signatures ranked by seizes: Intervals 1 to 400

|

Wait graphs 3 Run/wait time signa
CPU graphs 3 Objects waited on
DASD/IO graphs »

IFS graphs 3
Other graphs 3

Detail Records

Copy
Save As...

Preferences...
Graph Definition ¥
Query Definition ¥

Properties

T T T T T T
oo oooogoQ
S22g2g8&g2¢g¢
S - am [
vvvvvvvvvv [ I B B I B

Time {seconds)

[2493.045316] Graph Bars 1- 20 of 43

Figure 3-53 Job signature: seizes

Right-click on the first job and select Wait graphs — Run/Wait signature to display the job’s
complete run/wait signature for the entire Job Watcher collection (Figure 3-54 on page 96).
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Remember, in most of Job Watcher’s run/wait signature windows, purple indicates seizes ().

4 Data Viewer - #1 - [JOBWATCHER/SYSWCH3/Run/wait time signature for UPDADDROO3 / TOMED / 004262:.... [~ ||0/E4
@ File Edit View Window Help -8 x

e d-a- eala E- 9

Runiwait time signature for UPDADDRO0S  TOMED / 004262: 1

A

|
Job Watch: SYSWCH3

Time [seconds)

[Interval] - timestamp: [231] 14.09.32.290
Seize contention time (seconds): 9.4192 (93.91% of total time)
Total time (zeconds): 10.029767

SRR N ol T R - R === R e - e e R By
el =R iR e o S e =R = g o= R e S R Sl = e S = I R i
RRhEODIDDOD@I@RROQAQOQe NN OMITITITTnnnOOO~~EODO0DOO0EOA000 = =
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Figure 3-54 Run/Wait time signature for job UPDADDRO003

Select an interval with a high amount of seize time by clicking on the interval. In Figure 3-54
we selected interval 231 to display the Interval details window.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3 i @

Transactions ] IFS ] SaL ] Job state transitions ] Query
Quickview | Callstack | Obiectwatedon | Holdingthreadask | Waitbuckets | PhysicallOs | Logical /Os |

General:

Job information: UPDADDROO3 / TOMED / 004262: 00000001 Change... Interval: 231 :I
Job subsystem: DEMODH Thread status:  RLUN Job function: PGM-UPDADDR3

Curment user profile: TOMED Priority: 10

Current wait: {103/Rix) Seize: intent exclusive Curment wait duration: 226.722 miliseconds

Object waited on: TESTBASEPF/TESTBASEFF Interval duration: 10.030 seconds

Holding thread ortask: ~ UPDADDRO10/ TOMED / 004265: (1086) Interval end: 2004-10-14-14.03.32.303000

Selected point details:

Description Value
] d field:
1] - timestamp [231] 14.09.32.290 A
Seize contention time (zeconds) 0419161 3

All other fields:
Cpu time (seconds) 508035
Cpu quevsing time (seconds) 003862
Rezerved time (zeconds)

Dasd page faults time (s2conds)

Diazd non fault reads time (zeconds)

Dasd space usage contention time (seconds)
Idle / waiting for work time (seconds)

Dazd writes time (zeconds)

Dazd (other) time (zeconds)

Dazd op-start contention time (zeconds)

N -]

Figure 3-55 Interval details

In this example the holder is also task count 1086, as in the first example.
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3.5.5 Tabs in the Interval Details window

In this section we explain the tabs in the Interval Details window.

The General pane () appears in the top part of all panels and displays the current job
information and interval. Use the Change button for different job information, as described in

step b on page 91.
» Quick view tab

Selected point details (f): This is unique to the Quick view panel and is called select point
details because the first section (Selected field text) varies depending on the location
within the graph you select. The second section (A11 other fields text) is a list of all other
wait fields displayed in seconds. Scolling down the Quick view panel is the interval start

and end time of day. Also displayed is the job or task name, task count, and the total

elapsed time for the interval.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3

S|

Transactions ] IFS ] saL ]
Quick: view l Call stack ] Object waited on ] Holding thread.task ] Wait buckets ]

General:

Job information: UPDADDRO03 / TOMED / 004262: 00000001 Change...

Job subsystem: DEMODH Thread status:  RUN Job function:

Curment user profile: TOMED Priority:

Curment wait: (103/Rix) Seize: intent exclusive Cument wait duration:
Object waited on: TESTBASEPF/TESTEASEFF Interval duration:

Holding thread ortask:  UPDADDRO10 / TOMED / D04265: (1086) Interval end:

Selected point details: E

Job state transitions ]

CQuery ]
Physical I/0s | Logical LiOs |

Interval: 231 il
PGM-UFDADDR3
10

226.722 miliseconds
10.030 seconds
2004-10-14-14.03.32.303000

Description Value

Selectad field:
[Interval] - timestamp
Seize contention time (zeconds)

[231] 14.09.32. 290
9419161

All other fields:
Cpu time (seconds)
Cpu quevsing time (s2conds)
Rezerved time (zeconds)
Dasd page faults time (seconds)

398035

005862

Dazd non fault reads time (zeconds)

Dasd space usage confention time (seconds)
Idle / waiting for work time (seconds)

Dazd writes time (zeconds)

Dasd (other) time (seconds)

Dazd op-start contention time (zeconds)

N N - -]

Figure 3-56 Interval Details: Quick view tab
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» Transactions

Transaction detail appears only for jobs doing 5250 display 1/O. This kind of a job is often
referred to as an interactive workload or interactive job. When analyzing an interactive
response time problem, this panel is useful in determining the effect the problem had on

this user.
Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch2 = @
Quick view ] Call stack ] Object waited on ] Holding thread Aask ] Wait buckets ] Physical 1/0s ] Logical 1/0g ]
Transactions | IFS | saL Job state transitions | Query
General:
Job information: QPADEVDD05 / TOMED / 003260: D000007A Change... Interval: 2 :I
Job subsystem: QINTER Thread status: RUN Job function: PGM-UPDADDDEE
Curment user profile: TOMED Priority: 20
Current wait: (174/GTA) MainstoreAogical-dasd-io: generic asyncio Cument wait duration: 1.445 seconds
Object waited on: Mone detected this interval Interval duration: 5.561 seconds
Holding thread ortask:  Mone detected this interval Interval end: 2004-10-14-09.08.55.280000
Completed transactions this interval: 4
Transactions per second: 40
Total transaction time: 2 888 miliseconds (2,288 microseconds)
Average transaction response time: 722 microseconds

QK | Cancel Help

Figure 3-57 Interval Details: Transactions tab
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» Call stack

When collecting call stack details, we have to remind ourselves that Job Watcher is not a
trace tool. It is a sampling tool, which is what makes Job Watcher nonintrusive. This
means that Job Watcher will not interrupt a job in order to harvest any job information
including call stack details. As a result we may not always be able to harvest the call stack
on a multiprocessor system.

The call stack in Job Watcher is displayed in order with the newest program or module
being listed first. This is the opposite of what you may be used to seeing when using the
DSPJOB command.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3 i Q

Transactions ] IFS ] SaL ] Job state transitions ] Query ]
Quick view Call stack l Object waited on ] Holding thread Aask ] Wait buckets ] Physical 1/0g ] Logical 1/0g ]

General:

Job information: UPDADDRO03 / TOMED / 004262: 00000001 Change... Interval: 23 il
Job subsystem: DEMODH Thread status: RUN Job function: PGM-UPDADDRZ

Curment user profile: TOMED Priority: 10

Curment wait: (103/Rix) Seize: intent exclusive Curment wait duration: 226.722 miliseconds

Object waited on: TESTBASEPF/TESTEASEFF Interval duration: 10.030 seconds

Holding thread ortask: ~ UPDADDRO10 / TOMED / D04265: (1086) Interval end: 2004-10-14-14.09.32.303000

Call stack contents:

Call ‘Pmyzm ‘Module ‘Oﬂ'set ‘Pmcedure ~
lewvel

& 003 0000021C  setTimerAndWait 13RmslFairSeizeFP11Rms[PimpSRPP12RmsISRPEntryP.
& 004 000002AC  conditionalConflict 13RmsIFairSeizeFP11Rms[PlmpSRPP12RmsISRPEntryE
& 003 00000338  obtainlntentSesize  21RmslSeizeControlBlockFP11RmsIPlmpSRPP12RmsISE.
& 006 rmsl8eizeAddr  FR11RmsIPlmpSEP

&2 007 #dbupden

o2 008 #cfmir

& 009 syscall A portal

2010 QDBUDR

2 011 cblabranch

& 012 ainser_program_call portal

55013 QSQRUN3  QSQUPDAT SQL_Update

55014 QSQROUTE QSQROUTE FASTPATH FROC

&5 015 QSQROUTE QSQROUTE 0000137C QSQROUTE [vl
< I | B

oK | Cancel | Hep |

Figure 3-58 Interval Details: Call stack tab
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» IFStab

The IFS panel displays 1/0 counts and average times that occurred during this interval
snapshot against objects that resided on the IFS.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3 = @
Quick view ] Call stack ] Object waited on ] Holding thread Aask ] Wait buckets ] Physical 1/0s ] Logical 1/0g ]
Transactions IFS l SaL ] Job state transitions ] Query ]
General:
Job information: UPDADDROO3 / TOMED / 004262: 00000001 Change... Interval: 231 :I
Job subsystem: DEMODH Thread status: RUN Job function: PGM-UPDADDR3
Curment user profile: TOMED Priority: 10
Current wait: (103/Rix) Seize: intent exclusive Curment wait duration: 226.722 milliseconds
Object waited on: TESTBASEPF/TESTEASEFF Interval duration: 10.030 seconds
Holding thread ortask: ~ UPDADDRO10/ TOMED / D04265: (1086) Interval end: 2004-10-14-14.05.32.303000
IFS Reads: IFS Opens: IFS Creates./Deletes:
Count 10s/second Count 10s/second Count 10s/second
Symbolic link 0 0 Opens: 0 0 Directory 0 0
reads: creates:
Dinzct.ory 0 0 Non-directory 0 0
reads: creates:
IFS Lookup cache: Directory 0 1]
Count 10s/second deletes:

e Mon-directory 0 0
e o o deletes:
Misses: 0 0

QK | Cancel Help

Figure 3-59 Interval Details: IFS tab
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» Object waited on

The Object Waited on tab shows the type of object the job is waiting on. Figure 3-60
shows an object named TESTBASEPF that is a physical file.

In this case the wait object name is displayed twice because it is a physical file whose
member name is the same as the file name. This is not always the case, especially for
multi-member files or single member files whose member name is not the same as the file

name.
Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3 @
Transactions ] IFS ] SaL ] Job state transitions ] Query ]
Quick view ] Call stack Object waited on l Holding thread Aask ] Wait buckets ] Physical 1/0s ] Logical 1/0s ]
General:
Job information: UPDADDROO3 / TOMED / 004262: 00000001 Change... Interval: 23 :I
Job subsystem: DEMODH Thread status: RUN Job function: PGM-UPDADDR3
Curmrent user profile: TOMED Priority: 10
Current wait: (103/Rix) Seize: intent exclusive Curmrent wait duration: 226.722 miliseconds
Object waited on: TESTBASEPF/TESTEASEFF Interval duration: 10.030 seconds
Holding thread ortask: ~ UPDADDRO10/ TOMED / D04265: (1086) Interval end: 2004-10-14-14.05.32.303000
Wait object name: TESTBASEPFTESTEBASEFF
Wait object type description: PHYSCIAL FILE MER - DATA PART I

Wait object segment type description: BASE MI SYSTEM OBJECT

Advanced:
Wait object type (hex): 0BSD Wait object segment type {hex): 0001
LIC wait object: Rix LIC wait object handle: 27252518DD00000D

QK | Cancel Help

Figure 3-60 Interval Details: Object waited on
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» SQL tab

SQL details will be available only if you have selected to include SQL data as part of your
data collection options. For additional information about including SQL data see 3.3.4,
“Data collection options” on page 58.

SQL details include:
— SQL package name, location, and source date (shown at [J).

— The actual SQL statement (shown at [J). Depending on the data collection option
selected when setting up the collection, this can be either the last or current SQL
statement. If current was selected, then the SQL statement will display only as long as
the SQL statement is active.

Interval Details: System Rchasm25, Library Redbookdh, Job Watch ltso15 =[]
Quick view ] Call stack ] Object waited on ] Holding thread Aask ] Wait buckets ] Physical 1/0g ] Logical 1/0s ]
Transactions ] IFS saL l Job state transitions ] Query ]
General:
Job information: UPDADDROO1 / DEBHAT / 007168: 0000000D Change... Interval: 28 :I
Job subsystem: Thread status: Job function:
Curment user profile: DEBHAT Priority: 50
Curment wait: (161/5R) Mainstorelogical-dasd-io: page fault Curment wait duration: 0 microseconds
Object waited on: TESTBASEPF/TESTEASEPF (Record #4854) Interval duration: 4,581 seconds
Holding thread ortask: ~ UPDADDRO02 / DEBHAT / 007169: (1530) Interval end: 2004-10-28-11.20.18.870000
S0L Package:
Package library: DEMODH M Source library: DEMODH
Package name: LUPDADDRS Source file: QRPGLESRC

Source member:  UPDADDRS
Source date: 10/22/2004 15:42:15

(Cther information:

Remote DBS *LOCAL Number of host 2 Include host variables in SQL W
name: variables:

SQL statement(s): |UPDATE TESTBASEPF SET FO1=F01+1,F02=F02+1,F03=F03+1 ,F04=F4 +1,FO5=F05+1,
FO6=F06+1 FO7=F07+1 . FO8=F08+1 FO9=F09+1 F10=F10+1.F11=F11+1 ,F12=F12+1.
F13=F13+1,F14=F14+1,F15=F15+1 F16=F16+1 F17=F17+1 F18=F18+1 F19=F19+1,
F20 = F20 + 1 WHERE RRN ( TESTBASEFF ) >= 1 AND RRN ( TESTBASEPF ) <= 83333

B

QK | Cancel Help

Figure 3-61 Interval Details: SQL tab
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» Holding thread/task tab

The Holding thread/task tab currently gives only the thread task count, which is also
available in the General section.

The Holding thread information is valid only if the Current wait duration is greater than zero
(that is, the waiter was sampled while it was waiting), the Current wait is for a seize or lock,
and Thread status is RUN or LCKW.

Note that gates, disk I/O, and other blocking codes have no holding thread number.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3 D_]
Transactions ] IFS ] SaL ] Job state transitions ] GQuery ]
Quick view ] Call stack ] Object waited on Holding thread task l Wait buckets ] Physical 1/0s ] Logical 1/0s ]
General:
Job irformation: UPDADDROOE / TOMED / 004267: 00000001 Change. . nterval: 231 =
Job subsystem: DEMODH Thread status: RUN Job function: PGM-UPDADDR3
Curment user profile: TOMED Priority: 10
Curment wait: (2/QGa) Qugate, not otherwise identified Curment wait duration: 0 microseconds
Object waited on: Segment type MACHINE INDEX RADIX4 SECONDAR Interval durstion: 10.030 seconds
Holding thread: UPDADDRO04 / TOMED / 004263 Interval end: 2004-10-14-14.05.32.294000

Holding thread TDE ID:
task count
Holding thread task count:

QK | Cancel Help

Figure 3-62 Interval Details: Holding thread/task tab
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» Wait buckets tab

The Wait buckets tab lists all of the wait buckets for a thread or task where wait time was
greater than zero:

Bucket number - Currently there are 32 different wait buckets.

Description - See 2.9, “LIC queuing primitives and more granular wait points” on
page 32 for a detailed description of wait buckets.

Percentage of Total Time - Applies to the interval being displayed.
Time - The total time in seconds spent in a given bucket during the displayed interval.

Total occurrences - Currently total occurrences are completed occurrences. A wait
must be satisfied in order to register as an occurrence. The occurrences can be zero if
the wait extends into the next interval. The time would still be accumulated and shown
in the time column.

Average time - Average time for each occurrence.
Occurrences per second - Number of occurrences per second.

Current wait time - If a thread was in a wait condition when the interval snapshot was
taken, this is the cumulative time that the thread has been in the wait. The current wait
duration has been included in the wait bucket total.

For more information, see the advanced topics in Appendix E, “Job Watcher advanced
topics” on page 255.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3 = @
Transactions ] IFS ] SGL ] Job state transitions ] Query ]
Quick view ] Call stack ] Object waited on ] Holding thread Aask Wait buckets l Physical 1/0s ] Logical 1/0s ]
General:
Job information: UPDADDRI03 / TOMED / 004262: 00000001 Change... Interval: 231 :I
Job subsystem: DEMODH Thread status:  RUN Job function: PGM-UPDADDR3
Curment user profile: TOMED Priority: 10
Current wait: (103/Rix) Seize: intent exclusive Curment wait duration: 226.722 miliseconds
Object waited on: TESTBASEPF/TESTBASEPF Interval duration: 10.030 seconds
Holding thread ortask: ~ UPDADDRO10/ TOMED / D04265: (1086) Interval end: 2004-10-14-14.03.32.303000
Wait bucket statistics {only buckets with a time value greater than zero shown):
Bucket |Description Percent |Time Total Average  |Occurences|Current wait time
number of Total |(zeconds) |occursnces |time per
Time (zeconds) |zecond
01 Cpu 5.96 19 031477 189
02 Cpu quensing 06 19 000309 1.89
15 Seize contention 93.91 9419161 3 3139720 30 226.722 milliseconds
32 Abnormal contention 07 006689 14 000478 1.40

QK | Cancel Help

Figure 3-63 Interval Details: Wait buckets tab
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» Job state transitions tab

In our example, interval 231 has 0 transitions. This is because, using the wait bucket
statistics in Figure 3-63 on page 104, the only waits collected were seize contention waits
(3) and abnormal contention waits (14). These kinds of waits do not cause the job, thread,
or task to leave an activity level slot (no transition occurs).

A typical reason for the Active state to ineligible state transitions field to appear as greater
than 0 is when the pool’s activity level is set too low. Consider increasing the activity level.

However, in a very busy system, even with a reasonably high activity level value, you
would still see a relatively low value under Transitions/second. This would be considered
normal. At the risk of oversimplifying this activity level tuning knob, consider using the
system value QPFRADJ set to either 2 (Adjustment at IPL and automatic adjustment
(during normal activity)) or 3 (Automatic adjustment) when installing a new application
workload. Observe the changes in activity level and pool sizes over a reasonable time and
assess performance.

In a steady-state environment, after letting QPFRADJ do its function, you get low values
for Active state to ineligible state transitions and a good setting for the activity value. When
you have the storage pool with the best activity level value, and understand the dynamics
of your environment, consider turning off QPFRADJ (0 value).

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Syswch3 EI'_—I
Quick view ] Call stack ] Object waited on ] Holding thread task | Wait buckets Physical 1/0s Logical 1/0s |
Transactions ] IFS ] SaL Job state transitions l Query ]
General:
Job information: UPDADDROO3 / TOMED / D04262: 00000001 Change... Interval: 231 :I
Job subsystem: DEMODH Thread status:  RUN Job function: PGM-UPDADDR3
Curment user profile: TOMED Priority: 10
Current wait: {103/Rix) Seize: intent exclusive Cumert wait duration: 226.722 miliseconds
Object waited on: TESTBASEFPF/TESTBASEFF Interval duration: 10.030 seconds
Holding thread ortask: ~ UPDADDRO10/ TOMED / D04265: (1086) Interval end: 2004-10-14-14.03.32.303000
Count Transitions/second
Active state to wait state transitions: 0 0
Active state to ineligible state transitions: 0 ]
Wait state to ineligible state transitions: 0 ]

QK | Cancel Help

Figure 3-64 Interval Details: Job state transitions tab
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» Physical I/Os tab

Along with reads and writes, this tab shows the number of I/O pending faults, page faults,
DASD pages allocated and deallocated, and waits for an async write. An example of a wait
on an asynchronous write is when we have to wait on a journal bundle to be written out.

106

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Batchwch2 g @
Transactions ] IFS ] Job state transitions Query ]
Quick view ] Call stack ] Object waited on ] Holding thread Aask ] Wait buckets Physical 1/0s l Logical 1/0g ]
General:
Job information: BATCHWRK1 / TOMED / 008003: 0000001E Change... Interval: KLY :I
Job subsystem: WORKLOAD Thread status: RUN Job function: PGM-STRLOOFERZ
Curment user profile: TOMED Priority: 23
Current wait: (162/SFP) Mainstore logical-dasd-o: page fault io pen  Cument wait duration: 9.739 millseconds
Object waited on: LOOPPF/LOOPPF (Record H456868) Interval duration: 1.030 seconds
Holding thread ortask:  Mone detected this interval Interval end: 2004-11-02-10.48.39.450000
Reads: Writes: Cther:
Count 10s/second Count 10s/second Count 10s/second
Synchronous: Synchronous: Opendng 6 587
DE: 0 0 DE: 2 194 page faults:
MNon-DB: O 0 MNon-DB: O 0
Watts for 1 97
aysnc writes:
Asynchronous: Asynchronous:
DB: 2 194 DB: 5 485 Page faults 0 0
NonDB: O 0 NonDB: O 0 causing reads:
Allocated 170 165.04
Totals: 2 194 Totals: 7 679 DASD pages:
Dealiocated 4 388
DASD pages:
QK | Cancel Help

Figure 3-65 Interval Details: Physical I/Os tab
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» Logical I/Os

This tab provides a count and per-second rate for read, write, and logical other operations.
Logical other includes updates, deletes, commit, rollback, open, close, and other
operations not discussed here.

These counts represent each request the application program issues to i5/0S data
management. These are commonly referred to as LDIOs.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Batchwch2

=X

Transactions ] IFS ] Job state transitions ] Query ]
Quick view ] Call stack ] Object waited on ] Holding thread Aask ] Wait buckets ] Physical 1/0s Logical 1/0s
General:
Job information: BATCHWRK1 / TOMED / 002003: 0000001E Change... Interval: 329 %‘
Job subsystem: WORKLOAD Thread status: RUN Job function: PGM-STRLOOFERZ
Curment user profile: TOMED Priority: 23

({updates/deletes)

Curment wait: (167/5Wt) Mainstorelogical-dasd-io: dasd write Curment wait duration: 0 microseconds
Object waited on: LOOPPF/LOOPFPF Interval duration: 1.030 seconds
Holding thread ortask:  Mone detected this interval Interval end: 2004-11-02-10.48.27 107000
Count 10s/second
Logical reads: 0 0
Logical writes: 106 102.91
Logical others: 0 0

Cancel Help

Figure 3-66 Interval Details: Logical I/Os tab
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» Query tab

This tab displays the query that was used to build the interval data displayed in the graph.
All queries used to build Job Watcher graphs are available and can be copied to a Job
Watcher Data Viewer window so that you can modify and build your own queries.

Interval Details: System Rchasm25, Library Jobwatcher, Job Watch Batchwch2 : @
Quick view ] Call stack ] Object waited on ] Holding thread Aask ] Wait buckets ] Physical 1/0s ] Logical 1/0s ]
Transactions ] IFS ] Job state transitions Query
Description:

JOBEWATCHER/BATCHWCH2 Run/wait time signature for BATCHWRE1 / TOMED / 008003: 0000001E

SGL Statement:

SELECT CONCAT(CONCAT(CONCAT([, TRIM(CHAR(A INTERVALY))). 1, SUBSTR(CHAR(A ISTARTTOD), 12, 12))
AS TIMEINT, ISTARTTOD, [ENDTOD, A INTERVAL AS INTERVAL, TDEJOBNAME, CHAR(HEX(THREADID)) AS
THREADID, TASKCOUNT, DECIMAL((QTIMEO] + QTIMEO02 + QTIMEO03¥1000000., 23, 6) AS TOTALTIME,
DEC(QTIME01/1000000., 25, 6) AS TIMEO1, DEC(QTIME02/1000000., 23, 6) AS TIME(2, DEC(QTIME(4/1000000., 25, 6)
AS TIME(4, DEC(QTIME03/1000000., 23, 6) AS TIMEOS, DEC(QTIMEOQ6/1000000., 23, 6) AS TIMEQG,

AS TIME(09, DEC(QTIME10/1000000., 23, 6) AS TIME10, DEC(QTIME11/1000000., 23, 6) AS TIME11,
DEC(QTIME12/1000000., 23, 6) AS TIME12, DEC(QTIME13/1000000., 23, 6) AS TIME13, DEC(QTIME14/1000000., 23, 6)
AS TIME14, DEC(QTIME13/1000000., 23, 6) AS TIME13, DEC(QTIME16/1000000_, 23, 6) AS TIME16,
DEC(QTIME17/1000000., 23, 6) AS TIME17, DEC(QTIME18/1000000., 23, 6) AS TIME18, DEC(QTIME19/1000000_, 23, 6)
AS TIME19, DEC(QTIME201000000., 23, 6) AS TIME20, DEC(QTIME21/1000000., 23, 6) AS TIME21,
DEC(QTIME22/1000000., 23, 6) AS TIME22, DEC(QTIME23/1000000., 23, 6) AS TIME23, DEC(QTIME24/1000000., 23, 6)
AS TIME24, DEC(QTIME23/1000000., 23, 6) AS TIME235, DEC(QTIME26/1000000., 23, 6) AS TIME26,
DEC(QTIME27/1000000., 23, 6) AS TIME27, DEC(QTIME28/1000000., 23, 6) AS TIME28, DEC(QTIME2%/1000000., 23, 6)
AS TIME29, DEC(QTIME30v1000000., 23, 6) AS TIME30, DEC(QTIME31/1000000., 23, 6) AS TIME31,
DEC(QTIME32/1000000., 25, 6) AS TIME32 FROM (JOBWATCHER/QAPYJWINTI A LEFT OUTER JOIN
JOEWATCHER/QAPYIWTDE B ON A INTERVAL =B INTERVAL AND TASKCOUNT = 4331)

Database file ovemides:
Library File Member

JOBWATCHER QAPYJWINTI BATCHWCH2
JOBWATCHER QAPYJWIDE BATCHWCH2

QK | Cancel Help

Figure 3-67 Interval Details: Query tab

3.5.6 Additional Job Watcher graphs

More than 50 different graphs are included with Job Watcher. Some display a view by interval
and others display jobs ranked in order of time spent in a particular wait condition. In this
section we include a sample of the available graphs:

1. Wait graphs by interval: These graphs show an interval-by-interval view displaying the
amount of time spent in a particular wait during each interval. We have already seen an
example of using a Wait graph by interval in Figure 3-43 on page 86 with a Collection
overview signature that shows a number of common waits. There are also graphs that are
more specific, such as the Seize and lock time signature seen in Figure 3-68 on page 109
and the DASD time signature in Figure 3-69 on page 109.
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Figure 3-68 Seize and lock time signature
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2. Wait graphs by job: These graphs display jobs in the order in which they spent in a
particular wait condition. Figure 3-70 shows an example of job signatures ranked by time
spent in seize contention.

,,
li Data Viewer - #1 - [JOBWATCHER/SYSWCH3/Job signatures ranked by seizes - #1] =JoEd
& File Edit View Window Help -3 =

e d-a- eala E- 9

UFDADDROO3 / TOMED / 004262: 00000001

Job signatures ranked by seizes: Intervals 1 to 400

UFDADDROO1 / TOMED / 004 00000001
UFDADDROOS / TOMED / 004 00000002
UFDADDROOS / TOMED / 004 00000001

UFDADDROOT / TOMED / 004266: 00000001
UFDADDROOZ / TOMED / 004261: 00000001
UFDADDROO4 / TOMED / 004263: 00000001
UFDADDROOS / TOMED / 004284: 00000002
UFDADDROOS / TOMED / 004 00000001
UFDADDRO10 / TOMED / 004269: 00000001
USERJOB10 / TOMED / 004244: 00000001
USERJOBS / TOMED / 004242: 00000001
USERJOB12/ TOMED / 004246: 00000001
USERJOBT / TOMED / 004241: 00000001
USERJOB17 / TOMED / 004252: 00000001
USERJOB16 / TOMED / 004251: 00000001
JO-EVALUATE-TASK: 4532

USERJOB13/ TOMED / 004248: 00000001
USERJOB18 / TOMED / 004253: 00000001
USERJOB19/ TOMED / 004258: 00000001

Time {seconds)

< } 1l

Graph control memory - 6,40% used (540/10000) Bars 1- 20 0f 43

Copy
Save As...

Preferences...
Graph Definition  * Generally-axis, ..

uery Definition »|  Primary ¥-a —
Query v Graph Definition - @E
R Secondary |
Propetties .
Save Bs... General/¥-axis | Primary 'r-avis | Secondary Y-axis

Graph Description:

Job signatures ranked by seizes: Intervalz 1 to 400

1~ Graph type:

" Werlical stacked bar & Horizontal stacked bar

™ Vertical bar " Harizantal bar

Bars per page 1 to 300) |Using bars per page value on Preferences window. Clear

[ Hahis
Field: 1J0b.-"user.-"number: thread D -or- Task name: task count [JTTHLI

D escription: |J ob name/user/number: thread 1D

Figure 3-70 Job signatures ranked by seizes
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Tip: The Job signatures ranked by seizes (Figure 3-70) and Job signature ranked by
CPU (Figure 3-71) graphs default to not showing the performance components color
legend. This is because these job signature graphs contain 32 buckets and 32 fields,
which means that the legend takes up half of the available window space. However, you

can get the color legend to be displayed:

1. Using Figure 3-70 as an example, right-click anywhere in the Job sighatures
ranked by seizes window.

2. In the context menu, select Graph Definition — General/X-axis as shown.
3. Check the box for Show the graph legend. Click OK (not shown).

The graph window contains the job bar graphs above the colors legend, as shown in

our Job signature ranked by CPU example (Figure 3-71).

We explain more about graph definition options in “Graph views” on page 238.

4. CPU: CPU graphs are very helpful in determining which threads or tasks are using CPU
during an entire collection or just during certain intervals. (The description for Figure 3-40
on page 83 includes an Edit — Preferences example of changing the range on which the

summarization is done.) Figure 3-71 shows Job signatures ranked by CPU.

Fik Edit view Window Help
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Figure 3-71 Job signature ranked by CPU, showing color legend

Chapter 3. Getting started

111



5. Another useful CPU graph is the CPU/CPUq usage high-priority and low-priority jobs as
shown in Figure 3-72.
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Figure 3-72 CPU/CPUq usage by high/low priority

The CPU/CPUq usage graph is an overview of all threads or tasks that were included in
the Job Watcher collection and the amount of time spent either dispatched or queued. The
graph also breaks the jobs out by high priority and low priority for a better view of the
impact high-priority jobs are having on the low-priority jobs.
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6. The CPU/CPUq graph is currently configured where high-priority jobs are any job or
thread with a priority of 29 or less. This value can be changed using the field selection
option of the query definition pull-down menu. See Figure 3-73 and Figure 3-74.

i3} Data Viewer - #1 - [JOBWATCHER/SYSWCH2/CPU/CPUQ usage by high/low priority - #1] =JoEd
@ File Edit View Window Help -3 =
= : ' Query definition menu
= A - y
Member Selection... i
T 3 low pricrity -
Field Selection... 120
350 . % 110,
Record Selection... =
200 Sort. 1008
P ort... L
w__ 50y
E 50 _t___) Group... 80 2
~ 70 F
200 ™ — ez
;’153 50 8
E 0§
E
bl | w3
20 o
50 0 =
10
0 TTTTTTT T >
TOTU OO rMTORARWNMOODT T DO T ODDWUANNNRMWLOORLE DO DOREODNDODdD W oo
nHB888 2889 EE88rRRRYdEE RS 88822RNARERYYRUEaEER
mm'm'Vfvfg'v:v:Vfvfv'g'v:Vfvfv'v:g'Vfvfv'v:v:3;'vafVfva:gI:ilal:il:il:iI:Jl:ila'l:il:iL'JL'ik'ik'ilaL'iL‘iL‘ik‘iwi
mog==amYInogmnYnoO-nYTnogemnYng e o0 L By B R T e e A B B L T
MO0O0O00O0O - rr NN NOOOOOOTTTTTTOWWWWW@OOOOO O RRRRD
[ o I n R sy o o o o o oy R o o o o oY R o o o o o i o o o o T o v T o o o w3 o o e
0O0O0O0ODO0ODO0OO0OO0OD0O0ODD0DO0ODO0OO0OO0OD0O0DOD0DO0ODO0OO0OO0O0O0DD0DO0O0O0O0O0D0DO0OO0OOO0OO0O0OD0ODO0ODO0O0ODO0OCOCOOOO0OOCO
[ = T A T A = R T T T Tipo
e e e e e = e
[Interval] - timestamp
CPU time for high priority jobs (s=conds) [N CPU time f
CPU quausing time for high pricrity jobs (z=conds) [N CPU queuing time f
Total active thread 5.-Lask5-
1 [ | (sl
£ | | (&4
Define which fields will be visible in the report and in what order. Bars 117 - 166 of 343

Figure 3-73 Query field selection
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Figure 3-74 Query Definition

In the Query Definition window, click on the SQL expression for fields CPUHIGH,
CPULOW, CPUQHIGH, and CPUQLOW to change 29 to the desired value in each.
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Important - CPU time definition: In all or nearly all of the screen captures and
associated text, the label for Run/Wait bucket1 is referred to as CPU. By the time this
publication is available, the Job Watcher tool will be referring to bucket1 with the more
accurate label of Time Dispatched on a CPU. See “Bucket 1: Dispatched Time
(previously referred to as CPU)” on page 33 for the definition of Run/Wait bucket1.

7. DASD/ IO graphs: We have included three examples of the graphs available in the
DASD/I0 folder for an idea of what is available. The Physical I/O requests graph shown in
Figure 3-75 is probably the one we use most often when analyzing disk 1/Os.
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Figure 3-75 Physical I/O request activity

When dealing with a problem that includes busy disk units (for example, disks are
averaging more than 30-40% utilization), the Physical I/0 request activity graph gives you

a view of the type of I/Os that are causing your disk units to be busy. You
breakdown between synchronous and asynchronous I/Os.
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8. In the example shown in Figure 3-76, the y axis is the number of active threads/tasks. In

this Job Watcher collection, the y axis is a straight line across the top of the graph ()

because we were collecting for only one job.
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Figure 3-76 Logical database I/O activity
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The Page faults graph can help us assess the amount of storage that is available to run
applications using the same storage pool. The newer 8xx family of servers and the eServer i5
POWERS servers, along with the newer technology disk controllers and disk drives
themselves, can sustain rather high per-faults per-second rates.

In the example in Figure 3-77, the peak Faults per second rates are low enough that page
faulting (discussed in more detail in “Page faults” on page 146) does not appear to be an
indicator of a performance problem.
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Figure 3-77 Page faults graph

Important: Even with the extensive number of graphs that are available, ultimately you will
find that you may have to go to the Job Watcher output data and run your own queries over
the data in order to conclude your analysis. In Appendix C, “Querying and graphing tips for
Job Watcher” on page 221, we discuss creating user-defined (customized) queries and
also include some examples.
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Analysis example: traditional
batch ILE RPG application

In this chapter we demonstrate how to use Job Watcher to analyze performance problems
related to a traditional batch ILE RPG workload.

We use an example of an RPG batch job that is now running longer than it previously did
although system administrators feel it does not have additional work to perform.

Important:

» Remember that Job Watcher is a sample-based collection tool, not a trace-based
collection tool.

» To examine call stack data (used in this example), you must have specified to do call
stack data capture when you started Job Watcher data collection.

» To understand query examples shown in this chapter and write your own queries, you
must refer to wait bucket definitions listed in Table 2-3 on page 30 of this chapter and
the Job Watcher file and field descriptions included in “Job Watcher terminology” on
page 200.

» This chapter assumes that you are familiar with the contents of Chapter 3, “Getting
started” on page 51.

Refer to 3.3.4, “Data collection options” on page 58 for information about specifying data
collection options.
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4.1 Analyzing the problem

In this RPG traditional batch application, we had Collection Services data both from when the
job ran its original run time and from its longer run time. For each job, we created the
performance database files and printed the Component Report to examine the number of
logical I/0 operations and for any other indications. The longer-running job obviously used
more CPU during each Collection Services interval and ran over more intervals than the
shorter-running job did. Looking at these reports, we saw that the number of logical disk I/Os
were close enough between the two jobs to conclude that the longer run time was not due to
significantly more records being processed.

But we could not get a feel for what was causing the high CPU usage.

In our example, there could be several reasons for the longer run time, such as more page
faulting because someone lowered the pool size storage used by the job, or someone made
some “should not affect performance” changes to one or more of the programs within the
application job. If there were program changes. one of the causes could be a misuse of file
opens, or, in this example, misuse of activation groups.

4.2 Activation group usage

All programs and service programs running on an iSeries are activated within a substructure
of a job that is called an activation group. This substructure contains the resources that are
necessary to run the programs and procedures, including static and heap storage, and
temporary data management resources such as opened file control blocks. These resources
can be scoped to a specific activation group. Access to the information within an activation
group can be prohibited from applications scoped to a different activation group.

Activation groups offer a powerful function, but too much activation group processing can
have a negative impact on performance.

The system provides a default activation group (‘DFTACTGRP) within a job that can be used
to contain all resources for an entire job. IBM-supplied QLGLOCAL also appears as an
activation group when certain system functions are used to access job attributes.

In most application environments, use of the system-supplied activation groups is sufficient.

However, a user program within a job running an application, by design, can create one or
more of its own activation groups and isolate resources to one of these specific activation
groups.

Normally you would want to minimize the number of activation groups used in each job, as
each creation and change between activation groups can affect performance.

Having set the stage for the topic of activation group usage, we start with the subject of a job’s
increased CPU utilization being detected to give a Job Watcher example of activation group
analysis.

An increase in the CPU time that a job uses can be attributed to a number of sources, such as
an increase in workload or a longer code path. A longer code path can be caused by, but not
limited to, the improper use of activation groups in ILE RPG.

In this section we use Job Watcher to demonstrate how to determine whether the reason for
the increase in CPU utilization is a change in the way activation groups are being used within
our application.
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Figure 4-1 shows a before-and-after comparison of how our batch jobs ran. In the top graph,
the batch job ran for a little more than 7 seconds of CPU time. In the lower graph, the same
application took 1,650 seconds of CPU time to complete.
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Figure 4-1 Before-and-after comparison
By using the following steps, we determined the cause of the high CPU.

Looking at the call stack of each job is a key way to find out what is going on with the
programs running within the job when the snapshot is made. Our Job Watcher collection
included call stack information, and the standard Job Watcher GUI can show the basic call
stack information for each job within each interval.

We decided we wanted some call stack statistics for each job, such as “viewing all call stacks
where program xxxxx occurred.” The base call stack information for deriving these statistics is
stored in the Job Watcher collection data, but some of the fields are in a format that is not
directly available to the V5R3 Job Watcher GUI interface. For example, some of the important
data is in binary format.

To handle this situation through V5R3, Job Watcher provides the command Retrieve Stack
Data (RTVSTKDTA), which you must run to convert this binary data into a file/member format
that can be processed by a user-written query. We describe the RTVSTKDTA command in
“RTVSTKDTA command” on page 250. For this example, follow these steps to get the
necessary call stack information.

We performed the following RTVSTKDTA command steps to get the call stack information
into a query-ready format:

1. SBMJOB CMD(QIDRGUI/RTVSTKDTA WCHMBR(NOV16C) WCHLIB(NOV16)
MODTYPE(JW53) RCOUNT(*ALL) TCOUNT(*ALL) STKMBRNAME(NOV16C))
JOB(RVTSTACK)

SBMJOB CMD(QIDRGUI/RTVSTKDTA WCHMBR(NOV16D) WCHLIB(NOV16)
MODTYPE(JW53) RCOUNT(*ALL) TCOUNT(*ALL) STKMBRNAME(NOV16D))
JOB(RVTSTACK)

NOV16C is the short-running job collection and NOV16D is the long-running job collection.
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2. We ran the following queries to determine the differences in the program and procedures
that were called in the two batch jobs.

Note: In this chapter we use the Job Watcher Data Viewer interface for entering SQL
SELECT statements. Find more about this capability in 5.2.3, “Data Viewer” on page 134.

Figure 4-2 is an example of the query we ran over the Job Watcher data for the
short-running batch job, and Figure 4-3 on page 121 shows an example of the same query
that was run over the Job Watcher data for the longer-running job.

3} Data Viewer - #1 - [Rchasm25: SOL Query View - #1] -Jo&d
B File Edit View Window Help = 4
e8| sk ol
SELECT count(*) AS COUNT, a.taskcount, a.fpgm. a.fmod, 2 fprocname
FROM (SELECT interval, taskcount, fpgm, fmod, fprocname
FROM novl6igaidrjwstlk
GROUP BY interval, taskcount, fpgm, fmed, fprocname ) a
GROUP BY taskcount, fpgm, fmod, fprocname
ORDEREY 1 desc
COUNT |Task |Program ‘Mcdule ‘chedure Name i~
count
6 10364 aimach_program_call portal
6 10564 LOOPCL3 LOOPCL3 _CL_PEP
6 10364 pmlnitiateProcessUnderTarget_ Fv
6 10364 aiuser_program_call portal
6 10564 chlsbranch
6 10564 QCMD
b 10564 LOOPCL3 LOOPCL3 LOOPCL3
bl 10364 userProgramResume_ 13 AiUpcall>
2 10564 ***No Procedure Found*** TBT>
2 10564 QCLCLC>
2 10364 =mnressp
2 10564 #marnrl
2 10564 Zcfmir
2 10364 findObject_ 16MnResolveContex>
1 10364 syscall A portal i
1 10364 syscall 22 portal |

Figure 4-2 Short-running example

Attention: Because Job Watcher is a sampling tool and not a trace, occasionally the call
stack will not be harvested and, instead of a program or procedure being displayed, you
will see ***No Procedure Found***,

When a job is running in a processor, Job Watcher will not interrupt the job to get the job’s
call stack. This illustrates what we mean by Job Watcher being nonintrusive. A true trace
would record everything, but would also take increasingly more CPU as the normal
application activity increases.
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3! Data Viewer - #1 - [Rchasm25: SQL Query View - #1] =JoEd
B File Edit View Window Help ] a] =
2| & | |EelalklE ] A
SELECT count(*) AS COUNT, a.taskcount, a.fpgm. a.fmod, 2 fprocname
FROM (SELECT interval, taskcount, fpgm, fmod, fprocname
FROM novl6igaidrjwstlk
GROUP BY interval, taskcount, fpgm, fmod, fprocname ) a
GROUP BY taskcount, fpgm, fmod, fprocname
ORDER BY|1 desc
COUNT [Task ‘ngmn ‘hﬁMuk ‘quﬂmeNmm [~
count =|
780 10567 ***No Procedure Found*** TBTADDR=0000000000000000
483 10567 chlsbranch
491 10567 LOOPCL LOOPCL _CL_FEP
491 10367 aiuser_program_call portal
491 10367 aimach_program call portal
491 10367 LOOPCL LOOPCL  LOOPCL
491 10567 QCMD
422 10367 pminitiateProcessUnderTarget_ Fv
i 10367 userProgramCall 15 AiUpcallProgramEv
315 10367 pActivatePem_15AiUpcallProgramFPI AiPgmP2AiProcessR 14 AilcbCleart
34 10367 targetProgramActivation 15AiUpcallProgramFF. 14 AilebClearAreaP16A1M
34 10567 ActivateNew 11 AiActivatorFy
307 10367 pCreateStdActivation_ 11AiActivatorFv
168 10567 LOOP LOOP _QRNP_FEP_LOCF
148 10367 pBuildDepGraph_ 11AiActivatorFPIAiPgm
142 10567 QLEAWI  QLEPM Q LE leActivationInit
126 10567 QLEDAGE QLEDAGE _CXX PEP_ Fv
126 10567 QLEDAGE QLEDAGE main
124 10567 QLEDAGE QLEIT activationTnit
110 10567 QLEDAGE QLEIT act_Create FUL
104 10367 smasmswitchstackandeall § _[V;
1< 1l B3
Records 1-21of 347

Figure 4-3 Long-running example

In Figure 4-3, notice the difference in the programs and procedures that were in the call

stack and the number of times these were called. From this we can determine that a

different code path is being used in the longer running job. Why?

The additional programs we see in Figure 4-3 are system programs starting with QLE,

which tells us that they are part of the ILE component. We can also see a reference to a
procedure called pCreateStdActivation. Even when we do not know anything about LIC
procedure names, we can certainly guess the meaning of this procedure.

. With a very good suspicion that the long-running batch job was creating lots of activation
groups, we ran a query over Job Watcher’s activation group information file
(QAPYJWAIGP) and joined this with the main TDE scope file (QAPYJWTDE) to display
the name of the activation groups being created along with the job name.

Example 4-1 shows the SQL statement we ran. Example 4-2 on page 122 shows the
results for NOV16C (quick-running job), and Example 4-3 on page 122 shows the results

for NOV16D (long-running job).

Example 4-1 SQL example for quick-running job

SELECT a.totrec, a.taskcount, b.tdejobname, a.actgrpnam

FROM

(SELECT count(*) as totrec, taskcount,

case when(actgrp = ' ' ) then '*NEW' else actgrp end as actgrpnam
FROM nov16/qapyjwaigp

WHERE substr(actgrp,1,4) <> '*DFT'

GROUP BY taskcount, actgrp

)a

LEFT OUTER JOIN

(SELECT tdejobname, taskcount FROM gapyjwtde
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GROUP BY tdejobname, taskcount
) b
on a.taskcount = b.taskcount

Example 4-2 Output from the quick-running batch job

TOTREC ACTGRPNAM
Initial thread Job/task
task count name
7 10,564  NOV16C TOMED 011063 XXNAMEDXX
7 10,564  NOV16C TOMED 011063 QLGLOCAL

Example 4-3 Output from the long-running batch job

TOTREC ACTGRPNAM
Initial thread Job/task
task count name
906 10,567 NOV16D TOMED 011065 *NEW
1,009 10,567 NOV16D TOMED 011065 QLGLOCAL

You can see under the heading TOTREC in the longer-running job (Example 4-3) that the
management of activation groups has increased significantly. Many more activation
groups are being created, and 906 of them have the name *NEW. When a new activation
group name is created, every time a program is called it results in the activation group
name field in the QAPYJWAIGP file being blank. This is why in our query (Example 4-1 on
page 121) we replace the blank with *NEW to show that these are new activation groups.

4. We then used the operating system Display Program (DSPPGM) command to show what
type of activation group is used. See Example 4-4 for the DSPPGM command output
example of the program we used in our batch job. If you see that the activation group is set
to *CALLER, then run DSPPGM for the calling program to determine what it is set to.

Example 4-4 DSPPGM PGM(WORKLOAD/LOOP)

Program . . . . . . . : LOOP Library . . . . . . . : WORKLOAD
Owner . . . . . . . . : TOMED
Program attribute . . : RPGLE
Detail . . . . . . . . : *BASIC

Program creation information:

Program creation date/time . . . . . . . . . . : 11/16/04 11:58:30
Type of program . . . . . . . . . . . . . . .2 ILE
Program entry procedure module . . . . . . . . : LOOP

Library . . . . . . . o o 00000 QTEMP
Activation group attribute . . . . . . . . . . ¢  *NEW
Shared activation group . . . . . . . . . . . *NO
User profile . . . . . . . . . ... .. ... *USER
Use adopted authority . . . . . . . . . . . .: *YES
Coded character set identifier . . . . . . . . : 65535
Number of modules . . . . .. ... .. ... 1

More..

By using the DSPPGM command on several programs running in our batch job, we found
which one (LOOP, in our case) was causing new activation groups to be created. In a more
complex application, you may have several programs using new activation groups.
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Tip: For ILE performance, have your driver program compiled to use the system-supplied
*DFTACTGRP activation group or use a nhamed activation group and then have all called
programs from that driver program compiled to use *CALLER.

Excellent sources for more information about developing iSeries applications using the
Integrated Language Environment® (ILE) facilities include:
» iSeries Information Center Web site:

http://www.ibm.com/eserver/iseries/infocenter

— Select the appropriate region and language.

— Inthe left navigation pane, expand Programming —Languages —ILE Concepts.
» ITSO Redbooks:

http://www.redbooks.ibm.com

— Search with Integrated AND RPG.
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SQL, call stack, and journal
analysis examples

The chapter demonstrates how Job Watcher can help answer the following questions:

» Is there any long-running SQL on the system that merits further investigation?

» What are the most popular SQL statements being used?

» What application and system programs are on the call stack when SQL is being run?

» Are there any journal delays? What could be done to reduce them?

This chapter discusses how to drill down through Job Watcher data to find out what is
happening on a system running an SQL and journaling environment. We also examine call

stack information. This chapter also provides several SQL statement examples showing Job
Watcher information in addition to that which is directly available from Job Watcher graphs.

Important:

» Remember that Job Watcher is a sample-based collection tool and not a trace-based
collection tool. Depending on your collection interval value and the run time of your SQL
statements, you may miss some SQL statements that have run during the collection.

» To examine SQL information, you must have specified SQL statement data capture
when you start the Job Watcher data collection.

» To examine call stack data you must have specified to do call stack data capture when
you start Job Watcher data collection.

» To understand query examples shown in this chapter and write your own queries, refer
to wait bucket definitions listed in Table 2-3 on page 30 of this chapter and the Job
Watcher file and field descriptions included in “Job Watcher terminology” on page 200.

» This chapter assumes that you are familiar with the contents of Chapter 3, “Getting
started” on page 51.

Refer to “Data collection options” on page 58 for information about specifying data collection
options.
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5.1 Our example application and preliminary performance
analysis

Our example application performs SQL-based adds (INSERTs) and updates to an arrival
sequence physical file called TESTBASEPF. There are 20 keyed logical files over this
physical file, all with immediately maintained access paths. The 20 logical files are called
TESTLFO1 through TESTLF20.

This application is used for all of the analyses in this chapter.

The application submits three jobs to a job queue; the names of these jobs all begin with
UPDADDR. One of these jobs adds 1000 records to the physical file TESTBASEPF. All three
jobs update approximately one-third of the physical file TESTBASEPF using SQL UPDATE.
File TESTBASEPF has 250,000 records. The updates to file TESTBASEPF affect all of the
immediately maintained access paths of the 20 logical files. The physical file and its
associated logical files are being journaled with before and after images to a journal called
DEMODHJRN. QAPYJWSTS.

Prior to collecting Job Watcher data for our sample application, we took the following actions:

1. We ran Collection Services and looked at the collected data through the System and
Component reports, and the display performance data through the DSPFRDTA command
and the iSeries Navigator performance graphics built-in. We focused on the run time of the
SQL statements.

2. We also ran the iSeries Navigator SQL Performance Monitors and looked at the available
reports. This helped us determine the Job Watcher functions used in this example. Both
the SQL Performance Monitors and Database Monitor are mentioned in this chapter.

3. We determined to run a Job Watcher collection that included capturing SQL information
and performed the GUI-related analysis described in this chapter. The following steps
describe the setup and running of the Job Watcher collection.

4. We restored the physical file (PF) and 20 logical files (LF) so the application always runs
over 250,000 records in TESTBASEPF.

5. The TESTBASEPF physical file and the 20 TESTLFO1 through TESTLF20 logical files
were purged from memory using SETOBJACC *PURGE.

Journaling of PF and LF before-and-after images was ended.
Both the journal and its receivers were deleted and recreated.
The three UPDADDR* jobs were submitted to a held job queue.

Job Watcher system-wide collection was started, using 5-second intervals, callstack data
for every interval, and active SQL statements.

© ® N>

10.The three UPDADDR* jobs were released and the jobs ran to completion.
11.The collection was ended.

Attention: In addition to using performance tools such as Job Watcher, as part of your
SQL performance analysis you should have the following performance tips PDF available
for your reference. It can be found at the iSeries V5R3 Information Center Web site:

http://publib.boulder.ibm.com/infocenter/iseries/v5r3/ic2924/index.htm

Select Printable PDFs and manuals. Search the table for performance. The title is DB2
UDB for iSeries Database Performance and Query Optimization.
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5.2 SQAL analysis

When making the first collection for assessment, we used the following data collection options
to ensure that you collect only those SQL statements that are active when the collection
shapshots are made. We specified the following collection options, referring to 3.3.4, “Data
collection options” on page 58 for configuring these options:

» Collection interval: 5 seconds
» Call stack every interval

» Active SQL statements and host variables every interval
Remember, the SQL statements will be collected only if they are executing when the
collection snapshot is taken.

» System-wide collection (all jobs, all tasks)
» Set the maximum size to 4,000 MB (assuming you have enough space)
» Set the number of intervals to 240 (20 minutes)

The SQL collection option that was used was Active SOL cursors and host variables. Only
SQL statements that are active when the snapshot is run (end of interval) are collected. The
last executed SQL statement option was deliberately not chosen as it would cause the most
recently run SQL statement to be harvested irrespective of whether it completed 2 hours ago
or 2 seconds ago. Hence collection of the last executed SQL statement is not recommended
for general system level analysis unless you are already familiar with the applications being
run on the system and have prior knowledge of potential long-running SQL statements. One
way to do this is to have previously used such tools as the Database Monitor or iSeries
Navigator SQL Performance Monitor.

5.2.1 Getting started

Whenever an active SQL statement was collected, it can be seen complete with the host
variable values reconstituted using the client workstation GUI. Every collected SQL statement
is stored against the interval and task count that ran it; for this reason you must drill down
through the GUI graphs until you are viewing data for a single interval and single task count.

We show the most commonly used Job Watcher drill-down techniques in 3.5.3, “Reports and
graphs: Example 1” on page 85 and 3.5.4, “Graphs and reports: Example 2” on page 94.

We collected data over the mini-application described in 5.1, “Our example application and
preliminary performance analysis” on page 126 into a collection we named ITSO14 in the
REDBOOKDH library. The high availability journal performance feature #42 for i5/0S (journal
caching) was not used in this example.

We selected the Wait graphs by interval — Collection overview time signature graph for
our collection, as shown in Figure 5-1 on page 128.
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Figure 5-1 Viewing the ITSO14 collection run/wait profile

This produced a collection-wide run/wait graph, by interval, for all jobs and tasks (Figure 5-2).
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Figure 5-2 Collection overview time signature graph

This graph shows little activity until interval 15, where there was a significant increase in the
time spent in page faulting (f)). This interval is actually where our example SQL application
started. See 5.1, “Our example application and preliminary performance analysis” on

page 126, for details of the application, and “Page faults” on page 146 for finding which
objects were being faulted into memory.
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Attention: Previously, we recommended that you view the graphics in this book online to
distinguish the many different colors used for each performance metric. Here, we have also
annotated a few of the colors for metrics with reasonably high values to help you see the
larger contributors to performance:

» (B): Seize contention time (purple)
» ([: CPU time (red)
» (): Journal serialization time (blue)

Also note the height of the time interval bars. For each Job Watcher graph function, Job
Watcher has a unique default set of wait types (buckets). That one type of graph might
include 14 wait buckets and another all 32. The bar heights may also vary based on the
number of actual running threads/tasks and idle threads/tasks during each interval.

In this topic we focus on finding which jobs were running the most active SQL statements
during the collection samples; these are the jobs that had in-progress SQL statements when
the snapshots were taken. We also identify the most popular SQL statements.

5.2.2 Viewing an active SQL statement using the GUI

SQL statements with resolved host variables and SQL PREPARE statement values. You can
see the resolved host variables using the GUI only when you are within a single interval and
a single task count.

Attention: Queries run against the QAPYJWSAQL file will show SQL statements, but
without host variables and prepare values resolved.

We start by seeing whether there were any active SQL statements in progress in interval 15,
as this is the first interval in which any significant work started. To be able to check for SQL
statement presence, we must have drilled down to a single task count/interval level. We first
examine the jobs (task counts) running in interval 15, then pick a job to check for SQL
statements. As most of the time in interval 15 was spent on DASD page faults, right-click in
the DASD page faults stacked-bar entry for interval 15 (see Figure 5-3 on page 130). This
defaults to producing a list of active jobs contributing to these faults (Figure 5-4 on page 130).
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Figure 5-3 How to find the jobs in interval 15

One or more task counts in these jobs used more than 0 CPU in this interval and all of the
jobs shown contributed more than 0 seconds to the DASD page fault total during the interval.
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Figure 5-4 The jobs causing DASD page faults in interval 15
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To see the run/wait profile for the job UPDADDRO0O2 for all intervals (Figure 5-5), right-click in
the job and select Wait graphs — Run/wait time signature (as shown in Figure 5-4 on
page 130).
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Figure 5-5 Run/wait signature by interval for one job

In this example, the page faulting appears significant only as the job starts up. We are
considering this as normal and not part of our problem determination effort. The page faults
are probably file/table open and work area creation that is necessary for all jobs.

If significant page faults showed up throughout the job then we would investigate whether file
closes and opens are being repeated or perhaps some action reduced the size of the storage
pool this job was running in.

Call stack analysis, which we include in our SQL statement run time example, would help
identify programs being called repetitively, such as calls to operating system file close and
open functions that could be one of the causes of poor performance.

We now drill down within the details for the job UPDADDRO002, for all intervals in the
collection, but do not focus on the cause of the page faulting.

We do, however, start with interval 15 in order to see the interval details that could include
SQL statement and call stack details. Again, remember that interval details are only available
when you have selected one job’s task count and one interval to inspect. We clicked in
interval 15 to open the Interval Details window shown in Figure 5-6 on page 132, which is
open to the Quick view of job details.
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Quick view Callstack | Objectwaiteden | Holdingthreadtask | Waitbuckets | Physical Os | Logical 1/Os
—General:

Jobr information: UPDADDROOZ / DEEHAT / 007053: 00000001 ChElﬂge---l Interval: |15 j

Job subsystem: DEMODH Thread status:  RUMN Job function: PGM-UPDADDRS

Curmrent user profile: DEBHAT Priority: 50

Curmrent wait: (161/5F) Mainstorelogical-dasd-o: page fault Current wait duration: 6.630 miliseconds

Object waited on: TESTLFO1 TESTLFO1| Interval duration: 5218 seconds

Holding thread ortask:  Mone detected this interval Interval end: 2004-10-28-10.13.27.336000

Selected point details:

Description Value 1[44
Selected field:

[Interval] - timestamp [15]10.1327.147 i

Daszd page faults time (seconds) 4233249 ’ j
All other fields:

Cpu time (seconds) 172811

Cpu queueing time (seconds) 002396

Fezerved time (zeconds) 0

Dazd non fault reads time (zeconds) 039054

Dazd space usage contention time (seconds) 0

Idle / waiting for work time (seconds) 0

Dazd writes time (zeconds) 163814

Dazd (other) time (zecondz) 090811

Dazd op-start contention time (seconds) 0

Mutex/semaphore contention time (seconds) 0 M

0K | Cancel | Hep |

Figure 5-6 Interval details for one task count in one interval

Click the SQL tab to see the resolved SQL statement as shown in Figure 5-7 on page 133.
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There is either one or no SQL statement per task count per interval. This Interval Details
window is the only place in Job Watcher where the SQL statement is shown.

Interval Details: System Rchasm25, Library Redbookdh, Job Watch Itso14 =13
Quick: view ] Call stack ] Object waited on ] Holding thread Atask I Wait buckets I Physical 1/0s ] Logical /0= I
Transactions ] IF5 SaL ] Job state transitions ] Query ]
General:
Job information: UPDADDROOZ / DEBHAT / 007053: 00000001 Change... Interval: 15 i‘
Job subsystem: Thread status: Job function:
Current user profile: DEBHAT Priority: 50
Currert wait: (161/5Ft) MainstoreAogical-dasd+o: page fault Current wait duration: 6.630 miliseconds
Object waited on: TESTLFN TESTLFO Interval duration: 5.218 seconds
Holding thread or task: Mone detected this interval Interval end: 2004-10-28-10.13.27 336000
SQL Package:
Package library: DEMODH Source library: DEMODH
Package name: UPDADDRS Source file: QRPGLESRC

Source member: UPDADDRS
Source date: 10/22/2004 15:42:15

Other information:

Remote DES *LOCAL Number of host 2 Include host varables in SQL [V
name: variables:

FO6 = F06+ 1, FO7=FO7+1 FOB=FO8+1,FO8=FO3+1.FI0=F10+1 . Fi1=Fl1+1 F12=Fi2+1,
F13=F13+1 Fl4=Fld+1 Fi5=F15+1 F16=Fi6+1 FI7=Fi7+1. FI8=F18+1 Fi9=Fig+1.
F20 = F20 + 1 WHERE RRN ( TESTBASEFF ) »= 83334 AND RRN | TESTBASEFF ) <= 168666

Figure 5-7 SQL statement detail, with host variable values resolved

SQL statement(s): ‘LIPDATETESTEASEPF SETFO1=FD1+1 FO2=F02+1 FO3=FO03+1 F04=F04+1 FO5=F05+1,

The unresolved SQL statements are stored in the QAPYJWSAQL file, with the host variables
stored in the QAPYJWSAQLH file. The reconstitution of the host variables (fields or columns
whose values can change for each execution of the SQL statement) back into the SQL
statement is only provided via the GUI. In this example, the host variable is RRN.

At the time this book was published, there was no Job Watcher command available to
reconstitute the host variables for all SQL statements for all task counts into a file.

If you are familiar with SQL, after you have seen the type of SQL statements being run you
may want to collect DB Monitor data or run the iSeries Navigator SQL Performance Monitor
over one or more jobs to determine whether any SQL performance tuning should be made.
These tools help identify whether creating an index over the tables used by the SQL
statement could improve performance.

Note that in some i5/0S documentation, an index is sometimes also referred to as an access
path or logical file.

We next discuss the Job Watcher Data Viewer interface, as using the Data View is frequently
necessary in order to run queries that find SQL statements.
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5.2.3 Data Viewer

This is an environment provided as part of Job Watcher that enables you to run your own
SQL-based SELECT statement queries to gather more information from the Job Watcher
data. You are restricted to running only SQL SELECT statements and SELECT must begin
the SQL statement. SQL CREATE table, CREATE INDEX, DROP TABLE, and DELETE
cannot be run in this environment.

If you do not know SQL, the Data Viewer offers a Query definition interface that helps you
build a moderately complex SQL statement to process the collected Job Watcher SQL data.
However, this interface restricts you to working with only one file.

To run more complex SQL-based queries, the Data Viewer offers an SOL Query view where
you can manually enter very sophisticated (full-function) SQL SELECT statements. This
interface enables you to work with more than one file, using JOINs or UNIONs. However, you
need to know how to write SQL SELECT syntax as there is no assistance with building the
statement in this environment.

See Appendix C, “Querying and graphing tips for Job Watcher” on page 221 for the most
complete description of Data Viewer and how to use either the Query definition interface (for
novice SQL users) or the SQL Query view (for expert SQL users) interface and the functions
available within each interface.

All of the queries in 5.2.4, “Finding jobs running most SQL statements” on page 134 through
5.3.4, “Finding any SQL-related or database-related system activity” on page 143 were
produced using the full-function Data Viewer SQL Query view interface.

5.2.4 Finding jobs running most SQL statements

134

We need to check what jobs were found running active SQL statements during the collection.

The first action we take is to find the total active SQL statement count for the collection:

1. Open a new Data Viewer by right-clicking Job Watcher and selecting Open New Data
Viewer as shown in Figure 5-8.
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Figure 5-8 Starting a new Data Viewer
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2. Inthe new Data Viewer, enter the SQL statement exactly as shown in Figure 5-9.

This statement counts the number of records in the QAPYJWSAQL file collection member
that have an SQL statement length of greater than zero (>0). When a sample snapshot
runs, a task count is either running active SQL or not. There is one record in the

QPAYJWSAQL file in each interval for every task count found running an active SQL
statement in that interval.

File Edit view Window Help
e 8= |elalB(E ] 2l
B Rehasm25: SQL Query View - #1 =<

select count{*) from redbookdh/qapyjwsql where sqlstmtlen > 0

i} Data Viewer - #1 =0&d
|

Execute | Fa

Paste

Word wrap

Make Lowercase

Norecords fo|  pgke Uppercase

I ~ |Records 1-00of0

Figure 5-9 How to run an SQL statement in the full function Data Viewer

3. With the cursor positioned on the completed statement, right-click (or press F4) to run the
statement. You will be prompted to select the collection member, as shown in Figure 5-10,
if there are multiple collections in the QAPYJWTDE file.

We selected our collection member name ITSO14.

Choose member for REDBEOOKDH/QAPYJWSQL

Cancel
Fleaze zelect the desired member to use:

8
_ sl |
|

MemberName |Description

ITS014 test file mbr
ITSOI4AFAP test file mbr Q
ITS0O13 test file mbr
ITSO16 test file mbr
ITSO17 test file mbr

A
Figure 5-10 Picking a member using the full function Data Viewer
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4. The query results are placed in the bottom half of the window, as shown in Figure 5-11.
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File Edit View Window Help
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B Rchasm25: SQL Query View - #1

select count(*) from redbookdh/qapyjwsqgl
where sqlstmtlen > 0 1

404

| Records 1-1of 1 A

Figure 5-11 Total active SQL statement count

The total number of active SQL statements found in this collection is 404.

5. We now examine the statements, which jobs ran most SQL statements, and what user
programs were running these statements.

To do this, we must run a query over data from two of the collection files:
a. The master collection data file QAPYJWTDE

This file contains records for all task counts that either used some CPU between
snapshots or are the primary task count in a multithreaded job.

This file is the only file that holds the job name/user/number or LIC task name for a task
count.

b. The SQL statement collection data file QAPYJWSQL

This file contains the SQL statements found active for every interval and task count in
the collection. There can be one or no active SQL statements for a task count in an
interval.

These SQL statements do not have the host variables and prepare information
resolved; that capability is only provided in the GUI client Interval Details SQL tab.
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6. Run the query shown in Figure 5-12 to find which jobs were running the most active SQL
statements. We explain this first query in case you are not familiar with SQL, as its syntax
is the base for several other complex queries used in this book.

SELECT b.tdejobname, a.taskcount,

count(*) as stmtcnt, +———————(C)

dec(((count(*) * 100.00) / 404.00),5,2) as pcttotstmt<—@
FROM REDBOOKDH/QAPYJWSQL a

LEFT OUTER JOIN<—i )

(SELECT taskcount, tdejobname from REDBOOKDH/QAPYJWTDE
GROUP BY taskcount, tdejobname ) b

ON a.taskcount = b.taskcount <*+————(@)
WHERE sqistmtlen > 0 <——(F)
GROUP BY b.tdejobname, a.taskcount <ﬁ@

ORDER BY 3 desc <—(h)

Figure 5-12 Explained SQL statement

The lower-case letters used in the following list are associated with the corresponding
circled letters in Figure 5-12:

a.

File (SQL table) QAPYJWSAQL has reference identifier of a. Where the same field
name exists in more than one file, such as the TASKCOUNT field in both the
QAPYJWSAQL file and the QAPYJWTDE file, then using a letter prefixing the field
name denotes which file the field to be used is from. In this example, the a.task count
states that the task count field is to be taken from the QAPYJWSQL file.

The TDEJOBNAME field is taken from the QAPYJWTDE file, as the SELECT
statement for fields from that file is denoted by b by the brackets around the entire
SELECT statement.

c. The record count is assigned the field name of stmtcnt in this query.

d. The percentage of the total statement count is assigned the field name of pcttotstmt in

~ o

= @

the query. This “calculation” must use the SQL cast as decimal function (format nnn.nn,
where n is a digit 0 through 9) to get a percent value shown. If cast is not used, the
result will be zero.

The join criteria between data sets represented by a and b.
The record selection criteria applied to the QAPYJWSAQL file.
GROUP specifies the control field breaks for summarization.

ORDER BY specifies that the sort by field is the third (3) field out of b.tdejobname,
a.task count, stmtcnt; that is, the query results are sorted by the field stmtcnt in
descending sequence.

Note that in SQL Syntax field stmtcnt is derived—not actually in the file or table. For a
derived field that has been named, instead of specifying ORDER BY 3 we could have
specified ORDER BY stmtcnt.
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The derived field clause shown at circle ¢, count (*) as stmtcnt, could have been
specified simply as count (*). If that had been used, then coding ORDER BY 3 would
have been required.

7. The type of join (LEFT OUTER JOIN) is used to construct the output record from fields we
want to look at, from the QAPYJWSAQL file and fields from the QAPYJWTDE file. LEFT
OUTER JOIN is used to ensure that every record in the QAPYJWSAQL file is included in
the result set irrespective of whether there was a corresponding record in the
QAPYJWTDE file. The QAPYJWTDE file must be used to get the job name for the task
count, as that is the only file that stores the job name. The result of this query is shown in
the lower pane of Figure 5-13.

3% Data Viewer - #1 - [Rchasm25: SOL Query View - #1] M=%
@ File Edit View Window Help 2 |
| | | Ealal®|E
ISE]_ECI' b.tdejobname, ataskcount, count(*) as stmtent,
dec{{{count(*) * 100.00) / 404.00).5.2) as pcttotstmt I
FROM REDEOOEDH/QAPYTWSQL a
LEFT OUTER. JOIN

(SELECT taskcount, tdejobname from REDBOOKDH/QAPYITWTIDE
GROUP BY taskcount, tdejobname ) b

ON ataskcount = b.taskcount

WHERE sqlstmflen > 0

GR.OUP BY b.tdejobname, a.taskcount

OFDER BY 3 desc

Job/task name Task |stmtcnt |pcttotstmt
count

UPDADDROOSDEBHAT 007054 1309 136 33.66
UPDADDROIIDEBHAT 007052 1307 133 3292
UPDADDROO2ZDEBHAT 007033 1308 129 31.93
QZDASOINITQUSER (007041 1243 3 123
QZDASOINITQUSER 007048 1232 1 24

Records 1-50f 5

Figure 5-13 The task counts running the most active SQL statements

Notice that jobs UPDADDR003, UPDADDRO002, and UPDADDROO1 are running the most
active SQL statements.

8. The next step is either to use the GUI to see the SQL statement being run for each of the
identified jobs for each interval (see Figure 5-6 on page 132) or to run a query for the most
popular SQL statements. We chose the query method.

To find the most popular (most frequently run) active SQL statements, we create a file
containing the total active SQL statement count for our collection; this count was
hardcoded as 404 in the previous examples. This file is named TOTSTMTCNT and is
stored in the REDBOOKDH library. We deliberately did not place this file in the QTEMP
library to ensure that it is accessible to queries run from the iDoctor Data Viewer, which
runs QZDASOINIT jobs and hence would have a different QTEMP library.

Creating a total SQL statements work file for later use

We created the TOTSTMTCNT file using the i5/0S 5250 command interface command Start
SQL Interactive Session (STRSQL). We could have used other iSeries SQL interfaces but not
the Job Watcher SQL Data Viewer interface. The Data Viewer interface supports only the
SQL SELECT statement. Here are the steps we used to create the TOTSTMTCNT file and
SQL table to be used in this topic:

1. Override the Job Watcher SQL statement file to the collection member, using the Override
Database File command:

OVRDBF FILE(APYJWSQL) TOFILE(REDBOOKDH/APYJWSQL) MBR(ITS014) OVRSCOPE(*JOB)
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2. Create TOTSTMTCNT file/table in library REDBOOKDHT. Enter the STRSQL command,
taking parameter defaults.

3. Within this interactive SQL session, enter the following SQL CREATE TABLE statement:

CREATE TABLE REDBOOKDH/TOTSTMT as (SELECT COUNT(*) AS TOTSTMTCNT FROM
REDBOOKDH/QAPYJWSQL where SQLSTMTLEN > 0) with DATA

4. Press F3 (or take the Save and Exit Session option) to end the interactive SQL session.

5. You are returned to the standard 5250 workstation interactive session. Delete the
previously issued Override Database file condition:

DLTOVER FILE(QAPYJWSQL) LVL(*JOB)

We used the query shown in Figure 5-14. Remember that these counts represent the number
of sample intervals in which the same SQL statement was found running. Note that without
investigating the call stack, we cannot determine whether the exact same SQL statement was
run over n intervals or whether the same SQL was run in each of n different intervals.

We ran all our queries from the full-function Data Viewer SQL Query view, as they each
involve more than one collection file. See Appendix C, “Querying and graphing tips for Job
Watcher” on page 221 to find and start the full-function Data Viewer SQL view interface.

Important: Always qualify every file name with the library name to ensure that the Data
Viewer SQL Query view will prompt you for the correct member name in multiple member
files (such as multiple Job Watcher collections in the same library).

E¥ Rehasm25: SOL Query View - #2 - E}@@

Iﬁelsct a.stmicnt,
dec(((a.stmtent * 100.00) / b.totstmtent).5.2) as pettotstmt,
a.sglstmt from
( SELECT count(*) as stmtent, sqlstmt
FROM REDEOOKDH/QAPTIWSQL
WHERE sqlstmtlen > 0
GROUP BT zqlstmt ) a
CROSS JOIN redbockdh/totstmtent b
OFDER BY 2 desc

astmtcnt |pettotstmt |SQL statzment

398 98.51 UPDATE TESTBASEPF SETF01=F01 +1 . F02=F02+1 . F03=F03+1.F04=F04+1 ,F05=F03+1,F06=F06+1,F07T=F07+1,F08 =F08 +
1 24 SELECT CONCAT(CONCAT(CONCAT([, TRIM(CHAR(A INTERVAL)), 77, SUBSTR(CHAR(A ISTARTTOD), 12, 12)) AS TIMEINT, ISTARTTOI
1 24 SELECT * FROM QIDRWCH/QAIDRSQL(4 WHERE (SOSVRM =7 OR TRIM(SOSVEM) = 7) AND (SIDVEM = ? OR TRIM(SIDVEM) = 7) AND (311
1 24 SELECT * FROM REDBOOKDH/QAPYIWSQL WHERE TASKCOUNT = ? AND INTERVAL =5T

1 .24 SELECT * FROM (SELECT COUNT(*) AS§ WAITJOBS FROM (select COUNT(*) AS WAITJOBS FROM Redbookdh/'QAPTIWTDE WHERE INTERVA
1 24 select count(*) FROM (SELECT CASE WHEN MAX(TDETYPE) <= T THEN CONCAT(TRIM(SUBSTR(MAX(TDEJOENAME), 1. 10)), CONCAT(

1 2

24 SELECT * FROM REDBOOKDEH QAPYIWSQL WHERE TASKCOUNT = ? AND INTERVAL =

Py
w

Figure 5-14 Most popular active SQL statements

We see that the UPDATE TESTBASEPF statement was run significantly more (98.51 percent
of SQL statements) than other statements. Now we want to see what jobs ran the most
frequently run active SQL statements.

Therefore, we ran the query shown in Figure 5-15 on page 140 to see which jobs were
running the same SQL in most sample intervals. Without more detailed investigation of the
call stack, however, we cannot easily determine whether a single task count ran the same
query ntimes or whether that task count was found running the query once for a duration of
nintervals during the collection.
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After viewing the results shown in Figure 5-14 on page 139 and Figure 5-15, we show you the
call stack analysis as described following these figures in 5.3, “Call stack analysis for task
counts” on page 140.

¥ Rchasm25: SOL Query View - #2 g@@

select c.tdejobname, c.taskcount, c.stmtent,
dec(((c.stmtent * 100.00) / d.totstmtent),3.2) as pettotstmt,

c.sglstmt

FROM (SELECT b.tdejebname, a.taskcount, count(*) as stmtent, sqlstmt
FR.OM REDBOOKDH/'QAPYIWSQL a

LEFT OUTER JOIN

(SELECT taskeount, tdejobname from REDBEOOKDH QAPYIWTDE
GROUP BY taskcount, tdejobname ) b

ON ataskeount = b.taskcount

WHERE =qlstmtlen >

GROUP BY b.tdzjobname, a.taskcount, a.sqlstmt ) ¢

CROSS JOIN redbookdh/tetstmtent d

ORDER BY 3 desc

Job'task name

Task |c.stmtent |pettotstmt |stmbcnt, sqlstmt
count

UPDADDROOSDEBHAT 007034 1309 136 33.66 UPDATE TESTBASEPF SETF01=F01 + 1, F0
UFDADDROQIDEBHAT 007052 1307 133 3292 UFDATE TESTBASEPF SET F01=F01 + 1

UPDADDROOZDEBHAT 007053 1308 129 31.83 UPDATE TESTBASEPF SETF01=F01 +1, 03+1,Fod4 T
QZDASOINITQUSER. 007041 1245 1 24 SELECT * FROM REDECQOKDH/QAPYIWS(QL WHERE TASKCOUNT =7 AND INTERVAL =,
QZDASOINITQUSER. 007041 1245 1 24 SELECT * FROM REDEOCKDH/QAPYIWSQL WHERE TASKCOUNT =? AND INTERVAL =5T
QZDASOINITQUSEE. 007041 1245 1 24 SELECT * FROM (SELECT COUNT(*) AS WAITJOBS FROM (select COUNT(*) AS WAITJOES FROM Re|
QZDASOINITQUSER. 007048 1252 1 24 SELECT * FROM QIDRWCH/QAIDRSQL(4 WHERE (SOSVEM = 7 OR TRIM(SOSVEM) = 7) AND (SIDV]
QZDASOINITQUSER. 007041 1245 1 24 select count(*) FROM (SELECT CASE WHEN MAX(TDETYPE) <~ T THEN CONCAT(TRIM{(SUBSTR(M]
QZDASOINITQUSER. 007041 1245 1 24 SELECT CONCAT(CONCAT(CONCAT(T. TRIM(CHAR(A INTERVAL))). 7). SUBSTR(CHAR(A ISTART|
£ |

[»

Figure 5-15 Most popular active SQL statements by task count

Note: Through V5R3 there is an iSeries SQL limit of 2000 characters on the size of the
GROUP BY statement. In our example, if the variable length field slgstmt is longer than
2000 characters, the query shown will fail.

Work file cleanup

Now that we have finished with the TOTSTMTCNT file/table created in “Creating a total SQL
statements work file for later use” on page 138, we delete TOTSTMTCNT by entering an SQL
Interactive Session (STRSQL) command and deleting the file:

DROP TABLE REDBOOKDH/TOTSTMTCNT

Now that you know how to find which jobs are running the most active SQL statements, you
can concentrate on the top 10 or 20 of them and use the DB Monitor or the iSeries Navigator
SQL Performance Monitors to capture and analyze their SQL statements for
performance-tuning recommendations.

5.3 Call stack analysis for task counts

It is often necessary to find which jobs were calling program X or calling procedure Y. This
can be done easily by running a query over the Job Watcher call stack data, assuming that
call stack data was in the collection. This section provides an example of how to query the call
stack for all task counts in the collection or for only those task counts running active SQL
statements.

You should expect to modify these queries to best fit your own applications and system
environment.
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5.3.1 Produce the resolved call stack file

The Job Watcher collection, when selected through the wizard options, collects call stack
information in an internal format within the QAPYJWSTK file. This call stack information is
accessed by the Job Watcher GUI when you select the Call Stack tab when viewing, for
example, Interval Details for a specific job.

In the call stack analysis examples in this chapter, we want to access the call stack
information and use it to join with data from another Job Watcher file to see some interesting
information. We use SQL to gather and view this information.

Because the call stack information within the QAPYJWSTK file is stored in an internal format,
we have to use the Job Watcher Retrieve Call Stack Data (RTVSTKDTA) command to convert
this internally formatted data to field or column data that can be accessed easily using SQL
statements. Running the RTVSTKDTA command produces the converted results (exported)
as a member in Job Watcher file QAIDRJWSTK.

QAIDRJWSTK has one record per call stack level per task count per interval with the
associated program, module, and procedure name.

See “tRTVSTKDTA parameters” on page 250 for details of the RTVSTKDTA command
parameters. We used the following RTVSTKDTA command to generate the QIDRJWSTK file
(if it did not already exist) and the collection name member, ITSO14, used in our example
queries throughout the remainder of this chapter:

QIDRGUI/RTVSTKDTA WCHMBR(ITSO14) WCHLIB(REDBOOKDH) MODTYPE(JW53) RCOUNT (*ALL)
TCOUNT (*ALL) STKMBRNAME (ITS014)

Example 5-1 shows how to join the call stack file QAIDRJWSTK to the SQL QAPYJWSAQL file
to get the SQL statement if one was run, and then join to the QAPYJWTDE file to get the
job-thread or LIC task name. Remember, you must have created a file (QAIDRJWSTK) and a
specific collection member (ITSO14, in our example) before running the SQL statement
shown in Example 5-1.

5.3.2 The call stack for jobs with active SQL statements

The GUI shows the call stack for one task count for one interval, assuming that the call stack
was collected. To see the call stack for all or some subset of task counts together with their
active SQL statement, run the query shown in Example 5-1, ensuring that you have first
created the QAIDRJWSTK file/member.

Example 5-1 SQL to show call stack for jobs running active SQL statements

SELECT a.interval, c.tdejobname, a.frame#, a.numframes,
a.fpgm, a.fmod, a.fproctype, a.fprocname,
b.sqlstmt, b.sqlstmtlen, a.taskcount
FROM REDBOOKDH/QAIDRJWSTK a
JOIN
(SELECT interval, taskcount, sqlstmt, sqlstmtlen
FROM REDBOOKDH/QAPYJWSQL
WHERE sqlstmtlen > 0) b
ON a.interval = b.interval and a.taskcount = b.taskcount
LEFT OUTER JOIN
(SELECT taskcount, tdejobname FROM REDBOOKDH/QAPYJWTDE
GROUP BY taskcount, tdejobname) C
ON a.taskcount = c.taskcount
ORDER BY a.interval, a.taskcount, a.frame#
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Figure 5-16 shows an example of the output from running this query from the Data Viewer.

liit X
E¥

IR PN EA =R

Interval | Job/task name Call Stack| Number of| Program Module Procedure| Procadure SQL statement |
number Frame  |stack Type |Name L

Number |frames
15 UPDADDROOIDEEHAT 007032 1 30 LIC quide_stackless block UPDATE TESTEA
15 UPDADDROOIDEEHAT 007032 2 30 LIC **#No Procedure Found®** > UPDATE TESTBA
15 UPDADDROOIDEEHAT 007032 3 3 LIC initializelogicalPage  81xRa> TUPDATE TESTEA
15 UPDADDROOIDEEHAT 007032 4 LIC seizel ogicalPage 8IxRadixd> UPDATE TESTBA
15 UPDADDROOIDEEHAT 007032 5 LIC processPagePointerNode 8> UPDATE TESTBA
15 UPDADDROOIDEEHAT 007032 ] LIC findEqualeCutline  8lxRadi> UPDATE TESTEA
15 UPDADDROOIDEEHAT 007032 7 LIC insertOp_ SIxRadixdFRC12> UPDATE TESTBA
15 UPDADDROOIDEBHAT 007032 b} LIC insert  8ERadixdFRCIZID> TUPDATE TESTEBA
15 UPDADDROOIDEBHAT 007032 ] LIC inchroute UPDATE TESTBA
15 UPDADDROOIDEBHAT 007032 10 LIC #dhixchn UPDATE TESTBA
15 UPDADDROOIDEEHAT 007052 1 3 LIC #dbupdim UPDATE TESTEA
15 UPDADDROOIDEEHAT 007052 12 30 LIC #dhmodim UPDATE TESTEA
15 UPDADDROOIDEEHAT 007052 13 3 LIC #dbupden UPDATE TESTEA
15 UPDADDROOIDEEHAT 007052 14 3 LIC #efmir UPDATE TESTEA
15 UPDADDROVIDEEHAT 007032 15 30 LIC syscall A portal UPDATE TESTEA
15 UPDADDROVIDEEHAT 007032 16 30 QDEUDR OPM UPDATE TESTEA
15 UPDADDROOIDEEHAT 007032 17 3 LIC chlabranch UPDATE TESTEA
15 UPDADDROOIDEEHAT 007032 18 30 LIC amser_program_call_portal UPDATE TESTEA
15 UPDADDROOIDEEHAT 007032 19 30 QSQRUN3 (QSQUPDAT ILE S0L_Update UPDATE TESTEA
15 UPDADDROOIDEBHAT 007032 30 QSQROUTE QSQROUTE ILE QSQROUTE UPDATE TESTBA
13 UPDADDROOIDEBHAT 007032 | 30 LIC cblabranch UPDATE TESTEA
13 UPDADDROOIDEBHAT 007032 22 3 LIC aiuser_program _call portal UPDATE TESTBA
13 UPDADDROOIDEBHAT 007032 23 30 UPDADDES UPDADDRS ILLE UPDADDES UPDATE TESTBA
13 UPDADDROOIDEBHAT 007032 24 30 UPDADDES UPDADDRS ILE _QFNP PEP UPDADDES  UPDATE TESTEA|w |
a (2]
Records 1 - 240f 7538

Figure 5-16 Output from query to show call stack for Jobs running active SQL statements
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The Number of stack frames column indicates how many call stack levels there were for the
task count when sampled. There is one record for each level in the call stack; the call stack
level is shown in the Call Stack Frame Number column. The lower the value in this Call Stack
Frame Number column, the more recent the program/module/procedure call occurred. A call
stack entry (frame) number of 1 indicates that the associated program/module/procedure was
the most recent call.

In this example we see that:

>

The first interval (15) in which job UPDADDRO1, user DEBHAT, number 007075, task
count 1307 (not displayed in our example, but is in the query as column a.taskcount) was
running UPDATE TESTBASEPF

The most recent user program on the call stack was program UPDADDRS5 at stack level 23

Program UPDADDRS5 was running SQL as it called QSQROUTE as shown at stack level
20. Program UPDADDRS5 is an ILE program, shown by the Procedure Type column, and it
is ILE RPG as shown by the call to the ILE PEP for RPG of _QRNP_PEP_ under the
procedure column.

The QSQROUTE SQL router program called the SQL Update procedure at stack level 19.

The SQL Update procedure calls the i5/0S program QDBUDR, which represents
database update/delete/release.

The active SQL statement being run at this time is UPDATE.
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This chapter is focused on SQL applications, so in the following topics we show refinements
to our basic call stack query example. Our example query can be changed to select or not
select records or rows with certain i5/0S program and LIC microcode task-naming syntax.

Our examples should be used as suggestions for the kinds of queries you can write to drill
down into more detailed Job Watcher and SQL-specific information to help in your
performance problem determination process.

Our examples follow in the next section, 5.3.3, “Finding user programs running active SQL
statements” on page 143, and 5.3.4, “Finding any SQL-related or database-related system
activity” on page 143.

5.3.3 Finding user programs running active SQL statements

The query shown in Example 5-1 on page 141 must be modified to exclude all i5/0S system
programs (beginning with the letter Q), and exclude all SLIC task procedures to show only
user program names. Since the QAIDRJWSTK file can also have either blanks or
X’00000000000000000000’ stored as a program or task name, both of these values must be
excluded from the query, in addition to any programs beginning with Q.

@
0%
2|@|e e |elal&|E | D)

SELECT d.tdejobname, d.taskcount, d.fpgm, count(*) as totstmtent, d.sqlstmt FROM
(SELECT AINTERVAL, c.tdejobname, a taskeount, a.fpgm, b.sglstmt
FROM REDBOOKDH/QAIDRIWSTK a
JOm
(SELECT interval, taskcount, sqlstmt, sqlstmtlen
FROM REDBOOKDH/QAPYIWSQL
WHERE =qlstmtlen > 0) b
ON a.interval = b.interval and a.taskeount = b.taskeount
LEFT OUTER JOIN
(SELECT taskcount, tdejobname FROM REDEOOKDH/'QAPTIWTDE
GROUP BY taskcount, tdejebname) C
QM a taskcount = ¢ taskcount
WHERE substr(A fpgm,1.1) < 'Q) and A fpgm <" and

A fpam <= J00000000000000000000

yd

GR.OUP BY d.tdejobname, d.taskcount, d.fpgm, d.sqlstmt

order BY 4 desc
Job'task name [ Task d.fpgm |totstmtent [SQL statement

count

UPDADDROOSDEEHAT 007054 1309 UFDADDES 1% UPDATE TESTBASEPF SETFO1 =F01+1 FO2=F02+1 FO3=F03+1,
UPFDADDEROOIDEEHAT 007052 1307 UFDADDES 194 UPDATE TESTEASEFF SETFO1 =F01+1 FO2=F02+1 FO3=F03+1,
UPFDADDEOO2DEEHAT 007033 1308 UFDADDES 174 UFDATE TESTEASEFF SETFO1 =F01+1 FO2=F02+1 F03=F03+1,

Records 1-3of 3

Figure 5-17 User programs running most active SQL by job

In this example we can see that the user program UPDADDRS is running all of the active SQL
statements in the collection.

5.3.4 Finding any SQL-related or database-related system activity

In this topic we show how to subset call stack data to find where system SQL-related work or
system database routines are being run. The query shown in Example 5-18 on page 144
finds where system database routines (programs or procedures beginning with QDB in the
name) are being run or where system SQL-related work (programs or procedures beginning
with QSQ in the name).
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I Data Viewer - #1 - [Rchasm25: SOL Query View - #1] H@ﬂ
ek

B File Edit View Window Help
2z 2 = I S e |
SELECT ainterval, c.tdejobnare, a frare#, a numfraraes,
afpgr, afinod, a fproctype, afprocname, a taskeount

FROM REDBOOKDH/QAIDEIWSTK a

LEFT OUTER. JOIN
(SELECT taskeount, tdejobname FROM REDEOOKDHIQAPYIWTDE
GROUP BY taskeount, tdejobnarme) ©

O ataskeount = ¢ taskeount
WHERE (substr{a fpg,1,3) = 'QDB' or substr{a finod,1,3) = '"QDB' or substr(a fprocnaree,1,3) = DB or
substr{a fprocnarme,1,3) = ‘gdb’ or substr (afpgm, 1,3) = Q50" or substr (4 fiend, 1,3) = Q50" or
substr{a fprocnarme,1,3) = 'Q50Q" or substr{a fprocname, 1,3) = 'gog' )
ORDER BY ainterval, a taskeount, a frame#

Interval | Jobitask name Call Stack | Muraber of | Prograr Niodule Procedure |Procedure Mame Task
nurber Frame |stack Type count
Hureher |fraraes

14 QDBFSTCCOLQSYS  D0AR5E 14 17 QDBSTSEV QDBSTSEV ILE _CHE PEP_Fv 671
15 UPDADDEO0IDEEHAT (0= 16 30 QDBUDER COFM 1307
15 UPDADDEO0IDEEHAT 00= 19 30 QSQRUN3 QEQUPDAT ILE S0L_Update 1307
15 UPDADDEODIDEEHAT (0= a0 30 QSQROUTE QESQROUTE ILE QEOROUTE 1307
15 UPDADDEOOZDEEHAT (0= 16 30 QDBUDER CFM 1308
15 UPDADDEOOZDEEHAT (0= 19 30 QSQRUN3 QESQUPDAT ILE 0L _Update 1308
15 UPDADDEOOZDEEHAT (0= a0 30 QSQROUTE QEQROUTE ILE QSQROUTE 1308
15 UPDADDROOZDEEHAT (0= 18 32 QDBUDR CFL 1309
15 UPDADDROOZDEEHAT (0= a1 32 QSQRUN3 QEQUFDAT ILE S0L_Update 1309
15 UPDADDROOZDEEHAT (0= a2 32 QSQROUTE QESQROUTE ILE QEQROUTE 1309
16 CQDBSEVER QSVS 006252 [ 12 QDBXEREF CFII 18]
16 CQDBSEVER QSVS 006252 9 12 QDBXEEFM CQDBXREFM ILE CQDBXREFM 18]
16 CQDBSEVER2 QSVE 006856 [ 12 QDBXEREFZ CFM [l
16 CQDBSEVER2 QSVE 006856 9 12 QDBXREFL CDBXREFM ILE CDBEEREFM [l
16 UPDADDEODIDEEHAT (0= 16 30 QDBUDR CFM 1307

Figure 5-18 Finding jobs running system-SQL or system database program procedures

Here you can see the last entry job/task count for collection interval 14 is for an i5/0S IBM
database server job which does some table-column cross-reference processing and the first
entries for interval 15, which are for our UPDADDR001/02/03 jobs (with the job number
component truncated (00>). You can see that updates are being performed by these jobs
(program names QDBUDR (read for update), QSQROUTE (router to specific SQL function
programs), and SQL update (QSQUPDAT).

Observing job QDBSRVXR, we can deduce the updating is probably to at least some index
(SQL key) field (SQL column).

5.4 Journal analysis

If your environment is doing a significant amount of database activity that is being journaled,
you should assess the impact of the journaling itself on performance. We installed the high
availability journal performance feature #42 for i5/0OS (journal caching) on our system in order
to measure the effects of running a journaling application both without and then with this
journal-caching feature. There is no commitment control in our application.

This section shows how Job Watcher can be used to show bottlenecks and the effect of
changes on performance. The first thing we need to do is to find out when the first and last
collected intervals are in the QAYPETDE file for the jobs in the example application.
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5.4.1 No journal caching

Normally you would not have the journaling cache feature installed when you do your
analysis. In our test environment, however, we had it installed. We turned off the system’s
ability to use the caching feature by specifying STRJIRN JRNCACHE(*NO).

The first thing we needed to do was to determine when our jobs started and ended. We used
the Data Viewer to query the collection master file, QAPYJWTDE, to find the first and last
intervals in which our jobs did any work, as shown in Figure 5-19.

fEl——

Elea s | BlalweE | 2l

select tdejobname, taskeount, min(interval) as min_interval, max(interval) as max_interval, man(interval) - min(interval) as tot_intervals from
redbookdh/gapywide

whete tdetype ='F and substr(tdejebname, 1.6) = UPDADD'

group by tdejobname, tashcount

order by taskcount

Job'tazk name Task |min_interval |max interval |tot intervals

count
UPDADDROMIDEEHAT 007052 1307 135 147 132 -
UFDADDROOZDEEHAT 007033 1308 13 143 128
UFDADDROOSDEEHAT 007034 1300 13 150 133

Figure 5-19 No journal caching: minimum and maximum intervals for workload

In this example, our selection criteria (where clause) selects Program TDE types with the first
six characters of the job name being UPDADD. We also see that the first interval in which our
workload ran was 15 and the last interval was 150.

The valid tdetype field/column values are defined in this book in Appendix B, “Database files

created by Job Watcher” on page 199; for the QAPYJWTDE file at “The master file
QAPYJWTDE for jobs, threads, and tasks” on page 208.
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We changed the Job Watcher graphing of vertical bars to be 138 wide instead of the default of
50 so that we can see the entire workload in the Collection Overview Signature, as shown in
Figure 5-20.
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Figure 5-20 No journal caching: Collection overview time signature for the whole workload

As we briefly addressed in the text describing Figure 5-4 on page 130, starting at interval 15
there are a lot of page faults that require investigation.

Page faults

Figure 5-20 shows a burst of page faulting; therefore, we must identify what objects are being
heavily affected and, if possible, what was actually issuing the page faults.

Right-click in interval 15 and select the DASD Page Faults — Faults Graph by Job graph,
which gives us the results shown in Figure 5-21 on page 147.

146 IBM iDoctor for iSeries Job Watcher: Advanced Performance Tool



In this figure we see that for interval 15, the three main jobs issuing (causing) page faults
were application jobs UPDADDR002, UPDADDRO001, and UPDADDRO003.

I} Data Viewer - #1 - [REDBOOKDH/ITSO14/Summarized job run/wait time signatures by DASD page faults - #1] = [[OJEY
® Fie =l vien Window Help

Blela e mslalilE] ol

Summarized job runiwait time signatures by DASD page faults: Intervals 1510 15

- 8%

UPDADDRO0Z / DEBHAT / 007053: 00000001

UPDADDROOT / DEBHAT / 007052: 00000001 I]

UPDADDROOZ / DEBHAT / 007054: 00000001

QWCHJOB / DEBHAT / 007051: 00000001

QZDASOINIT / QUSER / 0070471: 00000001

Graph control memory - 7.60% used (760/10000) Bars 1-50f 5

Figure 5-21 DASD page faults by job for interval 15

(=] -— (3] [y
Time (seconds)

What objects were these jobs faulting against?

Right-click the first job, UPDADDRO0002, to select Detail Records. This shows all waits for the
job in interval 15. We only want the waits on Page Faults, so we refined our query to select
only records where the Current or Last Wait Bucket (field BLOCKBKT in file QAPYJWTDE) is
5 (DASD Page Faults). Before capturing this window, we rearranged the fields to clearly show
the objects being faulted against. The results are shown in Figure 5-22.

& REDBOOKDH/ITS014/Detail records for UPDADDRO0Z / DEBHAT / 007053: 00000001 - #2 g@
Interval | Task |Current or | Total time in| Wait object name Wait object Wait object | Current or | Current or
number |count |last blocking |current wait obj type ohject last LIC  |last
bucket il MHCTOSECS description type in hex | wait object | blocking enum
13 1308 3 6690 TESTLF(01 TESTLFO1 DB2ACCESSFATH 0C9%0 SFt 161
16 1308 3 7760 TESTLF(Q4 TESTLFO4 DB2ACCESSPATH 0C90 SFt 161
17 1308 3 4032 TESTLF19 TESTLF19 DB2ACCESSPATH 0C%0 SFt 161
18 1308 3 10244 TESTLF13 TESTLF13 DB2 ACCESSPATH 0C% SFt 161
19 1308 3 40622 TESTLF03 TESTLFO3 DB2ACCESSFATH 0C9%0 SFt 161
20 1308 3 14743 TESTLFO3 TESTLF0S DBX ACCESSPATH 0C90 SFt 161
21 1308 3 1783 TESTLF16 TESTLF15 DB2 ACCESS PATH 0C%0 SFt 161
23 1308 3 13953 TESTLF07 TESTLF07 DB2ACCESSPATH 0C% SFt 161
24 1308 3 9137 TESTLF10 TESTLF10 DB2ACCESSFATH 0C9%0 SFt 161

Figure 5-22 DASD page faults: objects being faulted against

We see now that these faults were on DB2 access paths for objects named TESTLFO1,
TESTLFO04, and so forth. These are either logical files or keyed (indexed) physical files. This is
normal for the startup of our example application and is not a problem. Note that logical file
pages are normally brought in with page faults rather than explicit reads.

Figure 5-23 on page 148 shows that the work on the system is fairly similar for each of the
intervals after interval 27. We will examine interval 27 in more detail to see precisely what is
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148

happening here. Notice that most of the time is in journal serialization wait and the rest is in
CPU. (This is “dispatched for use” CPU time).
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£ 1 | 'l>J'

¥: [27] 10.14.27.512 Y1: 8.6609 (Journal serizlization time (seconds)) Y2 16 [5.031321] Graph control m Bars 1 - 50 of 200

Figure 5-23 No caching: pick a typical interval for the workload

We need to know the wait profile for our application jobs during interval 27. You can see that
8.6609 total seconds of time was spent in journal serialization wait by all active task counts in
interval 27 that were included in the definition of the Job Watch collection.

Important: As stated in 2.2, “Job Watcher terminology” on page 23, a task count is a
symbolic representation of a job or task or thread that is active on the system. Task counts
do not actually use CPU or do SQL or anything else: the jobs, tasks, and threads do that.
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Right-click in interval 27 and select Journal serialization to produce a graph for each of the
task counts (that are actually in this interval,\ that used more than 0 CPU seconds of time).
These are sorted in journal serialization wait descending sequence, as shown in Figure 5-24.

i Data Viewer - #1 - [REDBOOKDH/ITSO14/Summarized job run/wait time signatures by Journal serializatio... |- (0|3

& File Edit View Window Help -9 x

@ |8 - & - Balals|EE-] 0

Summarized job runiwait time signatures by Journal serialization: Intervals 27 to 27

Job Watch: ITSO14
UPDADDRO03 / DEBH
Job name/user/number: thread ID: UPDADDR.003 / DEBHAT / 007034: 00000001
Journal zerialization time (zeconds): 3.0836 (61.31% of total time)

Total time (zeconds): 5.029313

UFDADDROOY / DEBHAT / 007052: 00000001

UFDADDROOZ / DEBHAT / 007053: 00000001

JOREC-LU04: 606

— (o] [ar] =+ wy
Time (seconds)

¥: UPDADDROO3 / DEBHAT / 007054: 00000001 ¥ 1: 3.0836 (Journal serizlization time (seconds)) [5.02951! Ears 1-4of % A

Figure 5-24 No journal caching: expanded typical interval (27) showing jobs in journal waits

All three UPDADDR* application jobs seem to be spending most of their time in journal waits
or using the CPU in this interval, so we see whether these jobs have the same wait profile for
all intervals.

Right-click and select Wait graphs — Run/wait time signature to see the collection-wide
run/wait signature for these jobs. We opened them into the same Data Viewer for ease of
comparison. See Figure 5-25 on page 150 for the results.
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PBOOKDH/ITSO14/Run/wait time signature for UPDADDROO3 / DEBHAT / 007054: 00000001 - #3 g

Runiwait time signature for UPDADDRO0Z / DEBHAT / 007054 (0000001
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Figure 5-25 No journal caching: wait signature for the three application jobs

It is now clear that these jobs are all spending most of their time in journal wait (serialization)
in all of the intervals from interval 27.

What is causing these journal serialization waits?
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First, we check the interval 27 details to see what is happening by clicking inside interval 27
on the journal serialization wait area of the graph (Figure 5-23 on page 148). This produces

the interval details as shown in Figure 5-26. Recall that the interval details are for all jobs and
LIC tasks that used >0 CPU in that interval.

System-wide Interval Details: System Rchasm25, Library Redbookdh, Job Watch ltso14

o

Quick view | Object waited on ] Holding threads Aasks l Wait buckets ] Query l

General: M
Threads using CPLU this interval: 16

Interval: 27 il

Threads idle this interval: 770
CPU time: 5.768 seconds
Threads waiting on objects: 3 Interval duration: 5.031 seconds
Threads with holder identified: 3 Interval end: 2004-10-28-10.14.27 512000
Selected point details:
Description |Value i~
Selected field:

[Interval] - timestamp

[27] 10.14.27.512

Journal serialization time (seconds) 2.660000
All other fields:

Cpu time (seconds) 3.768439

Cpu queusing time (seconds) 010098

Dasd page faults time (seconds) 474882

Dasd space usage contention time {seconds) 0
Dasd op-start contention time (seconds)
Seize contention time (seconds) 038264
Database record lock contention time (seconds) ]

Object lock contention time (seconds) 0

=

o]

Cancel | Help |

Figure 5-26 No journal caching: interval 27 details

This figure confirms that there was a total of 8.660900 seconds of journal serialization wait
time for all task counts collected in interval 27. To understand what these waits were on, we

click the Object waited on tab (), to examine the objects being waited on as shown in
Figure 5-27.

System-wide Interval Details: System Rchasm25, Library Redbookdh, Job Watch ltso14

Quick view Object waited on | Halding threads tasks ] Wait buckets ] Query ]

General:
Threads using CPU this interval: 16 Interval: 27 il
Threads idle this interval: 770
CPU time: 5.768 seconds
Threads waiting on objects: 3 Interval duration: 5.031 seconds
Threads with holder identified: 3 Interval end: 2004-10-28-10.14.27 512000

Jobs waiting on objects at end of interval ttop 100):

Job or task information Wait time |Cunent wait (enum/eye-catcher) description |Obje ct waited on |Objec:t type

QDIESEV / QDIESEV / 006974: 00000001 602.620 milliseconds  {6/QCu) Ququeue, not otherwise identified QDIRSEV QDIESEV 006974 1AEF - Tempao
QWCHIOB / DEBHAT / 007051: 00000001 0 microseconds (1/QCa) Qucounter, not otherwise identified QWCHIOE DEBHAT 007051 1AEF - Tempo:
UPDADDRO0L1 / DEBHAT / 007052: 00000001 0 microseconds (31/1Bw) Journal bundle wait for dasd completion | DEMODHIEN 0201 - Journal

Figure 5-27 No journal caching: interval 27 detail: objects being waited on

This shows us that the journal object DEMODHJRN was involved in a journal bundle wait on
DASD completion. However, at this level, it looks like the wait time was zero. We need to do
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further investigation to determine whether journal serialization waits are part of a

performance problem.

We next select the Holding threads/tasks tab to see waits during this interval. See the

results in Figure 5-28.

ystem-wide Interval Details: System Rchasm25, Library Redbookdh, Job Watch Itso14 @
Cuick view ] Object waited on  Holding threadsAasks | Wait bucksts ] Cusry ]

General:

Threads using CPU this interval: 16 Interval: 27 il

Threads idle this interval: 770

CPU time: 5.768 seconds
Threads waiting on objects: 3 Interval duration: 5.031 seconds
Threads with holder identffied: 3 Interval end: 2004-10-28-10.14.27 512000
Holding threads/tasks at end of interval fop 100):

Holding job or task Waiting job or task Wait time Current wait (enum/eye-catcher) description Holding |Waiting|
job's job's
taskcount |taskeouw

UPDADDR0)2 / DEBHAT /007053 JOREC-U04 310.751 milliseconds  (6/Q0Qu) Ququeue, not otherwise identified 1308 606

UFDADDRM2 / DEBHAT /007033 UPDADDRO01 /DEBHAT /007032 0 microseconds (51/JBw)|{Tournal bundle wait for dasd completion 1308 1307

UPFDADDRO01 / DEBHAT /007052 UPDADDRO03 / DEBHAT /007034 0 microseconds (30/TBo) fournal bundle owner wait for dasd completion 1307 1309

Figure 5-28 No journal cache: interval 27 detail: wait holders

Clearly there were two journal serialization waits: ENUMs 51 and 50, which map into the
journal serialization wait bucket number 13. (See “Job Watcher wait points (ENUMs) and wait
buckets” on page 30 for ENUM-to-wait-bucket mappings.) However, these waits are shown as
0, indicating that they have just started at the time the snapshot was taken. Next, we select
the Wait buckets tab to view the wait buckets information for this interval. See Figure 5-29.

Note: Since we originally clicked in the journal Wait time area, we are only seeing all the
wait buckets where the journal wait time was > 0. This is not all of the waits occurring in this
interval. To see all the waits for the interval, change Sort by to All Waits.

stem-wide Interval Details: System Rchasm25, Library Redbookdh, Job Watch Itso14

Ruick view ] Chbject waited on ] Holding threads tasks Wait buckets l(}uer}' ]

General:
Threads using CPU this interval: 16 Interval: 27 :I
Threads idle this interval: 770
CPU time: 5.768 seconds
Threads waiting on objects: 3 Interval duration: 5.031 seconds
Threads with holder identified: 3 Interval end: 2004-10-28-10.14.27 512000
Jobs ranked by wait type fop 100): Sort by: |J0umal seralization ﬂ
Job or task information Cputime |Cpu queueing|All waits |DASD writes DASD (othf DASD op-start | Mutex/semaphore | Tournal serialization| Mj
(seconds) |time time time time contention contention time seq
(seconds) (seconds) |(seconds) (seconds) |time (seconds) |time (seconds) |(seconds) tifr|
UFDADDR003 / DEBHAT / 007054: 00000001  1.740370 001777 3287168 008072 010206 0 0 3.083551
UPFDADDRO01 / DEBHAT / 007032: 00000001  1.939447 003941 3.087373 ] 0 0 0 2787972
UPDADDRO)2 / DEBHAT / 007033: 00000001  2.003861 003727 3.020383 004633 002243 0 ] 2.783031
JOREC-U04 024630 000080 5.003293 1.268992 ] 0 ] 004346
Figure 5-29 No journal cache: interval 27 detail: wait buckets
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Look at all of the column values, specifically the All waits time (seconds) and Journal
serialization time (seconds) columns. This emphasizes that the journal serialization waits are
the majority of the wait time for this interval. Why did we see them as 0 previously? This is
because we used a 5-second snapshot. This reminds us again that Job Watcher is a
sampling tool and not a tracing tool; we are not catching many of these waits in progress.

How can we see this? Query the QAPYJWTDE file to see both the total time and number of
these journal waits; the query used is shown in Example 5-2 and the results are shown in
Figure 5-30.

Example 5-2 SQL to produce Figure 5-30

SELECT taskcount, tdejobname, sum(qcountl3) as totcountl3,
sum(tdeusecs) as inttotus, sum(qtimel3) as tottimel3,
CAST((double(sum(qtime13)) / Double(sum(tdeusecs)) * 100) AS DECIMAL(12, 8)) as Pctdrnwait,
sum(qtimel3) / sum(qcountl3) as avgjrnwait,
sum(deltacpu) as totdeltcpu, sum(qtime0l) as tottimeOl
FROM redbookdh/qapyjwtde
WHERE taskcount = 1308 or taskcount = 1309 or taskcount = 1307
GROUP BY taskcount, tdejobname
ORDER BY avgjrnwait asc

Task |Jobitask narae totcount13  |inttotus [tottimel3  [Potlmwait | avgjmwait |totdelicpu |tottime01
count |

1308 UPDADDROOZDEBHAT 007053 84135 643021484 386220221 5951724985 4500 154536775 202725783
1309 UPDADDROOZDEBHAT 007054 24204 634045454 392TRIZE0 5742065000  H664 156547131 220373206
1307 UPDADDROOIDEBHAT 007052 83210 GEERSTALE  3P2IT09TY 55 A2418366 4479 154330561 217364035

Figure 5-30 No journal caching: evaluating journal serialization details

Using the wait bucket description in “Bucket 13: Journal serialization” on page 40 and the
QAPYJWTDE file field descriptions in “The master file QAPYJWTDE for jobs, threads, and
tasks” on page 208, we describe the derived fields shown in the columns of the query results.

» totcounti3: This is the total number of all journal serialization waits over the collection.
QAPYJWTDE gcount13 is the journal serialization count for each collection interval.
gcount13 is correlated with gtime13 used in this SQL example.

» tottime13: This is the total microseconds of journal serialization wait time over the
collection. QAPYJWTDE qtime13 is the journal serialization wait time within each
collection interval.

» inttotus: This is the total microseconds of all intervals of the collection. QAPYJWTDE
tdeusecs is the delta time between Job Watcher intervals.

» Pctdrnwait: This is the derived percentage of the total of microseconds of all intervals in
the collection that were spent in journal serialization wait. In simple terms this is the
percent of the entire collection time that had journal serialization waits going on.

For the three jobs (tasks, threads) shown, each was waiting for journal entries to be made
in the range of 57% to 59% of total collection time. This means that for each of our three
jobs, an average of more than 2.5 seconds of every 5-second interval was spent waiting,
with an average of 0.004600 seconds (avgjrnwait column) per journal serialization wait.

These are significant values and naturally lead to the question of whether the additional
cost i5/0S journal caching feature would greatly improve this situation.

Note that we had to use the SQL CAST as DECIMAL function to get the percentage to be
computed properly. Without using this function the percentage value was shown as 0.
Since the QAPYJWTDE file fields used in the calculation have 0 decimal positions, and
the result is a fraction (digits to the right of the decimal point), standard SQL syntax
truncates the quotient results to zero.
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» avgjrnwait: This is the computed average wait time for each journal serialization wait by
dividing the total journal serialization wait time by the number of journal serialization waits.

» totdeltcpu: This is the total number of microseconds each job (thread, task) used during
the entire collection. QAPYJWTDE deltacpu is the CPU time in microseconds used since
the last interval snapshot.

» tottime01: This is the total in microseconds that the job was dispatched to a CPU during
the entire collection. APYJWTDE qtime01 is the CPU time the job was dispatched to a
CPU during an interval snapshot.

Within a system or partition that is extremely overloaded at the CPU resource level, the
dispatched CPU value could be longer than actual CPU used. In most environments the
dispatched CPU value and the actual CPU used value are nearly identical.

If we reran the collection using a much smaller sample interval (0.1 second or using “as fast

as possible”) we would see that these journal serialization waits are all JBo (Journal Bundle

Owner wait for DASD completion) or JBw (Journal Bundle wait for DASD completion). These
are waits on the journal object for the journal entries to be written out to disk.

Tip: The totcount13, tottime13, ... Pctdrnwait, ...through tottime01 columns are derived and
exist only for the life of the query. The SELECT statement can be saved for later use. See
“Saving your new query definition” on page 232.

You can also assign more meaningful text to the query results column heading than, for
example, the derived PctJrnwait column. See “Changing field (column) headings in your
query results” on page 235.

The primary ways to reduce this journal serialization wait time include:

» Get the additional cost journal caching option called High Availability Journal Performance
available as feature 42 of i5/0S.

» Use commitment control.

» Order and install faster technology I/O hardware. This would include newer IOPs such as
the #2844 PCI IOP, disk controllers, such as the 2757 or 2780, and faster disk drives.
Customer feedback on this newer disk-related hardware features has demonstrated
significant performance improvement over previous-generation hardware.

Note that you can review disk service times in the Performance Tools for iSeries reports.

In this book we concentrate on the journal caching option as it involves no application
programming changes, only a simple change to the application journal startup process.

5.4.2 Journal caching

With the high availability journal caching feature installed, we started the journaling with the
cache function activated, using the Start Journaling (STRJRN) command with
JRNCACHE(*YES). Then we ran a Job Watcher collection with our example application
running again.

We used the Data Viewer to query the collection master file, QAPYJWTDE, to again find the
first and last intervals in which our jobs did any work, as shown in Figure 5-31 on page 155.
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B Rchasm25: SOL Query View - #1 | [=1{><

from redbookdh/qapyjwide

where tdetype = P and substr(tdejobname 1 6) = UPDADD'
group by tdejobname, taskcount

order by taskeount

select tdejobname, taskeount, mininterval) as min interval, max(interval) as max interval, maz(interval) - min(interval) as tot_intervals

Job/'task name Tazk |min interval |max interval |tot_intervals
count

UFDADDFEO0IDEEHAT 007168 1529 15 74 39

UFDADDEO0ZDEEHAT 007169 1530 13 72 37

UFDADDEO0IDEEHAT 007170 1531 15 1 36

Figure 5-31 Journal caching: minimum and maximum intervals for workload

We see that the first interval in which our workload ran was 15 and the last interval was 74.
We changed the Job Watcher graphing of vertical bars to be 62 wide instead of the default of
50 so that we can see the entire workload in the Collection Overview Signature, as shown in

Figure 5-32.

Note: Our workload runs much faster. Now it takes only 60 intervals to run instead of 136.
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Figure 5-32 Journal caching: collection overview time signature for the whole workload

The elapsed time for the workload has decreased considerably. The work has also been
compressed with more CPU time used in each interval and less journal wait time in each
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interval. Opening both collections into the same Data Viewer as shown in Figure 5-33 and
ensuring the same scaling on the x and y axes, we can easily see the differences.
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Figure 5-33 Comparing the workload with and without journal caching

In this figure we highlighted the area identified as journal serialization time with a black
dashed line and square in the interest of making this wait identifiable in case you are reading
this book in black-and-white printout instead of online, where the blue color representing
journal serialization can be distinguished more easily from the red CPU time.

Compared to the upper figure (without journal cache), the lower graph demonstrates journal
serialization wait time has been greatly reduced. And, of course, the job took fewer intervals
to complete.
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Figure 5-34 shows a typical interval’s details for the journaling cache results.
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Figure 5-34 Journal Caching: Pick a typical interval for the workload

Using 42 as a typical interval (and as a reminder that it is the feature code on i5/0OS for journal
cache), we can see that the journal serialization time for the workload interval is now 3.7361
seconds, compared to 8.6609 seconds without the journal caching.

There is no need to drill down further.

We conclude that using Job Watcher to view our workload with and without journal caching,
the use of journal caching has:

» Made our workload run faster

» Significantly reduced the journal serialization wait time

» Made our workload more CPU intensive

The test jobs are running faster and using the same amount of CPU time in less elapsed
time. This causes the CPU utilization to go up and, depending on CPU intensity of other
jobs running on the system or partition, could cause higher CPU queuing for other jobs.
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Analysis example: Java
application

This chapter discusses two very common types of problems for Java applications that often
run in WebSphere® Application Server environments, and how to use Job Watcher and Heap
Analyzer to collect, analyze, and make decisions to correct the situation.

There is no information in this chapter specific to running Java programs under a WebSphere
Application Server environment. However, before doing Java-based performance problem
analysis, we suggest you that you have already examined the performance tips documented:

» At the iSeries Performance Management Web site:
http://www-1.ibm.com/servers/eserver/iseries/perfmgmt/webjtune.html

» In the redbook Maximum Performance with WebSphere Application Server V5.1 on
iSeries, SG24-6383:

http://www.redbooks.ibm.com/abstracts/sg246383.html
This chapter presumes that you have read the job waits descriptions in Chapter 2, “Overview

of job waits and iDoctor for iSeries Job Watcher” on page 21. We also presume you are
familiar with the contents of Chapter 3, “Getting started” on page 51.

If you are new to Java but must do iSeries-based performance analysis, consider reading any
of several commonly available Java-overview publications that can be found in most
bookstores and, of course, at the Sun Microsystems Web site:

http://www.sun.com

For an eServer i5 or iSeries system perspective on Java, we suggest using the iSeries
Information Center Web site:

http://www.ibm.com/eserver/iseries/infocenter

Select your region and language for V5RS3. In the left navigation bar, expand

Programming — Java — IBM Developer Kit for Java platform. Click Java platform and
select one of the articles.
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6.1 Two problem scenarios

The two reasonably common problems associated with a Java application performance
problem are:

» CPU “misusage”
» Heap growth

We use a query example of Job Watcher collected call stack information in this chapter. To
understand this query and write your own queries, refer to the wait bucket definitions listed in
Table 2-3 on page 30 and the Job Watcher file and field descriptions included in “Job Watcher
terminology” on page 200.

6.2 CPU “misusage”

We use the term CPU misusage within this book to address two different CPU utilization
scenarios:

» CPU utilization is higher than expected. Your response time or throughput is not what is
expected.

» CPU utilization is too low. You are experiencing poor performance while the system
resources are barely being used.

Java applications running outside of or under WebSphere Application Server servers are
available in all levels of complexity—just like applications written in any programming
language. Some applications handle very high volumes of data and drive lots of work through
the system, while others use very little system resources.

You can, in theory, have the same kind of Java application performance problem in two very
different application environments. For example, one is consuming 25% of the available
processor power, while the other is consuming 95% of the processor power. In this CPU
usage topic, we use Job Watcher to investigate these situations and our approach is the
same.

When you have a Java application performance problem, typically the first thing to examine is
the CPU utilization of Java-based jobs. Your WebSphere Application Server environment
might be using more CPU than you expect it to. This value could be 25% of your processor or
99%; it does not matter because our problem analysis approach is the same.

Use the following commands to determine if there are too many jobs on the system or if some
jobs are using a large percentage of processor time (for example, your Java jobs), in
comparison to other active jobs:

» Work with Active Jobs (WRKACTJOB)
» Work with System Activity (WRKSYSACT)

These commands are covered in Chapter 1, “iDoctor for iSeries Job Watcher positioning” on
page 1.

6.2.1 Job Watcher

After you determine that you have a problem to investigate, you should decide whether Job
Watcher is the right approach. Job Watcher is a very powerful tool for this type of problem, but
it is not a replacement for Collection Services or even a simple Trace Profile (TPROF)
collection. We often use PEX TPROF to get to the job or procedure name that is causing the
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problem. But if we want to investigate CPU use at a thread level within the job, then Job
Watcher is very good at providing this type of information.

Job Watcher startup options

Startup Options are where you define your collection as required (Figure 6-1). When you are
trying to track down CPU it is best to collect as much information as you can when you are
experiencing the problem. We typically suggest checking the Collect as fast as possible
option and set Maximum data to collect to 2 to 5 GB of data, assuming that you have the
disk storage space available. The collection name and library for the data can be anything you
choose. Click Configure.

Job Watcher Wizard - Startup Options - Rchasm25 -l x|

—Job Watcher Startup Options: —|

Definition: I'NONE v| Delete.. | Save fs...
Job Watch IiaVa’EESt

Name:

Library: Iiavalib
Interval !r 0.1-3,600.0 seconds
duration:

¥ Collect s fast as possible

Maxdimum data 5000 1-999359 MB

to collect:

Description: I

Data collection Configure... I
options:

< Back Mead = Cancel Help

Figure 6-1 Job Watcher Wizard: Startup Options
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Job Watcher Data Collection Options

Under Data Collection Options, you further define the collection. For CPU-related issues, the
Call Stack is a very important piece of information. This is what enables us to understand
what particular threads are doing. For this type of problem you want the stack data on every
interval, as shown in Figure 6-2. Click OK.

Job Watcher Wizard - Data Collection Options | _1al =l

Call Stack |SQL | Activation Groups | Seckets/Communications | Rule |

Indicate below how call stacks should be collected for the active jobs collected in the Job Watch.
Call stacks for jobs in idle waits are never collected.

—Call stack collection frequency: ——
¢ Every interval
" Mever
™ Only every Nth interval

" Advanced

QK I Cancel Help

Figure 6-2 Job Watcher Wizard: Data Collection Options
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Job/Task Option

You have the option to filter your collection to a specific job or group of jobs, as shown in
Figure 6-3. If your environment is experiencing very high CPU utilization, your Job Watch
collection has less impact if you specify as few jobs and tasks as possible. In cases similar to
our example, you should already have a good idea of what jobs you are interested in, so
isolate your collection to the job or jobs of interest.

1. Click Select specific jobs and tasks. Click Next.

Indicate below whether you wish to collect over all jobs and/or
tasks orto select specffic jobs and tasks:

—Jobiask selection: ———————— _

"~ Include all jobs and tasks

" Include all jobs

" Include all tasks

¥ Select specific jobs and tasks!

< Back Mead = Cancel Help

Figure 6-3 Job Watcher Wizard: Job/Task Option
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2. Make sure the Select by parameter list specifies Job name as shown in Figure 6-4. Click
Add to identify the job or groups of jobs you are looking for.

Job Watcher Wizard - Job/Task Selection - Rchasm25 : x|
Indicate the jobs, tasks and/or threads you wish to include in your Job Watch below:
Select by: IJDb name j Add.. |
Job.task selection criteria:
Selection |Selection
Type
<Back | Net> | Cancel | Hep |

Figure 6-4 Job Watcher Wizard: Job/Task Selection

3. Enter any Job Filter Information you want and select Refresh for a list of available jobs.
Highlight the job and click Add Selected as shown in Figure 6-5.

Job Watch Wizard - Add Jobs - Rchasm25 b 1ol =l

Indicate the jobs to include in pour job watch below:

Job Filter Information:

M arne: IQJVAx MNurnber: =L Status: IActive ﬂ
Uszer  [a Current | I
e Add Refrezh

Jobz matching the job filker information; Add Selected |

Subsystem |Job User Number |Function Current  |Entersd
Name User Swstem

A\CMDSEV SANDYC 007883 JobWatcher

Cloze |

Figure 6-5 Job Watcher Wizard: Add Jobs
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Ending Options

You can further limit the collection based on a number of intervals or time. As a starting point,
we suggest collecting for a specific time duration and setting this to 10 minutes as shown in
Figure 6-6. Click Next.

Job Watcher Wizard - Ending Options - Rchasm25 3 5[

Indicate below one of the following conditions that should cause the Job
Watch to end.

The job watch will also end if the size of the collection reaches the
maximum data to collect parameter value.

= Collect a specific number of intervals

* Collect for a specific time duration:

Time: 10 - minutes ﬂ

may be entered as a decimal

< Back Next > Cancsl J Hep |

Figure 6-6 Job Watcher Wizard: Ending Options

Review the summary window as shown in Figure 6-7 and make sure you have the collection
set up as you want. Then click Finish to submit the job.

Job Watcher Wizard - Summary - Rchasm25 : \- il

Here is @ summary of your selections.

b

You have selected to create a Job Watch named JAVATEST in library
JAVALIE

| »

Selected options:

Job Watch name: JAVATEST

Library: JAVALIB

Interval duration: As fast as possible
Ending criteria: 10 elapsed minutes
Maximum data to collect: 5000 megabytes
Description:

Selected Jobs:
QUIVACMDSRVY / SANDYC / DO7885

Selected Tasks:
*NONE

Activation group collect: None

Call stack: detail collect: Ewvery interval

SQL statement detail collect: None

Sockets/communications data collect: Never LI

To submit your request now click “Finish”

<Back [ Fnsh | Cancel | Hep |

Figure 6-7 Job Watcher Wizard: Summary
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Viewing the collected data
When the collection is running, refresh the library view on the left side of the Job Watcher
window and select your collection library to display the list of watches that are available.
Double-click the watch that you just started. In our example, we are chasing a CPU misusage
problem, so we start with the CPU graphs (Figure 6-8). Click on CPU graphs. From the list of
available reports in the right-side pane, right-click the report for CPU/CPUq usage by

high/low priority to open the graph in the Data Viewer.

K iDoctor for iSeries - [Rchasm25: Job Watcher - #1] ' =10l =]
@ File Edit view Window He||:| =&l x]
A | x B B
-G Dhi2 _I Report d.escnphm |
= G Dhes J [ CPUICPUQ usage by highllow E—
[*- m Dht7 [ist] Job signatures ranked by CPU (Inlmals 1to207) OpenGraph(s)
[*- m Dhts fiit] Job signatures ranked by CPU queusing (Intervals 1 to 207)
-7 Dhio
-G} Edee
-G Tomiwvs3
-G Javalib
- =@ JAVATEST
] | - | »
|Rchasm2s: Job Watcher\Javalib\Javatest2\Cpu graphs\Cpu/cpug usage by high, |1 - 3 of 3 objects 4

Figure 6-8 Open CPU/CPUq usage by high/low priority graphs

The graph in Figure 6-9 shows CPU activity by interval. It is very common when chasing an

increase in CPU that one or two threads will stand out. For this reason it is a good idea to look
at a graph of the CPU usage by thread to see whether there are any threads we should
investigate. Choose one interval in the CPU/CPUq usage by high/low priority graph that looks

interesting.
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|X: [2] 08.53.56.718 Y1:.1592 (CPU time for high priority jobs (seconds)) ¥2: 10 Grap|Ears 1-500of 16314 v

Figure 6-9 CPU/CPUq usage by high/low priority
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In this example, we look at interval 2. Right-click the vertical bar in interval 2 for a list of
detailed reports as shown in Figure 6-10, and select Threads using CPU this interval.

It Data Viewer - #2 - [JAVALIB/JAVATEST2/CPU/CPUq usage by high/low priority - #1]
® Fl= Edit view Window Help

Ble | = ealali|=2-] 9

CPU/CPUg usage by high/low priority

=
=

Time (seconds)
] L]
] L

=
—

Detail reports Threads using CPU this interval
] Copy Tasks using CPU this interval |_||—||:||_||:"_||:||_D|_||:":||_|l—|l_||:l—u—
oo A Java virtual machine statistics this interval I I
ave HS...
= Java threads waiting this interval e E 8 % % % ﬁ o ﬁ B
~ , " , : n ; v . — M e 9 T 3T 0 0Ny
w Preferences... [ U O O o N R S R O o N N e S et e o
s " R R R R R A A R R
o GraphDefinion * | 7 o5 oo 3 o o 3 0 G 0 O 3 O o I @ o5 o5 o
o Defnition »| © © 0 © 0 B © W W W B WL WYL GO O Y
o} Query Definition 0 O O O W © © © O O O © © O © © 0O © o
8 — | &5 &6 &6 & o6 &6 & o o o oo oo a6 o a6 d
= Properties MWD~ 3 — @ D M~ 3 = @ D M~ @ = o i~ d
- L NN NN N0 MM mom s s 3 F
[Interval] - timestamp
CPU time for high pricrity jobs (seconds) [N CPU time for low priority jobs (seconds)
CPU queueing time for high priority jobs (seconds) - CPU queuing time for low priority jobs (seconds)

Total active threadsﬁasks-

1]

[x: [2] 08.53.56.718 Y1:.1592 (CPU time for high priority jobs (seconds))  ¥2: 10 Graph control memory - 7 [Bars 1 - 50 of 16314

Figure 6-10 Threads using CPU this interval

Figure 6-11 shows that thread 14 clearly is using the majority of the CPU. Notice that we
caught the thread in RUN status for this interval.

File Ed|t | Yiew - Wmdow Help

B 82 lalk[E] A

Thread ID in hex Current Task |Thread |Time of day Process initial| CPU time Origy

user count |status | at snapshot thread in microseconds |priot
0079388 ) 014 SANDYC 4470 RUD 56.720000 4467 158801
007987 DI}I}LWWWDI}I}DIK SANDYC 4457 RUN ‘DD—‘I 114 D‘ DS 33.56. “'}I}I}I} 4454 120024
(07988 0000000000000015  SANDYC 4471 JVAW  2004-11-02-08.33.56.720000 4467 2371
007987 00000000000000IE  SANDYC 4438 JVAW  2004-11-02-08.33.56.720000 4454 1359
007988 0O00000DOO000017  SANDYC 4473 RUN  2004-11-02-08.33.56.718000 4467 1209
007987 000000000000001D SANDYC 4460 JTVAW  2004-11-02-08.33.56.728000 4434 857
007988 0000000000000016  SANDYC 4472 JVAW  2004-11-02-08.33.56.720000 4467 447
007987 000000000000001C  SANDYC 44539 JVAW  2004-11-02-08.33.56.728000 4434 424
007987 0000000000000017  SANDYC 4434 JVAW  2004-11-02-08.53.56.720000 4454 0
007938 0000000000000011  SANDYC 4467 JVAW  2004-11-02-08.33.56.728000 4447 0

e

[ |Records 1- 100f 10

Figure 6-11 Threads using CPU this interval
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Right-click on the thread that is using the most CPU in this interval and select Properties for
further information, as shown in Figure 6-12.

ta Viewer - #2

File Edit View Window Help

B | e - elalR|E-] 9

4+ JAVALIB/JAVATEST 2/ Threads using CPU this interval for [2] 08.53.56.718 - #1

14

O SANDYC

- : - Wait graphs [ 000
007987 000000000000001A SANDYC 4457 RUN CPU graphs y (00 4454 120024
007988 0000000000000015 SANDYC 4471 VAW DASD/IO graphs  # 00 4467 2371
007987 000000000000001B SANDYC 4458 VAW IFS graphs y [O0 4454 1859
007988 0000000000000017 SANDYC 4473 RUN Other araphs y P00 4467 1200
007987 000000000000001D SANDYC 4460 JIVAW 00 4454 837
007988 0000000000000016 SANDYC 4472 JVAW Display Call Stack 00 4467 447
007987 000000000000001C  SANDYC 4459 VAW Recard Quick View 00 4454 424
007987 0000000000000017 SANDYC 4454 JVAW T 00 4454 ]
007988 0000000000000011 SANDYC 4467 IVAW Find. .. 00 4467 0

Graph Definition 4

Query Definition 3

Set Font...

Preferences...

Properties

l .

[ [Records 1- 10 of 10

Figure 6-12 Properties for thread using most CPU this interval
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We are most interested in the Call stack information shown in Figure 6-13. This is where we
find out what the thread is actually doing when it is using CPU. In this example, we know that
JitInterpretMethod is not the problem. This is normal Java interpretation and not the
application code. The JIT is interpreting the method.

The next method we see is idoctor/testcode/lug2004/JobWatcherTest.run()V. This is a
package name for an actual method and could be the source of our problem.

Keep in mind that this is one snapshot of the thousands you collected. Do not jump to
conclusions based on this alone. However, if you repeat this process of looking at different
intervals, a pattern may be determined.

=10
Logical 1/0s | Transactions IF5 I Job state transitions I Query
Record Quick View Calstack |  Object waited on Holdingthresddask |  Waitbuckets |  Physical /03
—General: — _ —
Job information: QIVACMDSRV /£ SANDYC / 007988: 00000014 Change...l Interval: I2 ﬁ
Job subsystem: QINTER Thread status: RLUMN Job function: JVM-Job'\Watcher
Curmment user profile: SANDYC Priority: 36
Current wait: (208/J0L) Java: object lock Cument wait duration: 0 microseconds
Cbject waited on: Segment type LIC HEAF (MW 3) AREA DATA Interval duration: 150.537 milizeconds
Holding thread or task: Mone detected this interval Interval end: 2004-11-02-08 53.56. 720000
Call stack conterts:
Call  |Program Module Offset Procedure 4
level
& 001 00000008  find_ 17JitProfileDatahapFPUT1
o 002 QO000ACD JitInterprathdethod
& 003 00000000  idoctor/testcodeTug2004/ JobWatcher Test run()V
oa 004 LUG2004 JO  GLUEMOD 00000028  UPCALL( 1)
& 003 00000100  cblabranch
& 006 00000034  aimach call java_port
= 007 0000007C  vinvokeMdethod 9JavaParmsFRP10JavaObject
& 00 00000238 startThread  10JavaThreadFv
= 009 00000430 javaattachthread
& 010 QOO000EC  #cimir T
& 011 00000130 syscall A portal
o 012 QIVALIBIVM QIVALIETVM 00000084 startThread FPv
&= 013 QLESPI QLECRTTH 000001CC  LE_Create Thread? FP12ertth parm t
& 1A AANNNTTI ~hlahesset I
oK | cancel | Hep

Figure 6-13 Interval Details: Call stack information

An alternative to checking individual threads one interval at a time is to use the Job Watcher
RTVSTKDTA command, which we have also used in the following chapters:

» Chapter 4, “Analysis example: traditional batch ILE RPG application” on page 117
» Chapter 5, “SQL, call stack, and journal analysis examples” on page 125
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RTVSTKDTA command

Use this Retrieve Call Stack Data command to export the call stack information from an
internally stored format to the database file called QAIDRJWSTK. The exported data residing
in QAIDJWSTK records is ready for user-written SQL queries, which we use in this chapter,
as shown in Figure 6-14. See “RTVSTKDTA command” on page 250 for a description of the
command and its parameters.

Retrieve Call Stack Info (RTVSTKDTA)

Type choices, press Enter.

Watch member name . . . . . . . javatest2 Name

Watch Tibrary name . . . . . . . javalib Name

Module and VRM . . . . . . . . . SW53 SW52, PA53, JW53, etc.
Interval or QRECN (or *ALL) . . *all

Task Count value (or *ALL) . . . *all

Debug/DUMP request . . . . . . . 0 0=No, 1=Yes

Frame outfile member name . . . javatest? *NONE or member name

Figure 6-14 Retrieve Call Stack Data (RTVSTKDTA) command for Java example

After this command completes, use the Job Watcher workstation GUI session and open a
Query view to run SQL statements over the QAIDRJWSTK file. Based on the information we
have looked at so far (Figure 6-11 on page 167), we want to extract the stack data for task
count 4470. (Recall that on the graph that identified CPU time per thread, we determined that
thread 14 is Task Count 4470.) As stated in earlier chapters, the task count is how individual
threads are tracked in the call stack data so we need this information to put together the query
shown in Figure 6-15 on page 171.

Note: We use the Job Watcher query view (full function) interface in this SQL statement
example. Job Watcher has two different SQL interfaces/environments that enable you to
run SQL-based queries over your existing data. They are:

» Query definition interface (for novice SQL users)
» SQL Query view (for expert SQL users)

The SQL statement shown in Figure 6-15 is fairly simple, so you could use the Query
definition interface to build the statement, if you are not familiar with SQL. See “Querying
Job Watcher data” on page 222 in Appendix C, “Querying and graphing tips for Job
Watcher” on page 221 for a more complete description of these SQL interfaces.
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Right-click in the query view and select Execute or press F4 to run the query.

i} Data Viewer - #2 10| =]
File Edit WView Window Help

wle | E | el AlrlE] S
£ JAVALIB/JAVATEST2/CPU/CPUq usage by high/! =10l x|
Il < 3AVALIB/JAVATES T2 Threads using CPU this 1Ozl

&% Rchasm325: SQL Query View - #1 =1o] x|
select * from javalib/QAIDBIWSTE where taskeount = 4470

ok

Copry
Paste

Word wrap
Make Lowercase
Mo records foun . Make Uppercase

Figure 6-15 Query to extract call stack data from QAIDRJWSTK file

This query produces the information shown in Figure 6-16. Scroll through each interval of the
stack data for this particular thread. We already knew that this thread is the one using the
majority of the CPU; now we have a good idea of exactly what this thread was working on
during this collection.

; =i/
select * from javalib/QAIDBIWSTE where taskeount = 4470
Interval | Task |Call St4 Number| Stack colle| Program Module Ofiset |Procedure|Procedure i’
number |count |Frame [stack |reason Type |Name
Num... | frames
2 4470 2 17 8 0000> LIC JitInterprethdethod
2 4470 3 17 8 0000 JAVA | idoctor/testcode/tug2004/ JobWatcher Test.run()V |
2 4470 4 17 8 LUG2004_JO GLUEMOD 0000> JAVA  UPCALL(I)
2 4470 5 17 § 0000> LIC cblabranch
2 4470 ) 17 S 000> LIC aimach_call java_port
2 4470 7 17 8§ 0000> LIC vinvokeMethod  9JavaParmsFRP10JavaObject
2 4470 3 17 5 0000 LIC startThread_ 10JavaThreadFv
2 4470 9 17 8 0000 LIC javaattachthread
2 4470 10 17 8 0000> LIC #ofmir
2 4470 11 17 § 0000> LIC syscall A portal
2 4470 12 17 § QIVALIBIVM  QIVALIBIVM 0000> ILE startThread FPv
2 4470 13 17 8 QLESPI QLECETTH  0000> ILE LE_Create Thread2 FPl2crith parm t
2 4470 14 17 & 000> LIC chlabranch
2 4470 15 17 8 0000 LIC aimach upeall portal
2 4470 16 17 8 0000> LIC #aicpp
2 4470 17 17 § 0000> LIC pminitiateThreadUnderTarget  Fv
3 4470 1 17§ 0000> LIC checkjavazcastbla
3 4470 2 17 3 0000 LIC JitInterprethdethod
3 4470 3 17 5 0000> JAVA | idoctor/testcode/Tug2004/ JobWatcher Test .mnD‘JI
3 4470 4 17 8 LUG2004_JO GLUEMOD 0000> JAVA  UPCALL(_I)
3 4470 3 17 8 0000> LIC chlabranch 'LI
- ‘ma - em e e - C e a . .

Figure 6-16 Query results from RTVSTKDTA

At this point you should be able to put together a very good picture of the type of workload
that is driving the CPU usage. If you know the application methods and stack flow that are
involved and have some application knowledge, you can usually piece together the workload
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or problem that is behind the high demand in CPU. If not, then you may have to go to the
application developer. At least we now know what method to start with from this example and
our previous call stack example: idoctor/testcode/lug2004/JobWatcherTest.run()V.

6.3 Heap growth

Excessive heap growth is a common reason for a Java application performance problem.
Heap growth may be caused by your application having a memory leak or of the garbage
collection not doing its job. Memory leaks in the Java language are a significant contributor to
garbage collection bottlenecks. If you do not manage garbage collection, it can have a
significant negative impact on application performance, especially when running on
symmetric multiprocessing (SMP) server machines. The i5/0S Java Virtual Machine (JVM)
uses concurrent (asynchronous) garbage collection. This type of garbage collection results in
shorter pause times and enables application threads to continue processing requests during
the garbage collection cycle.

Some symptoms of heap growth include:

» Poorly performing application that may have a leak

» Heavy page faulting in the storage pool where your WebSphere application runs (Java
does not tolerate heavy paging)

You can use several tools to evaluate a possible heap growth problem:

» The Dump Java Virtual Machine (DMPJVM) command

Important: The DMPJVM command requires the job to be held in order to collect heap
object table statistics. This command does not work on some excessively large
WebSphere heaps. iDoctor for iSeries Heap Analyzer runs in the background and will
run on enormous heaps without any affect on the JVM operation while it is running.

» Start Service Tools (SST)

» Work with System Status (WRKSYSSTS) to investigate faulting and the wait-to-ineligible
transitions.

» iDoctor for iSeries Heap Analyzer

6.3.1 Heap Analyzer

Job Watcher is very effective at investigating the JVM operations at a thread level; however, to
investigate the garbage collector and heap growth, Heap Analyzer is a more effective tool.
The Heap Analyzer component of the iDoctor for iSeries tools is used to perform Java
application heap analysis and object creation profiling (size and identification) over time.

For our example, we assume that your Java application, running under WebSphere in this
case, is experiencing heap growth. We need the same information whether that growth
extends over days or hours. The only thing that changes is the timing of the collection.

Heap Analyzer includes a call stack for every snapshot when run in the profile mode so the
created objects can be mapped to the application functions.
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As with Job Watcher, you access the Heap Analyzer from the iDoctor Components window
shown in Figure 6-17. Click Launch.

_ iDoctor Components ﬂ

Lze thiz interface to work with the iDoctor for iSefies components on wour system, “'ou may alzo apply
access codes ba pour spstem that were given to you by [BM service to authorize use to a component.

Connected to gystem Rcohascle with uzer MS5KC Change User

r— Compaonent list for system Rchascle: |
ig Component | Status !
Job Watcher Available
Heap Analyzer Available l
PEX Analyzer Avwailable

Laurich 1 ‘

To authorize uge for a component, enter the access code below:
Access code: I ol |

Figure 6-17 iDoctor Components: Heap Analyzer

Right-click Heap Analyzer — Start Heap Watch (Figure 6-18).

R woctor forseres N —ioix

File Edit View Window Help

escription
Manage incompatible Heap Watches

q Migrate query and graph definitions
+ g 1 Open MNew Data Viewer bmr 34259.000.778 henderan
EREAD! ) =
& 57 1 Properties Doctor Svr JW VIR3MOS00036
- Qpyrtjwold %QF?T[}KCM iDoctor Svr JW VIR3MOS00037
-G} Rivest .'\'T_IJP_LR'EEI
+ E\n_.‘ Skfcpu g:i;‘;ﬁ“ﬂ pmr
+- Gl Skfdasd il Sictdas
4 () Skejwdata g:ﬁ:ﬁw
+4---@ Skfatack En:_u]Skftﬂst

) Skftest L

iy i) Skiptest

m Skiptest m pies

Figure 6-18 Start Heap Watch

There are three phases to the Heap Watch, as shown in Figure 6-19 on page 174:
1. Object table dump: produces a dump of the live object table
2. Object create profile: profiles the object creates per thread and per object size

3. Object root finder: does detailed analysis on a specific object to identify where it is rooted
in the Garbage Collection (GC) heap.
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Object table dump

It is very important to collect at least one Object table dump in a Java environment—before a
problem actually surfaces—with the Java Virtual Machine (JVM) active. This helps to
establish a baseline to compare any future dumps. After you see that the heap is showing
growth, you want several object table dumps to use for establishing a pattern of growth and
identifying the object class type and the size of the object you feel may be causing the growth.

The frequency of the dumps depends on how fast the leak is. For example, if you have heap
growth at 200 megabytes an hour, then a dump every two hours might be the right choice. If
your growth is more like 1 GB an hour, then it would be better to get a dump at least every
45 minutes. These dumps are relatively small in size so space should not be an issue. The
main concern is that we want the data before any heavy storage management paging starts.

1. The first Heap Watch Wizard window (Welcome) presents three choices for starting Heap
Watch, as shown in Figure 6-19. Select Object table dump. Click Next.

Heap Watch Wizard - Welcome - Rchascle x|

Welcome to the iDoctor for iSeres Heap Watch Wizard

This wizard will guide you through the process of creating a Heap
Watch which allows you to interogate the JVM of a single job running a
Java application on your iSeries.

Your Heap Watch will execute within a batch job on the server. This job is
named Wechjvaob] when creating a Heap Watch of type Object table dump
and named "Wchjvaprof when creating an Object create profile Heap Watch.

Object root finder batch jobs are named Wehjvaroot”.

What type of Heap Watch do you want to create?

{* Object table dump {~ Obiject create profie {~ Object root finder

A Object table dump Heap Watch provides a quick overview of the objects in
existence at the time the Watch is submitted.

Hach Mead = Cancel Help

Figure 6-19 Heap Watch Wizard: Welcome
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2. Fillin the Heap Watch options with a name and library to identify the watch being started,
as shown in Figure 6-20. Click Browse to find an existing job to be watched.

Heap Watch Wizard - Options - Rchasclc

—Object table dump Heap Watch options:

Heap Watch:
Librany:
Job to watch:

Description:

Iheap1
Iheaplib

Browse...

< Back Next = Cancel |

Help J

Figure 6-20 Heap Watch: options

3. The default filter for the job selection screen is QJIVACMDSRY, as shown in Figure 6-21.
Make changes here as needed. Select the job you are interested in. Click OK.

Heap Watch Wizard - Job Selection w =10l =]
Job Information:
’7 I arne: ﬁm Uzer: l.t’-‘-.l_l_—
Fleaze zelect the job to watch:
Subsystem  |Job Name User MNumber [Function |[Current Enterad Status
User System

LIOINTER. QIVAGMDSEV  SKFULLER 307982  I-idoctorte SKFULLER

110204 10:41:42 VAW

Figure 6-21 Heap Watch Wizard: Job Selection
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4. Optionally, you can set up a time limit or other options for ending the table dump watch as
shown in Figure 6-22. Typically, we do not recommend setting a time limit because you
may get a partial set of data, so None is selected. Click Next.

This command has very little overhead and does not affect the JVM. Let it run as long as it
needs to complete. Even if it takes several minutes to run, we would rather have a
complete set of data than partial data.

Heap Watch Wizard - Execution

W
|x

The Heap Watch will execute until a limit condition is met. Once the
condition is met data will stop being collected and the job running
the Heap Watch wil end.

Flease select the desired limit type below:
= Time O Disk space ) Sampl {+ Mone

< Back Next > J Cancel Help

Figure 6-22 Heap Watch Wizard: Execution Limit
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5. Review the set-up options as shown in Figure 6-23, and click Finish to start the Heap
Watch for the Object Table Dump.

Heap Watch Wizard - Finish - Rchasclc x|

Here is a summary of your selections.

‘fou have selected to create a Heap Watch named HEAPWATCH in
library HEAPLIB

|

Selected Options:
Type: Object table dump
Job Watch: HEAPWATCH
Library: HEAPLIB
Description:

Job information: QJWACMDSRV/SKFULLER/307382

Limit type: Time
Limit: Mo limit

Remate Command String: —

CQSYS/5BMJOB CMDIQIDRHAJAWCHIVA ACTIONOBJTBELDMF)
OUTMBR(HEAPWATCH) OUTLIBHEAFLIB)

=

To start your Heap Watch now, click "Finish’.

< Back | Finish | Cancel | Help |

Figure 6-23 Heap Watch Wizard: Finish

6. Return to the main iDoctor panel. Right-click the collection library and select Explore to
see the watch status. When the watch has completed, select Explore to investigate the
data. See Figure 6-24.

12 iDoctor for iSeries
File Edit View Window Help
A | X By Al D | &
£+ Rchasclc: Heap Analyzer - #1
E--@ Heap Analyzer Watch Name Type Status System collected| Job being watched
i) G} Heaplib o
[]...Gﬂ Hendsran 05/400 VEIM
[]m Ibmdata . |[HEAPWATCH Object table dump Complete m
[]m Tdoctordd Record Quick View
[]m Jwdata
-G P34250000 Compare. ..
[]m Pmr2424 Delete
L A . can
Rchasce: Heap Analyzer\Heaplib\Heapwatch Properties of 1 objects

Figure 6-24 Heap Watch complete status
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7. Select the iDoctor-supplied queries to begin with. Right-click and select Explore as shown
in Figure 6-25.

ﬂ iDoctor for iSeries . ;lglﬂ

File Edit View Window Help
LIRS AN A

N )
E---@ Heap Analyzer Report Folder IDes-cﬂptiDﬂ

EE:'] Heaplib iDoctor-=upp™ shipped with Heap Analyzer

'E HEAPWATCH Server-side ¢ alvzer output files for this collection

- () Henderan 65| User-definec defined previously over data within this Heap Watch

- Tomdata [ User-defined graphs Graphs defined previously over data within this Heap Watch

-G Tdoctord®

[]E;] Twdata

-G P342359000

£

£

£

E:~:|:|I|:|rr-_-
Select fields. ..

() Pmr32424
-G} Qeyrtjw320
-} Qeyrtjwold
1. [ Rivest
|Rchasdc: Heap Analyzer'\Heaplib\Heapwatch\Idoctor-supplied queries | 1 - 4of 4 objects v

Figure 6-25 Explore iDoctor-supplied queries

8. There is one view available, as shown in Figure 6-26. It is basically a full report of all live
objects in the heap. Right-click the description and select Open Table(s) to see the report.

& Fle Edit View Window Help =] |
(X & B A lmR R
-85 Heap Analyzer Report description |
Em Javalib ] Objects counts/sizes by elass Io
o-# TEST
iDoctor-supplie
Server-side outp
Ussr-defined qu
- User-defined gra
-} PROFILE

1 | H

|Rd135n'|25: Heap Analyzer\Javalib\Test\Idoctor-supplied queries’ |1 - 1of 1 objects i

Properties

Figure 6-26 Open table of Objects counts/sizes by class loader report
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9. Click twice on the column heading Total Objs Heap Size to order the information
according to the amount of space used. This gives you a quick look at what live objects
are contained in the heap. Often something interesting will surface from this if you are
having heap growth problems.

In the example shown in Figure 6-27, you would certainly pick the java/lang/Error object
class objects to start with even though this entry is not on the top of the list.

It Data Viewer - #1 - [Objects counts/sizes by class loader - #1] =101 =]
® Fle Edit view Window Help =& x]
SRS N ey = )
Class Loader Name Object Class Name Object | Total Objects| Total Objs | j
Count Size Heap I
(bytes) Size (bytes)
default ) 2741217 219433824 219330032
defanlt java/lang Object: 39 201953392 202237600
default [z alaladl 153508026 1754387240
sun/misc/Launcher3AppClassLoader idoctor/testcodaue2004/ Jobdata 24278 382672 176896
default javalang String 5089 133916 437504
default [B 13 311766 334240
defanlt [Ljavalang/String; 1584 92480 97072
default [C 511 75068 90636
default javalang/Class 662 63848 34736
default java'utilHashtableSEntry 603 31460 38720
default [[Ljavalang String: ] 1120 16448
default java‘utilHashMapSEntry 247 12844 15808
default [Ljava/utilHashtablzSEntry; 21 10344 14816
default java‘util TreehapSEntry 136 2438 10880
default [Ljava/utilHashMapSEntry: 23 6132 10160
default javanet/URL 13 3176 9344
default Java'lang'ref Finalizer 66 3808 fﬁﬁﬁ_lj
1| | »
[ Records 1 - 16 of 164 4

Figure 6-27 Objects counts/sizes by class loader report

Note: In a Heap Watch Object Class Name column, as shown in Figure 6-27, you see
several entries where the first character is a left bracket symbol: [ . The left bracket is used
to indicate an array object, for example, [J.

Note that you may need to investigate whether growth in one object type might be a side
effect of growth in another object type.

Sometimes, just identifying the object that is growing or leaking is enough to suggest
corrective action. However, it is often necessary to go to the next level of analysis: to identify
where the object creates are coming from. This is particularly true in the case where the
object identified is a generic Java object such as String. In our example, we want to know
where the java/lang/Error objects are being created.

This leads us to using the Heap Watch Object create profile function you saw as an option in
the earlier Start Heap Watch wizard window.

Object create profile

Another good way to understand heap issues is to turn on the Object create profile during a
period where you are seeing the heap growth. We have identified an object class we are
interested in from the Object table dump described in “Object table dump” on page 174, so
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we normally use the profiler output to learn where the object is being created in the
application.

1. To investigate our example further using the Object create profile, we need to start another
Heap Watch. (If necessary, refer to Figure 6-18 on page 173.) This time we select Object
create profile as shown in Figure 6-28. Click Next.

Heap Watch Wizard - Welcome - Rchasclc i x|

Welcome to the iDoctor for iSeries Heap Watch Wizard

This wizard will quide you through the process of creating a Heap
Watch which allows you to intermogate the JVM of a single job nunning a
Java application on your iSeries.

Your Heap Watch will execute within a batch job on the server. This job is
named Wechjvaobj’ when creating a Heap Watch of type Object table dump
and named "Wchjvaprof” when creating an Object create profile Heap Watch.

Object root finder batch jobs are named "Wehjvaroot'.

What type of Heap Watch do you want to create?
™ Object table dump ' Object create profile " Object root finder —‘

A Object create profie Heap Watch provides a profile over time of the objects
created by the application.

ack MNext = Cancel Help

Figure 6-28 Heap Watch Wizard: Welcome for Object create profile
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2. Figure 6-29 shows the profiler options. Fill in the Heap Watch options with a name and

library to identify the watch. Click Browse to identify the job to watch. Select the same job

as before.

Heap Watch Wizard - Options - Rchasm25

—Object create profile Heap Watch options:

Heap Watch: |PROFILE
Library: IJAVALIB

Browse... ||

Job to watch: IQJVACMDSHWS&NDYC;"DDBHD

Description: I

—Object create profile advanced options:

Inttiate PEX collection =
for Java(*SERVICE): =

|

" Mo

Inwocation stack format: ISingle column

skip:

member recands:

Addttional stack programs to |5.| 1-50, *NOME
Pre-zllocate output I’NONE 1 - 5339993, "NONE,

=

“SAMPLES

< Back | Next = | Cancel | Help |

Figure 6-29 Create object profile options

Consider the Object create profile advanced options:

Initiate PEX collection almost always should be Yes. The only exception is if you already
had a PEX collection running on your iSeries system. This is just a switch that enables the

>

collection of the object creates.

Invocation stack format should always be Single column.

The Additional stack programs to skip parameter enables you to influence what part of
the stack you collect. For performance reasons we only collect five frames. If you do not
skip any, then the last five frames on the stack are almost always IBM code involved with

the tracing. So, typically you skip at least four frames, which means set this value to 5.

Pre-allocate output member records is a performance parameter for the collection. If
you pre-allocate, you can avoid some long times between intervals.

Click Next.
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3. As before, there are three ways to limit the collection:
— Time (in seconds)
— Disk Space (in megabytes)
— Samples (by count)

For our example, we choose a Time limit for the collection (Figure 6-30). Click Next to
continue.

Heap Watch Wizard - Execution Limit - Rchasm25 \: ﬂ

The Heap Watch will execute urtil a limit condition is met. Once the
condition is met data will stop being collected and the job running
the Heap Watch will end.

Flease select the desired limit type below:
{* Time {~ Diskspace  Samples (" Hone

Fleaze provide a time value in IEDCl
seconds. (10 - 7200)

< Back Meadt = Cancel Help

Figure 6-30 Object create profile execution limit

Note: Specifying a long collection time may cause a noticeable increase in disk space
utilization on your iSeries system.
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4. Review the summary of your selections as shown in Figure 6-31. Click Finish to submit.

Heap Watch Wizard - Fi x|

Here iz a summary of your selections.
‘You have selected to create a Heap Watch named PROFILE in library |
JAVALIB
Selected Options:

Type: Object create profile

Job Watch: PROFILE

Library: JAVALIB

Description:

Job irformation: QJWACMDSRV/SANDYC/008110

Limit type: Time

Limit: 500 seconds I

Initigte PEX collection: Yes

Stack format: Single column

Additional stack entries to skip: 5

Preallocate records in member: “NOME

To start your Heap Watch now, click "Finish’.
<Back [ Frsh | cancel | Hep |

Figure 6-31 Create profile object summary

5. After the Object create profile has completed, right-click it and select Explore to

investigate the data.

K iDoctor for iSeries = [Rchasm25: Heap Analyzer - #1] m

® File Edit View Window Help

=0l x|
=&l ]

A X i By A D &
E--@ Heap Analyzer Watch Name |Tvpe Status System collected| Job being watched
Em Tavahn on
B} PROFILE 05/400 VEM

PROFILE | Object create profile

1

Complete

2

Record Quick View

COTPArE, ..

Delete

Properties

Fj

|Rchasm25: Heap Analyzer\Javalib\Profile

[1-10f 1 objects

RN

Figure 6-32 Explore Object create profile
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6. Select the iDoctor-supplied queries to begin with. Right-click and select Explore as shown

in Figure 6-33.
K iDoctor for iSeries - [Rchasm25: Heap Analyzer - #1] 10| =]
® File Edit View Window Help -|=] x|
X & B Al @
-8 Heap Analyzer Report Folder Description |
EE:I] Javalib iDoctor-supplied queries  Reports shipped with Heap Anal Explore
B FROFLLE Server-side output files  Heap Analyzer output files for th Select F|e|ds
&S| User-defined queries Reports defined previously over dar atch
[ User-defined graphs Graphs defined previcusly over data mthm [h15 H.,ap Watch
|Rchasm25: Heap Analyzer'\Javalb\Profile\Idoctor-supplied queries [1-40of 4 objects 5

Figure 6-33 Explore iDoctor supplied queries

7. The Objects created per interval profile is a good report to start with because, in this
example, we already know the object Class Name we are looking for. Select Open
Table(s) as shown in Figure 6-34.

K iDoctor for iSeries - [Rchasm25: Heap Analyzer - #1] ‘ 10| =|
# File Edit View Window Help - =] x|
- | | X M EE
----- (5] Server-side _I Report d.escnptmn |
""" (&8 User-defined (™) Objects created per interval pro
] PEr P
P 6] User-defined B Object creates per heap block =i
E| B PROFILE B Actual size and number of objec Froperties

----- i) Doctor-supy
----- Server-side o
: User-defined
----- User-defined

K1

|Rd135n'|25: Heap Analyzer\Javalib \Profile\Idoctor-supplied queriesiObjects created |1 - 5of 5 objects v

B Object create profile per thread
B Object create profile per thread per size with stack

Figure 6-34 Open Objects created per interval profile report
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8. Figure 6-35 shows the list of objects created in our profile. Select one of the Object
instances, and all the information is grouped by interval. The interesting thing here is the
call stack data, which shows where the object create came from within the application.

I Data Viewer - #1 =
File Edit WView Window Help
SRS N ey = )
+4 Objects created per interval profile - #1 ;|g
Interval |Objects Created|Object| OBINAME |Ca]l Stack
Number |This Size
Size
1643251 44 36 javalangError “NewObjectS Pde 13JavaNewObjectFP9JavaClassUIT2
1643251 4 144 [J “InterpretJavalviethod  13JavalnterpreterFP11Imethed_infoP23JavalnterpraterStackEram|
69001 2 24 idoctortestoodeug2004 Jobdate | 7/GLUEMOD *PROCITESTCODE LUGI004 JOEDATA” INTERFRET SLECLLY
1 SE in ~InterpretJavahdethod 15Javalnterprete] methed_infoP23Jav. reterStackFram|
Ezgg: o 1:3 J[j“mg Error '~;.'Gfg£\-1on.'*PRocIUG:c:;_?géw_a_rcz-IER:EE?*_DHERPREHﬂL:5;1_}1'
2010001 3e 24 idoctor/testeode/lug2004/Jobdata  NewObjectS Pde 13JavaNewObjectFP9JavaClassUIT2 Interpretfavahethed  13Javaln|
2010001 39 36 javalangError NewObjectS Pde  13JavaNewObjectFP2JavaClassUIT2 InterpratTavalethod  137avaln
2010001 @144 NewArray_ 13JavaNewObjectF3JavaTypelQ2_13JavaNewOhject11CallersMode buildStd
3474751 39 24 idoctor/testcode/lug2004/Jobdata  NewObjectS Pde  13JavaNewObjectFP2JavaClassUIT2 Interpretfavahizthed  13Javaln|
3474751 3e 36 javalangError NewOhbjectS Pdc 13JavaNewObjectFP9JavaClassUIT2 Interpretlavahiethod 13Javaln
3474751 144 7 NewArray  13JavaNewObjectF8JavaTypelQ2_13JavalNewObjectl1Callershode buildSts
6323751 36 24 idoctor/testeodelug2004/Jobdata  NewOhjectS Pde 13JavaNewObjectFP2JavaClassUIT2 Interpretfavahethed  13Javaln|
325751 36 36 javalangError NewObjectS Pde  13JavaNewObjectFP2JavaClassUIT2 InterpratTavaliethod  15Javaln
6323731 36 144 [J NewArray  13JavaNewObjectF8JavaTypelQ2_13JavaNewOhject11CallersMode buildStd
4411001 34 24 idoctor/testeodelug2004/Jobdata  NewObjectS Pde  13JavalNewObjectFP2JavaClassUIT2 Interpretfavahethed  13Javaln|
4411001 34 36 javalangError NewObjectS Pde  13JavaNewObjectEP2JavaClassUIT2 InterpratTavahiethod  13Javaln
4411001 4144 7 NewArray  [3JavaNewObjectF8JavaTypelQ2_13JavalNewOhbjectl1Callershode buildSts
3377301 33 24 idoctor'testcode/ug2004 Jobdata  NewOhbjectS_Pde  13JavaMNewOhjectFPSJavaClassUIT2 InterpretTavahethod  13Javaln|
3377501 33 36 javalangError NewObjectS Pde  13JavaNewObjectFP2JavaClassUIT2 InterpretTavaliethod  15Javaln
< I i

[Records 23 - 41 of 354298

Figure 6-35 Objects created per interval profile

9. Go back to the Report descriptions shown in Figure 6-34 on page 184 and select the
Object create profile per thread/per size with stack view to see the same type of
information rolled up at the thread level for particular object sizes (Figure 6-36).

# File Edit View Window Help

- ElAlRE] O
Thread's|Hzap Block| Object| OBITOTAL |Call Stack -
Task | Size Size
Count |(bytes)

3533 192 144 91818 NewArray  13JavaNewObjectF 8JavaTypelQ2 13JataNewObject 11 CallersMode buildStacl
13333 64 36 91818 “NewObjectS Pde 13JavaNewObjectFP9JavaClasIT2

3553 32 24 01817 “InterpretJavalvlethod  13JavalnterpreterFP11methed infoP23JavalnterpreterStackEFrame
13333 192 144 53144 ~/GLUEMOD*PROC/TESTCODE_LUG2004 JOBDATA* INTERPRET SL8(_LL)V
13553 37 24 53144 “InterpretJavalviethod  13JavalnterpreterFP11methed . SoP23JavalnterpreterStackEFrame
03 j j - f;‘l ; 6 51144 ~/GLUEMOD*PROC/LUG2004_ JOBWATCHERTEST® INTERPRET SL16( L)V

Figure 6-36 Object create profile per thread/per size with stack

The key thing to remember here is that this is a profiler. As with any profiling data, the
longer the collection runs, the more accurate your data will be. Look for things that
represent patterns and enable you to draw conclusions from the data. In Figure 6-36, we
find that the objects come from the method JOBDATA ([}) within the application.
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So far we know what objects are accounting for the heap growth. We also know where
(method JOBDATA) in the application the object creates are coming from. In many cases this
is sufficient information to have a discussion with the application developers and begin to
investigate potential code issues.

However, in some very complex scenarios it can still leave a question about why these objects
are not being collected (cleaned up and removed from the heap by garbage collection). In this
situation, the next step is to use the Object root finder.

Object root finder

To use the Object root finder, go back to your Object table dump access and select Object
counts/sizes by class loader as shown in Figure 6-26 on page 178. Select Open Table(s).

1. Using Figure 6-37 as an example, right-click on any object of interest and select Start
Root Finder analysis.

H) Data Viewer - #2 - [Objects counts/sizes by class loader i ] 4]
# File Edit View Window Help =B
S Balalk|E-]
Class Loader Name Otbject Class Name Object | Total Objects|] «
Count |Size I
(bytes) ]
sun'misc/Launcher3 AppClassLoader idector/testeode/Tug2 004/ JTobdata 3519 84456
sun'misc/LauncherSAppClassLoader idoctor/testcodeTug2004/ JobWatcherTest 4 512
sun'misc/Launcher5 AppClassLoader idector/testcode Tug2 004 PemWait 4 96

default

3543

Record Quick View

default jj s = -
default [Ljava/lang/Sti} Start root finder analysis. .. 150664
default [c oy 125740
default javalang/Clas:  Find... 68348
dafault [Ljavalang/Ot Graph Definition 3 320156336
default java'utilHash  Query Definition » 31336
default Javanio/Heap 20736
default javanioHeap, oo ONG:: 22896
default javaltilHash [ CHSISEICES 12844
default javalang/Strin Properties B000
default [B Ik 1402096
default java/util TreehIapSEntry 136 9248
default Javanet/TURL 16 8512 o
S .
|Records 1 - 15 of 190 v

Figure 6-37 Start root finder analysis

With this support we do some very intense processing on the heap to investigate how the
objects are being used. For this operation to work, it has to be done on an active JVM. In
fact, any analysis for the root finder has to be done when the JVM is active. This differs
from the Object table dump and Object create profile in that with those tools we can collect
data on an active JVM then perform analysis on that data after the JVM has gone away.
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2. When the root finder is started by right-clicking on a class name as we have done, the
Heap Watch Wizard options window opens with the correct information filled in for JVM
handle and Class handle as shown in Figure 6-38.

The only time you would have an Object handle instead of a Class handle is if you choose
to run the root finder against a root finder collection. For instance, if you ran root finder by
selecting a class, the code randomly selects an individual object to investigate. From there
you might find that object A is anchored in object B. You can then select to run the root
analysis specifically on object B. In this case, your options screen will have JVM and
Object handle values filled in instead of JVM and Class handles.

If you ran previous Heap Watch iterations, you have the option to remove those. Click Next
to continue.

Heap Watch Wizard - Options - RCHASM25 :: ﬂ
—Heap Watch Options: ———————————————— —
Heap Watch:
Library: IJAVALIB
JVM handle: [D97AD2B48E003700 16 hex digits
Class handle: IF?E:ELDFEEDE‘]MD Either a class handle
-or- object handle iz
Obiect hande: | e
Description: Iiava.-’lanngrror
Remove all existing iterations i = N
Heap Watch already exists? = .
< Back Next = Cancel Help

Figure 6-38 Heap Watch Wizard: Options for Root Finder Analysis
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3. The root finder processing is very intense but does not involve significant use of disk
space. For that reason, the only execution limit available is time (Figure 6-39). Click Next.

Heap Watch Wizard - Execution Limit - RCHASM25 x|

The Heap Watch will execute until a limit condition is met. Once the
condition is met data will stop being collected and the job running
the Heap Watch will end.

Flease select the desired limit type below:
+ Time " Dizk space. €0 Samples. € Mone

Please provide a time value in 600
seconds. (10 - 7200)

< Back MNext > Cancel | Help J

Figure 6-39 Root finder execution limit

4. Review the summary of your selections (Figure 6-40). Click Finish to start the Object root
finder collection.

Heap Watch Wizard - Finish - RCHASM25 4 ¥ x|

Here is a summary of your selections.

“fou have selected to create a Heap Watch named TEST in librany
JAVALIB

|

| Selected Options:

Type: Object root finder
Job Watch: TEST

Library: JAVALIB
Description: java/lanag./Emor

Start new root finder: Mo

JVM handle: DY7AD2ZB43EDD3700
Object handle:

(lass handle: F7B024DFE5021A40

Limit type: Time
Limit: 600 seconds

Remate Command String:

|

To start your Heap Watch now, click ‘Finish’.

<Back [ Frmsh | Cancd | Hep |

Figure 6-40 Root finder summary
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5. When the Object root finder collection has completed, double-click it to open the tree view
of the data displayed in the right-side pane. Right-click Object trees by iteration and
select Explore as shown in Figure 6-41.

K2 iDoctor for iSeries - [Rechascle: Heap Analyzer - #1] I ] 4|
@ Fle Edit View Window He||:| =
Al | % & By
=B @ Heap Analyzer = Rep-mt Folder Description
- (i} Heaplib teration Detailed object trees for

- E{.] Henderan
-G} Tbmdata
-G Tdoctordd
H- E{.] Twrdata
-G P34259000

E Server-side output files
E

[+

E

E

-G} Prmr89424
E

E

[+

E

[+

=

User-defined queries
G| User-defined graphs

70 Qpyrtjw320

o) Qpyrtjwold

-Gy Rivest

- E{.] Skfepu

-Gy Slfdasd

-G} Skfjwdata
&-d§ OBITBL

]l

Heap Analyzer output { Select Flel e

Beports defined previe
Graphs defined pr'*noush over :I.a[a wﬂhm this Heay

|Rd"|asdc Heap Analyzer'nSkﬁwdaE‘lRont'n,Ob]ect trees by iteration

| ©
/

|1-40f 4 objects

Figure 6-41 Explore Object trees by iteration

6. Figure 6-42 shows the iteration. Right-click the iteration and select Open Tree(s).

E iDoctor for iSeries - [Rchasclc: Heap Analyzer - #1]

& File Edt View Window Help

=10l x|
==l x|

A | % & By

]E}-‘,] Twdata ;I Iteration |Class nams
-G P34250000
-G} Pmr30424
7 G Qpyvrijwi20
7 G Qpvrtjwold
-G} Rivest

7 G} Skfepu
- E‘j Skfdasd
L) Skfjwdata

javallangError  Complel

Object trees’
Server-side o
User-defined

User-defined
Y —— _l_I « |

javalang/Error

|Rd'135dc Heap Analyzer'\Skfjwdata\Root\Object trees by iteration'1

i [

[1-10f 1 objects

Figure 6-42 Open Object trees by iteration
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The initial object tree view before expansion is shown in Figure 6-43.

fh Data Viewer - #1 - [Rchasclc: Java object tree SKFIWDATA/ROOT iteration 1 10l =|
® Fie Edit View Window Help -] x|
= I = N N eI s
.:ﬁ javalang Error Class Name Otject | Block size| Number| Notes |Examined Class handle
size (bytes) |of object
(bytes) roots handle
B2 ava lang Error 36 64 2 FB2D40F9TEQ00300 D7303394DB031A40
B¢l javalang Object; 5242004 5373852 1 FBID40F9TEQ00300 D7303394DB0341A0
4] | i
[Rchasdc: [ v

Figure 6-43 Java object tree root iteration before expansion

7. Fully expand the tree in the left pane to see the relationships and the roots (Figure 6-44).
From this example, we see that the java/lang/Error object is anchored in a vector.

% Data Viewer - #1 ‘ =101 %]

File Edit View Window Help

=R EE RN =R )

i Rchascle Java object tree SKFTWDATAfROOT iteration 1 - #1
El:‘: javalang Error Otbject | Block size| Number| Notes
El:‘: java'lang Error size|(bytes) of
: l:E javalang Error
¢Ljavalang Object;
{ l:': java'util Vector,
= B8 ¢Ljavalang Object; %
lﬁ java/util Vector

_|o] x|
Examined
object
handle

lZE java/util Vector 48 48 1 Class anchor array  33724E401

|Rd135|:h:: Java/langerror\tljavalang fobject; o

Figure 6-44 Expanded Java object tree root

Because the application is putting them into a vector, they are not getting cleaned up by the
garbage collector. For any further investigation, you have to go to the application source code
or the developer. We know from previous examples that the source to investigate is the
JOBDATA method.

190 IBM iDoctor for iSeries Job Watcher: Advanced Performance Tool



Installing and uninstalling Job
Watcher details

This appendix gives you the detailed install and uninstall steps for Job Watcher.

It includes information about:

» iSeries installation requirements

» PC installation requirements

» PTF prerequisites

» Steps to install and uninstall iDoctor for iSeries
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Installation requirements

The installation of Job Watcher consists of:
» Client server code (PC requirements)
— Windows NT® 4.0, 2000, XP
— IBM iSeries Access for Windows V5R3

» iSeries server code
— IBMi5/0S V5R3

— PTFs MF33560, SI15095

— The user profile performing the installation must have *SECOFR user class and special
authorities *ALLOBJ and *SECADM

— The following host servers (identified by the SERVER parameter values on the
STRHOSTSVR command) must be running on the server:

*DATABASE
*RMTCMD
*SIGNON
*SRVMAP

— System value QALWOBJRST must be *ALL or (*fALWSYSSTT and *ALWPGMADP)

After installation, the following new libraries are on your server:

» QIDRGUI
» QIDRWCH

Installing Job Watcher

The GUI install process installs the server objects and programs on your iSeries server and
the client code on your PC. The PTFs required for Job Watcher must be installed manually via
whichever method you normally use to obtain PTFs for your iSeries. The PTFs required as of
January 2005 were MF34003 and SI15800.

After the PTFs are loaded and applied on your iSeries server, perform the following steps:

1. Double-click the install image in Windows Explorer. It is a self-extracting .exe file.

2. Figure A-1 shows the self-extractor window. If desired, change the path where the install
image is extracted on the PC and click Unzip. Wait a moment for the files to be extracted
and the setup program to be launched.

Wingip Sel-oxtractor - VSRa0RInstal

specified folder prezz the Unzip button,

|rzip to folder;

To unzip all filez i WBR3JOBInstall_530 exe to the

C:\iDoctor JOBYSR Jinstall 5304 Browze. . |

Unzip

Runwingip

il

Cloze

v Ovemite files without prompting

¥ “when done unzipping open:
iDocS etup. exe

About

Help

Pl

Figure A-1 WinZip Self Extractor window
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3. Figure A-2 identifies the installed version of IBM iSeries Access for Windows as well as
the version of iDoctor for iSeries client (if found). Click Next.

iDoctor for iSeries Setup Wizard - Welcome x|

Welcome to the iDoctor for iSeries 400 Setup Wizard.

Setup will quide you through the process of installing iDoctor on an
iSeries 400 and/or this computer.

WBR3IMO of IBM iSeries Access for Windows is cumently installed on
this computer.

You may install Job Watcher, build #500035 on an iSeres 400 server
running O5/400 WVaR3M0

Build #C00356 of the iDoctor client is installed on this computer.
Setup will give you the option to replace this version with build
HCD0353 of the iDoctor client.

Please press the "Next’ button to continue.

<ieck | Net> | Cancel | Hep |

Figure A-2 iDoctor for iSeries Setup Wizard: Welcome

4. Figure A-3 indicates your acceptance of the license agreement. Click Next to agree and
continue.

- FEL T
Please read the license sgreement below before continuing.
Intemational License Agreemeant for Evaluation of Programs i’

Part 1 - General Terms

PLEASE READ THIS AGREEMENT CAREFULLY BEFORE LSING
THE PROGRAM. [EM WILL LICENSE THE PROGRAM TO YOU
COMNLY IF YOU FIRST ACCEPT THE TERMS OF THIS AGREEMEN
BY USING THE PROGRAM YOU AGREE TO THESE TERMS. IF
YOU DO NOT AGREE TO THE TERMS OF THIS AGREEMENT,
DO NOT INSTALL THIS SOFTWARE.

The Program is owned by Intemational Business Machines
Comporation or one of its subsidiaries (IBM) or an IBM
supplier, and is copyrighted and licensed, not sold.

=
4| | »

If you do not agree with the terms of this agreement, exit now.
Please press the "Next’ button to continue.

< Back MNext > Cancel Help

Figure A-3 iDoctor for iSeries Setup Wizard: License Agreement
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5. Select the type of installation to perform. Figure A-4 enables you to choose whether to
install the server side of Job Watcher, the client side of iDoctor, or both. Click Next.

iDoctor for iSeries Setup Wizard - : x|

What type of installation do you wish to perform?

r Installation Type

Server and Client

Server only |

Cliert only |

Please press the "Next’ button to continue.

<Back | Nea> | Cancel | Hep |

Figure A-4 iDoctor for iSeries Setup Wizard: Options

6. Toinstall the server portion of Job Watcher, Figure A-5 asks for the connection information
to use to access the server. The user profile must have the user class authority of
*SECOFR and *ALLOBJ, *SECADM special authorities. Click Next to connect to the
specified server and continue.

iDoctor for iSeries Setup Wizard - Server x|

Please provide the server name and iSeries 400 profile name and
password to connect to the system with.

r Server connection information;

Server Mame or IP Address

fmysys

Usemame Password

[Fe—

IUSEF

“ALLOBJ, *SECADM special autharity is required.

Please press the "Mext” button to continue.

< Back MNead > Cancel Help

Figure A-5 iDoctor for iSeries Setup Wizard: Server Connection
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7. To install the server portion of Job Watcher, specify a job queue name and a subsystem
description that the server code may use when running Job Watcher (Figure A-6). If the
subsystem does not already exist, the install program asks whether it should be created.
This subsystem and job queue are used to run the Job Watcher watch jobs named
QWCHJOB. Job Watcher does not have a limit to the number of watches that can be
active at one time and the max active parameter value is set accordingly.

You must also indicate the storage pool ID that the Job Watcher jobs should run under.
This parameter is required in order to add routing entries to the subsystem description.

Click Next to continue.

iDoctor for iSeries Setup Wizard 1 x|

Please provide the following information about the job queue and
subsystem description to use on the server.

rdJob Queue Information —————— — ‘
Name Library
{QIDRIW GGPL |
[T Create f Necessary
S ____§ |
— Subsystemn Description
Name Library
QIDRIW [asYs
Storage pool 1D to run under: |1
The subsystem description will be modfied to cortain new
routing and job gueue entries.
Please press the "Nest’ button to continue.
< Back Nead = Cancel Help

Figure A-6 iDoctor for iSeries Setup Wizard: Server Install Options
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8. Figure A-7 gives you the option to specify which type of FTP connection to use when
performing the install. Only in unusual circumstances should anything other than the
defaults be used. However, if installing over a VPN connection and Passive FTP does not
work, try using Active FTP instead. Click Next.

iDoctor for iSeries Setup Wizard - x|

Verify below the desired type of connection and port to use when
making the FTP connection. This connection is used to transfer the
iDoctor install files to the server.

— FTP connection type:

¥ Passive  Active

Passive mode should be used in most cases. This mode is
required if you wart to install on a system with & firewall.
However, passive mode will not work if instaling over a VPN
connection.

— FTP connection port:
Port

21 1-65535

unless vour system limits FTP access to other ports.

In most cases the default port value of 21 should be used J

Please press the ‘Mext’ button to continue.

< Back | Neat > ] Cancel 1 Help |

Figure A-7 iDoctor for iSeries Setup Wizard: FTP Connection

9. If an access code is required, Figure A-8 appears. Enter the access code (optional) and
click Next to continue.

Flease enter the iDoctor for iSedes - Job Watcher access code
provided by IBM support for system rchasm25.

If you do not have an access code for this system you may provide it
later by nunning command ADDPRDACS from library QIDRWCH.

Job Watcher access code [optional)

Please press the "Next’ button to continue.

< Back Mead = Cancel Help

Figure A-8 iDoctor for iSeries Setup Wizard: Access Code
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10.A summary of your selections appears. This window also has options for deleting the
temporary libraries used during the installation. During the install process these libraries
hold the restored contents of the save files sent to the server. Keep these only if you have
problems with the install. They can be used by IBM service for problem determination.

Click Finish to copy all of the files and run the commands that are needed to install the
this portion of Job Watcher. The server portion of the installation may take a few minutes.

You have selected to install the following:

Build #500033 of iDoctor for iSeries - Job Watcher server code on
rchasm25.

~ Delete install libraries IDOCSJW, IDOCSBA f installation is
successful.

W Delete iDoctor libraries without prompting.

Please press the "Finish’ button to begin installation.

< Back J Finish I Cancel | Help J

Figure A-9 iDoctor for iSeries Setup Wizard: Summary

After the install completes, the setup log file appears. If any errors occur, send this file to
idoctor@us.ibm.com for assistance.

Uninstalling Job Watcher

This section has the uninstall process for Job Watcher on both the server and the client side.

Note: This section does not apply to the PTDV component.

Server side

To uninstall an iDoctor for iSeries component, remove the libraries created during the
installation. Table A-1 shows the libraries installed on the server by component.

Table A-1 Install libraries on the server by component

Heap Analyzer PEX Analyzer Job Watcher

Libraries | QIDRGUI, QIDRHAJ | QIDRGUI, QIDRPA | QIDRGUI, QIDRWCH

Client side

To remove iDoctor for iSeries from your PC, select the uninstall program from the Start Menu.
Select Start — Programs — iDoctor for iSeries — Uninstall iDoctor for iSeries.
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Database files created by Job
Watcher

This appendix describes all of the database files that can be produced by the Job Watcher
collection function using either the Windows operating system graphical interface or the
WCHJOB command in library QIDRWCH.

We recommend that you review this appendix before writing your own queries over these files
to get the most out of this data.

This appendix covers the files created in the user’s library specified for a Job Watcher
collection:

» Files created by every Job Watcher collection, irrespective of the data collection options
you choose

» Files created only when specific Job Watcher collection options are used
» Files created only when you run queries or graphs
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Job Watcher terminology

200

To understand Job Watcher graphs and reports, you must be familiar with some terminology.
This terminology topic is replicated from Chapter 2, “Overview of job waits and iDoctor for
iSeries Job Watcher” on page 21, for ease of reference when examining the Job Watcher file
and field within file descriptions in this appendix.

» Thread

A thread is a separate and unique flow of control within a job. A thread runs a procedure
asynchronously to other threads running within the job. The term thread is an above-TIMI
(Technology Independent Machine Interface) term; the LIC actually uses the term task
count.

A single job can have one or many threads. It always has one single primary thread (also
called an initial thread) and may have zero to many secondary threads.

The work performed by a job is the sum of work performed by all threads within that job
plus the work that is done for that job by other system tasks or jobs.

A LIC task does not have threads.
» Task count

This term is used within the LIC and is discussed here because it may appear in detailed
Job Watcher information. At the operating system level it is analogous to a thread number,
but does not have the same value as the thread number at the microcode level. The
microcode task dispatcher manages tasks using the task count value.

A task count is a unique numeric identifier assigned by the microcode to every
dispatchable unit of work. Every job thread and LIC task has a unique task count value,
assigned in ascending sequence, starting when the system or partition is IPLed. (also
termed started or activated). A task count value is unique within a partition while that
partition is active.

A task count is associated with a TDE, which is a control block representing an individual
task or individual thread within a job. Within a job, there is one task count that represents
the primary thread, and zero to many unique, different task counts that represent each of
any secondary threads.

Note that at the microcode level each task count has a run priority that was either
established at the operating system level (such as via the job’s run priority parameter) or
according to microcode implementation requirements.

The task count is used in several of the queries we use on Job Watcher collected data
throughout this book. It is used, for example, to get a thread’s call stack information.

In some other iSeries documentation and performance tools, the task count is also
referred to as task ID.

» TDE

This stands for Task Dispatcher Element, which is a LIC control block that anchors every
dispatchable unit (thread or task) to be run in the system. The tasking component of the
iSeries system uses the TDE when dispatching (assigning work to run on a processor)
work. Note that many of the performance metrics are scoped to a thread or task in a TDE
and harvested by Job Watcher from the TDE.

For this book, assume that a TDE is associated with a single thread of a job or a single LIC
task.

The TDE contains both the task count and the accounting data necessary for running the
thread or task in priority among other threads or tasks and for basic performance analysis.
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While not showing the TDE values, operating system thread values can be seen on
several operating system command screens, such as the Work with Active Jobs - job
details - Work with Threads option display a “thread number.”

Task count values are shown only on low-level tools, such as Job Watcher output.

The Performance Tools for iSeries Work with System Activity command shows active
operating system thread numbers and LIC tasks.

The thread or job information that can be shown using these WRKACTJOB/WRKSYSACT
command interfaces includes information stored within the TDE.

Snapshot
A Job Watcher collection sample of the selected job threads and tasks.
Interval

The delta time between snapshots. An interval number is stored in Job Watcher files for
chronological sequencing. The interval size is based on the data collection interval that is
selected.

Eye catcher

An eye catcher is a four-character (three meaningful characters followed by a blank
character) short description acronym that indicates an individual type of low-level wait
status of a job, thread, or task within the system. It may or may not indicate why the job is
not progressing.

For example, an eye catcher of Rex represents a wait for a request for an exclusive seize
and has an ENUM of 101.

ENUM

An ENUM is how the system internally identifies an individual type of low-level wait. A
single ENUM has only one eye catcher; however, a single eye catcher may be associated
with several different ENUMSs.

An ENUM is also known as a block identifier (where block is used as in “blocking the
path.).

See 2.8, “Waiting point groupings (wait buckets)” on page 29 for a list of all possible waits
(eye catchers) and their corresponding ENUMs and bucket mappings for V5RS3.

Bucket number

A bucket number is also known as a bucket identifier, wait bucket, block bucket, or
queueing bucket identifier.

There are 32 separate bucket identifiers for every job/thread and task on the system. Each
bucket identifier has two parts:

— Counts
— Durations

At V5RS3, there are 199 different ENUMSs, each of which represents an individual low-level
wait. These 199 ENUMs are mapped into the 32 buckets; hence the counts and durations
of several related ENUMs are mapped into the same bucket. This grouping into buckets is
done to minimize overhead of extra information being stored in the TDE.

For example, the description of queueing bucket 15 is seize contention, and 20 different
ENUMs are mapped to this bucket identifier. Two of the eye catchers associated with
these ENUMs show Rex and Rsh, which identify the individual types of seize requests as
exclusive seize and shared seize, respectively.
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Files created by every Job Watcher collection

Table B-1 Files in every Job Watcher collection

The eight files in Table B-1 are always created for every GUI-initiated collection, irrespective
of which data collection options you selected. These comprise the base file set of every
collection.

The Job Watch name you specify for a GUI collection becomes the member name in each of
these files except the QAIDRJWRI file.

information

File name Description Comments

QAIDRJWCPU | CPU utilization statistics CPU utilization by interval

QAIDRJWRI Run information One member named QAIDRJWRI for all collections. Includes
collection end status and collection member name (Job Watch name).

QAIDRJWDFN | Job watch definitions Job watch definitions created by the GUI, including the full
QIDRWCH/WCHJOB command used to collect the data.?

QAPYJWBKT Job wait bucket information | The mapping of ENUMSs to bucket numbers at the time of data
collection. Includes the eye catcher for each ENUM.

QAPYJWINTI Basic interval information Counts of all threads and tasks in the system and in your selection,
and all active threads and tasks in your selection, by interval.

QAPYJWJVM Java JVM scoped data

QAPYJWJVTH | Java TDE data

QAPYJWPRC Main process scoped data

QAPYJWRUNI Basic collection and Basic information that does not include collection member name (Job

system information Watch name) or collection end status.

QAPYJWSTS Status information One record per interval for every collected TDE existing at sample
interval end. The status and last wait type that occurred for the TDE
before interval end are provided. If the TDE used CPU in that interval,
then the status will be active. If no CPU is used then the status will be
idle. If the status is active, then the last current wait is already added
into the appropriate wait bucket in the QAPYJWTDE file by the JW
Collector. If the status is idle, the wait is still in progress and there is no
record in the QAPYJWTDE file for this TDE. The status of selected
TDEs at the end of each interval snapshot time, including the ENUM
of its longest wait during that interval.

QAPYJWTDE Main TDE scoped The master file for Job Watcher collections. This file contains fields

mostly, but not entirely, common to both threads and LIC tasks. Some
fields, such as THREADID (and other fields associated with a thread)
are only applicable to operating system level jobs and threads. No
fields are applicable only to LIC tasks.

This file contains a record for every task count that used CPU during
an interval. Each record contains detailed information about what state
a selected thread was in as well as counts and times of waits, detailed
I/Os, dispatched CPU, CPU queueing, and more.

a. If you collect data using the QIDRWCH/WCHJOB command and not the GUI, then this file is not created.
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Files created only when call stack information is specified in a
Job Watcher collection

The two files in Table B-2 are created only if your collection included call stack information.

Table B-2 Files created only when call stack information is collected

File name Description
QAPYJWPROC Procedure information
QAYPYJWSTK Call stack information

Files created only when SQL information is specified in a Job

Watcher collection

The four files in Table B-3 are created only if your collection included SQL information. Review
the comments column to see which collection configuration options must be used for each of
these four files to be created.

Table B-3 Files created only when SQL information is collected

File name Description Comments

QAPYJWSQL SQL statement information Always created when you collect any type of
SQL information. This file does not contain SQL
statements with host variables resolved.?

QAYPYJWSAQLH | SQL host variable information | Always created when you collect any type of
SQL information. This file contains the host
variables for SQL in file QAPYJWSQL.2

QAPYJWSQLO SQL open cursor list (OCL) Created only when you collect last executed

information SQL statements, host variables, prepared

statement arrays and open cursors.

QAPYJWSQLP SQL prepared statementarea | Created only when you collect last executed

(PSA) information

SQL statements, host variables, prepared
statement arrays and open cursors.

a. SQL statements with host variable information resolved can be viewed only by using the Job
Watcher GUI. There are no green screen commands that enable this resolution.

b. When you collect last-executed SQL statements, that statement could have completed 2 hours
ago and taken 5 minutes to run. Be careful what assumptions you make if you use the last
executed SQL statement collection option.
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Files created only when activation group information is
specified in a Job Watcher collection
The three files in Table B-4 are created only if your Job Watcher collection included activation

group information. Review the comments column to see which collection configuration
options must be used for each of these files to be created.

Table B-4 Files created only when activation group information is collected

File name Description Comment

QAPYJWAIGP Activation group Created only if you collect activation group details.

information If you collect activation group counter information then some
of this data is also summarized in the base collection file
QAPYJWPRC.
QAYPYJWAIHP [ Heap information Created only if you collect activation group details.
for an activation If you collect only activation group counter information, this
group data is not in the base collection file QAPYJWPRC.

QAPYJWAIPA Programactivation | Created only if you collect activation group details.

group information If you collect only activation group counter information,
some of this data is summarized in the base collection file
QAPYJWPRC.

Files created only when sockets information is specified in a
Job Watcher collection

The two files in Table B-5 are created only if your collection included sockets information.

Table B-5 Files created only when sockets information is collected

File name Description
QAPYJWSKJB Jobs associated with sockets
QAYPYJWSKTC Sockets and TCP endpoint information

Description of ENUM to queueing bucket identifier mappings

Example B-1 is from a query that joins the ENUM file QIDRJWENM in the Job Watcher
QIDRWCH library to the queueing bucket file QAPYJWBKT in the collection library. The
QIDRJWENM file is included as part of Job Watcher installation on the iSeries system.

The example shows the SQL used to create this query. The description headings for bucket
and ENUM are shown abbreviated for the sake of readability. You must issue an override file
command (OVRDBF) for the QAPYJWBKT file to the Job Watcher collection member name
before this SQL statement is run.

Example: B-1 SQL example showing ENUM-to-queueing-bucket mappings

SELECT dec(a.enum,3,0) as ENUM, dec(bucketnum,3,0) as BKTNUM,

eye, substr(enumdesc,1,68) as enumdesc, substr(bucketdesc,12,31) as
bucketdesc

FROM gidrwch/gaidrjwenm a, redbookdh/qapyjwbkt b

WHERE a.enum = b.enum
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and b.eye <> 'XXX'
order by enum

The output from this SQL provides the descriptions for the individual waits (eye catcher for
ENUM) and the associated queueing bucket identifier (number). Remember that there may
be several different ENUMs mapped to a single queueing bucket number.

Description of ENUM to queueing bucket mappings

Example B-2 provides the queuing bucket identifiers for all ENUMSs (individual low-level waits)
in use in Job Watcher at V5R3, as well as the associated three-character eye catcher.

Example: B-2 ENUM and queueing bucket descriptions (shown on next several pages)

ENUM  BKTNUM ENUMDESC BUCKETDESC
Eye
catcher

1 18 QCo QUCOUNTER, NOT OTHERWISE IDENTIFIED Other waits

2 14 QGa QUGATE, NOT OTHERWISE IDENTIFIED MACHINE LEVEL GATE SERIALIZATIO
3 14 QTG QUTRYGATE, NOT OTHERWISE IDENTIFIED MACHINE LEVEL GATE SERIALIZATIO
4 18 QTB QUSINGLETASKBLOCKER, NOT OTHERWISE IDENTIFIED Other waits

5 18 QuUW QUUNBLOCKWHENDONE, NOT OTHERWISE IDENTIFIED Other waits

6 18 QQu QUQUEUE, NOT OTHERWISE IDENTIFIED Other waits

7 18 QTQ QUTREEQUEUE, NOT OTHERWISE IDENTIFIED Other waits

8 32 QRP QURESSTACKMSGPOOL, NOT OTHERWISE IDENTIFIED ABNORMAL CONTENTION

9 18 QPo QUPOOL, NOT OTHERWISE IDENTIFIED Other waits

10 18 QMP QUMESSAGEPOOL, NOT OTHERWISE IDENTIFIED Other waits

11 18 QMP QUSIMPLEMSGPOOL, NOT OTHERWISE IDENTIFIED Other waits

12 18 QSP QUSTACKLESSMSGPOOL, NOT OTHERWISE IDENTIFIED Other waits

13 18 QsC QUSTATECOUNTER, NOT OTHERWISE IDENTIFIED Other waits

14 32 QWL QUWAITLIST, WAITING FOR ACCESS TO A WAIT LIST ABNORMAL CONTENTION

15 12 QMG QUMUTEXGATE, NOT OTHERWISE IDENTIFIED MUTEX/SEMAPHORE CONTENTION
16 12 QSm QUSEMAPHORE, NOT OTHERWISE IDENTIFIED MUTEX/SEMAPHORE CONTENTION
17 18 QSB QUSYSTEMBLOCKER, NOT OTHERWISE IDENTIFIED Other waits

40 32 QGb QUGATEB, ABNORMAL QUGATE CONTENTION, FIRST RETRY ABNORMAL CONTENTION

41 32 QGc QUGATEC, ABNORMAL QUGATE CONTENTION, SECOND RETRY ABNORMAL CONTENTION

42 32 QGd QUGATED, ABNORMAL QUGATE CONTENTION, THIRD RETRY ABNORMAL CONTENTION

49 11 QRR QURESSTACKMSGPOOL, ABNORMAL DASD OP START CONTENTION DASD OP-START CONTENTION

50 13 JBo JOURNAL BUNDLE OWNER WAIT FOR DASD COMPLETION JOURNAL SERIALIZATION

51 13 JBw JOURNAL BUNDLE WAIT FOR DASD COMPLETION JOURNAL SERIALIZATION

60 10 DSM DASD MANAGEMENT OPS: FIND COMPRESSION GROUP DASD (OTHER READS OR WRITES)
61 10 DSM DASD MANAGEMENT OPS: DEALLOCATE COMPRESS GROUP DASD (OTHER READS OR WRITES)
62 10 DSM DASD MANAGEMENT OPS: READ COMPRESSION DIRECTORY DASD (OTHER READS OR WRITES)
63 10 DSM DASD MANAGEMENT OPS: WRITE COMPRESSION DIRECTORY DASD (OTHER READS OR WRITES)
64 10 DSM DASD MANAGEMENT OPS: INIT COMPRESSION START REORG DASD (OTHER READS OR WRITES)
65 10 DSM DASD MANAGEMENT OPS: MIRROR READ SYNC DASD (OTHER READS OR WRITES)
66 10 DSM DASD MANAGEMENT OPS: MIRROR REASSIGN SYNC DASD (OTHER READS OR WRITES)
67 10 DSM DASD MANAGEMENT OPS: MIRROR WRITE VERIFY SYNC DASD (OTHER READS OR WRITES)
68 10 DSM DASD MANAGEMENT OPS: READ DASD (OTHER READS OR WRITES)
69 10 DSM DASD MANAGEMENT OPS: READ DIAG DASD (OTHER READS OR WRITES)
70 10 DSM DASD MANAGEMENT OPS: VERIFY DASD (OTHER READS OR WRITES)
71 10 DSM DASD MANAGEMENT OPS: VERIFY DIAG DASD (OTHER READS OR WRITES)
72 10 DSM DASD MANAGEMENT OPS: WRITE DASD (OTHER READS OR WRITES)
73 10 DSM DASD MANAGEMENT OPS: WRITE DIAG DASD (OTHER READS OR WRITES)
74 10 DSM DASD MANAGEMENT OPS: WRITE VERIFY DASD (OTHER READS OR WRITES)
75 10 DSM DASD MANAGEMENT OPS: WRITE VERIFY DIAG DASD (OTHER READS OR WRITES)
76 10 DSM DASD MANAGEMENT OPS: REASSIGN DASD (OTHER READS OR WRITES)
77 10 DSM DASD MANAGEMENT OPS: REASSIGN DIAG DASD (OTHER READS OR WRITES)
78 10 DSM DASD MANAGEMENT OPS: ALLOCATE DASD (OTHER READS OR WRITES)
79 10 DSM DASD MANAGEMENT OPS: ALLOCATE DIAG DASD (OTHER READS OR WRITES)
80 10 DSM DASD MANAGEMENT OPS: DEALLOCATE DASD (OTHER READS OR WRITES)
81 10 DSM DASD MANAGEMENT OPS: DEALLOCATE DIAG DASD (OTHER READS OR WRITES)
82 10 DSM DASD MANAGEMENT OPS: ENABLE AUTO ALLOCATE DASD (OTHER READS OR WRITES)
83 10 DSM DASD MANAGEMENT OPS: DISABLE AUTO ALLOCATE DASD (OTHER READS OR WRITES)
84 10 DSM DASD MANAGEMENT OPS: QUERY COMPRESSION METRICS DASD (OTHER READS OR WRITES)
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85

86

87

88

89
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
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135
136
137
138
139
140
141
142
143
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
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10 DSM DASD MANAGEMENT OPS: QUERY COMPRESSION METRICS DIAG
10 DSM DASD MANAGEMENT OPS: COMPRESSION SCAN READ

10 DSM DASD MANAGEMENT OPS: COMPRESSION SCAN READ DIAG

10 DSM DASD MANAGEMENT OPS: COMPRESSION DISCARD TEMP DATA
10 DSM DASD MANAGEMENT OPS: COMPRESSION DISCARD TEMP DATA DIAG
15 Rex SEIZE: EXCLUSIVE

15 Rex SEIZE: LONG RUNNING EXCLUSIVE

15 Rsh SEIZE: SHARED

15 Rix SEIZE: INTENT EXCLUSIVE

15 Ris SEIZE: INTENT SHARED

15 Rfa SEIZE: FLUSH ALL

15 Rdx SEIZE: DATABASE EXCLUSIVE

15 Rii SEIZE: INTERNAL INTENT EXCLUSIVE

15 Rot SEIZE: OTHER

15 R1k SEIZE: LOCK CONFLICT

16 RDr DB RECORD LOCK: READ

16 RDu DB RECORD LOCK: UPDATE

15 RXX SEIZE/LOCK IMPOSSIBLE

17 RIr LOCK: SHARED READ

17 RIo LOCK: SHARED READ ONLY

17 RIu LOCK: SHARED UPDATE

17 RIa LOCK: EXCLUSIVE ALLOW READ

17 RIe LOCK: EXCLUSIVE NO READ

17 RMr LOCK: SEIZE CONFLICT, EXCLUSIVE

17 RMo LOCK: SEIZE CONFLICT, SHARED

17 RMu LOCK: SEIZE CONFLICT, INTENT EXCLUSIVE

17 RMa LOCK: SEIZE CONFLICT, INTENT SHARED

17 RMe LOCK: SEIZE CONFLICT, INTERNAL INTENT EXCLUSIVE

16 RDw DB RECORD LOCK: WEAK

17 RMm LOCK: MATERIALIZE

15 Rsp SEIZE: OFF-LINE IASP

15 Rra SEIZE: RELEASE ALL

15 Rrs SEIZE: RELEASE

17 Rdo LOCK: DESTROY OBJECT

17 Rdp LOCK: DESTROY PROCESS

17 Rdt LOCK: DESTROY THREAD

17 Rdx LOCK: DESTROY TRXM

17 Rar LOCK: ASYNC RETRY

15 Rss SEIZE/LOCK: INTERNAL SERVICE TOOLS HASH CLASS GATE
16 Rxf DB RECORD LOCK: TRANSFER

15 Rmf SEIZE: MONITORED FREE

16 Rck DB RECORD LOCK: CHECK

17 Rtr LOCK: TRACE

17 Rul LOCK: UNLOCK

16 Rex DB RECORD LOCK: CONFLICT EXIT

17 Rlc LOCK: LOCK COUNT

15 Rcu SEIZE: CLEANUP

17 Rpi LOCK: PROCESS INTERRUPT

15 Rsv SEIZE/LOCK: SERVICE

7 ASM DASD SPACE MANAGER: CONCURRENCY CONTENTION

7 ASM DASD SPACE MANAGER: ASP FREE SPACE DIRECTORY

7 ASM DASD SPACE MANAGER: RR FREE SPACE LOCK

7 ASM DASD SPACE MANAGER: GP FREE SPACE LOCK

7 ASM DASD SPACE MANAGER: PERMANENT DIRECTORY LOCK

10 STv MAINSTORE/LOGICAL-DASD-I0: SAR NOT SET

10 SRv MAINSTORE/LOGICAL-DASD-I0: REMOVE

10 SRP MAINSTORE/LOGICAL-DASD-I0: REMOVE I0 PENDING

10 SC1 MAINSTORE/LOGICAL-DASD-IO: CLEAR

10 SCP MAINSTORE/LOGICAL-DASD-I0: CLEAR I0 PENDING

19 GCP MAINSTORE/LOGICAL-DASD-I0: CLEAR PAGE OUT WAIT

10 SUp MAINSTORE/LOGICAL-DASD-I10: UNPIN

10 SupP MAINSTORE/LOGICAL-DASD-I0: UNPIN IO PENDING

6 SRd MAINSTORE/LOGICAL-DASD-I0: DASD READ

6 SRQ MAINSTORE/LOGICAL-DASD-I10: DASD READ IO PENDING

19 GRQ MAINSTORE/LOGICAL-DASD-I0: DASD READ PAGE OUT WAIT
5 SFt MAINSTORE/LOGICAL-DASD-I10: PAGE FAULT

5 SFP MAINSTORE/LOGICAL-DASD-IO0: PAGE FAULT IO PENDING
19 GFP MAINSTORE/LOGICAL-DASD-10: PAGE FAULT PAGE OUT WAIT
5 GRf MAINSTORE/LOGICAL-DASD-I0: ACCESS GROUP READ FOR FAULT
5 SRR MAINSTORE/LOGICAL-DASD-I0: ACCESS GROUP READ FOR FAULT IO PENDING
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DASD (OTHER READS OR WRITES)
DASD (OTHER READS OR WRITES)
DASD (OTHER READS OR WRITES)
DASD (OTHER READS OR WRITES)
DASD (OTHER READS OR WRITES)
SEIZE CONTENTION

SEIZE CONTENTION

SEIZE CONTENTION

SEIZE CONTENTION

SEIZE CONTENTION

SEIZE CONTENTION

SEIZE CONTENTION

SEIZE CONTENTION

SEIZE CONTENTION

SEIZE CONTENTION

DATABASE RECORD LOCK CONTENTION
DATABASE RECORD LOCK CONTENTION
SEIZE CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

DATABASE RECORD LOCK CONTENTION
OBJECT LOCK CONTENTION

SEIZE CONTENTION

SEIZE CONTENTION

SEIZE CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

SEIZE CONTENTION

DATABASE RECORD LOCK CONTENTION
SEIZE CONTENTION

DATABASE RECORD LOCK CONTENTION
OBJECT LOCK CONTENTION

OBJECT LOCK CONTENTION

DATABASE RECORD LOCK CONTENTION
OBJECT LOCK CONTENTION

SEIZE CONTENTION

OBJECT LOCK CONTENTION

SEIZE CONTENTION

DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD (OTHER READS OR WRITES)
DASD (OTHER READS OR WRITES)
DASD (OTHER READS OR WRITES)
DASD (OTHER READS OR WRITES)
DASD (OTHER READS OR WRITES)
MAIN STORAGE POOL OVERCOMMITMEN
DASD (OTHER READS OR WRITES)
DASD (OTHER READS OR WRITES)
DASD non fault reads

DASD non fault reads

MAIN STORAGE POOL OVERCOMMITMEN
DASD (PAGE FAULTS)

DASD (PAGE FAULTS)

MAIN STORAGE POOL OVERCOMMITMEN
DASD (PAGE FAULTS)

DASD (PAGE FAULTS)



166
167
168
169
170
171
172
173
174
175
176
177
178
180
181
182
183
184
185
186
187
188
189
190
191
200
201
202
203
204

206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
240
241
242
243
244
245
250
251
252
253
254
255
256
260
261
300
301
302
303
304
305

—_

—_

—_
O W W W W WwWWwWwwww

GRR
SWt
SWP
GWP
SWp
GPg
GPP
SPw
GTA
GTS
GTT
SMP
SMC
ASM
ASM
ASM
ASM
ASM
ASM
ASM
ASM
ASM
ASM
ASM
ASM
JUW
JSL
JWC
Jsu
JEA
JDE
JsSb
JCL
JSL
JoL
STA
LTA
STS
LTS
STR
LTR
NIN
LUS
SUR
LUR
SAS
LAS
SSW
SLW
RCA
RCI
RCM
RCB
RCB
RCE
PRL
PRC
PPC
PRP
PWP
PRW
PWW
EFJ
ERJ
JGG
JAB
JWH
JPH
JSG
JSF

MAINSTORE/LOGICAL-DASD-IO:
MAINSTORE/LOGICAL-DASD-I0:
MAINSTORE/LOGICAL-DASD-IO:
MAINSTORE/LOGICAL-DASD-I0:
MAINSTORE/LOGICAL-DASD-I0:
MAINSTORE/LOGICAL-DASD-I0:
MAINSTORE/LOGICAL-DASD-I0:
MAINSTORE/LOGICAL-DASD-IO:
MAINSTORE/LOGICAL-DASD-I0:
MAINSTORE/LOGICAL-DASD-IO:
MAINSTORE/LOGICAL-DASD-I0:
MAINSTORE/LOGICAL-DASD-I0:
MAINSTORE/LOGICAL-DASD-I0:

DASD SPACE MANAGER: TEMPO
DASD SPACE MANAGER: PERSI
DASD SPACE MANAGER: STATI
VIRTUAL ADDRESS MANAGER:
VIRTUAL ADDRESS MANAGER:
DASD SPACE MANAGER: IASP
DASD SPACE MANAGER: MOVE
DASD SPACE MANAGER: HYPER
DASD SPACE MANAGER: NON P
VIRTUAL ADDRESS MANAGER:
VIRTUAL ADDRESS MANAGER:
VIRTUAL ADDRESS MANAGER:

DASD WRITE

DASD WRITE I0 PENDING

DASD WRITE PAGE OUT WAIT

PAGE OUT WRITE

ACCESS GROUP PURGE

ACCESS GROUP PURGE IO PENDING

PAGE OUT WAIT, POOL OVERCOMMITMENT
GENERIC ASYNC I0 TRACKER WAIT
GENERIC SINGLE TASK BLOCKER WAIT
GENERIC TIMED TASK BLOCKER

POOL CONFIGURATION

POOL CONFIGURATION CHANGE

RARY DIRECTORY LOCK

STENT STORAGE LOCK

C DIRECTORY LOCK

BIG SEGMENT ID LOCK

LITTLE SEGMENT ID LOCK

LOCK

CHAIN

SPACE LOCK

ERSISTENT DATA LOCK

TEMPORARY SEGMENT ID RANGE MAPPER LOCK
PERMANENT SEGMENT ID RANGE MAPPER LOCK
TASP SEGMENT ID RANGE MAPPER LOCK

JAVA:
JAVA:
JAVA:
JAVA:
JAVA:
JAVA:
JAVA:
JAVA:
JAVA:
JAVA:

COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
LIC

LIC

USER WAIT

USER SLEEP

WAIT FOR COUNT

SUSPEND WAIT

END ALL THREADS

DESTROY WAIT

SHUTDOWN

CLASS LOAD WAIT

SIMPLE LOCK

OBJECT LOCK

/SOCKETS: SHORT WAIT FOR ACCEPT
/SOCKETS: LONG WAIT FOR ACCEPT
/SOCKETS: SHORT WAIT FOR TCP SEND
/SOCKETS: LONG WAIT FOR TCP SEND
/SOCKETS: SHORT WAIT FOR TCP RECEIVE
/SOCKETS: LONG WAIT FOR TCP RECEIVE
/SOCKETS: SHORT WAIT FOR UDP SEND
/SOCKETS: LONG WAIT FOR UDP SEND
/SOCKETS: SHORT WAIT FOR UDP RECEIVE
/SOCKETS: LONG WAIT FOR UDP RECEIVE
/SOCKETS: SHORT WAIT FOR IO COMPLETION
/SOCKETS: LONG WAIT FOR IO COMPLETION
/SOCKETS: SELECT SHORT WAIT

/SOCKETS: SELECT LONG WAIT

CHAIN FUNCTIONS: SMART CHAIN ACCESS
CHAIN FUNCTIONS: SMART CHAIN ITERATOR

PRIMARY GC THREAD WAIT FOR HELPER THREADS DURING SWEEP

LIC CHAIN FUNCTIONS: CHAIN MUTATOR

LIC CHAIN FUNCTIONS: SMART CHAIN PRIORITY BUMP 1
LIC CHAIN FUNCTIONS: SMART CHAIN PRIORITY BUMP 2
LIC CHAIN FUNCTIONS: CHAIN ACCESS EXTENDED
IFS/PIPE: FILE TABLE ENTRY EXCLUSIVE LOCK
IFS/PIPE: LIC REFERENCE COUNT

IFS/PIPE: MAIN PIPE COUNT

IFS/PIPE: READ END OF PIPE

IFS/PIPE: WRITE END OF PIPE

IFS/PIPE: PIPE READ WAITERS

IFS/PIPE: PIPE WRITE WAITERS

EPFS: WAIT FOR OS TO FINISH APPLY JOURNAL CHANGES
EPFS: WAIT FOR OS REQUEST TO APPLY JOURNAL CHANGES
JAVA: GARBAGE COLLECTOR GATE GUARD WAIT

JAVA: GARBAGE COLLECTOR ABORT WAIT

JAVA: GARBAGE COLLECTOR WAIT HANDSHAKE WAIT

JAVA:

JAVA: SYNCHRONOUS GARBAGE COLLECTOR WAIT

JAVA: SYNCHRONOUS FINALIZATION WAIT

ACCESS GROUP READ FOR FAULT PAGE OUT WAIT MAIN STORAGE POOL OVERCOMMITMEN

DASD WRITES

DASD WRITES

MAIN STORAGE POOL OVERCOMMITMEN
DASD WRITES

DASD WRITES

DASD WRITES

MAIN STORAGE POOL OVERCOMMITMEN
DASD WRITES

DASD WRITES

DASD WRITES

DASD (OTHER READS OR WRITES)
DASD (OTHER READS OR WRITES)
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
DASD SPACE USAGE CONTENTION
JAVA USER (INCLUDING LOCKS)
JAVA USER (INCLUDING LOCKS)
JAVA (OTHER)

JAVA USER (INCLUDING LOCKS)
JAVA (OTHER)

JAVA (OTHER)

JAVA (OTHER)

JAVA (OTHER)

JAVA (OTHER)

JAVA USER (INCLUDING LOCKS)
SOCKET ACCEPTS

SOCKET ACCEPTS

SOCKET TRANSMITS

SOCKET TRANSMITS

SOCKET RECEIVES

SOCKET RECEIVES

SOCKET TRANSMITS

SOCKET TRANSMITS

SOCKET RECEIVES

SOCKET RECEIVES

SOCKET (OTHER)

SOCKET (OTHER)

SOCKET (OTHER)

SOCKET (OTHER)

Other waits

Other waits

Other waits

Other waits

Other waits

Other waits

IFS (OTHER)

IFS (OTHER)

IFS PIPE

IFS PIPE

IFS PIPE

IFS PIPE

IFS PIPE

JOURNAL SERIALIZATION
JOURNAL SERIALIZATION

JAVA (OTHER)

JAVA (OTHER)

JAVA JVM

JAVA JVM

JAVA USER (INCLUDING LOCKS)
JAVA USER (INCLUDING LOCKS)
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306
307
308
309
310
320
321
330
340
341
342

21
21
21
22
22
15
15
31

29
30

JGW JAVA: GARBAGE COLLECTOR WAITING FOR WORK JAVA JVM
JFW JAVA: FINALIZATION WAITING FOR WORK JAVA JVM
JVW JAVA: VERBOSE WAITING FOR WORK JAVA JVM
JGD JAVA: GARBAGE COLLECTION DISABLE WAIT JAVA (OTHER)
JGE JAVA: GARBAGE COLLECTION ENABLE WAIT JAVA (OTHER)

SEIZE CONTENTION

SEIZE CONTENTION

MI WAIT ON EVENTS

Idle / waiting for work
DATA QUEUE RECEIVES

MI QUEUE (OTHER)

S0o COMMON MI OBJECT CHECKER: SEIZE OBJECT

S0i COMMON MI OBJECT CHECKER: SEIZE FOR IPL NUMBER CHECK
EMw MI EVENT WAIT

QMr IDLE WAIT, MI RESPONSE QUEUE WAIT

QMd DATA QUEUE WAIT

QMo OTHER MI QUEUE WAIT

Getting started writing queries over Job Watcher coliection data

Only data for the job threads and tasks that you include in a Job Watcher collection will be
captured in the QAPYJW* files. If you do not collect data for all jobs, threads, and tasks on the
system, then no system-wide data is available.

The main file for Job Watcher data is the QAPYJWTDE file.

The master file QAPYJWTDE for jobs, threads, and tasks

The master file in any collection is the TDE file called QAPYJWTDE and contains data
specific to the job, thread, or task. A record is written to this file when:

» Any task count (in a selected job, thread, or task) uses CPU in an interval.
» The task count is the primary (initial) thread in a selected job and it did not use CPU in the
interval, but one or more secondary threads in the same job did use CPU in the interval.

If a task count does not use CPU in an interval and it is not a primary thread, then by default
no record will be written to this file for that TDE in that interval. For interval number 1, the user
can optionally specify that all jobs, threads, or tasks be included in this file, regardless of their
CPU usage within interval 1. This can be useful for analysis of waits that were already in
progress before Job Watcher was started.

There are two main types of data stored in this file:

» Delta statistics (change since last interval snapshot)

» Cumulative statistics (from the earliest collection interval through the most recent interval
snapshot)

It is, therefore, necessary to understand the content of fields in this file before running queries
over it. This field level explanation is provided in Table B-6.

Table B-6 QAPYJWTDE file details

Field Description Comments/usage

INTERVAL Interval number See note a on page 214 for an example from a collection with 5-second intervals
on a very busy system. This value will not be precisely equal to the collection
interval.

TASKCOUNT Task count If this TDE represents a job's primary or only thread (TDETYPE = P), then:

» |f TASKCOUNT = ITASKCOUNT, then this TDE is a primary thread in a job.

» If TASKCOUNT is not equal to ITASKCOUNT, then this TDE is a secondary
thread in a job.
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Field Description Comments/usage
TDEUSECS Elapsed interval | The delta time between consecutive snapshots. This value should be close to the
time in interval selected at Job Watcher collection initiation, but not identical. This value
microseconds should be close but not exactly the same for all intervals in the collection.
STARTOD Time of day at
shapshot start
STARTUSECS | Microseconds
since IPL at
snapshot start
ENDUSECS Microseconds
since IPL at
snhapshot end
THREADID Thread ID in hex | The thread ID for the task count in TASKCOUNT.
ITASKCOUNT | Job initial If the TDETYPE is not T (the record is for a thread in a job) this is the task count
(primary) thread | of the primary thread in the job.
task count Always 0 for a task (field TDETYPE =T).
TDEJOBNAM Job or task If this record is for a task count that is in a job, then this is the job name
E name concatenated with user name (at job initiation) concatenated with job number. If
this record is for a task count that is a task, then this is the system licensed
internal code (SLIC) task name.
THRDSTATUS | Thread status If the task count is for a thread in a job, then this is the associated primary (initial)

thread. This field does not apply to LIC tasks. If the contents are not blank for LIC
tasks then they should be ignored. For a list of all possible values and their
meaning, see the WRKACTJOB command Status field.

Some of the most common values are:

» CMNW: Wait on completion of an |/O operation to a communications device
» CMTW: Wait for completion of a save-while-active checkpoint being
processed by another job

CNDW: Wait on handle-based condition

CPCW: Wait on completion of a CPl communications call

DEQW: Wait on completion of a dequeue operation

DLYW: Wait for a DLYJOB to complete

DSC: Job has been disconnected from a workstation display

DSPW: Wait for input from a work station display

END: Job ended (*immed or *cntrld and delay time expired)

EOFW: Wait for read after end of file

EQJ: Job is ending for a reason other than ENDJOB or ENDSBS (such as
SIGNOFF, ENDGRPJOB, or unhandled exception

EVTW: Wait on event (for example, QLUS and SCPF waiting on event
indicating work)

GRP: Job is suspended due to TFRGRPJOB

HLD: Job is held

HLDT: Initial thread is held

ICFW: Wait for completion of an 1/O operation to an ICF file

INEL: Initial thread is ineligible (not in activity level)

JVAW: Wait for completion of a Java program operation

LCKW: Lock wait

LSPW: Wait for lock space to be attached

MSGW: Wait on message queue for a message

MTXW: Wait on mutex

OPTW: Wait for completion of /0 operation to an optical device
PRTW: Wait for completion of printer output

PSRW: Wait in prestart job for program start request

vVVYyYVYVYVYVYYVYY

v

YYYYYVYVYVYVYVYVYYY
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Field Description Comments/usage
THRDSTATUS | Thread status » RUN: For a job-thread, holding an activity level (may not be using CPU)
(continued) (continued) » SELW: In sockets select wait
» SEMW: Wait for semaphore
» SIGS: Stopped by a signal
» SIGW: Wait for a signal
» SRQ: The suspended half of a system request pair
» SVFW: Wait for completion of a save file operation
» TAPW: Wait for completion of an 1/O operation to a tape device
» THDW: Wait for another thread to complete an operation
» TIMW: Wait for a time interval to end
CURRUP Current user The real user profile for which the thread (task count) is doing work. This may be
profile different than the user profile at job initiation, especially when using an i5/0S
prestarted job.
BIRTHDAY Job-thread (OS
level) or task
birth time of day
EXTENDER Job name
extender
TDETYPE Job or task flag Values are:
» P =The primary (initial) thread in a job
» S =A secondary thread in a job
» T =Task
DELTACPU CPU time in This value can be 0 if the TDE is the primary thread in a job and at least one of
microseconds the secondary threads in the same job did use some (> 0) CPU in the interval.
This is the actual CPU time used by the thread since the last snapshot. The value
may also be zero if you specified force all TDEs in the first interval option when
starting the collection.?
ORIGPRI Original priority LIC priority at job/thread/task initiation. Unless needed by IBM Service, any value
shown in this field can be ignored. See Figure B-1 on page 219.
PRIORITY Current LIC LIC task dispatching priority at snapshot time. See Figure B-1 on page 219.
priority
THREADPRI Current i5/0S i5/08 job/thread priority at snapshot time. If i5/OS dynamic priority scheduler
(“XPF”) priority adjustment is active (QDYNPTYSCD system value is 1), this value may be
different than the RUNPTY field value shown through the Work with Active Jobs
command. For example, an overly high CPU utilization job with RUNPTY (20) may
periodically show here as 23. See Figure B-1 on page 219.
PRICHG Priority change This would be set if the job’s run priority was changed during the interval, for
flag example, by using the Change Job (CHGJOB) command Run Priority (RUNPTY)
parameter.
POOL Pool ID
POOLCHG Pool change flag | Job/thread moved between pools
TOTWRT Total DASD See b on page 214.
writes
SYNDBRD Synchronous See b on page 214.
database reads
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Field

Description

Comments/usage

SYNNDBRD

Synchronous
non-database
reads

See b on page 214

SYNDBWRT

Synchronous
database writes

See b on page 214

SYNNDBWRT

Synchronous
non-database
writes

See b on page 214

ASYDBRD

Asynchronous
database reads

See b on page 214

ASYNDBRD

Asynchronous
non-database
reads

See b on page 214

ASYDBWRT

Asynchronous
database writes

See b on page 214

ASYNDBWRT

Asynchronous
non-database
writes

See b on page 214

IOPENDING

I/0O pending
page faults

See b on page 214

SMSYNCIO

Waits for
asynchronous
writes

See b on page 214

FLTS

Page faults
resulting in
DASD reads

See b on page 214

ALLOCATED

Allocated DASD
pages

See b on page 214

DEALLOCED

Deallocated
DASD pages

See b on page 214

ALLOCATEDT

Total allocated
DASD pages
since job,
thread, or task
start

See c on page 214

DEALLOCEDT

Total
deallocated
DASD pages
since job,
thread, or task
start

See c on page 214

SEIZE

Seize time in
microseconds

See b on page 214

BINOVER

Binary overflow
count

See b on page 214
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le transitions

Field Description Comments/usage

DECOVER Decimal See b on page 214
overflow count

FLOATOVER Float overflow See b on page 214
count

STMFRD Stream file See b on page 214
reads

STMFWRT Stream file See b on page 214
writes

MUTEX Mutex time in See b on page 214
microseconds

ACTWAIT Active-to-wait See b on page 214
transitions

WAITINEL Wait-to-ineligible | See b on page 214
transitions

ACTINEL Active-to-ineligib | See b on page 214

QCOUNTO1 to

Count of all waits

QCOUNTNN is the count of all low-level waits (ENUMSs) that map into queueing

LIC wait object
handle

QCOUNT32 in queueing bucket nn. This field is paired with the QTIMEnn field for bucket nn.?
bucket nn, See Table 2-3 on page 30 for a description of wait buckets 1 through 32.
where nnis 1 to
32

QTIMEO1 to Microseconds The time in microseconds for all of the ENUMs (low-level waits) that map into

QTIME32 time for waits in queueing bucket nn. This field is paired with the QCOUNTNN field for bucket nn.
queueing bucket | The QTIMEO1 field is the dispatched CPU time, which will usually be greater than
nn,wherennis 1 the actual CPU time used in field DELTACPU.?
to 32 See Table 2-3 on page 30for a description of wait buckets 1 through 32.

CURRSTATE Current state The state of the TDE at the end of interval snapshot time, from the XPF

perspective.

Possible values of:

» CPUQ: CPU queueing

» RUN: If task count is a job, then the job’s primary thread is in an activity level.
It may still be in a low-level wait such as a seize but this must be identified
from the BLOCKBCKT and BLOCKENUM fields in this file.

» WAIT: The task count is in a high-level wait such as communications wait, or
lock wait.

BLOCKBCKT Current or last The queueing bucket identifier for the last wait that occurred, irrespective of
queueing (block) | whether the wait has completed or is still current. For the bucket description, join
bucket to file QAPYJWBKT using:

SELECT blockbckt, bucketdesc FROM gapyjwtde
join gapyjwbkt
on gapyjwtde.blockbckt = gapyjwbkt.bucketnum

LICWO Current or last The four-character field is used to identify a low-level wait. This appears as three
low-level wait characters in all Job Watcher output through V5R3 as currently implemented,
type and the fourth position is always blank. This value is used for identifying the

various types of low-level waits.

LICWOHNDL Current or last The hexadecimal representation of the 8-byte virtual address of the wait object,

used by IBM Service.
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Field Description Comments/usage

WOSEGTYP Wait object Used by IBM Service.
segment type in
hex

WOBASSEG Wait object base | Used by IBM Service.
segment
address in hex

WOOBJTYP Wait object type | The internal type of the object being waited on.
in hex A list of all object types and their description is in file QIDRGUI/QAIDROT.

WOOBJNAM Wait object The name of the object being waited on.
name

WOOBJTYPD | Wait object type | The description of the type of the object being waited on, such as journal or user
description queue.

WOSEGTYPD | Wait object The LIC segment type of the object being waited on.
segment type A list of segment types and their description is in file QIDRGUI/QAIDRST.
description

HTASKCNT Holding job The task count of the job thread or task that is causing the current or last wait for
thread/task task | the task count in TASKCOUNT.
count

HTYPE Holding job Values are:
thread/task type | » P = Primary thread in a job

» S =Secondary thread in a job
» T=Task

HTASKNAME Holding job The job name, job user, and job number if HTYPE is P
thread/task The task name if HTYPE is T
name

BLOCKENUM Current or last The ENUM for the last wait that occurred, irrespective of whether the wait has
blocking ENUM completed (last) or is ongoing (current). To get the ENUM description, join to file

QAIDRJWENM using:

SELECT blockenum, enumdesc FROM gapyjwtde
join gidrwch/gaidrjwenm

on gapyjwtde.blockenum = gaidrjwenm.enum

CURRWTDUR | Total time in The time the thread or task has been in the most recent low-level wait. This value
current wait in represents the wait time for one of the following:
microseconds |, The thread or task was not in a wait at the end of the interval. This is the time

for the last satisfied (ended) wait in the interval. This wait ended in the
interval and then the thread/task used some CPU and did not enter another
wait in the same interval.

» The thread or task was in a wait at the end of the interval.
This is the time for the wait at interval end. Hence it is the time for the current
ongoing wait (that has not yet completed).

See note b on page 214 for more comments on this value.

RECCNFLCT Relative record If the current wait is a DB record lock due to a read or an update (ENUM of 110
number if or 111 respectively; eye catcher of RDr or RDu respectively), then this is the
database record | relative record number of the record being locked.
lock conflict

DFTSOCKD Default socket

descriptor
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Field Description Comments/usage

D

DFTSOCKTO Default socket

time of day

DFTSOCKH Default socket

handle

DFTSOCKCLV | Default socket

cache level

LISSOCKD Listen socket

descriptor

LISSOCKTOD Listen socket

time of day

LISSOCKH Listen socket

handle

LISSOCKCLV Listen socket

cache level

FRMESTOL New mainstore

frames stolen

SREMOVE Successful
removes

PSAINUSE PSA entries in Used for SQL analysis, if SQL data was collected.
use

SQLINTHRD SQL statement Used for SQL analysis, if SQL data was collected. A non-zero value indicates that

in progress an SQL statement was in progress as the interval end boundary.

a.

Intervals are hardly ever precisely the time value you specified. They are identical on a lightly loaded system.
However, an interval will not be exactly 5,000,000 microseconds apart for a collection specifying 5-second intervals
on a very busy system. For example, the following data captured on a customer system shows that some intervals
can be considerably larger than 5 seconds (see interval 1124). Note also that intervals 1125 through 1127 are
missing; this is because the task count did not use any CPU in those intervals and the task count is not a primary
thread in a job where any secondary thread did use CPU.

In order to see what happened in the missing intervals, it is necessary to investigate the QAPYJWSTS file. We
show a query results example that helps identify missing interval data table note a on page 215, for file
QAPYJWSTS ( Table B-7 on page 215).

Elapsed Current Current or Tast
Interval Task interval time Time of day or last blocking bucket
number count in microsecs at snapshot start state
1,122 163 5,096,447  2004-08-18-22.09.32.286000 WAIT 18
1,123 163 4,933,635 2004-08-18-22.09.37.220000  WAIT 18
1,124 163 8,078,899 2004-08-18-22.09.45.299000  WAIT 18
1,128 163 5,072,306 2004-08-18-22.10.02.474000  WAIT 18
1,129 163 4,983,695 2004-08-18-22.10.07.458000  WAIT 18

Delta value since last entry in this file for the same TDE.

A record is produced in the QAPYJWTDE file only if the TDE used > 0 CPU in an interval or if it is the primary
thread in a job. This value may be greater than the interval size if a wait spanned multiple intervals before it was
satisfied (ended). However, it will never be greater than two interval sizes. If there are gaps (missing intervals) for a
TDE in the QAPYJWTDE file (for example, there are records for interval 12 and 15 for a TDE), then CURRWTDUR
will be the sum of the wait at the end of interval 12 and at the start of interval 15 but will not include the wait for
intervals 13 and 14. If a TDE went into a wait that did not end before the collection ended and that wait occurred
before the last interval in the collection, then the CURRWTDUR does not include the time spent waiting in each of
the intervals prior to the collection ending. This information is captured in the QAPYJWSTS file (which has one
record for every TDE for every interval) but, as of this book’s publication, is not included in the reports and graphs.
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Status file QAPYJWSTS

The status file QAPYJWSTS always contains one record for each TDE in the collection for
every interval. The fields in this file are explained in Table B-7.

Table B-7 QAPYJWSTS file detail

Field Description Comments and usage
INTERVAL Interval
number
TASKCOUNT | Task count If this TDE is a job, (TDETYPE = P) then:
» |If TASKCOUNT = ITASKCOUNT, then this TDE is a primary thread in a job.
» |f TASKCOUNT <> ITASKCOUNT, the this TDE is a secondary thread in a job.

TDESTATUS | TDE status The status of the TDE during the interval. This may be:

» A - Active: The task count used CPU at some time during the interval.
» | -Idle: The task count did not use any CPU during the interval.
» T - Terminated: The task count terminated during the interval.

CURWAIT Current wait This field contains the wait value that is the most recently entered wait state. This
current wait value is not updated in a subsequent interval if the wait has completed
and no new wait state has been entered. The value is changed only if a new wait state
occurs.

To get the ENUM description, join to file QAIDRJWENM using:
SELECT blockenum, enumdesc FROM gapyjwtde
join gidrwch/qaidrjwenm
on gapyjwtde.blockenum = gaidrjwenm.enum
CURWAITD Current wait If this value is 0, then there was no wait in progress at snapshot time (end of interval);
duration in the value in CURWAIT corresponds to the ENUM for the last (satisfied) wait.
microseconds | If this value is > 0, then this is the total time from the start of the current wait to the
end of interval snapshot. The start of the wait may have occurred several intervals
beforehand. See note a for further details.

a. Although your collection may have specified an interval size of 5 seconds, no actual interval in the collection will be
precisely 5.00000 seconds long. During an interval where active work may be relatively low to moderate, the
interval could be almost exactly 5.00000 seconds. However, some may be considerably longer on a very busy
system, due to the amount of work that must be done by the collector. Consider the following example for
QAPYJWSTS for a task count that was idle for three consecutive intervals:

Interval

number
1,124
1,125
1,126
1,127
1,128

This data from the QAPYJWSTS file clearly shows that the current wait increased by more than 5,000,000
microseconds between intervals 1125 and 1126; this is because the collector snapshots are not precisely

5 seconds apart. In our collection example, using a 5-second interval, the wait time value shown as more than

5 seconds is based on how busy the system was during the interval. As illustrated in “The Job Watcher collection
process in detail” on page 257, the time Job Watcher collection takes to record interval information can be
lengthened significantly on a system with its processors close to 100% utilized.

Current
Task TDE Current wait
count  status wait duration
163 A 6 5,429,467
163 I 6 7,433,271
163 I 6 12,450,781
163 I 6 17,531,740
163 A 6 68,042

In footnote a on page 215 (shown above), the 17.5-second cumulative wait at interval 1127 is
not captured in the QAPYJWTDE file until the wait ends, the task count uses >0 CPU, and the
delta counts and delta times are calculated for the wait buckets and written to the interval/task
count record in the QAPYJWTDE file.
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Job file QAPYJWPRC

The process (job) file QAPYJWPRC always contains one record for each job in the collection
for every interval. The data is summarized for all threads in a job and stored in this file by
interval and primary task count in the job. Data for tasks is not stored in this file.

The fields in this file are shown in Table B-8.

Table B-8 QAPYJWPRC file detail

Field Description Comments and usage
INTERVAL Interval number
TASKCOUNT Initial (primary) thread
task count
JOBSBS Job subsystem
JOBTYPE Job type The same job type as shown using the WRKACTJOB command. Review
the WRKACTJOB command help text for more details.
JOBFNCTN Job function The same job function as shown using the WRKACTJOB command.
Review the WRKACTJOB command help text for more details.
JOBSTATUS Job status Taken from the work control block and not from any threads in the job.
The status of the primary thread in the job. The same job status as shown
using the WRKACTJOB command. Review the WRKACTJOB command
help text for more details.
DELTAPRCPU Job CPU in This field is the accumulation of the delta CPU values for a primary thread
microseconds and all of its related secondary threads, if any, for the interval. This
contrasts to the DELTACPU field in the QAPYJWTDE file, which
represents the delta time value for a single thread within the interval.
Because Job Watcher is a sampling tool, there could a slight difference
between the value for DELTAPRCPU and summing up the individual
thread DELTACPU fields in QAPYJWTDE for the same interval.
ACTTHREADD Delta thread count Shows the change in the number of threads existing for this job since the
previous interval, if any. The thread need not be actually active during the
interval, but it has to at least exist for the computation of this field and the
ACTTHREADC field.
ACTTHREADC Total threads count for | The total number of threads existing for this job at the interval sample time.
the job The thread need not be actually active during the interval. Rather the
thread has to at least exist for the computation of this field and the
ACTTHREADD field.
CRTTHREADD | Threads created Shows the number of threads created during the interval. The threads may
during the interval or may not exist at the end of the interval.
CRTTHREADC | Total threads created Shows the number of threads created since the job started. The threads
since job start may or may not exist at the end of the interval.
LDIOWRT Logical Disk 1/0 The count of calls to i5/0S database programs that handle writes, such as
(LDIO) writes QDBPUT, QDBPUTDR, QDBPUTM, and QDBPUTMX. See a on
page 218.
LDIORD LDIO reads The count of calls to i5/0S database programs that handle reads, such as
QDBGET, QDBGETSQ, QDBGETM, QDBGETDR, QDBGETKY,
QDBGETMQO, QDBGETSQQO. See a on page 218.
LDIOOTHR LDIO other (not See a on page 218.
read/write) count
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Field Description Comments and usage
LDIOUPD LDIO updates See a on page 218.
LDIODEL LDIO deletes See a on page 218.
LDIOFEOD LDIO Force End of See a on page 218.
Data (FEOD) count
LDIOCOMIT LDIO commit count The delta number of commitment control commits since the last entry for
this task count in this file. See a on page 218.
LDIOROLLB LDIO rollback count The number of commitment control rollbacks since the last entry for this
task count in this file. See a on page 218.
LDIOOPEN LDIO open count See a on page 218.
LDIOCLOSE LDIO close count See a on page 218.
LDIOIXBLD LDIO index build count | See a on page 218.
LDIOSORT LDIO sort count See a on page 218.
CMNWRT Communication file See a on page 218.
writes
CMNRD Communication file See a on page 218.
reads
LDTAQSND Data queue sends See b on page 218.
LDTAQRCV Data queue receives See b on page 218.
LDTAAOP Data area operations
count
LUSRSPCIOP User space operations
or index operations
count
TXAPPIQT Application input
queueing time in
microseconds
TXINQTRAN Application input
queueing transactions
TXRSCUT Resource usage time
microseconds
TXRSCUTRAN Resource usage
transaction count
TXDSPLRT Display I/O response
time microseconds
TXDSPLTRAN Display 1/0
transactions
IFSSYMLRD IFS symbolic link
reads
IFSDIRRD IFS directory read
count
IFSLUCHIT IFS lookup cache hits
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Field Description Comments and usage
IFSLUCMIS IFS lookup cache
misses
IFSOPENS IFS open count
IFSDIRCRT IFS directory creates
IFSNDIRCRT IFS non-directory
creates
IFSDIRDLT IFS directory deletes
IFSNDIRDLT IFS non-directory
deletes
SOCKRD Socket reads
SOCKWRT Socket writes
SOCKBRD Socket bytes read
SOCKBWRT Socket bytes written
OPENCURSOR | Fully opened SQL
cursors
PSUCLOCURS | Pseudo-closed SQL
cursors
CURNUMACTG | Current activation The current number of activation groups in the job.
group count
CURNUMACT Current program The current number of program activations within the job. If the same
activation count program is activated in n different activation groups, then this count

increases by n.

a. At the time this redbook was published, V5R3 Job Watcher QAPYJWPRC logical disk 1/O fields LDIORD,
LDIOWRT, LDIOOTHR, LDIOCOMIT, and LDIOROLLB contained values. LDIOOTHR includes updates,
deletes, and additional values, such as opens and closes, commits, and rollbacks. The other logical disk I/O
fields contain zero values until a later release when they become activated.

b. At the time this redbook was published, V5R3 Job Watcher QAPYJWPRC fields LDTAQSND and LDTAQRCV
contained zero values until a later release when they become activated.

Task dispatchable unit priorities scheme

Figure B-1 on page 219 depicts the OS-level thread priority levels (00-99) and the LIC
microcode priority levels as they are assigned actual detailed priority values at the task
dispatching unit level of the system. At the bottom of the figure we show excerpts of the file
QPAYJWTDE query results of one of our Job Watcher collections. In most uses of the iDoctor
for iSeries tools you do not need to know these low-level task priority schemes. However,
these values do appear in some of the tools, so we present them here as task dispatchable
unit priorities. They are considered absolute priority values, and are unique at any one time
for every active thread and task.
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Machine Interface
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Figure B-1 Actual thread and task priority ranges with query results example
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Querying and graphing tips for
Job Watcher

This appendix gives you tips for running queries and graphing your Job Watcher data. It
includes how to use the two Job Watcher “build SQL statements” interfaces, which enable you
to query Job Watcher collection database files whether you are an SQL novice or expert.
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Querying Job Watcher data

Two different SQL environments provided with Job Watcher enable you to run SQL-based
queries over your existing data. They are:

» Query definition interface (for novice SQL users)
» SQL Query view (for expert SQL users)

Query definition interface

Tables and graphs within the Job Watcher component are created via an underlying query
definition. The query definition defines exactly how the data is to be retrieved and from what
files, then displays the results in a table or graph. The Query Definition is an interface over
these existing SQL statements that enables a novice SQL user to customize the query for the
active table or graph within a Data Viewer without having to be an expert at SQL. Nearly all
table and graph views have a query definition menu available that lets you work with the query
definition for that particular table or graph view.

It does this by providing an interface that helps you build an SQL statement to meet your
criteria based on your selection of Field, Member, or Record. After you have selected your
criteria, you can examine this SQL statement later to see how it was built. The Query
Definition interface restricts you to working with only one file.

Note: The Data Viewer is a window within the iDoctor for iSeries suite of tools that is used
for displaying tables and graphs over data on your iSeries system. You can have as many
Data Viewer windows open at one time as you want. The data behind the views within a
Data Viewer may come from any number of systems.

Accessing the query definition interface

There are different ways to access the Query Definition interface: You can right-click in any
Data Viewer and use the query definition context menu to start the Query Definition interface,
or you can select the right-most query icon displayed on the Data Viewer toolbar shown in
Figure C-1 and indicated by the arrow.

TE| Data Viewer - #1

File Edit Wiew ‘Window Helpl'
AN R R A =R ]

Figure C-1 Data viewer toolbar: Query Definition interface icon
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If you right-click in the Data Viewer:

1. In the pop-up context menu displayed in Figure C-2, select Member Selection for this

example.

ITh Data Viewer - #1 - [REDBOOKDH/ITS014/Job watch - main tde scoped info - #1]

® File Edit View Window Help

B | e - elalR|E-] 9

INTERVAL

’AJ e e e e e e e e e e e . —

Wait graphs
CPU graphs
DASD/IO graphs
IFS graphs
Other graphs

* v v v v

[ =

Record Quick View

Copy
Find...
Graph Definition 3

Query Definition

TASKCOUNT |TDEUSECS

O G0 GO e MDD GO LA

STARTOD
2004-10-28-10.12.16.770000
2004-10-28-10.12.16.730000
2004-10-28-10.12.16.850000
2004-10-28-10.12.16.895000
2004-10-28-10.12.16.942000
2004-10-28-10.12.16.971000
2004-10-28-10.12.17.036000
2004-10-28-10.12.17.046000
2004-10-28-10.12.17.063000
2004-10-28-10.12.17.077000
ANNA 1070 10173 17 “"‘SDDD
Member Selection...

6000

Field Selection... SR

setFont... Record Selection... \
Preferences... 2000
e 6000

Properties Group... 0000
271 347y Reset 3000

264 35097 szye As... 7000

238 3322797 O IU R0 12 17 211000

235 5351942 2004-10-28-10.12.17 240000

136 3603932  2004-10-28-10.12.17 296000

173 3605796  2004-10-28-10.12.17.298000

171 SALTTNA,. 200102910172 17 310000

STARTUSECS
3043168427
3043178200
3043248134
3043293335
3043339833
3043360064
3043434743
3043461443
3043475180
3043493087
3043493832
3043405624
3043506934
3043314454
3043557916
3043373430
3043595338
3043608996
3043638200
3043604737
3043696757
INATTNRTIA

ENDUSECS

3043176295

5043247947

3043269980
30433538608
3043367334
3043434669
3043442337
5043461259
3043470660
3043492949
3043493159
3043494000
3043506320
3043307076
3043540215
5043573273
3043595144
3043607440
3043638057
5043692783
3043696299
5043708333
INA3T1G78

Q000000000000002
0000000000000001
0000000000000000
000000000000001A
0000000000000019
00000000000
0000000R000000002
0000000000000000

0000000000000000
LU

0000000000000001
0000000000000001
0000000000000001
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000

QO00000000000000
O

AW
g

|Records 1-22 of 4339

Figure C-2 Query Definition — Member Selection

This displays the Query Definition interface, which contains several different tabs for
defining specific parts of the query. In our example, we chose Member Selection, opening
the tab shown in Figure C-3. Member Selection enables you to view or modify the file or

member of the query.

Query Definition |

Member Selection | Field Selection | Record Selection | Sert By | Group By |

To change an active member overmide click on @ member in the list.

Active file/member ovemides:

Library

| File

| Member |

REDBOOKDH

GAPYJWTDE

ITSC14

Figure C-3 Query Definition: Member Selection
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2. To change an active member override, click on a member in the list to highlight it. (In this
example, we only have one member.) Click the Field Selection tab (Figure C-4). The list
of fields indicates the order and content of the data in the view. In this display, you can
define which fields will be visible or hidden in the report and in what order.

i
Member Selection  Field Selection | Record Selection I Sart Byl Group Byl

To reorder fields use the left mouse button to drag and drop fields into a new order.
Click on a field name or field expression to customize your own field expressions.

il Default I New Field | Eemove Selected | Tt

Show? | Field Description | Field | 50L Bxpression | -
Interval number INTERWVAL none:

Task count TASKCOUNT  znone:

Elasped interval time in microssce  TDEUSECS <none: s
Time of day at snapshot start STARTOD none:

Microseconds since IPLat snap... STARTUSECS  <none:

Microseconds since IPL at snap... EMDUSECS none:

Thread 10 in hex THREADID none:

Process initial thread task count ITASKCOUNT  <none:

Job/task name TDEJOBNAME  <none:

Thread status THRDSTATUS  =znone:

Cument user profile CURRUP <none:

Job.task birth time of day BIRTHDAY none:

Job name extender EXTENDER <nonges

Job or task flag TODETYPE none:

CFPU time in microseconds DELTACFU <none:

Criginal priority ORIGPRI none:

Curment LIC priority PRIORITY <none:

Currert XPF priorty THREADFRI <None:

Priority changed flag PRICHG <none: x|

Reuse these settings [
oK Cancel | Hep

)

Figure C-4 Query Definition: Field Selection tab
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3. The order of the fields displayed in the Field List directly affects the order that the fields are
displayed in the table view. To change the order of the field names, highlight one or more
adjacent or non-adjacent field names and click and drag them to the desired location
within the list.

For example, you might want to see CPU time in microseconds right after the task count,
so you would move this field name right after task count as shown in Figure C-5.

Query Definition

Member Selection  Field Selection | Record Selection I Sort Eyl Group Eyl

To reorder fields use the left mouse button to drag and drop fields into a new order.
Click on a field name or field expression to customize your own field expressions.

ioills Default | New Field | Remaove Selected | Toggle Selededl
Show? | Field Description | Field | 50L Bxpression | A
Interval number INTERWVAL <none:

Task count <none
Elasped interval time in mi ecs TDEUSECS CNone:
Time of day at snapshot start STARTOD <nones

Microseconds since IPL at snap... STARTUSECS  =znone:
Microseconds since IFL at smap... EMDUSECS <none:
Thread 1D in hex THREADID <none:
Process intial thread task count ITASKCOUNT  <nones

Job/task name TDEJOBNAME  <none:

Thread status THRDSTATUS <none>
Current user profile CURRUP none:
Jobtask birth time of day BIRTHDAY <nones

EXTENDER <nones
TDETYPE ZNone:

Job name extender
Job ortask flag

EERERERERERERERREERER

CPU time in microseconds DELTACFU

Original priority ORIGFRI <none:

Current LIC priority PRIORITY “none:

Cument XPF priarity THREADFRI Znones

Frionty changed flag PRICHG <None: ;I

Fieuse these seftings [

[ o 1|

Cancel | Hep

)

Figure C-5 Moving fields within Field selection
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4. Visible fields are indicated by a check mark in the Show? column within the Field List. If a
field is not checked, then it will not be shown. If you want to remove a large number of the
field names, you can highlight a group of adjacent fields by clicking the first one you want
to remove, holding down the Shift key, dragging your mouse to the last field name in your
group, then clicking Toggle Selected. This toggles the check box settings (between
checked and non-checked) within the group of field names that you have selected, as
shown in Figure C-6. This can be very handy when you want to hide or show a large
number of fields at once.

o
Member Selection Field Selection | Record Selection | Sart By | Group By |

To reorder fields use the left mouse button to drag and drop fields into a new order.
Click on a field name or field expression to customize your own field expressions.

ioills Default | New Field | Remave Selected ‘ Toggle Selected

Show? | Field Description | Field | 5QL Expression

O Interval number INTERVAL <none:

a Task count TASKCOUNT  znones

O Elasped interval time in microsscs ~ TDELUSECS <nonex e
a Time of day at snapshot start STARTCD “nonex

O Microseconds since IPL at snap... STARTUSECS <none:

a Microseconds since IPL at snap... EMDUUSECS none:

O Thread 1D in hex THREADID <nonex

a Process initial thread task count ITASKCOUNT  <nones

O Job.Aask name TODEIOBENAME  <none:

a Thread status THRDSTATUS  =znone:

O Curment user profile CURRUP <nonex

a Job.task birth time of day BIRTHDAY nones

O Job name extender EXTENDER <none

a Job or task flag TOETYPE <none

O CPU time in microseconds DELTACFU <none:

a Original priority CQRIGPRI none:

O Curment LIC priority PRICRITY <nonex

a Current XPF priority THREADFRI nones

O Priority changed flag PRICHG <nones x|

Reuse these settings [
oK Cancel | Hep

)

Figure C-6 Toggle selected fields
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You may also use this panel to create your own fields (Figure C-7 shows the result):
a.
b.

Click New Field to add a new row to the list of fields.

In the description cell for the new row in the list, type a description for the new field.

Click the field cell in the list and provide a value. This value is the short SQL field name
in your SQL field list.

Click the SQL expression cell in the list and enter your SQL expression for this field.
For our example, we create a new field called JOBNAME with a description of Job Name.
We want this to be a substring of the TDEJOBNAME field. We know that we want to
look at the first six characters of the TDEJOBNAME because we want to investigate
our nightly batch jobs, which begin with UPDADD.

Query Definition

Member Selection  Field Selection | Record Selection I Sart Byl Group Byl

To reorder fields use the left mouse button to drag and drop fields into a new order.
Click on a field name or field expression to customize your own field expressions.

Default I New Fieldl EMOVE *cﬂ 1 aelected‘

Field List:

=lol x|

Show? | Field Description

| Field | sGL Exression | -

OO0O0O0OO0O0O0O0O0O00O00O000OE®A

Job Mame

Task count

Interval number

Time of day at snapshot start
Elasped interval time in microsecs

Microseconds since IFL at snap..
Microgseconds since IPL at snap...

Thread 1D in hex

Process initial thread task count
Thread status

Current user profile
Job/task birth time of day
Job name extender

Job ortask flag

CPU time in microseconds
Original priority

Current LIC priority
Cument XFF priarity
Priority changed flag

JOBNAME substr{TDEJOBNAME. 1,6)
TASKCOUNT  <nonex
INTERVAL <nones
STARTOD ZNones:
TDEUSECS <nones
STARTUSECS <none:
ENMDUSECS <nones
THREADID <naones
ITASKCOUNT  <none»
THRODSTATUS  <none:
CURRLUP <nones
BIRTHDAY <none:
EXTENDER cnones

TDETYPE <nones:
DELTACFPU <nones
ORIGPRI <none:

PRIORITY <nones
THREADFPRI <none:
PRICHG “nones hd|

Fieuse these seftings [

oK Cancel | Hep

Figure C-7 Creating your own fields in Field Selection

Note: The Reuse these settings option at the bottom of Figure C-7 is enabled only for

PEX Analyzer report files. This is for reordering the fields and this order into the current PC

(in the Windows Registry). The next time the analysis report is opened, the same field

ordering is used.
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5. Click the Record Selection tab to define which records will be visible in your report.
For our example, we only want to look at the job names that equal UPDADD:
a. Set the Field name to the new field we created called JOBNAME.

b. From the Operator pull-down menu, set the operator to =
c. Set the Value to UPDADD.
d

. Click Add Filter to add the criteria to the Record Selection Filter List (Figure C-8).

Query Definition _Ol x|
Member Selection | Field Selection Record Selection |Sort By | Group By |

Field: lob name (JOBNAME) -] Add Fiter I

Cperator: |= j equal

Value  J/UPDADD'

Example: depends on expression type

Boolean condition:
’7 + AND " OR |
Record Selection Filter List: Farenz [ ] | Remove Al ] Update | Hemn\reJ
IField |Dpemtur |’l'alue | 1.%.1«0: |
Job name (JOENAME) = TFDADLY  AND

Figure C-8 Record Selection Filter List

6. Click the Sort By tab to define a sort sequence for your report. For our example, we want
to sort the report by task count in ascending order:
a. Set the Field parameter to Task count (TASKCOUNT).
b. Set Sort Order to Ascending.

c. Click Add Field to add the criteria to the Field Sort Sequence List as shown in
Figure C-9.

Query Definition : 1ol =l

Member Selection I Field Selection | Record Selection  Sort By | Group By I

Field: Task count (TASKEOUNT) Add Fisld |
Sort Order
’7 * Ascending {~ Descending
Field Sort Sequence List: Defautt | Update | Remove |
Field |Di:ectinn |

Task count (TASKCOUNT) Ascending

Figure C-9 Query Definition: Sort By tab
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7. Click the Group By tab to define which records will be visible in the report (Figure C-10).
Group-by queries are valid only when the fields on the field selection page comply with the
SQL rules for running Group By within an SQL statement. Any fields that are not part of
the group-by clause must be summarized in order to exist in the field selection, or the
query will not run. For our example, we want to group the report by JOBNAME (the new
field we created) and TASKCOUNT. Choose each from the pull-down menu and click Add
Field to add to the Group By Field list. Click OK.

Quervoshnton 1ol

Member Selection | Field Selection | Record Selection | Sort By Group By |

Field: Job name (JOBNAME) j Add Field I
Group By Field List: Clear | Update | Removel

Field J
Job name (JOBNAME)
Task count (TASKCOUNT)

Having clause (proper SQL syntax required):

Figure C-10 Query Definition: Group By

Restriction: The Query Definition interface is built by parsing the contents of an existing
SQL statement. This parsing works well for many queries but it does not acknowledge all
types of SQL syntax. It will parse most SQL select statements containing JOINs but there
are some very complex statements that cannot be parsed (such as UNIONSs). Although a
query can be parsed that contains JOINSs, the type of JOINs and the files being JOINed are
not changeable through the interface.

To do this through the iDoctor for iSeries GUI, use the SQL Query view described in
“Accessing the SQL Query view” on page 233 and type in the SQL statement as needed.
The query definition can be used to adjust the WHERE, ORDER BY, and GROUP BY
clauses of the outermost part of the SQL statement. Any ORDER BY, WHERE, or GROUP
BY clauses for subqueries in the SQL statement are not configurable through this interface.

The results of your user-defined query are shown in Figure C-11. We now know the task
counts for each of the UPDADD nightly batch jobs that were running during our collection.

% Data Viewer - #1 - [REDBOOKDH/ITS014/Job watch - main tde scoped info - #1]

® == Edit. View Window Help

Ble Qs |E|alB|E Dl

JOBNAME |TASKOOUNT |

UPDADD 1507
UPDADD 1308
UPDADD 1509

Figure C-11 Query definition results
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Viewing your query

You can look at your query definition by right-clicking in an active Data Viewer that displays
the results of the query and selecting Properties, as shown in Figure C-12.

I Data Viewer - #1 10l =l
File Edit View Window Help

B | el - ElalR|E-] 9

& REDBOOKDH/ITS014[Query against TDE file loo 101 =l
JOBMNAME |TASKCOUN1' |

UFDADD 1307

UPDADD 1308

UFDADD 1300

Recard Guick e

Copy.

Find...

Graph Definition 4
Query Definition 3

Set Font...
Preferences...

[ o=, —

| [Records 1-30f 3 i

Figure C-12 Selecting Properties in the Data Viewer
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Figure C-13 shows the properties of your user-defined query. If this is a query that you might
want to use again with some slight modifications, you can copy the SQL statement (Ctrl + C)
and paste it (Ctrl + V) into the SQL Query view and modify it to fit your needs. The SQL Query
view is discussed in more detail in “SQL Query view” on page 233.

_ipixd
Queny |
Description:
REDEOOEKDHTITS014/Query against TDE file looking for UPDADD jobs ;I
SQL Statement:
SELECT subsir(TDEJOBNAME,1,6) AS JOENAME, TASKCOUNT FROM ;I
REDEOOKDH/QAPYTWTDE WHERE substo(TDETOENAME . 1.6)="UPDADD GROUPEBY
=ubstr(TDEJOBMNAME. 1.6), TASKCOUNT ORDER BY TASKCOUNT ASC
Database file overides:
Library |File Member |
REEDBOOKDH QAPYIWTDE ITSO14
QK Cancel Help
F

Figure C-13 Properties of a user-defined query
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Saving your new query definition

Save your query definition to use later by right-clicking it and choosing Query Definition —
Save As in an active table view (Figure C-14). All Query Definitions are saved into the
QAIDRSQLO4 file.

B Data Viewer - #1 1Ol =l

File Edit view Window Help

= S = S PN A =R s

% REDBOOKDH/ITS014/Job watch - main tde scoped info - #1

JOBNAME ITASKDOUNT |

TUPDADD 1307

E%:Eg :;gz Record Giuick Wisw
Zopy.
Find...

Graph Definition 3

oI a el Ti W MY Member Selzction...
Field Selection. ..

SetFont.., Record Selection...
Preferences. ..

Sort...
Properties Group...

Reset

| s 15077 DA W

Figure C-14 Saving your new query definition

Figure C-15 shows an example of the Save Query Definition Interface. You can assign a
description for your query definition up to 250 characters long.

55 save QueryDefmtion i

Fleasze provide a description to uze for thiz queny. You can open thiz queny later
fram the 'Jser-defined queries' folder.

I~ Replace existing query definition ~ Scope: Icunent Ihstance vl
L »

ﬁuer}l angainzt TDE file looking for UPDADD jobs

Dezcription;

Save I Cancel | Help |

Figure C-15 Save Query Definition

The Replace existing query definition box, which replaces the saved query definition with the
current one, is visible only if the table view was created from a user-defined query definition.

Use the Scope option to set the scope of the query. This determines at which level (system,
library, or current instance) the query is visible. If the scope is Library or Current instance,
then the query definition is contained in the QAIDRSQLO04 file in the same library as the
current collection. System scoped query definitions are stored in library QUSRSYS. System
scoped queries can be used against any library on the system as long as it contains the same
files that the current query uses.
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Working with query definitions

After a query definition has been created, it is displayed and opened from the user-defined

queries folder under a collection as shown in Figure C-16.

@ Rchasm25.rchland.ibm.com: Job Watcher - #1 E_]E]%
+- G5} Rb_old_dh # | |Peport description Filenarae Created Created on Scope
).} Redbookdh &

- [@ 173014 paracount QAPYIWAIGE TOMED  2004-11-11-02.0235802000 Systera
+ Wait graphs by interval CPU usage by job QAPYIWTDE TOMED  2004-10-15-16.20 58 622000 System
+ Wait graphs by job Job watch - jm query surarmation QAPYIWTDE DEBHAT 200411-05-09.44.01 600000 Systerm
+ CPU graphs Johb watch - main tde scoped info QAPYIWTDE  SANDYVC  2004-11-12-0033 22164000  Syster
+ 1D graphs by interval Job wratch - main tde scoped info: no jm cache details QAPYIWTDE DEBHAT 2004-11-05-09.1934.144000  System
+ IFS graphs by interval Chuery against TDE file looking for UPDADD jobs  QAPYIWTDE  SANDVC  2004-11-12-.00.42 02127000 System
+ Other graphs by interval \
+ Server-side output files

Figure C-16 Work with user-defined queries

SQL Query view

With the SQL Query view, which is for more experienced SQL users, you can dynamically
execute and display the results of a query using Structured Query Language (SQL). This
enables you to work with more than one file using JOINs or UNIONs; however, you must know
how to write SQL as there is no assistance with building the statement in this environment.

The queries you create with this view may be saved and restored for later use and their
definitions can be viewed and manipulated using the query definition interface. A benefit of
using query definition with the SQL Query view is that any changes to the query definition
(which changes the SQL statement) are visible immediately in the top portion of this window.

Accessing the SQL Query view

The SQL Query view can be accessed within a Data Viewer by selecting the left-most query
icon from the Data Viewer toolbar, as indicated by the arrow in Figure C-17.

Tﬁ Data Viewer - #1

File Edjg’View Window Help
B89 =alk|E| Q]

Figure C-17 Data Viewer toolbar: SQL Query view icon

When you click this button, the System selection window appears as shown in Figure C-18.
Click OK if this is the system you want to run your SQL statements over. Otherwise, change to
the appropriate system and then click OK.

%

Fleaze zelect the desired syztem to run SEL statements
OvEr

System: R chasm25

ak. I Cancel

Figure C-18 System selection window
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Figure C-19 shows the top portion of the view as an area where you enter SQL statements,
and the bottom portion is where the results or output from your SQL statements appears after
your query is executed.

To execute your query after typing it in, right-click the top portion of the view and choose
Execute (or press F4) as shown in Figure C-19. You can re-execute your query at any time.

%h Data Viewer - #1 - [Rchasm25: SQL Query View - #1] - |EI l]
B File Edit View Window Help == x|

iz A= I i = PN Y e sl
select tdejobname, taskcount
from redbookdhiqapyywide
where tdetype="F

group by tdejobname, taskcount
order by taskeount

Mo records found. -

Word wrap
Make Lowercase

Make Uppercase
4| [

| |Records 1-0of D

s =

Figure C-19 Executing your SQL statements

If you have more than one Job Watch in your library, Figure C-20 appears for you to choose
the desired member so the appropriate override can be performed. Highlight the desired
member and click OK.

B Choose member for REDBOOKDH /QAPYIWTDE

Cancel |

Member Name lDescriptiuﬂ |
E conmIT test file mbr

Please zelact the dezired member to uze:

Enn test file mbr
ITSOI4AFAP test file mbr
ITS013 test file mbr
ITS016 test file mbr
ITSO17 tezt file mbr

OPENCLOSE  test file mbr

Figure C-20 Choose member for override database file
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The bottom portion (Figure C-21) shows the results from your SQL statements in table view,
which enables the typical copy-to-clipboard, query definition, and find functions that are
standard in a table view.

I Data Viewer - #1 101 =l
File Edit View Window Help

| a e | m=lalR|E] 2

& Rchasm25: SQL Query View - #1

select tdejobname, taskcount
from redbookdhiqapyywide
where tdetype="F

group by tdejobname, taskcount
order by taskeount

TDEJOENAME TASKCOUNT

QZSOSIGN QUSER. 007007 1194
QZDASOINITQUSER 007023 |
QPADEVOMZDEBHAT 007032 229
QZRCSRVE QUSER 007037 1234
DEMODH QS3YS 007039 1243
QZDASOINITQUSER 007041 12435
QZRCSEVS QUSER 007043 1249
QZDASOINITQUSER 007048 1252
QWCHIOE DEBHAT 007051 1255

B

I A
Figure C-21 Query results from SQL statements

The queries you create with this view may be saved and restored for later use, and their
definitions can be viewed and manipulated using the Query Definition Interface. A benefit of
using the Query Definition Interface along with the SQL Query view is that any changes to the
query definition (which changes the SQL statement) will be immediately visible in the top
portion of this window.

Changing field (column) headings in your query results

The query results shown in this appendix and the RPG, SQL, and Java analysis example
chapters use the Field Description text associated with the Job Watcher database file field as
the query results column heading text. In this appendix you have also seen how to create your
own field as described for Figure C-7 on page 227.

In this topic we use the facilities shown already and go one step farther in customizing your
own query results by defining our own field description text to be used as the query results
column-heading text for fields derived within the SQL SELECT statement.

As an example, we use a SELECT statement seen earlier in this book (Example 5-2 on
page 153) and its associated results in Figure 5-30 on page 153. We change the column
heading text only for the derived field Pctdrnwait, but you can follow the steps we show here
for any of the fields.

Figure C-22 on page 236 shows the original SELECT statement and query results.
Dashed-line boxes highlight the phrase within the statement beginning with
CAST((double(sum(qtimel4)) and ending with as PCTJrnwait. We want to give the derived
field a more meaningful column heading in the query results.
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To begin this change:
1. Right-click any row in the results area.
2. In the context menu, select Query Definition — Field Selection.

0 e =)
SELLCTtlskcol.nt, tisjob_name,ium(ac_ouny) as_totcou.ntlB, swm(tdeusecs) as inttotus, swlgtirme]3) as tottimel3, 'CAST((double(sum(qtimeIB)) I Double(surn
Etdeﬂacs))_* 100 &5 DECIMAL{ 2, 83 asﬁ:t]m_wait]sum(qtimeﬂ) Fewrnfgeount] 3) as avgmeait,  swo(deltacpu) a8 toTdelteiT sTgtiae0 1 T8 toTfEne0T FROWL

redbookdbfgapyjwtde WHERE taskeount = 1308 or taskeount = 1309 or taskeount = 1307 GROUP BY taskeount, tdejobname  ORDER BY avgjriaait asc

Task |Johitask name totcount!3 [inttotus  [tottimel?  |Petlmwait ’avgjmwait |t0tdeltcpu tottime0]
count
1308 UPDADDRODZDERHAT 007053 24135 648921424 386220221 5951724085 ASOn 154536775 202725723

1309 UPDADDROOZDEBHAT 007054 24204 634045404 392723360 5740 Pecord Quick View 47131 220373206

1307 UPDADDROOIDEBHAT 007052 83210 68057623 302170079 SRE2L copy BOSA1 217364035

Find...

Graph Definition 3

Query Definition  # Member Selection. ..
Field Selection. ..

Set Font,..
Sk Record Selection. ..
Freferences...
Sart...
Properties Group..,

Reset

|
Ftrol memary - 9.60% used (960/10000) Save As.. 30f 3

Figure C-22 SQL and query results: original column headings
3. This opens the Query Definition window, which has several functions. We show how to
change the column heading text (the Field description part of the field definition).

Double-click the field you want to modify. (In our example it is Pctdrnwait.) This opens the
Query Definition: Edit Field window shown in the lower area of Figure C-23.

Member Selection  Field Selection | Record Selection: Sort By | Group By‘

To reorder fields, drag and drop to the desired position. Double-click a row to edit it contents.

et Drefault Mew Field | Edit Fielﬂ Femove Selected | Toggle Selected
—
|Show? | Field Description |Field |SQL Expression ]
Task count TLSECOUNT  =none=
Johitask name TDEJOBHAME =none=
| totcount13 TOTCOUNTIZ  swmigeount]3)
inttotus INTTOTUS surnftdeusecs)
tottimel3 TOTTIMELS surnfgtime13)
Potlmwait PCTIRNWAIT — CAST{{doublelsum{gtime13}) f Dou
& | © Query Definition: Edit Field
m] Field description: |Jm| Serialization '/ ait Pct of Caln Apply |
E Field name: [PCTIRNWAIT
O SOL expression: CAST([double(sum{gtime13]) / Double(sumtdeusecs]) * 100] AS
m] DECIMaL[12, 8))
O
O
O
(|

Figure C-23 Changing the derived field PctJrnwait column heading: example 1 of 3

IBM iDoctor for iSeries Job Watcher: Advanced Performance Tool



4. Enter your new text into Field description. We used Jrn1 Serialization Wait Pct of
Coln (collection).

5. Press the ESC key or click the window’s X button in the upper-right corner to exit and
return to the Query Definition window.

6. Click OK on the Query Definition window to change the query and automatically rerun it.

Member Selection  Field Selection l Fecaord Selection] Sort By] Group By]

To reorder fields, drag and drop ta the desired position. Double-click a row to edit it contents.

et Default | Mew Field | Edit Field | Remove Selected | Tooale Selected
Show? |Fie1d Description |Fie1d |SQL Expression ~
Task count TLSECOUNT  =none=

Job/task nawme TDEJCBNAME  =none=

totcount13 TOTCOUNTIZ  swmigeount]3)

inttotus INTTOTUS surnftdeusecs)

tottimel3 TOTTIMELS surnfgtime13)

Il serialn wait Pet of Coln PCTIRNWAIT — CAST{{doublelsum{gtime]3)} f Dou
avgjrmrait AVGIENWAIT  surgtire13) / swnf{geount13)
totdeltcpu TOTDELTCPU  swfdeltacp)

tottime01 TOTTIMEDL surnfgtirme01)

O Interval nuraber INTERVAL =none=

a Elasped interval time in microgecs  TDEUSECS =none=

a Timme of day at snapshot start STARTOD =none=

a Mlicroseconds since IPL at snap...  STARTUSECS  <none=

a Microseconds since IPL at snap... ENDTUISECS =nome=

a Thread ID in hex THREADID =none=

O Process initial thread task count ITASKCOUNT  =none=

O Thread status THEDSTATUS  =none=

O Charrent user profile CURRUF =hone= i
< ¥

] _Eanc:eIJ Heb |

Figure C-24 Changing the derived field PctJrnwait column heading: example 2 of 3

The query results show the new column heading for derived field Pctdrnwait (Figure C-25).

B Rchasm25: SOL Query View - #2 E]@

SELECT TASKCOUNT, TDEIOBNAME, suralgeount] 3) A5 TOTCOUNTLS, suraltdensecs) A5 INTTOTUS, suragtiree13) A5 TOTTIMELS, CAST({double(sum
(ggtirne] 3)) f Double(sural tdeusecs)) * 100) A5 DECIMAL{LZ, 8)) A5 PCTIENWAIT, sum(gtime]3) § sura(geount1 3) 45 AVGIBNWAIT, sura{deltacpu) 435
TOTDELTCPU, sum{gtime(1) &5 TOTTIMEQN] FROM FEDRBOOKDHIQAPYIWTDE WHERE taskeount = 1308 OR. taskeount = 1309 OR. taskeount = 1307 GROUP
BY taskeount, tdejobname ORDER BY PCTIRNWAIT ASC

Task |Jobitask nare totcount13  |inttotus tottirne] 3 |Jmlseraln  |avgmwait |totdeltepun  |tottime01
conmt wrait

| Pet of Coln
1309 UPDADDRODSDERHAT 007054 24204 624045404 302783360 5742065000 4664 156547131 220373206
1307 UPDADDRODIDEBHAT 007052 83810 GEE05TAII 302170079 SEA2418866 4670 154330561 217364035
1302 UPDADDRODZDEBHAT 007053 84135 648021424 3R6220221 5951724085 4500 154536775 202725783

Figure C-25 Changing the derived field PctJrnwait column heading: example 3 of 3 (new heading)

You can repeat the steps shown for each derived field, if you wish.
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Graph views

In Job Watcher, users can define graphs over data within any desired table view or graph
view. This is done by creating a graph definition, which is the information that builds a
user-defined or iDoctor-supplied graph. Like query definitions, graph definitions are stored on
the server in a database file.

A graph definition defines everything needed to display the graph, including a reference to the
query definition needed to produce the graph’s data. Whenever a graph view is saved, the
current query definition and the current graph definition are saved.

The interface is accessible by either defining a new graph definition using the Graph
Definition — Define New context menu within a table view or by using the Graph Definition
pop-up menu in a user-defined graph view.

User-defined graphs
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As the name states, user-defined graphs are created by you, the user, and saved into a

definition on the server. Its settings are called its graph definition. The SQL statement (query)
behind the table view is used for the query behind the graph. Such a graph is created from a
table view using the Graph Definition — Define New context menu as shown in Figure C-26.

File Edit View Window Help
2|8 -= | Blala|E| O
 ReDBOOKD/115014]20b watch maim e scopedwia—#1 -
INTERVAL [TASKCOUNT |TDEUSECS [STARTOD STARTUSECS |ENDUSECS | THREADID IT/
1 1255 5136307 2004-10-28-10.12.16.77000 3043168427 3043176205  000000000000000
Wait graphs 5529 200 0012.16.780000 ), 3043178200 3043247947 0000000000000( 01
1 CFU graphs b 2004-10-28-10.12.16.850000 3 0000DD0O00D0002
1 DASD/IO graphs P 2004-10-28-10.12.16.8935000 3043293533 0000000000000001
1 IFS graphs » 2004-10-28-10.12.16.942000 3043330833 0000000000000000
1 Oty > 2004-10-28-10.12.16.971000 3043369064 000000000000001.A
1 _— 2004-10-28-10.12.17.036000 3043434743 0000000000000019
1 Record Quick View 2004-10-28-10.12.17.046000 3043444117 3043461239  0000000000000000
1 Copy 2004-10-28-10.12.17.063000 3043461443 3043470660  0D0000O000000002
1 — 2004-10-28-10.12.17.077000 3043475180 3043492949  0000000000000000
1 Graph Definition 10.12.17.005000 3043493087 3043493139 0000000000000000
1 Query Definition. b |77 ZUCFTOA8-10.1217.006000 3043493832 3043494009 0000000000000001
1 — 14527 2004-10-28-10.12.17.097000 3043495624 3043506520 0000000000000001
1 Set Font... 5813 2004-10-28-10.12.17.109000 3043306934 3043507076 0000000000000001
1 Preferences... 1101 2004-10-28-10.12.17.116000 3043514454 3043349215  0000000000000000
1 Sroperties 2186 2004-10-28-10.12.17.160000 3043557916 3043373273 0000000000000000
1 — —47705  2004-10-28-10.12.17.175000 3043573480 3043395144  0000000000000000
1 264 5509513 2004-10-28-10.12.17.197000 3043363358 3043607440 0000000000000000
4 |

[Records 1 - 18 of 4339

Figure C-26 Graph definition — Define New
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The General/X-axis tab lets you define the graph title, type, bars per page, and the field used
for the X-axis. See Figure C-27.

Graph Definition o ] 4

General./X-ads | Primary Y-mds | Secondary Y-axis

Graph Description:

5 and locks time signature

Graph type:

¥ Vertical stacked bar " Horizontal stacked bar

" Vertical bar " Horizontal bar

¥ Show the graph legend

Bars per page (1 to 300) IUsing bars per page value on Preferences window. Clear !
Hlods:
Field: | TIMEINT (TIMEINT) [~

Description: I[Interval] -timestamp

ok | CanceIJ Hep |

Figure C-27 Graph Definition: General/X-axis

Use the Primary Y-axis tab to define the fields that should be displayed on the graph. Each

field represents a bar on the graph and can have a different color and customized description.
See Figure C-28.

Graph Definitiol

General/-ads  Primary Y-ads |Secondar:.f‘(—a:ds

=0l x|

Y-zds
Description:

Scale: Madmum lg_gig Minimum I

— Primary Y-axis Fields:

Field: ISeize contertion time {seconds) (TIME15) ﬂ Add Field |

Description:

ITlme (seconds)

ISeize contention time (seconds)

| Field list: Update Remove

Field Description

ize contention time (seconds) (TIMELS) Seize contention time (seconds)
Muten/'semaphore contention time (seconds) (TIME12) Mutex/'semaphore contention ti

Object lock contention time (seconds) (TIMELT) Object lock contention time (s

4] | I

ok | Camcel | Hep |

Figure C-28 Graph Definition: Primary Y-axis
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On the Secondary Y-axis tab (Figure C-29), you can define a bar graph’s secondary Y-axis,
which is always a black line over the bar graph with a Y axis on the right side of the graph.
This axis is visible only for horizontal bar graphs. (Use Figure 3-76 on page 115 as an
example.)

=0l x|

General/¥-ads | Primary Y-mis  Secondary Y-ds

Secondary -axis (optional):
Field: TOTJOBS (TOTJOBS)

Description: ITD‘tE|| active threadsAasks

Scale: Maxdmum I Minimum I

NOTE: The secondary Y-ans can only be shown when the graph type is vertical bar’
or 'vertical stacked bar’.

Figure C-29 Graph Definition: Secondary Y-axis
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Overview of Job Watcher 5250
commands

Although the iDoctor for iSeries Job Watcher is a graphical user interface (GUI) tool used to
view and collect data for jobs, tasks, and threads on a system, some 5250 (green screen)
commands are provided for creating and working with Job Watcher data. This appendix gives
an overview of these commands and provides source code for automatically submitting
several Job Watches.
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Job Watcher 5250 commands

This section contains the Job Watcher commands entered from a 5250 command line.

WCHJOB command

Use this command to collect Job Watcher data on your system. It creates the same files
produced by the Job Watcher collection function initiated from the GUI. The database files are
described in Appendix B, “Database files created by Job Watcher” on page 199.

Note: This command is allowed to run interactively, but we recommend that the job be
submitted to batch. This is because it runs synchronously with Job Watcher and therefore
can slow down collection if lots of data is collected. It is much better to submit a job or send
a message to another job to do the processing.

WCHJOB parameters
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OUTLIBMBR

Output files library
The name of the Job Watch collection library. The library must already exist.

Output files member

Specifies the name of the collection member. Creating a Job Watch creates several files in
the output files library, each having this member name.

REPLACE - Replace members

*YES (Default)

A member with the same name in the collection library will be replaced with the new collection
member.

*NO
A member of the same name is not replaced and the collection will fail if the specified
member name already exists.

UNTIL - Ending criteria

Limit type

The possible values for the limit type are:
» *TRANSTONONE

Job Watcher collection ends when all of the watching jobs/tasks/threads end.
*TRANSTONONE is a single value and does not require the Limit value parameter.

Note: The *TRANSTONONE value is available only from a 5250 session.

» *DASDMB

Job Watcher collection ends when the total disk space consumed by the Job Watch
exceeds the value specified (in megabytes).
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» *NBRSEC

Job Watcher collection ends when the specified number of seconds has elapsed since the
collection was started.

» *NBRITV
Job Watcher collection ends when the specified number of intervals have been collected.

Limit value
Enter a number for each.

Limit type *“DASDMB = megabytes, “NBRSEC = seconds, and *NBRITV = intervals.

INTDELAY - Seconds between intervals
Time between collection intervals in seconds.

*NODELAY

Use this option to indicate that the Job Watcher engine should begin taking another snapshot
immediately after the previous snapshot completes.

JOBS - Job names (qualified/generic)

Identify the job names to include in the collection. Each entry contains a specific or generic
job name. If the special value *ALLJOBS is used, then information about every job/thread on
the system is collected.

Job name
This value is the specific job name, a generic job name, *ALL, or *ALLJOBS.

Job user
This value may be the specific user name, a generic user name, or *ALL.

Job number
This value is the six-digit job number or *ALL.

TASKS - Task names

Identify the system tasks to include in the collection. Tasks may be specified using exact
names or generic task names. Up to 20 entries are allowed for this parameter.

CURRUSER - Current user profile name

This parameter is used to select jobs by their current user profile. Up to 20 profiles may be
specified.

TASKCOUNT - Thread task count

List the task count (or counts) of the jobs/tasks to be included in the collection. This value
must be entered in decimal format (not hex). Up to 20 are allowed.

CURRSBS - Current job subsystem name
Watch jobs running in the specified subsystem. Only one subsystem entry is allowed.

CURRPOOL - Current thread or task pool
Watch jobs running in the specified pool. Only one pool entry is allowed.

Appendix D. Overview of Job Watcher 5250 commands 243



TSS - Thread selection string
The thread selection string is an alternate means to specify which jobs or tasks should be
included in the collection.

The following parameter values must be used when defining the thread selection string: JOB,
TASKNAME, CURRUSER, TASKCOUNT, CURRSBS, CURRPOOL. Each parameter value
must be enclosed in single quotes for all of the parameter types listed above. The Boolean
values of .AND. or .OR. should be used if multiple entries are desired in the thread selection
string.

Example 6-1 Using the thread selection string

JOB = 'MYJOB/MYUSER/123111'.0R.CURRSBS = 'IDOCTOR' CURRPOOL = '2'
TASKCOUNT = '131331112'.0R.TASKCOUNT = '13122223'

JOB = 'QZDA*/*ALL/*ALL'.OR.TASKNAME = 'RTZ*'

DATATYPEU - Fixed data

Data types
The following data types are available for collection:

*ACTGRPDETAIL

Includes the activation group and program information along with heap size and blocks. Also
contains *ACTGRPSUM.

*ACTGRPSUM
Collects activation group totals. Data is found in the QAPYJWPRC file.

*SQLSTMT
Collects last executed SQL statements and host variables.

*SQLCURSTMT
Collects active SQL statements and host variables.

*SQLDETAIL

Collects last executed SQL statements, host variables, prepared statement arrays, and open
cursors.

*CALLSTACK
Collects call stacks. Up to 1000 levels deep may be collected for each stack.

*SOCKETTCP
Lists details about all sockets open to a TCP/IP connection at the job/task/thread level.

*SOCKETJOBS

Lists all jobs/threads/tasks using the same socket. Should be used in combination with
*SOCKETTCP.

Interval frequency
All fixed data types may be collected in one of the following ways:

» *ALWAYS
Data is collected every interval.
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» *NEVER
Data is never collected.

Numeric value
Data is collected every Nth interval.

DATATYPEC - Dynamic data types
Data types
The following dynamic data types are available for collection.

» *CONFLICTCALLSTACK
Call stacks are captured when there is a holder/waiter conflict (for example, a seize).
» *NONCONFLICTCALLSTACK

Call stacks are captured for another conflict condition when there is not necessarily a
conflicting holder.

» Minimum duration (usecs)

Minimum wait in order to produce a call stack for either “CONFLICTCALLSTACK or
*NONCONFLICTCALLSTACK. Time is measured in microseconds (usecs).

DATATYPES - Data selection siring

Similar to the thread selection string parameter, this parameter provides an alternate means
to specify the Fixed data types and Dynamic data types parameters.

TRIGF - Conditional collection control

This option is used to conditionally gather data when certain performance thresholds have
been met. A file must be provided to the engine that contains the conditional criteria selection
string.

This conditional criteria selection string may contain direct field comparisons as well as
functional comparisons. When making comparisons, the following operators must be used:
.GT,, .LT, .EQ., .NE., .GE., .LE.

Direct field comparison:
Format: fieldname .op. value

Valid fields: Any fields in file QAPYJWTDE or QAPYJWPRC.

Example 6-2 Using the direct field comparisons

QTIMEOL .GT. 200 .OR. QTIMEO5 .GT. 1000

Functional comparisons:
These comparisons involve a function applied to a field such as RATE or PERCENT.

Percent function
Format: PERCENT (fieldname) .op. value

Valid fields: Any wait bucket TIME values. Field names QTIMEO1-QTIME32

Example 6-3 Using the percent function

PERCENT(QTIME09) .GT. 50
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Average function
Format: AVERAGE(fieldname1)(fieldname2) .op. value

Valid fields: This function requires a time/count pair, and both fields must be specified. The
only pairs like this that are available at this time are the wait bucket fields QTIMEO1-QTIME32
and QCOUNTO01-QCOUNT32.

Example: D-1 Using the average function

AVERAGE (QTIMEO1) (QCOUNTO1) .LT. 35

Rate function
Format: RATE(fieldname).comparand.value

Valid fields: Fields QCOUNT01-CCOUNT32

Example: D-2 Using the rate function

RATE (QCOUNTO08) . EQ. 25

File name
Name of the source file containing the conditional criteria selection string.

Library name
The library name where the conditional criteria file resides.

TRIGFMBR - Condition collection file member
Name of the conditional criteria file member.

ENDASPTHR - DB2 file ASP threshold
End the collection based on the ASP threshold or override with a percentage.

*ASPTHR (Default)

Collection will end if the Auxiliary Storage Pool (ASP) threshold defined in the DST/SST Work
with ASP threshold option is exceeded.

Percentage

Override the ASP threshold with another percentage. This change will not affect the current
ASP setting and is valid only for this collection.

SETBLKMAP - Use WCHJOB block mappings

Job Watcher default block bucket mappings. For IBM representatives only.

TEXT - Text description
Description of the collection.

DTAAVAIL - DB2 data availability

This option controls how often records are written out to the database files during collection.
The following choices are available:

*ITVEND (Default)
The database files will be updated immediately after each interval is gathered.
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*END

The database files will not be updated after each interval. Data is blocked in large chunks and
written out to the database files when the block of data is full or the Job Watch ends. This
option can be used to greatly increase the speed at which the Job Watcher engine can
sample data.

Note: Use this parameter when you do not need to look at the data in real-time mode (for
example, if you save the data of one system and restore it to another system for analysis).

MINCPUDTAT - Minimum CPU statistics gathering time
This parameter determines how often CPU statistics are gathered. This value determines the
number of seconds to wait before gathering the CPU information again.

Note: A separate file is created by the WCHJOB command called QAIDRJWCPU, which
collects many different types of CPU statistics.

CPYJWCOL command

Use this command to copy a Job Watch. This action copies every member matching the Job
Watch name from the from library to the o library. If you want to, the Job Watch can be
renamed by setting the TOCOL parameter with a new name.

CPYJWCOL parameters

FROMCOL - From Job Watch Name
The name of the Job Watch to copy.

FROMLIB - From Job Watch Library Name
The library name of the Job Watch to copy.

TOCOL - To Job Watch Name

The name to give the Job Watch when copied to its new library.

TOLIB - To Job Watch Library Name

The name of the library to copy the Job Watch to. The library may be the same as the
FROMLIB parameter as long as the TOCOL parameter differs from the FROMCOL
parameter.

DLTJWCOL command

Use this command to delete a Job Watch from a user’s library on a system. This action
removes all members matching the Job Watch name from all QAPYJW* files found in the
library specified.

The command also removes the record in file QAIDRJWRI where the MBR field value equals
the Job Watch name. This single member file is used by the GUI to keep track of the Job
Watches that have been created in the library.
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DLTJWCOL parameters

WCHNAME - Job Watch name

The name of the Job Watch to delete. This value equals the member name used in the Job
Watcher output files.

LIB - Job Watch library name
The library name from which the Job Watch will be deleted.

FTPJWCOL command

Use this command to send a Job Watch to another system. To perform this action, you need
to provide the name of the Job Watch to be transferred along with information about the
remote system you are sending the saved Job Watch to including the system name, library
and file name.

This command saves the collection using command Save a Job Watch (SAVJWCOL) into a
save file and then utilizes command FTPFILE in library QIDRGUI to perform the actual file
transfer. The collection is not restored by this command. This must be done on the remote
system by using command Restore a Job Watch (RSTJWCOL).

If a problem occurs while attempting to transfer the file to the remote system, a log file
showing the content of the FTP session is saved to the file FTPLOG in library QIDRGUI.

FTPJWCOL parameters

COL - Job Watch name
The name of the Job Watch to send to the remote system.

LIB - Job Watch library name
The library name of the Job Watch to send to the remote system.

RMTSYSTEM - Remote system
The name of the remote system to transfer the collection to.

RMTLIB - Remote library

The name of the library on the remote system to transfer the save file containing the collection
to.

RMTFILE - Remote file
The name of the save file to create on the remote system containing the collection.

USR - User name for remote system
The name of the user profile to use when making the connection to the remote system.

PWD - Password for remote system
The password to use for the user profile when making the connection to the remote system.

This command can also be run from the GUI by right-clicking on a Job Watcher collection and
clicking on Transfer to. This displays the window shown in Figure D-1 on page 249. Fill in the
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name of the system you are transferring the collection to. Fill in the name of the Remote
library to transfer the save file containing the collection. Click OK.

{3 Transfer Job Watch - Rchasm25 x|

Thiz option allows vou to transfer one or more Job Watches to another spgtem for
analysis.

Jobwatchles:  OCT7_04_1
Library: Sk

Remate system: Iabcsyslem
Remate library: Itestlib

ok I Cancel Help Il

Figure D-1 Transfer Job Watch

RSTJWCOL command

Use this command to restore a Job Watch from a save file created by the Save a Job Watch
(SAVJWCOL) command or indirectly using the FTP a Job Watch command (FTPJWCOL).
The save file that is being restored must have been saved over a collection created on a
system running i5/0S V5R3.

RSTJWCOL parameters

SAVFLIB - Save file library
The library name of the save file to restore.

SAVFNAME - Save file name
The name of the save file to restore.

SAVEDLIB - Saved library

The name of the library saved within the save file being restored. Use the Display Save File
(DSPSAVF) command on the save file being restored to determine this library name.

TOLIB - Restore to library
The name of the library to restore the Job Watch to.

SAVJWCOL command

Use this command to save a Job Watch that was created on a system running i5/0S V5R3.
The Job Watch is saved to a save file specified by the user. This save file must already exist.
If it contains data, this data will be destroyed.

This command should be used along with the Restore a Job Watch command (RSTJWCOL)
in order to restore the Job Watch.
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SAVJWCOL parameters

COL - Job Watch name
The name of the Job Watch to save.

LIB - Job Watch library name
The library name of the Job Watch to save.

SAVFNAME - Save file name
The name of the save file to save the Job Watch into.

SAVFLIB - Save file library name
The library name of the save file to save the Job Watch into.

ADDPRDACS command

Use this command if you need to manually enter an access code for your system. This
command can be found on an i5/0S V5R3 system in any of the iDoctor libraries that include
QIDRWCH, QIDRPA, and QIDRGUI.

RTVSTKDTA command

When running a Job Watcher collection you can optionally specify to collect call strack
information. The Job Watcher GUI call stack functions uses collected call stack information,
but for a single job, thread, or task through V5R3.

Use this Retrieve Call Stack Data command to export the call stack information from an
internally stored format to the database file called QAIDRJWSTK. The exported data residing
within QAIDJWSTK records/rows is ready for user-written SQL queries. With QAIDJWSTK
file data you can write queries that do things such as derive call stack statistics across all
jobs/threads/tasks within the collection.

One example would be view all call stacks where program xxxxx occurred.

This readbook uses the RTVSTKDTA command and its output data in several places in the
following chapters:

» Chapter 4, “Analysis example: traditional batch ILE RPG application” on page 117
» Chapter 5, “SQL, call stack, and journal analysis examples” on page 125
» Chapter 6, “Analysis example: Java application” on page 159

The RTVSTKDTA command parameters are described in full in this topic.

tRTVSTKDTA parameters
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WCHMBR - Watch member name
The member name of the Job Watch collection.

WCHLIB - Watch library name
The library name of the Job Watch collection.

IBM iDoctor for iSeries Job Watcher: Advanced Performance Tool



MODTYPE - Module name and VRM
iDoctor for iSeries version, release and modification level.

V5R3MO is the only valid value for Job Watcher V5R3 data.

RCOUNT - Interval or QRECN (or *ALL)

Records subset option. Specify the interval number (right-justified in the 10-character
formatted parameter space) or *ALL for all intervals.

Use *ALL unless you are only interested in the call stack for a single interval.

TCOUNT - Task count value (or *ALL)

The specific taskcount number (right-justified in the 20-character formatted parameter space)
or *ALL for all jobs/threads/tasks collected.

Use *ALL unless you are only interested in the call stack for a single task count.

When you enter a single task count, say 38903, it must be entered as a 20-digit value with
leading zeroes. For example, 00000000000000038903.

DEBUG - Debug/dump request

Leave this set to the default option of 0, unless instructed to enter a specific value by an IBM
defect support personnel.

STKMBRNAME - Frame outfile member hame
The name of the member in the output file QAIDRJWSTK for the resolved call stack data.

When you are expanding call stack data for the whole collection, use the Job Watch collection
name.

Automatically submit a Job Watch

If you are having intermittent performance problems and not sure when the problem might
occur, this Command Language (CL) source code is provided to automatically submit five Job
Watches every two hours throughout the day. The source is provided as-is and may be
modified to fit your specific needs.

The source creates five libraries called IBMJOBW1, IBMJOBW2, IBMJOBW3, IBMJOBW4,
and IBMJOBWS. The collection data for each watch is stored in these libraries with a member
name of Jmmddx, where mm = the current two-character month, dd = the current
two-character day, and x = A, B, C, D, or E depending on the collection.

The Job Watch is set up with the following parameters:

Data is collected for 2 hours or until the maximum data to collect reaches 4 GB.
Data is collected over all jobs and tasks.

Always collect the call stack data.

Interval duration of 10 seconds.

Always collect SQL and host variables.

Data is not dumped to database files until the collection ends.

yVyVYyVvYYVvYyYy

Example: D-3 Submitting a Job Watch automatically

PGM
DCL VAR(&MONTH) TYPE(*CHAR) LEN(2)
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DCL VAR(&DAY) TYPE(*CHAR) LEN(2)

DCL VAR(&JW) TYPE(*CHAR) LEN(1) VALUE('J")

DCL VAR(&MBR) TYPE(*CHAR) LEN(8)

DCL VAR(&NBR) TYPE(*DEC) LEN(1 0) VALUE(1)

DCL VAR(&CHAR) TYPE(*CHAR) LEN(1)

DCL VAR(&LIB) TYPE(*CHAR) LEN(7) VALUE('IBMJOBW')
DCL VAR(&LIBL) TYPE(*CHAR) LEN(8)

/* CHECK FOR PREVIOUS EXISTENCE OF LIBRARIES */
CHKOBJ 0BJ (IBMJOBW1) OBJTYPE(*LIB)
MONMSG MSGID(CPF9801) EXEC(CRTLIB LIB(IBMJOBW1)
TEXT('IBM Job Watcher data library'))

+

CHKOBJ 0BJ (IBMJOBW2) OBJTYPE(*LIB)
MONMSG MSGID(CPF9801) EXEC(CRTLIB LIB(IBMJOBW2)
TEXT('IBM Job Watcher data Tibrary'))

+

CHKOBJ 0BJ (IBMJOBW3) OBJTYPE(*LIB)
MONMSG MSGID(CPF9801) EXEC(CRTLIB LIB(IBMJOBW3)
TEXT('IBM Job Watcher data library'))

+

CHKOBJ 0BJ (IBMJOBW4) OBJTYPE (*LIB)
MONMSG MSGID(CPF9801) EXEC(CRTLIB LIB(IBMJOBW4)
TEXT('IBM Job Watcher data library'))

+

CHKOBJ 0BJ (IBMJOBW5) OBJTYPE(*LIB)
MONMSG MSGID(CPF9801) EXEC(CRTLIB LIB(IBMJOBW5)
TEXT('IBM Job Watcher data Tibrary'))

+

/* SETUP SINGLE THREADED JOBQ */

CRTJOBQ JOBQ(QGPL/QIDRJIW1) TEXT('SINGLE THREAD JW +
JOBQ')
MONMSG MSGID(CPF3323)

ADDJOBQE SBSD(QIDRJW) JOBQ(QIDRJW1) SEQNBR(20)
MONMSG MSGID(CPD1535 CPF1697)

/* RETRIEVE MONTH AND DAY */

RTVSYSVAL SYSVAL(QDAY) RTNVAR(&DAY)
RTVSYSVAL  SYSVAL(QMONTH) RTNVAR (&MONTH)

/* SUBMIT JOB WATCHER USING THE FOLLOWING DATA OPTIONS: */

/* DASDMB MAX IS 4GB */

/* ALL JOBS AND TASKS */

/* CALL STACK ALWAYS */

/* 10 SEC. INTERVALS */

/* SQL & HOST VARIABLES ALWAYS */

/* JOB WATCHER DATA IS NOT DUMPED UNTIL THE COLLECTION ENDS */
/* COLLECTION RUNS FOR 2 HOURS */

CHGVAR VAR(&CHAR) VALUE (&NBR)

CHGVAR VAR(&MBR) VALUE (&JW *CAT &MONTH *CAT 8&DAY +
*CAT 'A')

CHGVAR VAR(LIB1) VALUE(&LIB *CAT &CHAR)

SBMJOB CMD(QIDRWCH/WCHJOB OUTLIBMBR(&LIB1 &MBR) +

REPLACE (*YES) UNTIL(((*DASDMB 4000)) +
((*NBRSEC 7200))) INTDELAY(10) +
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CHGVAR
CHGVAR
CHGVAR
CHGVAR

SBMJOB

CHGVAR
CHGVAR
CHGVAR
CHGVAR

SBMJOB

CHGVAR
CHGVAR
CHGVAR
CHGVAR

SBMJOB

CHGVAR

JOBS (*ALLJOBS) TASKS(*ALL) +

DATATYPEU( (*CALLSTACK *ALWAYS) +
(*SQLCURSTMT *ALWAYS) (*ACTGRPDETAIL +
*ALWAYS)) TEXT('') DTAAVAIL(*END) +
FRCISTINT(*YES)) JOB(QWCHJOB) +

JOBD (QIDRWCH/QWCHJOB) JOBQ(QGPL/QIDRIW1) +
RTGDTA('QWCHJOB') INLLIBL(*CURRENT)

VAR(&NBR) VALUE(&NBR + 1)

VAR(&CHAR) VALUE (&NBR)

VAR(&MBR) VALUE(&JW *CAT &MONTH *CAT &DAY +
*CAT 'B')

VAR(&LIBL) VALUE(&LIB *CAT &CHAR)

CMD(QIDRWCH/WCHJOB OUTLIBMBR(&LIBL &MBR) +
REPLACE (*YES) UNTIL(((*DASDMB 4000)) +
((*NBRSEC 7200))) INTDELAY(10) +
JOBS (*ALLJOBS) TASKS(*ALL) +
DATATYPEU( (*CALLSTACK *ALWAYS) +
(*SQLCURSTMT *ALWAYS) (*ACTGRPDETAIL +
*ALWAYS)) TEXT('') DTAAVAIL(*END) +
FRCISTINT(*YES)) JOB(QWCHJOB) +
JOBD (QIDRWCH/QWCHJOB) JOBQ(QGPL/QIDRIW1) +
RTGDTA('QWCHJOB') INLLIBL(*CURRENT)

VAR(&NBR) VALUE (&NBR + 1)

VAR(&CHAR) VALUE (&NBR)

VAR(&MBR) VALUE (&JW *CAT &MONTH *CAT &DAY +
*CAT 'C")

VAR(&LIBL) VALUE(&LIB *CAT &CHAR)

CMD (QIDRWCH/WCHJOB OUTLIBMBR(&LIB1 &MBR) +
REPLACE (*YES) UNTIL(((*DASDMB 4000)) +
((*NBRSEC 7200))) INTDELAY(10) +
JOBS (*ALLJOBS) TASKS(*ALL) +
DATATYPEU( (*CALLSTACK *ALWAYS) +
(*SQLCURSTMT *ALWAYS) (*ACTGRPDETAIL +
*ALWAYS)) TEXT('') DTAAVAIL(*END) +
FRCISTINT(*YES)) JOB(QWCHJOB) +
JOBD (QIDRWCH/QWCHJOB) JOBQ(QGPL/QIDRIW1) +
RTGDTA('QWCHJOB') INLLIBL(*CURRENT)

VAR(&NBR) VALUE(&NBR + 1)

VAR(&CHAR) VALUE (&NBR)

VAR(&MBR) VALUE(&JW *CAT &MONTH *CAT &DAY +
*CAT 'D')

VAR(&LIB1) VALUE(&LIB *CAT &CHAR)

CMD (QIDRWCH/WCHJOB OUTLIBMBR(&LIB1 &MBR) +
REPLACE (*YES) UNTIL(((*DASDMB 4000)) +
((*NBRSEC 7200))) INTDELAY(10) +
JOBS (*ALLJOBS) TASKS (*ALL) +
DATATYPEU( (*CALLSTACK *ALWAYS) +
(*SQLCURSTMT *ALWAYS) (*ACTGRPDETAIL +
*ALWAYS)) TEXT('') DTAAVAIL(*END) +
FRCISTINT (*YES)) JOB(QWCHJOB) +
JOBD (QIDRWCH/QWCHJOB) JOBQ(QGPL/QIDRIW1) +
RTGDTA('QWCHJOB') INLLIBL(*CURRENT)

VAR(&NBR) VALUE (&NBR + 1)
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CHGVAR VAR(&CHAR) VALUE (&NBR)

CHGVAR VAR(&MBR) VALUE(&JW *CAT &MONTH *CAT &DAY +
*CAT 'E')

CHGVAR VAR(&LIB1) VALUE(&LIB *CAT &CHAR)

SBMJOB CMD (QIDRWCH/WCHJOB OUTLIBMBR(&LIB1 &MBR) +

REPLACE (*YES) UNTIL(((*DASDMB 4000)) +
((*NBRSEC 7200))) INTDELAY(10) +
JOBS (*ALLJOBS) TASKS(*ALL) +
DATATYPEU( (*CALLSTACK *ALWAYS) +
(*SQLCURSTMT *ALWAYS) (*ACTGRPDETAIL +
*ALWAYS)) TEXT('') DTAAVAIL(*END) +
FRCISTINT(*YES)) JOB(QWCHJOB) +
JOBD (QIDRWCH/QWCHJOB) JOBQ(QGPL/QIDRIW1) +
RTGDTA('QWCHJOB') INLLIBL(*CURRENT)

ENDPGM
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Job Watcher advanced topics

This appendix highlights the features in Job Watcher that are not integrated into the server
and client code at the time of writing this book.

The Job Watcher client and server levels used throughout this book were:

» Client build reference level C00367

» Server build reference level S00050

In Chapter 6, “Analysis example: Java application” on page 159, we also use iDoctor for
iSeries Heap Analyzer. The Heap Analyzer client and server levels used were:

» Client build reference level C00368

» Server build reference level S00024

For each feature described, we clearly state whether it is available in any form at the current
release or planned for a future release.

You must first understand more detail about the Job Watcher collection process before you

can appreciate why some of the new functions are actually necessary.

Important: This appendix addresses several topics that indicate that changes may occur
in a future Job Watcher release or update. For the latest information about Job Watcher
capabilities and fixes, go to:

http://www-912.1ibm.com/i_dir/idoctor.nsf/jwlUpdateHistory.html

You can also reach the Update history page from:

http://www.ibm.com/servers/eserver/support/iseries/

Click the links for Tools and Performance Analysis (iDoctor for iSeries). In the left
navigation pane, expand Job Watcher and select Update History.
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Collection specification tips

Interval size

If you suspect that a large number of task counts are active on your system, then you need to
carefully decide what to set the collection interval to. If you suspect that your interval size is
too small, then run the query in Example E-1 over the collection member in the QAPYJWTDE
file to find out the maximum seconds that Job Watcher needed to finish its snapshot work.

Example: E-1 Query to find snapshot times and total active task counts

SELECT interval, count(distinct(taskcount)) as tot_taskcounts,
max(startod) as max_startod, min(startod) as min_strtod,
max(startod) - min(startod) as snapshot_secs

FROM somejwlib/qapyjwtde

GROUP BY interval

ORDER BY 5 desc

The following data is from a customer system model 9406-890 32 processor system. This
collection was run for two hours with a 5-second collection interval. The size of this Job
Watcher collection was 3.1 GB.

Example: E-2 Snapshot times and total active task counts on a large, busy system

Interval
number

1,

110
273
274
046
797
349
406
705
243
410
131
275
967

1
788
557

TOT_TASKCOUNTS MAX_STARTOD MIN_STRTOD SNAPSHOT_SECS
4,630 2004-08-18-11.16.55.564000 2004-08-18-11.12.59.790000 355.774000
1,704  2004-08-18-11.35.06.411000 2004-08-18-11.34.01.203000 105.208000
2,495 2004-08-18-11.35.46.672000 2004-08-18-11.35.09.269000 37.403000
1,934 2004-08-18-12.51.46.944000 2004-08-18-12.51.18.058000 28.886000
2,071  2004-08-18-12.28.20.727000 2004-08-18-12.27.53.451000 27.276000
1,592 2004-08-18-11.44.28.600000 2004-08-18-11.44.03.576000 25.024000
2,257  2004-08-18-11.49.58.713000 2004-08-18-11.49.33.978000 24.735000
1,763  2004-08-18-12.19.07.442000 2004-08-18-12.18.43.736000 23.706000
1,770  2004-08-18-11.31.11.265000 2004-08-18-11.30.47.876000 23.389000
2,234 2004-08-18-11.50.47.800000 2004-08-18-11.50.24.817000 22.983000
1,254  2004-08-18-11.20.26.668000 2004-08-18-11.20.03.725000 22.943000
2,696 2004-08-18-11.36.47.680000 2004-08-18-11.36.24.841000 22.839000
1,566  2004-08-18-12.44.17.027000 2004-08-18-12.43.54.759000 22.268000

828  2004-08-18-11.03.40.378000 2004-08-18-11.03.20.450000 19.928000
1,884  2004-08-18-12.27.00.465000 2004-08-18-12.26.41.705000 18.760000
1,625 2004-08-18-12.05.22.895000 2004-08-18-12.05.04.340000 18.555000

The above collection data revealed that it took from 1 second to 15 seconds for Job Watcher
to complete both data capture and delta computations, as there were 25,000+ task counts of
which approximately 1,500 used CPU in an average interval. When the number of active task
counts suddenly increases, say to 4,500+ from 1,500, then the time to complete the snapshot
collection and delta calculations can be very high, for example 355+ seconds shown for
interval 110 and 105+ seconds for interval 273.

Ensure job names are captured for all jobs on the system

256

Job Watcher enables you to select Collect data for idle threads/tasks on first interval; see
Figure E-1 on page 257 for how to do this. If you select this option, records for all task counts
on the system will be written to the QAPYJWTDE file for interval 1. Of course if you do not
select this option, then only records for task counts that used > 0 CPU will be written to the
QAPYJWTDE file. Using this option ensures that you will always be able to identify wait object
holder job names. If you do not specify this option and a job stays in a long wait for every
snapshot in the collection, then you will not know the associated job name.
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If you specified Collect data for idle threads in the first interval as shown in Figure E-1,
then at the end of the second snapshot, the data for all task counts on the system is written to
the QAPYJWTDE file; this causes additional overhead on busy systems.

Job Watcher Wizard - Job/Task Option - Rchasm25

Indicate below whether to collect all jobs and/or tasks orto select
specilic jobs and tasks.

JobAask selection:

f* Include all jobs and tasks
" Include all jobs
" Include all tasks

(" Select specific jobs and tasks

I Callect idle jobs/tasks on st interval

Allows job.task names that are idle throughout the entire
collection to be visiblz in the graphs.

<Back [ MNewt> Cancel J Help |

Figure E-1 Collect idle job/thread data for first interval

Collect data as fast as possible?

This collection option is intended for use over a few jobs and LIC tasks. You should not use
this collection option for all jobs and LIC tasks unless directed to do so by IBM Service. Of
course, this does not apply if you are only collecting data for one or two jobs in the system.

The Job Watcher collection process in detail

Figure E-2 on page 258 shows an example of how an individual task count may behave from
the perspective of the Job Watcher collector. Assume that this is a task count for the primary
thread in a job and that this job does not have any secondary threads.

This section contains a detailed description of how Job Watcher captures run and wait data
for a task count for i5/0S V5R3.

Assume that the parameters that are specified at collection time ensure that this task count
will always be included in the collection (for example, all tasks and all threads).

The complexities of explaining how the collection process works for a task count in a job
running under an active user profile that is continually changing, where the collection
parameters specified jobs running under only one of the user profiles, are outside the scope
of this publication. This same exclusion applies to a task count in a job that runs in different
subsystems, where not all of those subsystems are included in the collection.
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Snapshots

// \\ . Inteval

n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9 n+10
A D E H | L M P Q TUXY|2 3 6 71011
RUN RUN
® —WAIT
WAIT B C F G J K N (0] R S VW Z|1 4 5 8 9 12
- - - | - | — - - - - -
18 5 8 155 9 4 21 1 5 _é_ 5 7 - 3

<+—n— Denotes length of wait

Figure E-2 Collection process for one task count

258

Snapshot

A sample of data taken at a point in time by the Job Watcher for eligible task counts. In our
example there are nine snapshots, shown as n+2, n+3 ... n+10.

Interval n occurs at the end of snapshot (n+1) when the delta statistics are computed
between snapshot (n+1) and snapshot n. In our example, eight intervals are shown.

Delta statistics are calculated from snapshot 2 onward in a collection.
What are the main collection database files?

The two main files in every collection are:

» QAPYJWTDE: the TDE file
» QAPYJWSTS: the status file

The collection options you specify determine whether data will be written to many of the Job
Watcher QAPYJW* or QAIDRJW* files in the collection library. Refer to Appendix B,
“Database files created by Job Watcher” on page 199 for a list of the files created by the
collection process.

A record is always written to the QAPYJWSTS file for every task count (in the collection) in
every interval. When a task count has not used any CPU in an interval, there is no
QAPYJWTDE record for that interval, so no wait buckets are stored. The information about
the wait in progress is kept in the QAPYJWSTS file.

A record is written to the QAPYJWTDE file for an interval and task count only if any one of the
following is true:

1. ltis the first interval and Collect data for idle jobs/threads at first interval was specified.
2. The task count is a secondary thread in a job and that thread used > 0 CPU in the interval.

3. The task count is a primary thread in a job and one or more of the secondary threads in
that job used > 0 CPU in the interval.

4. The task count is a primary thread in a job and that primary thread used > 0 CPU in the
interval and data for this interval and task count has not already been written out because
of item 3 in this list.
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For each interval in our example shown in Figure E-2 on page 258, we discuss which of these
files has a record written to it, as listed in Table E-1.

Table E-1  When is data written to the Job Watcher QAPYJWTDE and QAPYJWSTS master file?

Snapshot: interval

QAPYJWSTS (record status)

QAPYJWTDE (record written)

n+3: Interval n+2 (A) task used some CPU (yes)
n+4: Interval n+3 (A) (ves)
n+5: Interval n+4 (A) (ves)

n+6: Interval n+5

(I) task used no CPU

(no) the task was in wait for the

entire interval

n+7: Interval n+6 (A) (yes)
n+8: Interval n+7 (A) (yes)
n+9: Interval n+8 (A) (yes)
n+10: Interval n+9 (A) (yes)

What data is collected?

The system wait buckets are stored in the TDE for each task count. There are 32 buckets per
task count. Refer to Chapter 2, “Overview of job waits and iDoctor for iSeries Job Watcher” on
page 21 for details. Each system wait bucket has two parts: cumulative count and cumulative
time. See 2.4, “The mysteries of waiting” on page 26 through 2.8.2, “Job Watcher wait points
(ENUMSs) and wait buckets” on page 30 for full details of wait types, wait groupings, and wait
grouping to bucket number assignments.

For simplicity, assume that all waits shown on the wait line in Figure E-2 on page 258 are
seize waits. This means that we need to discuss only two of the buckets in order to
understand the Job Watcher collection process:

» Bucket 01 - dispatched to CPU. See 2.9.2, “Bucket 1: Dispatched Time (previously
referred to as CPU)” on page 33 for detailed description.

» Bucket 15 - seize waits.

Job Waicher takes snapshots of the task counts that are eligible for collection. If you specify
that all jobs and tasks be included, then this is every task count on the system.

What happens at snapshot time?

At the first and second snapshots of any collection, information for all task counts on the
system is gathered; after the second snapshot the deltas are computed and only data for task
counts that used > 0 CPU between snapshots is written to the QAPYJWTDE file; this is the
data for the first interval. A record for every task count in the collection is written to the
QPAYJWSTS file for every interval.

Of course, if you collect the call stack and other detailed information (such as SQL data or
communications data) at each interval then this causes even more overhead. The Job
Watcher then computes delta information between snapshots for each task count and stores
this information in the QAPYJWTDE file, in your chosen collection member name.

When the first snapshot occurs, Job Watcher determines the task counts that are eligible for
collection, and system wait buckets are captured for these task counts. These system wait
buckets are saved as Job Watcher wait buckets. At the next snapshot, that preceding
interval’s data must be saved. This is done by getting the system wait buckets for eligible task
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counts, calculating the deltas between the new system wait buckets and the Job Watcher wait
buckets, and saving the delta bucket values in the QAPYJWTDE file.

Table E-2 shows how Job Watcher gets the run and wait data for the task count in our
example shown in Figure E-2 on page 258.

Note: The system LIC wait buckets are always present in the system for every task count.
They are always updated by SLIC, irrespective of whether Job Watcher exists on the
system. In Table E-2, the term LIC wait buckets is used to represent the system LIC wait
buckets.

JW is used to represent Job Watcher throughout the following table.

Job Watcher does not update the system LIC wait buckets. It updates a saved copy of
them, which are called the copy-LIC wait buckets in this table.

Table E-2 Job Watcher collection detailed explanation

Time line Collection detail

Snapshotat | Assume that the task count used > 0 CPU between snapshots n and (n+1)

n+1 LIC wait buckets are harvested as CopyLIC (n+1) buckets and subsequently saved as
JW (n+1) buckets because the task count used > 0 CPU between snapshot n and
shapshot (n+1).

Job Watcher knows the times when the task count last changed state and when it was
last running.

Snapshotat | The task count is in run state (active, dispatched for CPU) at snapshot time.
n+2 This state is known as being switched in (or SWIN for short) by LIC.

The LIC wait buckets are harvested and saved as CopyLIC (n+2) buckets.

Delta values are calculated between the CopyLIC (n+2) buckets and the Job Watcher
(n+1) buckets. The delta values are written in the record to the QAPYJWTDE file as
the task count used > 0 CPU.

Now assume CopyLIC (n+2) bucket 15 has values: count = 3 and time = 83
Write record to QAPYJWSTS file.

Save CopyLIC (n+2) buckets as Job Watcher (n+2) buckets.
Job Watcher (n+2) bucket 15 has values: count = 3 and time = 83.

AtoB Task count transitions from being active at A to waiting at B.
This state change from being active to waiting is known in LIC as changing from being
switched in (SWIN) to being switched out on queue (SWOQ).

C The wait ends (is satisfied) at C. It lasted 18 units of time.

CtoD Task count transitions from waiting at B to active at D.

This state change from waiting to being dispatched to CPU is known in LIC as
changing from being switched out on queue (SWOQ for short) to being switched in
(SWIN for short).

D LIC wait buckets are updated for this task count by SLIC. The count in LIC wait bucket
15 is increased by 1 and 18 is added to the time.

LIC wait bucket 15 now has values: count = 4 and time = 101.

The LIC wait buckets are not available to Job Watcher until the next snapshot.
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Time line Collection detail

Snapshotat | The task count is in run state (active, dispatched for CPU) at snapshot time.

n+3 This state is known as being switched in (or SWIN for short) by LIC.
The LIC wait buckets are harvested and saved as CopyLIC (n+3) buckets.
Job Watcher knows when the last state change for this task count (SWIN to SWOQ)
occurred. Job Watcher then adds time D to CopyLIC (n+3) bucket 1.
Delta values are calculated between the CopyLIC (n+3) buckets and the Job Watcher
(n+2) buckets. The delta values (bucket 15: count 1 time 18) and the delta dispatched
for CPU time (bucket 1) are written in the record to the QAPYJWTDE file as the task
count used > 0 CPU.
Write record to QAPYJWSTS file.
Save CopyLIC (n+3) buckets as Job Watcher (n+3) buckets.
Job Watcher (n+3) bucket 15 has values: count = 4 and time = 101.

Snapshotat | The task count is in run state (active, dispatched for CPU) at snapshot time.

n+4 This state is known as being switched in (or SWIN for short) by LIC.
Job Watcher detects that there has been no state change since the last snapshot at
(n+3) and it knows the last switched in time (SWIN); therefore the LIC wait buckets do
not have to be harvested. CopyLIC (n+4) buckets are set to CopyLIC (n+3) buckets.
Time (n+3) to (n+4) is added to CopyLIC (n+3) bucket 1.
Delta values are calculated between the CopyLIC (n+4) buckets and the Job Watcher
(n+3) buckets. Now the CPU time in the delta for bucket 1 is actually the time that
occurred within interval n+3 to n+4. This is why the D to (n+3) addition was made to
CopyLIC (N+4) bucket 1.
Write record to QAPYJWTDE file as > 0 CPU was used since last snapshot.
Write record to QAPYJWSTS file
Save CopyLIC (n+4) buckets as Job Watcher (n+4) buckets
Job Watcher (n+4) bucket 15 remains with values: count = 4 and time = 101.

EtoF Task count transitions from being active at E to waiting at F.
This state change from being active to waiting is known in LIC as changing from being
switched in (SWIN) to being switched out on queue (SWOQ).

G The wait ends (is satisfied) at G. The wait lasted 5 units of time.

GtoH Task count transitions from waiting at G to active at H
This state change from waiting to being dispatched to CPU is known in LIC as
changing from being switched out on queue (SWOQ) to being switched in (SWIN).

H LIC wait buckets are updated for this task count by SLIC.
The count in LIC wait bucket 15 is increased by 1 and 5 is added to the time.
LIC wait bucket 15 now has values: count = 5 and time = 106
The LIC wait buckets are not available to Job Watcher until the next snapshot.

Htol Some CPU is used. The task count is switched in (SWIN) at H and is switched out on
queue (SWOQ) at | as it goes into the wait.
LIC wait bucket 1 is not incremented at this time (it will next be incremented at L as
LIC wait buckets are only updated by SLIC when the task count goes to the
switched in (SWIN) state.

ltodJ Task count transitions from being active at | to waiting at J.
This state change is known in LIC as changed from being switched in (SWIN) to being
switched out on queue (SWOQ).

J ton+5 A wait of 8 seconds has occurred. The system wait buckets are not updated as this

wait is still in progress at time n+5.
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Time line Collection detail

Snapshotat | The task count is in wait state at snapshot time.

n+5 This state is known as being switched out on queue (or SWOQ) by LIC.
Job Watcher knows when the task count state changed from RUNNING (switched in
or SWIN for short) to WAITING (called switched out on queue or SWOQ for short); it
also knows when the task count was last switched in (SWIN).
The LIC wait buckets are harvested as CopyLIC (n+5) buckets.
CopyLIC (n+5) wait bucket 15 has values: count = 5, time = 106 (last updated at H).
Time H to | is added to CopyLIC (n+5) bucket 1.
The count in CopyLIC (n+5) bucket 15 is increased by 1 and 8 is added to the time.
CopyLIC (n+5) bucket 15 now has values: count = 6 and time = 114.
Delta values are calculated between the CopyLIC (n+5) buckets and the Job Watcher
(n+4) buckets. The delta values (bucket 15: count 2 time 13) are written in the record
to the QAPYJWTDE file as the task count used > 0 CPU.
Write record to QAPYJWSTS file.
Save CopyLIC (n+5) buckets as Job Watcher (n+5) buckets.
Job Watcher (n+5) bucket 15 has values: count = 6 and time = 114.

Snapshotat | The task count is in wait state at snapshot time.

n+6 This is “switched out on queue” (or SWOQ) by LIC
Job Watcher detects that there has been no state change since the last snapshot at
(n+5) therefore the system wait buckets do not have to be harvested.
Job Watcher knows the last state change was from active to wait (SWIN to SWOQ)
and when it occurred. It also knows when the task count last used CPU (last switched
in time or SWIN) and that this was before (n+5). Therefore it knows that no CPU was
used in the last interval. CopyLIC (n+6) buckets are set to CopyLIC (n+5) buckets.
Since the last state change was to waiting and no CPU was used in the last interval,
the time (n+5) to (n+6) of 155 is added to CopypLIC (n+6) bucket 15 but the count is
not incremented because the wait has not yet been satisfied.
CopyLIC (n+5) bucket 15 now has values: count = 6 and time = 269.
Write record to QAPYJWSTS file with current wait type and time of 269 (cumulative
value as from system wait bucket corresponding to current wait type i.e. 15).
Save CopyLIC (n+6) buckets as Job Watcher (n+6) buckets.
Job Watcher (n+6) bucket 15 has values: count = 6 and time = 269.

KtoL Task count transitions from waiting at K to active at L.
This state change from waiting to being dispatched to CPU is known in LIC as
changing from being switched out on queue (SWOQ) to being switched in (SWIN).

L LIC wait buckets are updated for this task count by SLIC.
The count in LIC wait bucket 15 is increased by 1 because the wait has now been
ended and 172 is added to the time.
LIC wait bucket 15 now has values: count = 6 and time = 278.
LIC wait buckets are not available to Job Watcher until the next snapshot.

LtoM Some CPU is used. The task count is switched in (SWIN) at L and is switched out on
queue (SWOQ) at M as it goes into the wait.
LIC wait bucket 1 is not incremented at this time (it will next be incremented at L as
LIC wait buckets are only updated by SLIC when the task count goes to the
switched in (SWIN) state.

Mto N Task count transitions from being active at M to waiting at N.
This state change is known in LIC as changed from being switched in (SWIN) to being
switched out on queue (SWOQ).
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Time line

Collection detail

0]

The wait ends (is satisfied) at O. It lasted 4 units of time.

OtoP

Task count transitions from waiting at O to active at P
This state change from waiting to being dispatched to CPU is known in LIC as
changing from being switched out on queue (SWOQ) to being switched in (SWIN).

LIC wait buckets are updated for this task count by SLIC.

The count in LIC wait bucket 15 is increased by 1 and 4 is added to the time.
LIC wait bucket 15 now has values: count = 7 and time = 282

LIC wait buckets are not available to Job Watcher until the next snapshot.

Snapshot at
n+7

The task count is in run state (active, dispatched for CPU) at snapshot time.
This state is known as being switched in (or SWIN for short) by LIC.

The LIC wait buckets are harvested as CopyLIC (n+7) buckets.
Job Watcher knows when the last state change for this task count (SWIN to SWOQ)
occurred at P. Job Watcher then adds time P to (n+7) to CopyLIC (n+7) bucket 1.

Delta values are calculated between the CopyLIC (n+7) buckets and the Job Watcher
(n+6) buckets. The delta values (bucket 15: count 1 time 13) and the delta dispatched
for CPU time (bucket 1) are written in the record to the QAPYJWTDE file as the task
count used > 0 CPU.

The actual record written to the QAPYJWTDE file says current/last wait time is 4 and
total wait time for the interval is 13 - note that the 4 is included in the 13 as the wait
was not in progress at snapshot time, so the 13 is the total time of all completed waits.

Write record to QAPYJWSTS file.
Save system wait buckets for (n+7) as Job Watcher wait buckets for (n+7).
Job Watcher wait bucket 15 has values: count = 7 and time = 282.

QtoR

Task count transitions from being active at Q to waiting at R.
This state change from being active to waiting is known in LIC as changing from being
switched in (SWIN) to being switched out on queue (SWOQ).

Snapshot at
n+8

The task count is in wait state at snapshot time.

This state is known as being switched out on queue (or SWOQ) by LIC.

Job Watcher knows when the task count changed from state RUNNING (switched in
or SWIN for short) to WAITING (called switched out on queue or SWOQ for short); it
also knows when the task count was last switched in (SWIN).

The LIC wait buckets are harvested and saved as CopyLIC (n+8) buckets.

CopyLIC (n+8) bucket 15 has values: count = 7 time = 282 (last updated at P).

Time n+7 to Q is added to CopyLIC (n+8) bucket 1.

The count in CopyLIC (n+8) bucket 15 is increased by 1 and 21 is added to the time.
CopyLIC (n+8) bucket 15 now has values: count = 8 and time = 303

Delta values are calculated between the CopyLIC (n+8) buckets and the Job Watcher
(n+7) buckets. The delta values (bucket 15: count 1 time 21) are written in the record
to the QAPYJWTDE file as the task count used > 0 CPU.

Write record to QAPYJWSTS file.
Save CopyLIC (n+8) buckets as Job Watcher (n+8) buckets.
Job Watcher (n+7) bucket 15 has values: count = 8 and time = 303.

StoT

Task count transitions from waiting at S to active at T.
This state change from waiting to being dispatched to CPU is known in LIC as
changing from being switched out on queue (SWOQ) to being switched in (SWIN).
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T

LIC wait buckets are updated for this task count by SLIC.

The count in LIC wait bucket 15 is increased by 1 and 22 is added to the time.
LIC wait bucket 15 now has values: count = 8 and time = 304.

LIC wait buckets are not available to Job Watcher until the next snapshot.

TtoU

Some CPU is used. The task count is switched in (SWIN) at T and is switched out on
queue (SWOQ) at U as it goes into the wait.

LIC wait bucket 1 is not incremented at this time (it will next be incremented at X as
LIC wait buckets are only updated by SLIC when the task count goes to the
switched in (SWIN) state.

UtoV

Task count transitions from being active at U to waiting at V.
This state change is known in LIC as changed from being switched in (SWIN) to being
switched out on queue (SWOQ).

The wait ends (is satisfied) at W. It lasted 5 units of time.

W to X

Task count transitions from waiting at W to active at X.
This state change from waiting to being dispatched to CPU is known in LIC as
changing from being switched out on queue (SWOQ) to being switched in (SWIN).

LIC wait buckets are updated for this task count by SLIC.

The count in LIC wait bucket 15 is increased by 1 and 5 is added to the time.
LIC wait bucket 15 now has values: count = 9 and time = 309.

LIC wait buckets are not available to Job Watcher until the next snapshot.

XtoY

Some CPU is used. The task count is switched in (SWIN) at X and is switched out on
queue (SWOQ) at Y as it goes into the wait.

LIC wait bucket 1 is not incremented at this time (it will next be incremented at2 as LIC
wait buckets are only updated by SLIC when the task count goes to the switched in
(SWIN) state.

YtoZ

Task count transitions from being active at Y to waiting at Z.
This state change is known in LIC as changed from being switched in (SWIN) to being
switched out on queue (SWOQ).

Zto n+9

A wait of 6 seconds has occurred.
LIC wait buckets are not updated as this wait is still in progress at time n+9.

Snapshot at
n+9

The task count is in wait state at snapshot time.

This state is known as being switched out on queue (or SWOQ) by LIC

Job Watcher knows when the task count changed from state RUNNING (switched in
or SWIN for short) to WAITING (called switched out on queue or SWOQ for short); it
also knows when the task count was last switched in (SWIN).

LIC wait buckets are harvested and saved as CopyLIC (n+9) buckets.

CopyLIC (n+9) bucket 15 has values: count = 9 time = 309 (last updated at X).
Time X to Y is added to CopyLIC (n+9) bucket 1.

The count in CopyLIC (n+9) bucket 15 is increased by 1 and 6 is added to the time.
CopyLIC (n+9) bucket 15 now has values: count = 10 and time = 315

Delta values are calculated between the CopyLIC (n+9) buckets and the Job Watcher
(n+8) buckets. The delta values (bucket 15: count 2 time 12) are written in the record
to the QAPYJWTDE file as the task count used > 0 CPU.

Write record to QAPYJWSTS file
Save CopyLIC (n+9) buckets as Job Watcher (n+9) buckets
Job Watcher (n+9) bucket 15 has values: count = 10 and time = 315
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1to2 Task count transitions from waiting at 1 to active at 2.
This state change from waiting to being dispatched to CPU is known in LIC as
changing from being switched out on queue (SWOQ) to being switched in (SWIN).

2 LIC wait buckets are updated for this task count by SLIC.

The count in LIC wait bucket 15 is increased by 1 and 8 is added to the time.
LIC wait bucket 15 now has values: count = 10 and time = 317.

LIC wait buckets are not available to Job Watcher until the next snapshot.

2t03 Some CPU is used. The task count is switched in (SWIN) at 2 and is switched out on
queue (SWOQ) at 3 as it goes into the wait.

LIC wait bucket 1 is not incremented at this time (it will next be incremented at 6) as
system wait buckets are only updated by SLIC when the task count goes to the
switched in (SWIN) state.

3to4 Task count transitions from being active at 3 to waiting at 4.
This state change is known in LIC as changed from being switched in (SWIN) to being
switched out on queue (SWOQ).

5 The wait ends (is satisfied) at 5. It lasted 7 units of time.

5t0 6 Task count transitions from waiting at 5 to active at 6.
This state change from waiting to being dispatched to CPU is known in LIC as
changing from being switched out on queue (SWOQ) to being switched in (SWIN).

6 LIC wait buckets are updated for this task count by SLIC.

The count in LIC wait bucket 15 is increased by 1 and 7 is added to the time.
LIC wait bucket 15 now has values: count = 11 and time = 324.

LIC wait buckets are not available to Job Watcher until the next snapshot.

6to7 Some CPU is used. The task count is switched in (SWIN) at 7 and is switched out on
queue (SWOQ) at 7 as it goes into the wait.

LIC wait bucket 1 is not incremented at this time (it will next be incremented at 10) as
LIC wait buckets are only updated by SLIC when the task count goes to the switched
in (SWIN) state.

7108 Task count transitions from being active at 7 to waiting at 8.
This state change is known in LIC as changed from being switched in (SWIN) to being
switched out on queue (SWOQ).

9 The wait ends (is satisfied) at 9. It lasted 3 units of time.

9to 10 Task count transitions from waiting at 9 to active at 10.
This state change from waiting to being dispatched to CPU is known in LIC as
changing from being switched out on queue (SWOQ) to being switched in (SWIN).

10 LIC wait buckets are updated for this task count by SLIC.

The count in LIC wait bucket 15 is increased by 1 and 3 is added to the time.
LIC wait bucket 15 now has values: count = 12 and time = 327.

LIC wait buckets are not available to Job Watcher until the next snapshot.

10to 11 Some CPU is used. The task count is switched in (SWIN) at 10 and is switched out on
queue (SWOQ) at 11 as it goes into the wait.

LIC wait bucket 1 is not incremented at this time (it will next be incremented after n+10)
as LIC wait buckets are only updated by SLIC when the task count goes to the
switched in (SWIN) state.

11 to 12 Task count transitions from being active at 11 to waiting at 12.
This state change is known in LIC as changed from being switched in (SWIN) to being
switched out on queue (SWOQ).

Appendix E. Job Watcher advanced topics 265



Time line Collection detail

in progress at time n+10.

Snapshotat | The task count is in wait state at snapshot time.
n+10 This state is known as being switched out on queue (or SWOQ) by LIC

also knows when the task count was last switched in (SWIN).

Time from 10 to 11 is added to CopyLIC (N+10) bucket 1.

CopyLIC (n+10) bucket 15 now has values: count = 13 and time = 330.

the QAPYJWTDE file as the task count used > 0 CPU.

Write record to QAPYJWSTS file.
Save CopyLIC (n+10) buckets as Job Watcher (n+10) buckets.
Job Watcher (n+10) bucket 15 has values: count = 13 and time = 330.

Task count state changes

266

You are now familiar with the states of:

» Switched In (SWIN): when a task count is dispatched to a CPU (running)
» Switched Out Queue (SWOQ): when a task count goes into a wait state

These terms are used in another iDoctor for iSeries tool, the PEX Task Switch Trace.
Figure E-3 depicts this switch in and switch out process as discussed in Table E-2 on
page 260, for Figure E-2 on page 258. See also the description following Figure E-3.

A D

FUNNING  e— —

OOMS
SWIN

C

Figure E-3 Task count (switch) out and in
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12 to n+10 A wait of 3 seconds has occurred. LICwait buckets are not updated as this wait is still

Job Watcher knows when the task count changed from state RUNNING (switched in
or SWIN for short) to WAITING (called switched out on queue or SWOQ for short); it

LIC wait buckets at (n+10) are harvested and saved as CopyLIC (n+10) buckets.
CopyLIC (N+10) bucket 15 has values: count = 12 time = 327 (last updated at 10).
The count in CopyLIC (n+10) bucket 15 is increased by 1 and 3 is added to the time.

Delta values are calculated between the CopyLIC (n+10) buckets and the Job Watcher
(n+9) buckets. The delta values (bucket 15: count 3 time 9) are written in the record to




What happens when the CPU is not readily available?

You may be wondering what happens when the CPU is not instantly available and so a task
count cannot immediately go into the switched in (SWIN) state. Actually, there a transitional
state between waiting and running that is available to run and needs a processor to run on;
this state is known in LIC as Switched Available for Dispatch (SWAFD for short). A task count
actually goes to SWAFD before it can go into the SWIN state. The difference between being
available to use a CPU and being assigned a CPU is CPU queueing time; therefore CPU
queueing time is the time from the SWAFD state to the SWIN state.

We did not show the SWAFD states in our example in Figure E-2 on page 258, as it was not
necessary for explaining how Job Watcher captures data and when data is written to Job
Watcher files. However, in reality, a task count would go to the SWAFD state before it gets
assigned a CPU and goes to the SWIN state.

Waits that span multiple intervals

In our example (Figure E-2 on page 258), a seize wait was in progress for the whole interval
from (n+5) to (n+6). This wait started before snapshot (n+5) and ended after snapshot (n+6).

The Job Watcher graphing support uses the QAPYJWTDE file as input.

There is a record in the QAPYJWTDE file for our task count for every interval except interval
(n+5) to (n+6).

In the case of our example taskcount, which is the only taskcount in a job, the Run/wait
signature for a job graph will show a blank for the entire interval (n+5) to (n+6). This is
accurate from the perspective of the QAPYJWTDE file, but does not correctly represent what
happened in interval (n+5) to (n+6) where the entire time was spent in seize wait. Also the
Collection overview time signature graph will underrepresent the seize waits in this example.

An interval that shows up in Job Watcher Job run/wait signature graphs as all blank, but
during which there was an ongoing wait, is known as a blank interval.

The QAPYJWSTS file contains a record for every task count for every interval. The wait time
in this file is cumulative for an ongoing wait.

Figure E-4 on page 268 shows an example of what the graph of a Job run/wait signature
looks like when there are blank intervals.

Notice the blank intervals at 147, 158, 159, and 178. Recall that this graph is created using
the data in the QAPYJWTDE file, and that the QAPYJWTDE file does not have a record for
intervals where the task count spent the entire interval in a wait state.

When a graph of job waits by interval has these blank intervals and either side of the blank
interval there were lots of waits, it is likely that the blank interval contains only wait time. In this
case you can guess that the job spent intervals 147, 158, 159, and 178 entirely in seize waits
as these are the major wait type in this task count.
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Figure E-4 Job run/wait signature with blank intervals

However, if there were many different types of wait occurring in the intervals surrounding a
blank interval, then it may be difficult to guess the wait type that spanned the blank interval.

Check the QAPYJWTDE file

The blank intervals were 147, 158, 159, and 178. We need to investigate the intervals
immediately preceding the blank intervals for current (in progress or ongoing) waits. The
intervals of interest are 146, 157, and 177. We query the QAPYJWTDE file to see what the
record had for that job and interval.

The SQL shown in Example E-3 runs the query shown in Example E-4.

Example: E-3 SQL for looking around the blank intervals in the QAPYJWTDE file

SELECT interval, blockbckt,
(dec(currwtdur,9,0)) as currwait _microsec, woobjnam, woobjtyp,
dec(qgcountl5,5,0) as bucketl5 count, dec(qtimel5,9,0) as
bucket15_microsec
FROM jobwatcher/qapyjwtde
WHERE (interval >= 146 and interval <= 160 or
interval >= 177 and interval <= 179 ) and taskcount = 1079
ORDER BY interval

We deliberately shortened some of the numeric output fields, using SQL casting via DEC(), to
produce output within 132 characters.

Example: E-4 Looking around the blank intervals in the QAPYJWTDE file

Current or last CURRWAIT_MICROSEC

Wait object BUCKET15_COUNT BUCKET15_MICROSEC

Interval blocking bucket Wait object object type
number name in hex
146 15 2,912,253 TESTBASEPFTESTBASEPF 0B90
148 15 172,609 TESTBASEPFTESTBASEPF 0B90
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149
150
151
152
153
154
155
156
157
160
177
179

15
15
15
15
15
15
15
15
15
11
15
15

4,703,317
9,617,923
2,851,757
177,016
6,557,656
2,784,132
113,359
3,184,844
4,635,890
6,979
73,937
2,033,771

TESTBASEPFTESTBASEPF
TESTBASEPFTESTBASEPF
TESTBASEPFTESTBASEPF
TESTBASEPFTESTBASEPF
TESTBASEPFTESTBASEPF
TESTBASEPFTESTBASEPF
TESTBASEPFTESTBASEPF
TESTBASEPFTESTBASEPF
TESTBASEPFTESTBASEPF

TESTBASEPFTESTBASEPF
TESTBASEPFTESTBASEPF

0B90
0B90
0B90
0B90
0B90
0B90
0B90
0B90
0B90
0000
0B90
0B90

9,826,975
9,832,876
9,825,700
13,344,390
6,726,905
10,011,271
9,953,659
9,949,001
9,936,060
9,451,744
9,923,307
10,026,839

Analysis of this query reveals:

Interval 146

Interval 157

Interval 177

The current block bucket is 15, which is seize contention.The task

count was in a seize for 2,912,253 microseconds at interval end; this
seize was on object TESTBASEPF of type physical file (0B90).
Specifically, this task count was in a continuing seize wait when the
end interval snapshot occurred.

This task count spent 9,166,903 microseconds in seize contention wait
in this interval. There were 22 individual seizes comprising this interval

seize time. The ongoing seize wait of 2,912,253 microseconds is
included in the interval seize wait total of 9,166,903.

The current block bucket is seize contention (15). A 4,635,890
microsecond seize wait was in progress at interval end. Total seize
wait time was 9,936,060, which includes the in-progress seize at

interval end.

The current block bucket is seize contention (15). A

73,937-microsecond seize wait was in progress at interval end. Total
seize wait time was 9,923,307, which includes the in-progress seize at

interval end.

Now we can conclude that for each of these blank intervals the task count was in seize wait
time. Since the in-progress wait before the interval was a seize, and no CPU was used during
the intervals, we know that this must be the type of wait that spanned the intervals as it is not
possible to transition from one type of wait to another type of wait without using some CPU.

Check the QAPYJWSTS file

There is a record for every task count for every interval in this file.

There are no blank intervals in the QAPYJWSTS file, so we must check the interval numbers
that were not present in the QAPYJWTDE file (shown as blank intervals on the Job run/wait
signature graph). The intervals of interest are 147, 158, 159, and 178 in the QPAYJWSTS file.

The SQL we used is shown in Example E-5.

Example: E-5 SQL for blank interval investigation: check the QAPYJWSTS file

SELECT interval, tdestatus, curwait, curwaitd

FROM jobwatcher/qapyjwsts

WHERE (interval >= 146 and interval <= 160 or
interval >= 177 and interval <= 179 ) and taskcount = 1079

ORDER BY interval

This SQL produces the query shown in Example E-6.

Example: E-6 Blank interval investigation: check the QAPYJWSTS file
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Interval TDE Current wait

number status wait duration
146 A 320 2,912,207
147 I 320 12,852,389
148 A 320 172,562
149 A 320 4,703,268
150 A 320 9,617,863
151 A 320 2,851,697
152 A 320 176,951
153 A 320 6,557,608
154 A 320 2,784,058
155 A 320 113,292
156 A 102 3,184,794
157 A 102 4,635,844
158 I 102 14,662,648
159 I 102 24,663,345
160 A 49 6,905
177 A 103 73,891
178 I 103 10,103,931

Analysis of this query reveals:

Interval 147

Interval 158

Interval 159

The task count is in idle status (I) as it used 0 CPU in this interval. The
current wait type (ENUM) is 320 which is ‘common TIMI object
checker: seize object’ from the QIDRWCH/QAIDRJWENM file. This
reveals that this is some sort of seize-related wait. Checking the wait
bucket file QSYS/QAPYJWBKT for ENUM 320, we see that this ENUM
is associated with wait bucket 15, which is the Seize contention wait
bucket.

The cumulative time spent in this single on-going seize wait is
12,852,389 microseconds.

The interval size in this collection is 10 seconds.

The in progress wait shown at the end of interval 146 in the
QAPYJWSTS file is 2,912,253 microseconds, which reveals that
interval 147 was slightly less than 10 seconds.

There is no way to determine the exact duration of interval 147, as the
only place that the start and end timestamps are stored is in the
QAPYJWTDE file and there is no record in that file for this interval and
task count.

The task count is in idle status (I) as it used 0 CPU in this interval. The
current wait type (ENUM) is 102, which is a shared seize’ (from the
QIDRWCH/QAIDRJWENM file). Again, this reveals that this is some
sort of seize-related wait. Checking the wait bucket file
QSYS/QAPYJWBKT for ENUM 102, we see that this ENUM is
associated with wait bucket 15, which is the Seize contention wait
bucket.

The cumulative time spent in this single on-going seize wait is
14,662,648 microseconds.

The interval size in this collection is 10 seconds.

The in-progress wait shown at the end of interval 157 in the
QAPYJWSTS file is 4,635,844 microseconds.

The task count is in idle status (I) as it used 0 CPU in this interval. The
current wait type (ENUM) is 102, which is a shared seize (from the
QIDRWCH/QAIDRJWENM file). Once again this reveals that this is
some sort of seize-related wait. Checking the wait bucket file
QSYS/QAPYJWBKT for ENUM 102, we see that this ENUM is

270 IBM iDoctor for iSeries Job Watcher: Advanced Performance Tool



associated with wait bucket 15, which is the Seize contention wait
bucket.

The cumulative time spent in this single on-going seize wait is now
24,663,345 microseconds, as this individual wait has now spanned
two 10-second intervals.

The in-progress wait shown at the end of interval 157 in the
QAPYJWSTS file is 4,635,844 microseconds. If you deduct this from
the cumulative wait the answer is approximately 20 seconds or two full
intervals of wait time (no interval is precisely 10 seconds).

You can now determine what happened in interval 178, as it is similar to interval 147, but with
a different low-level seize wait in progress.

Job run/wait profile: how to fill in blank intervals

Restriction: The functionality described in this section became publicly available during
1Q 2005 in an update to iDoctor for iSeries Job Watcher, available at:

https://www-912.ibm.com/i_dir/idoctor.nsf/

This topic is based on an early driver of this new-in-2005 function and assumes you have
installed this update on your iSeries system.

The Job Watcher developers are providing the capability to fill in any blank intervals on the
Job run/wait time signature graphs and to correctly represent the worst types of waits on the
Collection overview time signature graph.

This capability is evoked through the GUI as shown in Figure E-5 on page 272, by selecting
the Create idle threads graph files option.

Tip: If you want to compare the original collection values with the possible gaps to an
adjusted one produced by Create idle thread graphs files function, first copy your collection
to a new library where it is the only Job Watcher collection before you run this function.

No original data is lost or adjusted. This is because the Create idle thread graphs files
function creates new files and uses them instead of the originally collected files:

> QAIDRJWIG2
» QAIDRJWISO
» QAIDRJWIS2

In our example, we copied the collection to a new, empty library called FILLEDWAIT.

We did this because after the Create idle thread graphs files function completes, the new
QAIDxxxx files are automatically identified by Job Watcher and used for graphing purposes.
New file QAIDRJWIG2 is used by the GUI for graphing job run/wait signatures instead of
QAPYJWTDE, so you cannot compare the “before-running-this” and “after-running-this”
versions of the same graph unless you first have copied the collection to another library.

Another of the created files, QAIDRJWIS2, is used by the GUI for interval summary graphs.
This file not only fills the wait gaps but also speeds up the graphing process as all the detail
records no longer have to be queried.
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Figure E-5 Running the interval filler

This option submits job name QCRTWCHSUM to batch that runs the CRTWCHSUM
command.

When the create graph files function has completed, you receive the confirmation message
shown in Figure E-6.

@ Job Watch summarization submitted \I:P

A command has been submitted Lo create information about the idle threads for the curent job
watch. Thiz information will be uzed to produce more complete rundwait zignature graphs.

The command was:

QS5YS/SEMIOE CMD[DIDRWCHACRTWCHSUM FRMWCHMER(TT]
FRMWCHLIB[DHT 1) GPHPREP[FGPH3] 1JOBECRTWCHSLUM]

JOED Q1D RwEH/QAWEHIOE] JOBQRGPL/QIDRSW) IMLLIBLFCURRENT]
RTGDTA['DWCHIOB')

Figure E-6 Interval Filler confirmation message

When the CRTWCHSUM command has completed, it has created the following new files in
your collection library:

» QAIDRJWIG2 - CRTWCHSUM Interval graph record file
» QAIDRJWISO - CRTWCHSUM Control file
» QAIDRJWIS2 - CRTWCHSUM Interval summary file

The Job Watcher graphing support for intervalized wait signatures, such as the Collection
overview time signature and the Job run/wait time signature, will always use these new files
instead of the QAPYJWTDE file whenever the collection member exists in these files. This is
why we copy the collection to a new, empty library before running the CRTWCHSUM
command, so that we can compare the before and after graphs.
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Before and after graphs for filled blank interval support

We compare the Collection overview time signature graphs in Figure E-7.

» The graph at the top of the figure shows the collection-wide wait profile for our data when
the CRTWCHSUM command has not yet been run.

» The graph at the bottom of the figure shows the collection-wide wait profile for the same
data after the CRTWCHSUM command has been run.
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Figure E-7 Filled blank waits comparison: Collection overview time signature

Notice that the seize wait time in intervals such as 147, 158, 159, and 161 is now correctly
represented in the lower graph.
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We next compare the Job run/wait time signature graphs in Figure E-8. The top graph shows
the intervalized wait data before the CRTWCHSUM command is run. The bottom graph
shows the intervalized wait data after the CRTWCHSUM command is run.
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Figure E-8 Filled blank waits comparison: Job run/wait time signature

Notice that the seize wait time in intervals such as 147, 158, 159, and 178 is now correctly
represented in the lower graph.

Job Watcher limitations

Job Watcher is a sampling tool, not a tracing tool, so there are limitations to what it can see at
the time of writing this publication. The Job Watcher developers are aware of these limitations
and will be addressing them in future releases.

How many jobs on the system?

Tools such as Collection Services “see” all jobs on the system, irrespective of whether those
jobs last 2 hours or 2 seconds. Job Watcher, however, only records data for a job if the job
existed for at least two consecutive snapshots during a Job Watcher collection.

Consider Figure E-9 on page 275.
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Shapshot 2 Snapshot 3  Snapshot 4 Snapshot 5

Interval 2 Interval 3 | Interval 4

Job A
«— >

Job B

Job C
< >
Figure E-9 Jobs that Job Watcher may not see

For ease of discussion assume that jobs A, B, and C are all single threaded.

» Job A: This job starts and ends within a single interval and therefore is not known to the
Job Watcher collector at snapshot time. There will be no Job Watcher delta statistics
(CPU, DASD Operations, Waits, etc.) for Job A in either the QAPYJWTDE or
QAPYJWSTS files. There will be a count of the Job A type instances in the QAIDRJWIS2
file, field INTJBIANT - Interval Job Initiations and Terminations. It is a count, but Job
Watcher does not know the resources used when the Create idle thread graph files
option is taken as described for Table E-1 on page 259, Figure E-5 on page 272,

Figure E-6 on page 272.

Record type “I” will have a value in field INTJBIANT of file QAIDRJWIS2, representing
initiations and terminations counted, but not contributing to CPU, DASD, Wait, and so
forth, within interval statistics.

» Job B: This job starts in interval 2 and ends in interval 3. There are no delta statistics for
this job as it did not exist for at least two intervals. There will be one record in the
QAPYJWSTS file for this job for interval 2 and no records for this job in the QAPYJWTDE
file.

» Job C: This job starts in interval 2 and ends in interval 4. There are delta statistics in
QAPYJWTDE for this job only for interval 3. There will be one record in the QAPYJWSTS
file for this job with a TDESTATUS field value of T for interval 4.

The Job Watcher statistics for jobs A, B, and C will never match those collected by Collection
Services, performance trace tools such as Performance Explorer (PEX), or printed and
displayed by the Performance Tools for iSeries licensed program. Remember, Collection
Services and PEX record all jobs started, running, or stopped while they are running.
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We have seen Job Watcher data from customer systems that have many jobs that start and
end within a very short time period. Knowing about this limitation could dictate the collection
interval duration that you would choose to use (short duration intervals would capture more
short-lived jobs), as well as whether to run Collection Services along with the Job Watcher
collection.

From a Job Watcher view, you can detect that many more jobs and threads have been started
and completed than shown in its graphical reports or your own queries, by querying the Job
Watcher file QAPYJWSTS file produced by Job Watcher’s collection.

You can check the maximum task count number per interval. Although job numbers are not
assigned in numerical sequence, task count numbers are.

Run the query in Figure E-7 against the QAPYJWSTS file to see:

» The highest task count number in use by interval
» The total number of unique task counts in use during that interval

Example: E-7 Finding spikes in job creation activity

SELECT interval,

max (taskcount) as maxtaskcount, count(distinct(taskcount))
as different_taskcounts

FROM gapyjwsts

GROUP BY interval

ORDER BY 2 desc

This query produces results similar to those shown in Example E-8. You should consider
running Collection Services and producing reports on the associated performance database
files to corroborate the Job Watcher output.

Example: E-8 Job creation or termination activity results

MAXTASKCOUNT ~ DIFFERENT_TASKCOUNTS

Interval
number
1,176 517,250 12,578
1,175 517,219 12,574
1,174 517,196 12,570
1,173 517,171 12,569
1,172 517,140 12,566
1,171 517,118 12,569
records removed for brevity
445 500,803 10,068
444 500,789 10,063
443 500,759 10,048
442 500,744 10,048
441 500,705 10,027
440 500,663 9,999
439 500,608 9,977
438 500,582 9,982
records removed for brevity
9 488,434 13,920
8 488,272 13,903
7 488,118 13,893
6 487,971 13,891
5 487,829 13,892
4 487,670 13,887
3 487,516 13,883
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487,192 13,864
1 486,751 13,854

This collection was for 2 hours with 10-second intervals.
Notice that the maximum task count has increased by 30,000+ between intervals 1 and 1176.

This indicates that there is a very large amount of job create/delete activity (start/end) on this
system.
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Glossary

Dispatched Time. The term used to represent both the
time a thread or task has been dispatched to run on a
processor but not yet actually using the processor (ready
to run but waiting for a processor) plus the time the thread
or task actually was running in the processor. There is no
actual metric that measures the separate time of
“dispatched to a processor but waiting to use it” The book
discusses other Job Watcher metrics or graphics that
indicate that threads or tasks have been waiting for an
available processor, just not the length of time.

Thread. A separate and unique flow of control within a
job. A thread runs a procedure asynchronously to other
threads running within the job. The term thread is an
above-TIMI term; the LIC actually uses the term task
count.

A single job can have one or many threads. It always has
one single primary thread (also called an initial thread)
and may have zero to many secondary threads.

The work performed by a job is the sum of work performed
by all threads within that job plus the work that is done for
that job by other system tasks or jobs.

A LIC task does not have threads.

Task count. A unique numeric identifier assigned by the
microcode to every “dispatchable unit of work.” Every
job-thread and LIC task has a unique task count value,
assigned in ascending sequence, starting when the
system or partition is IPLed (started or activated). A task
count value is unique within a partition while that partition
is active.

A task count is associated with a TDE (see following text),
which is a control block representing an individual task or
individual thread within a job. Within a job, there is one
task count that represents the primary thread and zero to
many unique, different task counts that represent each of
any secondary threads.

Note that at the microcode level each task count has a run
priority that was either established at the operating system
level (such as via the job’s run priority parameter) or
according to microcode implementation requirements.
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TDE. (Task Dispatcher Element) An LIC control block
that anchors every dispatchable unit (thread or task) to be
run in the system. The tasking component of the iSeries
system uses the TDE when dispatching) work (assigning
work to run on a processor. Note that many of the
performance metrics are scoped to a thread or task in a
TDE and harvested by Job Watcher from the TDE.

In the context of this book, a TDE is associated with a
single thread of a job or a single LIC task.

The TDE contains both the task count and the accounting
data necessary for running the thread or task in priority
among other threads/tasks and for basic performance
analysis.

Snapshot. A Job Watcher collection sample of the
selected job-threads and tasks.

Interval. The delta time between snapshots. An interval
number is stored in Job Watcher files for chronological
sequencing. The interval size is based on the data
collection interval selected.

Eye Catcher. A four-character (three meaningful
characters followed by a blank character) short
description acronym indicating an individual type of
low-level wait status of a job, thread, or task within the
system. It may or may not indicate why the job is not
progressing.

For example, an eye catcher of Rex represents a wait for
a request for an exclusive seize and has an ENUM of 101.

ENUM. How the system internally identifies an
individual type of low-level wait.

A single ENUM has only one eye catcher; however, a
single eye catcher may be associated with several
different ENUMs.

An ENUM is also known as a block identifier (where block
is used as in “blocking the path”).

Wait bucket. A bucket number is also known as a
bucket identifier, wait bucket, block bucket, or queueing
bucket identifier.

There are 32 separate bucket identifiers for every
job/thread and task on the system.

Each bucket identifier has two parts, counts, and
durations.

At Version 5 Release 3 there are 199 different ENUMSs,
each of which represents an individual low-level wait.
These 199 ENUMSs are mapped into the 32 buckets,
hence the counts and durations of several related ENUMs
are mapped into the same bucket. This grouping into
buckets is done to minimize overhead of extra information
being stored in the TDE.
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Related publications

The documentation listed in this section are considered particularly suitable for a more
detailed discussion of the topics covered in this redbook.

IBM Redbooks

For information about ordering these publications, see “How to get IBM Redbooks” on
page 282. Note that some of the documents referenced here may be available in softcopy
only.

» Maximum Performance with WebSphere Application Server V5.1 on iSeries, SG24-6383

» Striving for Optimal Journal Performance on DB2 Universal Database for iSeries,
SG24-6286

Online resources

These Web sites and URLs are also relevant as further information sources:

» Primary iDoctor for iSeries Web sites
Main: http://www.ibm.com/eserver/iseries/support/i dir/idoctor.nsf
Downloads: https://www-912.ibm.com/i_dir/idoctor.nsf/downToadsV5R3.htm1

» IBM @server iSeries Information Center Web site
http://publib.boulder.ibm.com/infocenter/iseries/v5r3/ic2924/index.htm

At this Web site, select the iSeries i5/0S release level and language. On the initial page
you can expand the left navigation area. Search for the topic you are interested in and
expand it. Examples include:

— Performance tools

In the main window, search for performance to find information about the Performance
Tools for iSeries Licensed Program.

— Programming
Expand Java. One of the elective topics is Java platform. Select one of the articles.
— SQL Performance

The easiest way to find the PDF iSeriesDB2 Universal Database for iSeries Database
Performance and Query Optimization, is to select the center link for Printable PDFs
and manuals and then search on performance.

» iSeries Performance Management Web site
http://www.ibm.com/eserver/iseries/perfmgmt

Select Resource Library. Look under the various headings, such as Performance Papers
and Articles. You can select one of several different links, such as one labelled Tips and
Tuning WebSphere and Java applications.

» Job Watcher trial version
https://www-912.ibm.com/i_dir/idoctor.nsf/JWTrialAgreement.html
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How to get IBM Redbooks

You can search for, view, or download Redbooks, Redpapers, Hints and Tips, draft

publications and Additional materials, as well as order hardcopy Redbooks or CD-ROMs, at
this Web site:

ibm.com/redbooks

Using the SQL examples in this redbook

We have purposely shown most of our example SQL statements in this book in Example
type figures. If you have Adobe Reader to read the PDF, you can easily copy and paste the
SQL example to some text editing tool, such as Microsoft® Word, or to an actual SQL
interface, such as Job Watcher’s Data Viewer - SQL Query view interface.

For the PDF of this redbook, go to:
http://www.redbooks.ibm.com/
Search for SG24-6474 for a link to the PDF.

IBM Support and downloads

ibm.com/support

IBM Global Services

ibm.com/services
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LDIO commit count 217
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QAPYJWSKJB file 204
QAPYJWSAQL file 129, 135-136, 203
QAPYJWSAQLO file 203
QAPYJWSAQLP file 203
QAPYJWSTK file 141
QAPYJWSTS file 202
advanced analysis 269
QAPYJWTDE file 135-136, 153, 202, 267
advanced analysis 268
and blank intervals 268
cumulative statistics 208
delta statistics 208
fields 208
QAPYJWxxx file names (replacing QPYRTxxx) 53
QAYPETDE file 144
QAYPYJWAIHP file 204
QAYPYJWSKTC file 204
QAYPYJWSAQLH file 203
QAYPYJWSTK file 203
qgcount13 (journal serialization wait bucket) 153
QCRTWCHSUM job 272
QDBGET 216
QDBGETDR 216
QDBGETKY 216
QDBGETM 216
QDBGETMQO 216
QDBGETSQ 216
QDBGETSQQO 216
QDBPUT 216
QDBPUTDR 216
QDBPUTM 216
QDBPUTMX 216
QIDRGUI library (replaces QYPBAS) 53
QIDRJW 76
QIDRJW subsystem 78
QIDRJWENM file 204
QIDRWCH library (replaces QPYRTJW) 53
QPFRADJ system value 105
QPRCMLTTSK system value 35
QPYRTJW library 53
QPYSWJOB 78
qgtime01 (dispatched to CPU time) 154
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Query definition interface 134, 222
Query Definition window 236
query definitions, working with 233
querying Job Watcher data 222
queueing bucket identifier 25, 201
queueing bucket identifier mapping 204
queuing primitives 32

Quick view tab 90, 97
QWCHJOB 78

QYPBASE library 53
QYPSPFRCOL 14
QZDASOINIT jobs 69

R

RCOUNT - Interval or QRECN (or *ALL) (RTVSTKDTA

command) 251
real-time performance tools 6
record selection 228
REDBOOKDH library 140
Redbooks Web site 282
Contact us x
reports and graphs
example 1 85
example 2 94
Resource report 15

Retrieve Call Stack Data command 141, 170, 250

Retrieve Stack Data command 119

Reuse these settings option 227

root finder analysis 186

root finder collection 187

root finder time limit 188

RPG 118

RSTJWCOL command 249

RTVSTKDTA command 119, 141, 170, 250
Run/wait signature for a job graph 267

S

sampling - Job Watcher 99

sampling based performance tool - Job Watcher 29

sampling tool

Job Watcher 120
saving your new query definition 232
SAVJWCOL command 249
SBMJOB 119
secondary Y-axis 240
Seize contention graph 87
seize time in microseconds 211
seize wait time 273
seizes 5
Select fields option 79
Select specific jobs and tasks option 63
SELECT statement 134, 235
selecting specific jobs and tasks 64
Series Navigator SQL Performance Monitor 140
service programs 118
shared seize 201
Simultaneous Multi-threading (SMT) 22
simultaneous multi-threading (SMT) 34
snapshot 24, 201, 258

sockets communication data collection option 62
Sort By tab 228

specific jobs and tasks, Job Watcher option 64, 163

SQL 60, 102
analysis example 127
example of ENUMs 204
numeric data truncation 153
performance 126
performance monitors 11
SQL statement query 137
SQL CREATE table 134
SQL Query view 134, 222, 233
SQL Query view interface (Data Viewer) 134
SQL statement in progress 214
SQL statements
active 127
and host variables collected by Job Watcher
most popular 139
most popular by task count 140
SQL Visual Explain 11
SSTAR technology 33

Start Performance Collection (STRPFRCOL) 9, 14

Start Performance Tools (STRPFRT) 14
Start Service Tools (SST) 172
STKMBRNAME (RTVSTKDTA parameter) 251
stop option 78
STRDBMON 11
STRJRN JRNCACHE parameter 145
STRPFRCOL command 14
STRPFRT 14
STRPFRTRC

Start Performance Trace 10
Subsystem (Job Watcher option) 72
Summarize (Job Summary option) 84
SWIN task status 263
Switched Available for Dispatch (SWAFD) 267
Switched In (SWIN) 266
Switched Out Queue (SWOQ) 266
SWOQ task switch out status 263
Synchronous 211
synchronous database reads 210
synchronous database writes 211
synchronous non-database reads 211
System monitor 9
System report 15
system-level tools 6

T
task count 71, 90, 148, 170, 200
24,200
task count number 276
task count state changes 266
task dispatchable unit priorities 218
Task Dispatcher Element
TDE 24,200
task ID 200
task name 68
TCOUNT (RTVSTKDTA command) 251
TDE 201
TDE definition 24

Index
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TDE status 215
TDETYPE T (thread) 209
tdeusecs (interval time) 153

Technology Independent Machine Interface (TIMI) 3, 23,

200
THRDSTATUS 209-210
thread ID 209
thread status 209-210
Threads using CPU this interval 167
time dispatched 33
Time Dispatched on a CPU (bucket 1) 114
time interval bars (Job Watcher graphs) 129
time limit reached 78
TIMI
See Technology Independent Machine Interface
total threads count for the job 216
total time in current wait in microseconds 213
totcountnn, tottimenn fiields in QAPYJWTDE file 154
TOTSTMTCNT file/table 138
Transaction (Interval details) 98
Transaction report 15
True CPU Microseconds (useconds) Used 35
two gearsicon 78

U

Update history Web page 255

user space operations or index operations count 217
user-defined graphs 238

Using the SQL examples in this redbook 282

\'}

viewing Job Watcher data 78
virtual processor 34
Visual Explain 11

w
wait analysis 27
wait bucket 25, 29, 201

definitions for Job Watcher 30

disclaimer 32

journal serialization waits 153
wait bucket 1 - Dispatched time 33
wait bucket 10 - DASD (other reads or writes) 38
wait bucket 11 - DASD operation start contention 39
wait bucket 12 - Mutex/semaphore contention 40
wait bucket 13 - Journal serialization 40
wait bucket 14 - Machine level gate serialization 40
wait bucket 15 - Seize contention 41
wait bucket 16 - Database record lock contention 41
wait bucket 17 - Object lock contention 42
wait bucket 18 - Other waits 43

wait bucket 19 - Main storage pool overcommitment 43

Wait bucket 2
CPU queuing 35
wait bucket 2 - CPU queuing 35
wait bucket 20 - Java user (including locks) 44
wait bucket 21 - Java JVM 44
wait bucket 22 - Java (other) 45

wait bucket 23 - Socket accepts 45
wait bucket 24 - Socket transmits 45
wait bucket 25 - Socket receives 45
wait bucket 27 - IFS pipe 46
wait bucket 27 - Socket (other) 46
wait bucket 28 - IFS (other) 46
wait bucket 29 - Data queue receives 46
Wait bucket 3 - Total block time 36
wait bucket 30 - Ml queue (other) 46
wait bucket 31 - Ml wait on events 47
wait bucket 32 - Abnormal contention 47
Wait bucket 4 - Reserved 36
Wait bucket 5 - DASD (page faults) 36
Wait Bucket 6 - DASD (non-fault reads) 37
Wait bucket 7 - DASD space usage contention 37
Wait bucket 8 - Idle/waiting for work 37
Wait bucket 9 - DASD writes 38
wait bucket definitions 30
Wait buckets tab 104
wait component computation 26
Wait graphs by job 110
wait object name 213
wait points 32
waits at LIC microcode level 29
waits for asynchronous writes 211
waits that span multiple intervals 267
watch name 78
WCHJOB command 199, 202, 242
WCHLIB - Watch library name 250
WCHLIB (RTVSTKDTA command) 250
WCHMBR - Watch member name 250
WCHMBR (RTVSTKDTA command) 250
wizard

Job Watcher collection wizard 56
work file TOTSTMTCNTcleanup 140
Work with Active Jobs (WRKACTJOB) 2
Work with Disk Status (WRKDSKSTS) 2
Work with System Activity (WRKSYSACT) 17
Work with System Status (WRKSYSSTS 172
WRKACTJOB command 7, 12, 17, 160
WRKDSKSTS command 7
WRKSYSACT command 7, 12, 17, 19, 34, 160
WRKSYSSTS command 7

X
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