9/26/17

Cognitive Wstems©

IBM i Performance Tools for
Application Developers

Dawn May —
@DawnMayiCan

© 2017 IBM Corporation

Cognitive Systerrs©

Performance Disclaimer

*  “itdepends ...”
* Performance information and recommendations in this presentation are based on
measurements, analysis, and projections ina controlled environment for specific
performance workloads.

Your results may vary significantlyand are dependent on the applicationand
configuration.

This information is provided along with general recommendations for you to better
understand system performance.

Informationis provided *AS IS* without warranty of any kind.
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Agenda

¢ Brief Overview

* Introduction to IBM i Wait Accounting

* Performance Data Collectors
— Collection Services
— Job Watcher

— Performance Explorer

* Performance Data Visualization and Diagnostics
— Performance Data Investigator
— iDoctor

*  Examples

© 2017 IBM Corporation
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Keep Current on PTFs

i;{ It’s always good practice to keep current on the latest fixes from IBM

* PTFs address defects

* PTFsintroduce new capabilities
— IBM iTechnology Refresh Updates
— IBMiGroup PTFs
* Database
* Performance tools
* Java
* HTTP Server
— HTTP Server Group PTF for latest Navigator for i functionality
— PTFs for performance data collectors
* Collection Services, Job Watcher, Disk Watcher, Performance Explorer

©2017 IBM Corporation
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Performance Instrumentation and Data Collection

The Advantage 1

* IBM develops the software stack, top to bottom

— Instruments the software with component-specific performance metrics

* |IBM develops the performance data collectors that harvest those performance metrics

* IBMihas anintegrated database — DB2
— This is a BIG DEAL

— Performance data is stored in the database automatically
* No “add on” application is necessary —it’s all in the Operating System

* IBM provides the graphical analysis tools
— Analysis of the performance data in the DB2 files using SQL

o2017BMCorporad  IBM i has the best performance instrumentation and data collection capabilities in the industry! 6
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Performance Instrumentation and Data Collection

Analysis applications mine this data

Metric data is stored in DB2 files

Performance Collectors harvest metric data

Operating System Components identify and save metric data

© 2017 IBM Corporation

Introduction to Wait Accounting

Cognitive S\/stems©
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Performance Fact

“All computers wait at the same speed”

© 2017 IBM Corporation

)
Cognitive Systems =

What is Wait Accounting?

Wait Accounting is the ability to determine what a job is doing when itis not running

<k

y

Y i Exclusive! Patented technology builtinto IBM i.
PR

©2017 IBM Corporation
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Wait Accounting Overview
*  When ajob is not running (i.e., not using CPU), itis waiting

* But what is it waiting for?

e Waits maybe normal, some waits are not normal

* Wait Accounting helps to determine what the wait is and if it is a problem

* IBMi hasinstrumented most of the key wait conditions

— Wait information is automatically collected by
Collection Services and Job Watcher

© 2017 IBM Corporation
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Wait States

* Waitinformationis tracked for each job, thread and task on system
* Ajob/thread/taskisin one of three states:

—— Using CPU

» “Dispatched CPU”
Assigned to a virtual processor so it can begin execution of instructions

— Waiting for CPU

¢ “CPU Queuing”
Ready to use processor, but waiting for it to become available

— Waiting for something else...

e |dle waits

o Blocked waits —_— These \A{aits ar‘e typically the most
\lnterestmg waits to focus on

©2017 IBM Corporaion
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Types of Waits

Idle waits

— Typically anormal wait condition; for example:

Waiting for the “Enter” key to be pressed on a 5250 display session
Waiting for data from the network

* Blocked waits

— Waitsthat occur while performing a work request

— Blocked waits are are what we want to look at more closely

© 2017 IBM Corporation
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Wait Accounting - Buckets

Wait Buckets = “Wait condition groups” instrumented in the operating system.
waiting)
Categorized into 32 buckets

Buckets found in both Collection Services and Job Watcher data

Waits can beviewed at a system-level or at an individual job/thread/task level
Can also be grouped by generic job name, subsystem, user profile, pool ID, etc.

14424444441

©2017 IBM Corporation

Buckets can then be analyzed to determine where a job is spendingit’s time (running or

14
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32 Wait Buckets

Time dispatched on a CPU
CPU queuing

Reserved

Other waits

Disk page faults
Disk non-fault reads
Disk space usage contention
Disk operation start contention
Disk writes
. Disk other
. Journaling
. Semaphore contention
. Mutex contention
. Machine level gate serialization
. Seize contention
. Database record lock contention
. Object lock contention

CO NGO rON=

[ i N Qi G G G Y
Nouh~AWN=_20

18.
19.
20.

Ineligible waits
Main storage pool contention
Classic Java™ user including locs (to 6.1)

— (7.2) Joumal save while active

. Classic Java JVM (up to 6.1), now reserved

. Classic Java other (up to 6.1), now reserved
. Reserved

. Socket transmits

. Socket receives

. Socket other

. IFS

. PASE

. Data queue receives

. Idle/waiting for work

. Synchronization Token contention

. Abnormal contention

http://public.dhe. |bmcom/serwces[us[|gsc/|doctor/Job Waits Wh|te Paper 61 71.pdf

© 2017 IBM Corporation
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Wait Accounting —

“Run-wait” signature

Applying the concepts of wait accounting, we are now able to identify the amount of time the thread/task

was running and the time the thread/task was waiting.

Consider the following:

Batch job with total run time of 6 hours

Run-wait signature

©2017 IBM Corporation

Elapsed time 6 hours (360 mins)

Wait
170 min

16
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Wait Accounting — “Run-wait” signature

Wait breakdown

170 minutes

Potential for job to complete sooner if
waits can be eliminated

v

Disk Page Fault Time Disk Writes Journal DB Refmrd
100 mins 30 mins 15 mins Fecking
15 mins
pe)
Now you can start asking questions such as: .
* Aremy pool sizes appropriate? What objects is the faulting occurring on?
» s the write cache being overrun? Is the application forcing writes out synchronously?
* Are all the journals optimally configured? Are unnecessary objects being journaled?
*  Am |l locking records or objects unnecessarily?
©2017 IBM Corporaion 17
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Metrics related to components of wait time
Disk reads Disk writes Record Journal
Locks
~ 3,523 17,772 355 5,741
—’ 42 sec 73 sec 45 sec 44 sec
Avg time  0.012 sec 0.004 sec 0.126 sec 0.007 sec
per wait : Disk Page
Disk Page Faults ., |cois Time
(Seconds)
= Tools capture this level detail
9080 15.86
= Useful to know both counts and time - 252
3124 1.22
1071 0.65
2939 1.36
©2017 IBM Corporaion 18
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Why developers should leverage wait accounting!!

*  Helps you understand application characteristics
— Isit CPU bound? I/O bound?

*  Helps you to understand where to focus your effort and investment
— Is there abottleneck on CPU, Memory, I/O, Contention time?
— Invest resources where greatest benefit will be

* Can offerinsight into potential performance issues before end-users are affected
— Can leverage aspects of wait accounting in test environment
* Eliminate surprises
* Identify bottlenecks that prevent scaling

*  Provides valuable clues to help analyze performance issues as they arise

* Instrumentation part of base IBM i operating system, IBM tools available to help you analyze
© 2017 IBM Corporation
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Common Waits that Applications use

* Disk Waits

* Semaphores, Mutexes, Synchronization Tokens
* Journaling

* Database record locks

* Object locks

¢ Sockets

©2017 IBM Corporation
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A few other things to know about waits...

* Some waits are “expected” and others “unexpected”
— Arecord lock may be expected, but one that lasts for avery long duration is unexpected

* If waits can be reduced or eliminated, CPU can be used more efficiently
* One wait may be reduced/eliminated, only to have another wait surface

* Likely won’t be able to remove all wait times

*  When is a wait “bad”?
— Istherea business impact? Are users complaining?
— “lItdepends” but waits more than 25% of run time may need additional analysis

© 2017 IBM Corporation
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Tools for analyzing Wait Accounting information

©2017 IBM Corporaion 22
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Wait Accounting - IBM i Performance Data Collectors

* Collection Services
— Collects dataautomatically 24 X 7 at specified intervals (typically 5 or 15 minutes)

— System and job level data I

— Starting point!

* Job Watcher
— Needs to bestarted/stopped (typically 5 or 10 second intervals)

— Additional detailed data such as call stacks, object waited on, holder
— Frequently needed to solve performanceissues

©2017 IBM Corporaion 23
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Performance Data
Collection vs Visualization

* The performance data collection capability is built into the operating system

— Everyone can collect all types of IBMi performance data

* The visualization of the data mayrequire additional products
— Visualizationis the display of charts or tables of performance data

— The Performance Data Investigatoris part of the operating system

* Everyone can visualize Collection Services data /

©2017 IBM Corporaion 24

12



9/26/17

)
Cognitive Systems =

Two Graphical Analysis Tools

e Performance Data Investigator—Job Watcher & u. &

Actions ¥

— Req uires 57xx-PT1 —Job Watcher feature [} Product ID Product Option | Release Description
3V ...] 40of 117 items shown. Clear filter
] 0000 V7R2MO 1BM Performance Tools for | - B
— Geared to average user @ovom oo VIRMO  peformonce Tools - Monager Feaure

[ 5770pT1 0002 V7R2MO Performance Tools - Agent Feature
| [¥s770em1 0003 V7R2MO Performance Tools - Job Watcher I

¢ iDoctor —Job Watcher
— IBM i Service offering, yearly license by serial number
— Geared to advanced user

©2017 IBM Corporaion 25
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Wait Accounting IBM i Graphical Analysis Tools

» Two powerful graphical tools to help make your analysis more
efficient and productive:

Performance Data Investigator (PDI)

e Component in IBM Navigator for i (browser-based)
¢ Nothing to install, can view Collection Services for free
¢ http://www.ibm.com/developerworks/ibmi/library /i-pdi/index.html

IBM iDoctor for IBM i

* Microsoft Windows based client

* Requires Job Watcher yearly license to see Collection Services data (IBM Service offering)
e https://www-912.ibm.com/i dir/idoctor.nsf

©2017 IBM Corporaion 26
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Wait Accounting IBM i Graphical Analysis Tools

» Both graphicaltools sit on top of same rich IBMi instrumentation, but not equivalentin
presentation andfunction

< PDI

|
iDoctor -> | | .,.|,:ii|||||m“||| | i

Time (seconds)

i

© 2017 IBM Corporation
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Wait Accounting Analysis Strategy

* Understand the “big picture” first
— Understand overall partition characteristics first and where system bottlenecks may be
that affecting your application

Waits by Job or Task

— Typically done using Collection Services data Waits by Generic Job or Task
Waits by Job User Profile

- Drl ” dOWn tO Job |eVe| Waits by Job Current User Profile
Waits by Pool

— Waits can beanalyzed in various useful ways: T By St
Waits by Server Type

Waits by Job Priority

* Continue detailed analysis ata Job Level using Job Watcher
— Narrow focusto interesting timeframes / jobs
— Many morejob level details available

©2017 IBM Corporaion 28
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Using Performance Data Investigator (PDI)

* IBMNavigatorforiisthe Web console for managing IBMi
— Has much of the function as System i Navigator

* but with a browser user interface

— Simply point your browser to http://systemname:2001

IBM. Navigator for i

" —

. Welcome to the IBM Navigator for i About Console

1BM Navigator for i provides an easy to use interface for the web-enabled IBM i management tasks, including all
previous IBM i Navigator tasks on the web, and 2001 port tasks.

Expand IBM i in the left-hand igation area to get started.

To see the pravious version of the 2001 port tasks and where they are located now, click below.

WWre ok Page

©2017 IBM Corporaion 29

)
Cognitive Systems <

PDI Wait Accounting Perspectives - Where to start

B Performance

Bl Investigate Data
Investigate Data Search
Health Indicators
Monitor

Collection Services
CPU Utilization and Waits Overview

CPU Utilization by Thread or Task
Resource Utilization Overview

I Option 1: CPU Utilization and Waits Overview
| B was | — Combines related waits into higher level buckets

Waits Overview

Performance -> Investigate Data -> Collection Services:

Seizes and Locks Waits Overview
Contention Waits Overview

Disk Waits Overview

Journal Waits Overview

Classic JVM Waits Overview

All Waits by Thread or Task Option 2: Waits over\liew

Waits by Job or Task
. - “" 4 H
Walt by Generic Job or Task — Allindividual “blocked” wait buckets shown
Waits by Job User Profile
Waits by Job Current User Profile
Waits by Pool
Waits by Subsystem
Waits by Server Type
Waits by Job Priority

Collection
Collection Library  Collection Name
[QPFRDATA  ~] [Q201000002 (*CSFILE) - Jul 20, 2015 12:00:02 AM ]

©2017 IBM Corporaion 30
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System “run-wait” signature
CPU Utilization and Waits Overview

CPU Utilization and Waits Overview

X ™ @ il L

16,000 45

Time Seconds)
Qui)J;J) uo;lﬁz!l!ln nJ:)

o
12:15 AM  2:15 AM 415 AM  6:15 AM  8:15 AM 10:15 AM 12:15PM 2:15 PM
Date - Time

415PM  6:15PM  8:15PM 10:15 PM

M Dispatched CPU Time Il CPU Queuing Time I Disk Time
B Journaling Time I Operating System Contention Time B Lock Contention Time
M neligible waits Time — Partition CPU Utilization

* Achart that combines CPU utilization as well as the wait buckets can be very beneficial in assessing the health of your
partition
* In this chart, we can see that the majority of the time, the jobs were spending time in CPU as well as in Disk. Minor

amounts of Journal wait time and operating system contention time are also present. o

Cognitive Systems Q)

CPU Utilization and Waits Overview

Drilldown analysis ) - e . . .
Because Disk wait time was fairly significant, drilldown to Disk Waits Over

--- Select Action --- ¥ . . . .. . . . . .
sl view to further examine the detailed waits contributing to this time:

Waits Overview

Seizes and Locks Waits Overview Disk Waits Overview

Contention Waits Overview m VE=RSUEW| ‘

Disk Waits Overview

7,000 45

6,000

@
°
S
s

Time Geconds)
Quariag uonezinn ndd

#AM  815AM 10:15AM 1215PM 215PM  415PM  6:15PM  815PM  10:15PM
Date - Time

[ Disk Non-fault Reads Time Il Disk Space Usage Contention Time
I Disk writes Time [ Disk Other Time

We can see that Disk Page Fault time is the biggest contributor to Disk Time.
(A job needed something in memory, it wasn’t there, had to do an |/O to bring it into memory before

job could continue running).
©2017 IBM Corporation 32
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Waits by Job or Task

The next question likely would be which job(s) are incurring this wait time. Drilling
down further, we can see the list of jobs incurring this wait time:

1 Waits by Job or Task

All Waits by Thread or Task
Disk Waits by Job or Task 3 IE 2 aH

=~ Waits by Generic Job or Task

Time Geconds)
Q Q S Q QS )
& @ W @
AY 28 Y A oY (P

‘\«@Q s-°°° q«@g
JOB0000075/USR0001589/759725
JOB0000072/USR0001589/782648
JOB0000331/USR0002630/908612
JOB0001881/USR0002630/759896

« JOB0012115/USR0002630/760307

£ JOB0012222/USR0002630/909136

Z JOB0001520/USR0002291 /798691

S JOB0011409/USR0011394 /783370
JOB0000239/USR0002291 /784661
JOB0006924/USR0001879/782675
JOB0005586/USR0001879/828442
JOB0000075/USR0001589/782649

B Dispatched CPU Time W CPU Queuing Time
M Disk Page Faults Time M Disk Non-fault Reads Time
B Disk Space Usage Contention Time M Disk Op-Start Contention Time

This type of chart can also be used to understand a job(s) “run-wait” signature.

© 2017 IBM Corporation
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Efficient System with Little Waiting

CPU Utilization and Waits Overview

ymemaE

Primarily Dispatched CPU Time

7,000 90
6,000 - i
70 g
~ 5,000 -
2 60 5
S 4,000 Ls0 5
@ =
2 3,000 40 S
£ 303
2,000 - a
|
1,000 - i 10
0 0
6:15 AM 8:15 AM 10:15 AM 12:15 PM 2:15 PM 4:15 PM 6:15 PM 8:15 PM
Date - Time
B Dispatched CPU Time I B CPU Queuing Time B Disk Time
Journaling Time . Operating System Contention Time - Lock Contention Time
. Ineligible Waits Time = Partition CPU Utilization

© 2017 1BM Corporation
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Processor Bound System

Dispatched CPU

CPU Utilization and Waits Overview -+
3@ el E CPU Queuing
7,000 100
6,000 | /
80 g
5,000
g g
s 60 =
S 4,000 2
8 2
« 3,000 Lao 2
E 2
F 2,000 2
20 2
1,000
0 0
8:15 AM 10:15 AM 12:15 PM 2:15 PM 4:15 PM 6:15 PM 8:15 PM
Date - Time
Il CPU Queuing Time B Disk Time

| B Dispatched CPU Time

Journaling Time
B neligible Waits Time
© 2017 IBM Corporation

. Operating System Contention Time . Lock Contention Time

= Partition CPU Utilization

35
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/O Bound System

CPU Utilization and Waits Overview

el FH

16,000

/ Disk Time
80

14,000
12,000
10,000

8,000

6,000

Time GSeconds)

4,000
2,000
0
12:05 AM 12:35 AM

B Dispatched CPU Time

B Journaling Time

B 'neligible Waits Time
©2017 IBM Corporation

1:05 AM

|
I
4:05 AM

3:05 AM

B Lock Contention Time

|
1:35AM  2:05 AM  2:35 AM
Date - Time

B CPU Queuing Time
- Operating System Contention Time
= Partition CPU Utilization

Quadiad) uonezinn ndd

36
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/O — Further Investigation
Disk Waits Overview /

Disk Page Faults Wait Time

0
=
c
g g
=3 -
-] N
< 2,000 02
o Y = s.
o =
£ 1,500 30
[ ! ]
1,000 ' 202
] 2

500 ’ 10

0 0
1205 AM 12:35 AM  1:05 AM 1:35 AM 2:05 AM 2:35 AM 3:05 AM 3:35 AM 4:05 AM 4:35 AM
Date - Time
. Disk Page Faults Time I . Disk Non-fault Reads Time . Disk Space Usage Contention Time
Disk Op-start Contention Time I Disk virites Time B Disk Other Time

= Partition CPU Utilization

© 2017 IBM Corporation
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Lock Contention Time Bottleneck

CPU Utilization and Waits Overview

Lock Contention wait time

8,000 -
100
7,000 Q
(=
2 6,000 -80 S
c =
S 5,000 5
@ 60 2=
© 4,000 s
£ 3
£ 3,000 40 &
2,000 ;5,
1,000

8:20AM  850AM 920 AM  9:50 AM  10:20 AM 10:50 AM  11:20 AM 11:50 AM 12:20 PM

Date - Time
W Dispatched CPU Time B CPU Queuing Time B Disk Time
B Journaling Time [ Operating System Contention Time | B Lock Contention Time
. Ineligible Waits Time = Partition CPU Utilization
©2017 IBM Corporaion Job Watcher data is typically needed to solve lock related issues.

38
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Lock — Further Investigation

‘ --- Select Action ---» | ‘

Object Lock Contention
time

Waits Overview
Seizes and Locks Waits Overview

Seizes and Locks Waits Overview

Contention Waits Overview

/

1,400

1,200 B0
3

1,000 e
g g
s 800 5
g 8
e 5
« 600 3
£ 2
= o
400 2

=

<

N
e
o

8:20 AM

Date - Time
M seize Contention Time Database Record Lock Contention Tinge [ Object Lock Contention Time I

— Partition CPU Utilization

Job Watcher data will show object waited on, the holder, and call stacks for both

the waiter and the holder (example shown later on...)
© 2017 IBM Corporation 39
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Wait Accounting at a Job Level

Would this job benefit from additional memory?

Time Geconds)

° o s“‘“gg 2 o 1°‘°°° »Y B
PRICER/ISMITH/01062¢ I |
B Dispatched CPU Time B CPU Queuing Time B Disk Page Faults Time
B Disk Non-fault Reads Time B Disk Space Usage Contention Time B Disk Op-Start Contention Time
I Disk wirites Time M Journal Time M Machine Level Gate Serialization Time
. Seize Contention Time Database Record Lock Contention Time . Object Lock Contention Time
. Socket Receives Time B Main Storage Pool Overcommitment Time [l Abnormal Contention Time

©2017 IBM Corporaion 40
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Wait Accounting at a Job Level

Would this job benefit from additional memory? CPU? Disk?

Time Seconds)

o A % 0% S e
| 1 | 1 1 | |
QZDASOINIT/QUSER/128962 - 0000000000000005 <I -.‘
B Dispatched CPU Time B cPU Queuing Time B Disk Page Faults Time
B Disk Non-fault Reads Time B Disk Space Usage Contention Time B Disk Op-Start Contention Time
I Disk writes Time Journal Time . Machine Level Gate Serialization Time
B seize Contention Time Database Record Lock Contention Time] B oObject Lock Contention Time
. Socket Receives Time Main Storage Pool Overcommitment Time [Jl] Abnormal Contention Time

© 2017 IBM Corporation
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Wait Accounting at a Job Level

Would this job benefit from an improved I/O subsystem?

Time Seconds)

\J \J Q Q Q \] Q
‘&Q ’IQ ,,’Q D«Q c)Q QQ 16
| 1 L | L | 1
B Dispatched CPU Time B CPU Queuing Time B Disk Page Faults Time
B Disk Non-fault Reads Time B Disk Space Usage Contention Time B Disk Op-Start Contention Time
[ Disk wirites Time B Journal Time - Machine Level Gate Serialization Time
B seize Contention Time Database Record Lock Contention Time [l Object Lock Contention Time
. Socket Receives Time B Main Storage Pool Overcommitment Time [Jl| Abnormal Contention Time

©2017 IBM Corporation
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Job Watcher - Additional Benefits

Collects more detailed performance data than Collection Services
— Call Stacks
— SQL Statements
— Additional wait accounting information:

* Objects being waited on
* Holder of object

* More frequent intervals (seconds)
* Need to start/stop Job Watcher
— Navigator fori, iDoctor, green screen commands

* To seecharts in PDI, need Performance Tools LPP Job Watcher option (chargeable) or
iDoctor Job Watcher license for viewing in iDoctor

© 2017 IBM Corporation
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Job Watcher - Holders versus Waiters

* IBMi keeps track of who is holding a resource, and if applicable, who is waiting to
access that resource

— AHolderisthejob/thread/task that is holding the serialized resource
— A Waiteristhejob/thread/task that wants to access the serialized resource

* IBMi alsomaintains call stacks for every job/thread/task

¢ The combination of

— Who - holders and waiters ... who hasit? who wantsit?
— What — object being waited on
— How -call stacks

provides a very powerful solution for analyzing wait conditions

©2017 IBM Corporaion 44
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Job Watcher — Where to Start

IBM® Navigator for i

B Performance
B Investigate Data

Investigate Data Search

et et Performance -> Investigate Data -> Job Watcher:

Monitor

Collection Services

Database
F”‘MW | Option 1: CPU Utilization and Waits Overview
e T — Combines related waits into higher level buckets
Job Statistics Overviews
B Waits

Waits Overview

E1zes and LOCKS Walts OVerview
Contention Waits Overview

e e Option 2: Waits Overview
ool s Overven — Allindividual “blocked” wait buckets shown

All Waits by Thread or Task Sorted by Non-idle Waits
Waits by Job or Task Sorted by Non-idle Waits

Waits by Generic Job or Task Sorted by Non-idle Waits
Waits by Job Current User Profile Sorted by Non-idle
Waits

Waits by Pool Sorted by Non-idle Waits
Waits by Subsystem Sorted by Non-idle Waits
Waits by Job Priority Sorted by Non-idle Waits

Notice similar perspectives available as Collection Services

©2017 IBM Corporaion 45
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Job Watcher — Waits Overview
Notice same wait buckets, but more granular intervals

Waits Overview

60 80
+70
50 (=)
-
\ L60 S
’u‘.40_ c
2 Lso £
o N
S 30 L0 2
[ T g.
£ F30 5
iE 20 3
120 3
=
10
10°
0 0
2:36:29 PM 2:36:39 PM 2:36:49 PM 2:36:59 PM 2:37:09 PM
Date - Time
. Dispatched CPU Time . CPU Queuing Time
B Disk Page Faults Time B Disk Non-fault Reads Time
B Disk Space Usage Contention Time B Disk Op-Start Contention Time
Disk Writes Time B Journal Time
Machine Level Gate Serialization Time Seize Contention Time
|
Database Record Lock Contention Time B Object Lock Contention Time
©2017 1BM Corporation M ineliaible Waits Time Il Main Storage Pool Overcommitment Time “6
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Job Watcher — Additional Interval Details

Thread or Task Details

Job information:  QZDASOINIT/QUSER/128962 - Priority 20

0000000000000005

Current user profile: LISAW Pool: 2

Object waited on:  INVENTORY INVENTORY Type description: PHYSCIAL FILE MBR - DATA PART

Wait duration: 581 milliseconds Segment type description: DB PHYSICAL FILE MEMBER

RECORDS

Current or last wait: DB record lock: update Wait object library: None detected this interval

Holding job or task: QZDASOINIT/QUSER/128890 Interval timestamp: Jan 3, 2014 2:36:28 PM

SQL client job: None detected this interval Interval (1 to 684): <) 7a (5

— _Show Holder |
m—)call Stack
|- Select Action --- v | B

call Level Program Module Procedure

1 qutde_block_tra

2 longWaitReceive__9QuCounterFR12RmprReceiverP

3 DBLockConflict__15RmsIDBHashClassFR11RmsIPIm

4 rmsIDBHLock__FR11Rms|PImpLad

5 getLockWithWait__18DbpmUpdateResourcede

6 getLock__18DbpmUpdateResourcead

7 getRowLock__18DbpmUpdateResourceFCUIRCIDbP _
s execute__18DbpmUpdateLockNodeFR13DbpmQuer: H
o vPositionNextAndExecute__18DbpmUpdateLockNod ~o
—10 iti EntryAnd Outline__17D o}

- SQL Statement

[V Include Host Variables

SELECT QUANTITY FROM WAREHSE42.INVENTORY WHERE ID=*DATA FORMAT ERRORTITY FROM WAREHSE42.INVENTORY WHERE ID=? FOR
UPDATE

©2017 IBM Corporaion 47
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Wait Accounting: Be proactive!

* Usethe rich IBM i wait accounting instrumentation found in
— Collection Services & Job Watcher
— Use PDl oriDoctor to view/analyze

* Understand your partition’s “run-wait” signature and normal patterns

Waits Overview

* |dentify bottlenecks

Time Seconds)

o
TOSAM  735AM  BOSAM  B3SAM  905AM  O35AM  10:05AM  1035AM  1L0SAM  1L35AM  1205PM  1235PM  LOSPM  L35PM 205 PM
- Time

W Dispatcrea CPU Tine W cPU Queuing Time Ol age Faurs Time B O Non-faut Reads Tine
o 5k Op-Stant Contenton Time Disk wies Time M ounal Tme
Machine Level Gate eriazation Time aize Contenton Time Databse Recora Lock Comtenton Time B object Lock Contenton Time
W nelible wars Time B Main Storage Pool Overcommitment Time W Abnormal Contention Time — artiion CPU Uriization
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Recommendations: Be proactive!

* Keep abaseline
— Collection Services (Job Watcher data is also nice to have)

*  Weekly, end-of-month, end-of-year
* Prior to any hardware, software, configuration related change

* A baseline provides a reference point

— Itis the expected performance characteristics overa defined period of time
— Having one makes it easier to recognize changes and its effect

PSp——

*  Wait bucket information can make it easier to determine what has changed! Both at
a partition level as well as an individual job level

© 2017 IBM Corporation 49
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IBM i Performance Data Collectors
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Performance Data Collection Architecture

Collection Services

N
Application-defined and
user-defined interval data Collection
i i _— Services
= Collection Services / intorva
i Job
- J (0] b W atC h er Performance data/ Watcher p,
Ax ‘&‘ N
1 Performance Explorer Disk
= Disk Watcher Watcher
Application-defined g:rcnep ::ar >
trace points piv
Performance
* Performance Explorer -
P4
Systems DI
T
'
1
Collection Job Disk 1 Performance
Services Watcher Watcher ] Explorer
'
'
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Collect System-wide Performance Data

Collect Performance Data 24/7

% If something goes wrong, you have data that will help analyze the problem, fix it, and prevent it from
happening in the future

= |fyoucan't solve the problem, you have information that makes it easier for IBM Support to solve the
problem faster

= To provide a reliable baseline so you can understand the impact that a software, network, or
environmental change had on the performance of your system

= To provide historical information that enables you to plan for future growth based on real trends, not
guesses.

©2017 IBM Corporaion 52
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Patterns in Performance Data

* Performance data typically has patterns

— Daily, weekly, monthly, yearly

* Understand your typical patterns

— Recognize change

© 2017 IBM Corporation
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Job Watcher

* Job Watcher returns real-time information about a selected set of jobs, threads, or LIC tasks
* Job Watcher collects additional types of data that Collection Services does not, as well as more
frequent intervals

— Job Watcher has more overhead than Collection Services

*  Data collected by Job Watcher includes

— Waittimes *

— CPU N Run Job Watcher when you need detailed
— 1/0 activity performance data for diagnostic purposes.
— Call Stacks There are clients that run Job Watcher 24x7
— SQlstatements to always have diagnostic data available.
— Communications statistics

— Activation Group statistics Need to manage the data carefully.

© 2017 IBM Corporation
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Job Watcher

* Job Watcher collects more detailed performance data than Collection Services and at more frequent
intervals

— CPU and 1/0 (like Collection Services)
— Call Stacks

— SQL Statements

— Detailed Wait information:

* Objects being waited on, even records number of files
* Holder of object
* Job Watcher does not collect everything that Collection Services collects.
— Itdoes not always collect information about every thread
* Thread must use CPU during interval
* Thread must exist for entire interval
— Itdoes not collect memory pool or detailed |/0O statistics
* Datais written to DB2 files

©2017 IBM Corporaion 56
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Job Watcher Usage Tips

*  Use Job Watcher when you need detailed performance data to
resolve a problem
— Typically problem has been scoped first by Collection Services

— Consider using a definition like the IBM-supplied Q10SECSQL (10 second intervals, gathers Call
Stacks and SQL if it can) as a starting point

*  Forproblem determination Job Watcher can be run on specific jobs
e Caution: When usingJob Watcher on specific job(s), you may not get detailed Holder information

*  Multiple collections can be run atthe same time

* Need to manage the amount of data collected Rheats

— Specify Maximum Disk Space to consume on Start
— Wil stop collecting if specified ASP threshold is reached

— iDoctor Monitors will clean up after themselves
© 2017 IBM Corporation
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Basic Job Watcher Data Collection Steps

e Select anan IBM-supplied definition to use

— Orcreate your own custom definition

e Startthe Job Watcher collection '
a

* Let it rununtil the problem has occurred
e Stop the Job Watcher collection

*  Analyze the data

*  There may be times when you want to run Job Watcher for long periods of time

— Consider 1 hour collection size

— Manage size of data
©2017 IBM Corporation
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Job Watcher in Navigator for i

* Navigatorfori Web console provides a GUIl forJob Watcher
— Requiresthe Performance Tools LPP, Job Watcher option to beinstalled

Installed Products

@ ‘L_\;’,Ll' .ﬁ Actions ¥

Product ID Product Option Release Description

3% ... ] 4 0of 117 items shown. Clear filter
B 5770PT1 0000 V7R2MO IBM Performance Tools for i - Base
E 5770PT1 0001 V7R2MO Performance Tools - Manager Feature

(8 577011 0002 V7R2MO Performance Tools - Agent Feature
(L @ s770em1 0003 V7R2MO Performance Tools - Job Watcher

©2017 IBM Corporaion 59
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IBM-Supplied Job Watcher Definitions

* Many pre-defined Job Watcher definitions are available
— The main difference isthe sample interval
* Recommendations:
— Collect with Call Stacks and SQL
— Use 10 second intervals for general analysis (Q10secsql)
— Use 5 second intervals for complex or intermittent issues, or for contention related
problems (Q5secsql)

Job Watcher Definitions - Dmil.rchland.ibm.com
@ ‘ @' =R \ﬁ | Actions ¥

New » | Job Watcher Definition |

3% ... | No filter applied

Name Save s Favoriis Description

©2017 IBM Corporaion 60
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Job Watcher Definitions - Dmil.rchland.ibm.com
e| @V @v @|Actionsv
No filter applied

Name Type Description
Qlsec IBM-supplied 1 second intervals, Call stacks
Q1secj IBM-supplied 1 second intervals, Call stacks, J9
Qlsecsql IBM-supplied 1 second intervals, Call stacks, Sql
Q1secsqlj IBM-supplied 1 second intervals, Call stacks, Sql, J9
Q10sec IBM-supplied 10 second intervals, Call stacks
Q10secj IBM-supplied 10 second intervals, Call stacks, J9
Q10secsql IBM-supplied 10 second intervals, Call stacks, Sql
Q10secsqlj IBM-supplied 10 second intervals, Call stacks, Sql, J9
Q3minqgzdas IBM-supplied QZDASOINIT jobs, 3 min intervals
Q5minqgzdas IBM-supplied QZDASOINIT jobs, triggers PEX stats
Q5sec IBM-supplied 5 second intervals, Call stacks
Q5secj IBM-supplied 5 second intervals, Call stacks, J9
Q5secsql IBM-supplied 5 second intervals, Call stacks, Sql
©2C Q5secsqlj IBM-supplied 5 second intervals, Call stacks, Sqgl, J9 61
Cognitive Systems @)

Job Watcher Definition

Add Job Watcher Definition

Basic Options
Add Job Watcher Definition

v/ Welcome #Definition name:
—> Basic Options Description: |
Advanced Options

Data collection options

Data Collection Options © Basic options Include call stacks
Job Selection Options

Finish .
Show advanced collection options

Collection interval

° User-defined (0.1 - 3600.0) |10 seconds

) No delay Data is collected as fast as possible.[This is resource intensive.]

| Show advanced options

©2017 IBM Corporation

Include SQL statements In progress only o) Last executed

62

31



9/26/17

Add Job Watcher ?7=0

Summary

+/ Add Job Watcher Definition
/' Data Collection Options Click Finish to create the definition defined below.
Job Selection Options
+/ Job and Task Selection

Definition creation settings

Definition name: Dawnmaydfn
Job Selection Description: For my presentation
Task Selection Collection interval: No delay
Current User Profile Selection JrINees g e ony CPU consumed, Conflict wait condition, Abnormal wait condition
Subsystem Selection SQL collection: Every interval, Last executed SQL statements, cursors, prepared statement
Storage Pool Selection arrays
Finish Job selection: All
~>» Summary Task selection: All
Current user profile selection: None
Subsystem selection: None
Pool selection: None
Data availability: At end of collection
Collection file disk pool threshold: System
System disk pool threshold: System
Command string: | Show
Add Job Watcher Definition 70

QSYS/ADDIWDFN DFN(DAWNMAYDFN) TEXT('For my presentation’) COLITV(*NODELAY) FRCRCD(*CALC) TOASPTHLD(*SYSTEM)
SYSASPTHLD(*SYSTEM) JOB(*ALL) TASKNAME(*ALL) INCALLFST(*NO) ADDDTACGY/((*CALLSTACK 1) (*SQLDETAIL 1)) WAITSTK((*ABNWAIT 1)
(*CONFLICT 1))

ok
63
. ) 4 D df
Cognitive Systen*s© annmeyen New Based On

Qlsec "
Start New Collection

Start Job Watcher Qe | peite

Q1secsqgl Properties

* Some of the parameters on the definition can be overridden when starting the Job
Watcher collection
— Allowsonedefinition to be use for multiple types of collections

Start Job Watcher ?-0
Basic Options

Start Job Watcher

v/ Welcome Specify the library and collection name for the data to be created. The collection name will be used to generate a
matching member name in the Job Watcher files in the library specified.
+/ Definition Selection

=> Basic Options Collection name: ~ Automatically generate using Julian date format (Qdddhhmmss)
Termination o +[—DawnDemo
Summa
Yy Library name: DMMLIB

Description: |Example of how to start Job Watched

Collection interval

) User-defined (0.1 - 3600.0) #|10 seconds

© No delay Data is collected as fast as possible. This is resource intensive.

©2017 IBM Corporaion 64
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Start Job Watcher vED

Termination

Start Job Watcher
v Welcome Indicate below how the collection should end. At least one and up to all three of these options may be specified. The
+/ Definition Selection

collection will end when one of the specified criteria has been met.

+/ Basic Options Options (select one or more) c
=> Termination Maximum disk space to consume [500 MB B
SRy Maximum intervals to collect 1000
~ i |
Maximum time to collect 1 hours Give some thought to these!
© 2017 IBM Corporation 65

Start Job Watcher

Summary

Cognitive Systems
—_— Start Job Watcher
v/ Welcome Click Finish to submit your request to start the Job Watcher collection.

+/ Definition Selection

Collection creation settings

+/ Basic Options

Definition name: Dawnmaydfn
T 1

+/ Termination Definition properties: | Show...

—> Summary
Collection name: Dawndemo
Library name: Dmmlib
Description: Example of how to start Job Watcher
Collection interval: No delay
Maximum data to collect: 500 MB

Maximum intervals to collect: 1000
Maximum time to collect: 1 hours

|__Show...

Command string:

Start Job Watcher ?-0

QSYS/SBMIOB CMD(CALL PGM(QSYS/QPYSTRCLTR) PARM(('QSYS/STRIW DFN(DAWNMAYDFN) COL(DAWNDEMO) LIB(DMMLIB) TEXT("Example of
how to start Job Watcher") RPLDTA(*YES) COLITV(*NODELAY) ENDCOL((*DASDMB 500) (*NBRITV 1000) (*NBRSEC 3600) )') 179

n 'QIBM_JW_DMMLIB/DAWNDEMO')) JOB(QPYIWCOL) JOBD(QGPL/QDFTSVR) JOBQ(*JOBD) SYSLIBL(*SYSVAL) CURLIB(*CRTDFT) INLLIBL(*JOBD)
DSPSBMJOB(*NO) MSGQ(*NONE) SRTSEQ(*SYSVAL) LANGID(*SYSVAL) CNTRYID(*SYSVAL) CCSID(*SYSVAL) INLASPGRP(*JOBD)
ALWMLTTHD(*NO)

oK J
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[E Job Watcher
Active Job Watcher Collections

Active Job Watcher Collections

Active Job Watcher Collections - Dmil.rchland.ibm.com

e | %v ="R4 [:a | Actions ¥
No filter applied

Name Library

DMMLIB

Type

5"" DAWNDEMO Job Watcher File Based Collection

L] 6"” DAWNDEMO DFLMLIB_anJNatcheLEileﬂas
Stop

Save

Delete

Move

Copy

Status

Active

Search

Started
4/28/17 6:10:27 PM

ed Collection

Investigate Performance Data

Properties

© 2017 IBM Corporation
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Stop the Collection

G~ [@ | Actions v

- | No filter applied
A4 Name

& | &

Library Type

4 &° DAWNDEMO

Active Job Watcher Collections - Dmil.rchland.ibm.com

Status

DMMLIB i ction Active
Stop

Stop Job Watcher

Stop Job Watcher

action will be taken.

Collection name: [DAWNDEMO | [_Browse...
Library name: DMMLIB
OK | | Cancel

?-0

Indicate below the active Job Watcher collection which should be stopped. If the collection is not found or is not active then no

Job Watcher Collections - Dmil.rchland.ibm.com

e | @V @V iﬁ | Actions ¥
No filter applied
Name Library Type
6‘" DAWNDEMO DMMLIB Job Watcher File Based Collection
g‘f DAWNIW?2 COMMON Job Watcher File Based Collection

Search
Status Started
Complete 4/28/17
Complete 3/12/08
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How Do | Run Job Watcher with the Commands?

* Add Job Watcher Definition (ADDJWDFN) to define the collection
— Identifies the performance datathatisto be collected

* Remove Job Watcher Definition (RMVJWDFN) to remove a definition
(Note: Job Watcher Definitions can only be displayed through the GUI)

e StartJob Watcher (STRJW) to start the collection
* End Job Watcher (ENDJW) to end the collection (optionally)

© 2017 IBM Corporation
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Running Job Watcher Continuously

If you have a problem but Job Watcher is not running, you will need to recreate the
problem to capture Job Watcher data

* Many clients prefer to run Job Watcher 24x7

— Ensures you have diagnostic datathefirst timethe problem occurs

* Options:
— QMGTOOLS hasthe ability to run Job Watcher
— iDoctor monitors
— Yourown CL program

©2017 IBM Corporation
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Running Job Watcher Continuously - example

. Create the objects and the job watcher datain a your own library — e.g., CRTLIB JOBWATCH

. Create a dataarea to control how many mllections you want to have saved. Inthe STRIW command, we use the RPLDTA parameter to
automatically replace the older collections with the same name. This way we don't have to worry about deleting older collections -they are simply
overwritten when the new one with the same name is started.

. CRTDTAARA DTAARA(JOBWATCH/JOBWATCH) TYPE(*DEC) LEN(15 5) VALUE(5)

. When the following program is called with the data area at 5 it will save 5 collections that have the names JWCOL1 ... to JWCOLS.

. *Note: The sample program has a hardcoded "5" in it for the reset number when the counter goes to 1 -if you want to have more than 5
collections saved, you need to have that 5 changed in the little CLP. A simple improvement to this program would be to save the value retrieved
from the data area and reset to that value rather than a hard-coded number

. In this example, we used the system supplied definition Q5SECSQL- you'll may want to set up your own definition and use it when you do the
STRIJW.
. Every hour a new JW collection will be started. The collection will run for 65 minutes (to have a 5 minute overlap for starting the next one and the

previous one ending). This program will loop forever, keeping 5 job watcher collections, until the program is canceled.

. Submit the job to batch and let it run; end the batch job when you want to end your data collections. The last job watcher collection will remain
active until it completes.
©2017 IBM Corporaion 71
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Sample CL Program — Provided AS IS

PGM
DCL VAR (6DECNUMBER) TYPE (*DEC) LEN (15 5)
DCL VAR (6NUMBER) TYPE (*UINT) LEN(2)
DCL VAR (§COLNAME) TYPE (*CHAR) STG(*AUTO) LEN(10) +

VALUE (JWCOL)

ADDLIBLE JOBWATCH
MONMSG CPF9999

BEGIN:

RTVDTAARA DTAARA (JOBWATCH/JOBWATCH *ALL) +
RTNVAR (&DECNUMBER)

CHGVAR VAR (&NUMBER) VALUE (&DECNUMBER)
IF COND (§DECNUMBER *EQ 1) THEN (CHGVAR +
VAR (4DECNUMBER) VALUE (5) )
ELSE CMD (CHGVAR VAR (&DECNUMBER) VALUE (sDECNUMBER +

- 1))

CHGDTAARA DTAARA (JOBWATCH/JOBWATCH *ALL) +
VALUE (&DECNUMBER)

CHGVAR VAR (%SST (&COLNAME 6 2)) VALUE (&NUMBER)

STRIW DFN (Q5SECSQL) COL (§COLNAME) LIB(JOBWATCH) +
RPLDTA (*YES) ENDCOL ( (*NBRSEC 3900))

DLYJOB 3600
GOTO BEGIN

ENDPGM
©2017 IBM Corporaion 72
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Job Watcher Authority Requirements

¢ Commands:

— You must have service (*SERVICE) special authority
* Change User Profile to add *SERVICE authority to create Job Watcher Definitions or to Start Job
Watcher
— -OR- Be authorized to the Job Watcher function of the operating system

* Change Function Usage (CHGFCNUSG) command, with a function ID of QIBM_SERVICE_JOB_WATCHER
can be used to change the list of users that are allowed to use this command.
+ CHGFCNUSG FCNID (QIBM SERVICE JOB WATCHER) USER(<usrprofile>) USAGE (*ALLOWED)
*  Definitions:

— Additional authority is needed to see the definitions for each as they are shipped with public
authority *EXCLUDE. To see the definitions shipped in Job Watcher, users will need authority to
the QAPYJWDFN file in QUSRSYS

.

guidance on creating the JW definition
©2017 IBM Corporaion 73
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Job Watcher — PDl interface

[E Job Watcher
CPU Utilization and Waits Overview
CPU Utilization by Thread or Task
Resource Utilization Overview

Job Statistics Overviews

Waits
cPU CPU Utilization and Waits Overview
Physical Disk 1/0 PVA=] U
Synchronous Disk 1/0
Storage Allocation 350
Page Faults 300
Logical Database 1I/O g 250
5250 Display Transactions % 200
Job Watcher Database Files g 150
" 100 N d ol
50 [ |
0 LRI T
8:45 AM 8:47 AM 8:49 AM 8:51 AM 8:53 AM 8:55 AM 8:57 AM 8:59 AM 9:01 AM 9:03 AM 9:05 AM 9:07
Date - Time
. Dispatched CPU Time . CPU Queuing Time . Disk Time [l Journaling Time
Operating System Contention Time [l Lock Contention Time W 'neligible Waits Time — Partition CPU Utilization
©2017 IBM Corporaion 74
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Job Watcher — Interval Details

Thread or Task Details

Job information: QZDASOINIT/QUSER/128962 - Priority 20
0000000000000005
Current user profile: LISAW Pool: 2
Object waited on: INVENTORY INVENTORY Type description: PHYSCIAL FILE MBR - DATA PART
Wait duration: 581 milliseconds Segment type description: DB PHYSICAL FILE MEMBER
RECORDS
Current or last wait: DB record lock: update Wait object library: None detected this interval
3> Holding job or task: QZDASOINIT/QUSER/128890 Interval timestamp: Jan 3, 2014 2:36:28 PM
SQL client jol None detected this interval [!nterval (1to 684): @ ‘174
—————————3Call Stack

(] sstctacton —+ | | B
call Level | Program | Module | Procedure 1
1 qutde_block_tra
2 longWaitReceive__9QuCounterFR12RmprReceiverP\
3 DBLockConflict__15RmsIDBHashClassFR11RmsIPIm
4 rmsIDBHLock__FR11RmsIPimpLad
5 getl i it__18DbpmL
6 getlock__18DbpmUpdateResourcead
7 getRowLock__18DbpmUpdateResourceFCUIRCIDbp =

(s execute__18DbpmUpdateLockNodeFR13DbpmQuer H

ﬁg VPositionNextAndExecute_18DbpmUpdateLockNod —.
10 itit y. Outline__17D o}

L
7 SQV Include Host Variables
©2017 IBM Corporaion SELECT QUANTITY FROI WAREHSES2 INVENTORY WHERE ID="DATA FORMAT ERRORTITY FROM WAREHSE42.INVENTORY WHERE ID=? FOR 75
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Performance Explorer
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Performance Explorer

* Performance Explorer helps identify the causes of performance problems that cannot
be resolved using one of the other performance data collectors

— Collects more detailed information about a specific application, program, or resource

* Performance Explorer is typically used for two main reasons:

— Detailed performancetrace datais needed to identify the performance problem

* — Analyzing the performance of applications

* Performance Data Investigator supports profile collections only
* iDoctor is required for advanced PEX Analysis

© 2017 IBM Corporation
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Performance Explorer

* Performance Explorer is the most sophisticated IBM i performance tool
— Can collect the details of every I/O operation, every task switch
— Hundreds of events collected
— Thus, most complex to use
— More overhead

* Typically, problem has been scoped by other tools first

* Generallyused by IBM performance analysis experts

©2017 IBM Corporation
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Performance Explorer — “TPROF” usage

*  “Trace-profile” is a fairly easy, and fairly “light-weight” PEX collection that can be useful to application
developers, especially when trying to diagnose high CPU issues
— Provides CPU usage at a program/module/procedure level

— Make sureyou have latest PEX PTFs applied
http://www-01.ibm.com/support/docview.wss?uid=nasgN1012020

— Can berun over subset of jobs

* Steps:
1. Adda PEX definition:

ADDPEXDFN DFN(TPROF)
TYPE(*TRACE)
JOB((*ALL *ALL))
TASK(*ALL)
MAXSTG(4000000)
INTERVAL(1)
TRCTYPE(*SLTEVT)
SLTEVT(*YES)
MCHINST(*NONE)
BASEVT((*PMCO *NONE *FORMAT2))

© 2017 IBM Corporation
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Performance Explorer — “TPROF” usage
2. Collect data

| Start Performance Explorer (STRPEX) |

A

Run the command, program, or workload Repeat as
that you want to have for data analysis necessary

A4

[ End Performance Explorer ENDPEX) |

01~ Aperformance Explorer
8- Dperformance Explorer Database Files
0~ Qperformance Explorer Data
® profile by Procedure
® profile by Component
® Hierarchical Trace Profile

* /Th
©2017 IBM Corporation ~ Job/Thread List
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Performance Explorer TPROF reports — PDI
Perspective 8 Edit 2 View 3 History &
4|8l --- Select Action ---~ |
() Module Name ()| Procedure Name
CFTSMPI #cftsmpi SLIC Common Functifhs 332(48.61%) Profile by Component
STRHU do_copyMemorylarge  SLIC String FUNCtIONS{ipud) 6% | B D --selectAcion=-r |
DBRSQMN #dbrsqmn SLIC Database 85(12.45%) N ! JT‘;"::‘I' I component | Procedure Name. J:;mx)J
CUSTOMER CUSTOMER #DBXFMP2 MI Other 45(6.59%) P ST o
READER READER READER MI Other 27(3.95%) Functions (@9.05%)
DBPM2010 sExecute__42VariableLen¢SLIC Database 6(0.88%) s - B ase S 25
SMMUTLH trimRangeForRead__14sn SLIC Storage 6(0.88%) El pEdbcsqmn>Ac oo SN S(12452%)
Management o sExecute__42VariableLeng!6(0.88%)
HvString HysString SLIC Hypervisor 4(0.59%) o SExecute_14HashOperatic3(0.44%)
SLIC st o SExecute_17PackedDivide 2(0.29%)
SMMSSUBH findStealablePage  20Sm Manage‘r’:‘zﬁf 4(0.59%) = sSad__ 19VariableLengthFie2(0.29%)
QDBGETM QDBGETM QDBGETM XPF Database Other 4(0.59%) - JPositionNextAndExecute_2(0.29%)
[Job/Thread List
(=] --- Select Action ---~ |
J— ‘ | [r— |TasI(ITI|read Cumulative CPU Time in | Active Time in | oo
Name Seconds
R Total 143.50993 221051.77 509401459333(100%)
o - QDFTIOBD 68.429 123.51712 443134332927(86.99%
o - WEBADM 68.429 123.51712 443134332927(86.99%
a *  QDFTIOBD/WEBADM/012 CAED 123.51712  bierarchical Trace Profile
a 0000000000000004  MITHREAD  68.429 123.51712
(Sl --- Select Action -
a , QZDASOINIT 8.869434 1354.2184 T i
[al » QPADEV0005 0.462739 123.545746 s";"' I T"‘t"‘“ :::rﬂ"u"; I
o , ADMINL 0.10104 5105.88 o (100%)
o » Lic 606(88.73%)
8 - ADMIN2 0.101269 9519.301
a LWISVR 0.101269 9519.301 - “ DB Code Burst 45(6.59%)
i : - a ~  CUSTOMER CUSTOMER 45(6.59%)
o - #DBXFMP2 45(6.59%)
0 Amount of elements that did not match the filter: 1 0(0%)
=) » MI ILE 27(3.95%)
5] » MI OPM 4(0.59%)
©2017 IBM Corporaion B > Unknown 1(0.15%) 81
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Examples
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What is causing disk wait time?
Reviewing wait times with Collection Services

© 2017 IBM Corporation
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Let’s Look at the Disk Waits

CPU Utilization and Waits Overview

That mountain of green is Disk Time.
What caused it?

| --- Select Action --- v ‘

/
4

Waits Overview
Seizes and Locks Waits Overview
Contention Waits Overview

Disk Walts Overview

Journal Waits Overview

Classic JVM Waits Overview

CPU Utilization by Thread or Task
Resource Utilization Overview
CPU Health Indicators

Export

Modify SQL

Size next upgrade

Change Context

Show as table

Table Actions

Time Seconds)

1215AM  215AM 4115 AM

[l Dispatched CPU Time

I Operating System Contention Time

6:15 AM  8:15 AM

Il CPU Queuing Time

[ Lock Contention Time

10:15AM  12:15PM  2:15PM
Date - Time
[l Disk Time
W 'neligible Waits

4:15 PM 6:15 PM 8:15PM  10:15 PM

B Journal Time

Time — Partition CPU Utilization

84
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We see it’s faulting.... let’s find out who did it

Disk Waits Overview (Century Digit = '1', Interval Date And Time = ‘080228080000, Interval Date And Time = '080228171500°)

Waits by Generic Job or Task

Waits by Job User Profile

Drill down into “Waits by

Job or Task”.

We can see it is the

Waits by Job Current User Profile
Waits by Pool

Waits by Subsystem

Waits by Server Type

Waits by Job Priority

Export

Modify SQL

Perspective 3] Edit 3] View ] History B]
Waits by Job or Task

QRWTSRVR DDM/DRDA

server jobs.

Size next upgrade.
Change Context
Show as table

--- Select Action --- v
2@ N\ A E

Time Geconds)

Table Actions

K

o

12:00 P

8:00 AM 9:00 AM 10:00 AM 11:00 AM QBRMSYNC/QBRMS/338021

QRWTSRVR/ QUSER/ 351522
. Disk Page Faults Time . Disk Non-fault Reads Time
QRWTSRVR/ QUSER/ 351133

[ Disk Writes Time [ Disk Other Time

QRWTSRVR/QUSER/352061

Full Name

QRWTSRVR/ QUSER/ 351072

QRWTSRVR/ QUSER/351170

Time Geconds)

[l Dispatched CPU Time
‘. Disk Non-fault Reads Time
[ Disk Writes Time

©2017 IBM Corporation

Il CPU Queuing Time [ Disk Page Faulis Time

[ Disk Space Usage Contention Time [l Disk Op-Start Contention Time

[l Machine Level Gate Serialization Time
85

W Journal Time
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Disk Waits Overview (Century Digit = '1', Interval D

Perspective 2] Edit 2] View 2] History 2]

Let’s find out who the user is

We now have several clues:

We know the jobs - QRWTSRVR - DDM/DRDA server jobs
We know the time - early afternoon

We know the user profile - QUSER

Waits by Job Current User Profile

‘ --- Select Action --- »

All Waits by Thread or Task
Waits by Job or Task

Waits by Generic Job or Task
Waits by Job User Profile

aits by Job Current User Profile

But QUSER isn’t helpful. We need the job’s current user profile
Waits by Job Current User Profile shows us VCPANYLT is the guilty party

Time Geconds)
\J \J
o o o
o o
° 6“@ A o

VCPANYLT

QNOTES

> vepepc
H

H VCPDTA
S

QCPMGTDIR

|l Dispatched CPU Time W CFU Queuing Time

(Il Disk Non-fault Reads Time [ Disk Space Usage Contention Time

:. Disk Writes Time I Journal Time

©2017 IBM Corporation

[ Disk Page Faults Time

[l Disk Op-Start Contention Time

W Machine Level Gate Serialization Time
86
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§_=____== Cognitive Wstems©

Viewing Waits with Job Watcher

Example of Machine Gate Serialization

© 2017 IBM Corporation 87

alob Watcher
£ ® Cpy utilization and Waits Overview

Cognitive System;©

Let’s look at the entire collection

* CPU Utilization and waits gives an excellent overview of the entire partition

® Cpy utilization by Thread or Task
® Resource Utilization Overview

* There are a lot of interesting things to investigate.....
CPU Utilization and Waits Overview
e s
400 . —_— - 100
350 4
- 7 80 3
(=3
g 250 4 | | 60 %
& 200 ’ ! §
£ 150 w 40 2
"~ 1004 1 | \ 50 2
| \ I <
l H AL AR AT M AAALAE o
8:42AM 847 AM  852AM 857 AM  9:02AM  9:07 AM 9112 AM 9117 AM  9:22AM  9:27 AM  9:32 AM  9:37 AM  9:42 AM
Date - Time
[l Dispatched CPU Time Il CPU Queuing Time Il Disk Time [l Journaling Time
I Operating System Contention Time [ Lock Contention Time | 'neligible Waits Time — Partition CPU Utilization
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Zoominto the time where we see a large drop in CPU Utilization

CPU Utilization and Waits Overview

XM el

400 We can see operating system contention occurred
350 during the time when the CPU Utilization dropped.
300 5
@
'E 250 4
S 200 CPU Utilization and Waits Overview
<
g 150 > M @ H
= 100
100 4 o0
o
50 300 80 9
2 20 g
0 H 60 =
2 200 £
8:42 AM 8:47 AM 8:52 AM 9% 40 5
g 150 2
" 100 2
20 3
[l Dispatched CPU Time el
0 0
Operating System Contention Time
Date - Time
[l Dispatched CPU Time, - CPU Queuing Time [l Disk Time W Journaling Time
©2017 IBM Corporaion Operating System Contention Time [ Lock Contention Time W 'neligible Waits Time — Partition CPU Utilization

)
Cognitive Systen*s@

Drill-down based upon what you see

Select the beginning and ending intervals to investigate and then drill into Contention Waits Overview
Be sure to select the metric you are investigating.

CPU Utilization and Waits Overview

--- Select Action --- »

CPU

Waits Overview
Seizes and Locks Waits Overview

Disk Waits Overview
) ) 100

Journal Waits Overview

Classic JVM Waits Overview

Abnormal Waits Overview -80 g
* CPU Utilization by Thread or Task =

=

‘é Resource Utilization Overview L60 =
S N
= Export 5.
© | Modify sQL S
@ 40
E Change Context ?
| Show as table 3

Table Actions 20 é’

0
8:49 AM 8:50 AM 8:51 AM 8:52 AM
Date - Time
B Dispatched CPU Time - CPU Queuing Time B Disk Time [ Journaling Time
Operating System Contention Time  Lock Contention Time . Ineligible Waits Time — Partition CPU Utilization
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Machine level gate serialization is a major reason for the contention waits
The pink is semaphore contention (see the flyover). This is usually an uninteresting wait.

Contention Waits Overview

Foelal
250 60
200 0 5
=
c
@ 40 ©
2 150 E
g 2
[
5 +30 g.
o
£ 1007 20 3
a [ 3
Contention Time: 92.94 Seconds 3
=5 2008 L0 ©
8:50:40 AM 8:50:50 AM 8:51:10 AM
[l Disk Space Usage Contention Time [l Disk Op-Start Contg [l semaphore Contention Time
. Mutex Contention Time [ . Machine Level Gate Serialization Time ] B Seize Contention Time
Database Record Lock Contention Time . Object Lock Contention Time - Ineligible Waits Time
. Main Storage Pool Overcommitment Time . Synchronization Tokens Contention Time . Abnormal Contention Time

= Partition CPU Utilization

© 2017 IBM Corporation

We want to see if we can figure out who might be causing the contention.

Drill into All Waits by Thread or Task Sorted by Machine Level Gate Serialization so we can see the jobs/threads/tasks
that are all waiting.

We selected Machine Level Gate Serialization because that’s the predominate “bad” wait our graph shows us.

Note: Drilling into waits by thread or task can take some time.... be patient.

Contention Waits Overview (Interval = '93', Interval = '99")

Perspective ] Edit 2] view 2] History 2]

--- Select Action --- v

Cont¢ Al Waits by Thread or Task Sorted by Contention Waits
All Waits by Thread or Task Sorted by Disk Space Usage Contention
k All Waits by Thread or Task Sorted by Disk Op-start Contention

All Waits by Thread or Task Sorted by Semaphore Contention 60
All Waits by Thread or Task Sorted by Mutex Contention

All Waits by Thread or Task Sorted by Seize Contention 30

All Waits by Thread or Task Sorted by D: Record Lock C ion
All Waits by Thread or Task Sorted by Object Lock Contention

All Waits by Thread or Task Sorted by Ineligible Waits

All Waits by Thread or Task Sorted by Main Storage Pool Overcommitment
All Waits by Thread or Task Sorted by Abnormal Contention

Export

Modify SQL

Change Context

Show as table

Table Actions

8:50:40 AM 8:50:50 AM 8:51:00 AM 8:51:10 AM

40

+30

20

Time Seconds)
Quaniad uonezinn ndd

10
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Zoom into see more detail We can’t see the machine level gate serialization details at first;

All Waits by Thread or Task Sorted by Machine Level Gate Serialization - Top 50 Contributors

Zoom in and we can see it appear in many threads. This tells us many

PYVICESUEN::| o
threads were waiting.
° o 2 5
BEIJINGA/ QTMHHTTP/351470 - : : But Why :
BEIJINGA/QTMHHTTP/351471 - 0000000000000003
g BEIJINGA/QTMHHTTP/351453 - 000000000000002A F All Waits by Thread or Task Sorted by Level Gate =Top 50
s BEIJINGA/QTMHHTTP/351454 - 0000000000000044
<
g BEIJINGA/QTMHHTTP/351484 - 0000000000000004 k W @ m Q E
z
" BEIINGA/ QTMHHTTP/351488 - 00000000000000A1 Time Geconds)
BEIJINGA/QTMHHTTP/351483 - 0000000000000005
° A0 19 0 )
BEIJINGA/QTMHHTTP/351470 - 0000000000000007
BEIJINGA/QTMHHTTP/351471 - 0000000000000003
<
E BEIJINGA/QTMHHTTP/351453 - 000000000000002A
S BEIJINGA/QTMHHTTP/351454 - 0000000000000044
=
§ BEIJINGA/QTMHHTTP/351484 - 0000000000000004
=
= BEIJINGA/QTMHHTTP/351488 - 00000000000000A1
BEIJINGA/QTMHHTTP/351483 - 0000000000000005 B
| Il Dispatched CPU Time W CPU Queuing Time W Other waits Time
‘. Disk Page Faults Time [l Disk Non-fault Reads Time [l Disk Space Usage Contention Time
|l Disk Op-start Contention Time [ Disk Writes Time W Disk Other Time
Journal Time [l Semaphore Contention Time [l Mutex Contention Time
r Machine Level Gate Serialization Time ] [l Seize Contention Time Database Record Lock Contention Time
©2017 IBM Corporaion ‘. Object Lock Contention Time M Ineligible Waits Time [l Main Storage Pool Overcommitment Time
I Clacsic lava User dncluding Locks) Time B Clascic VM Time Classic lava Other Time

Cognitive Systems @)

Select a thread and look at the waits for that one thread

It may be necessary to drill down into interval details for several threads to find the one with the
information we need...

All Waits by Thread or Task Sorted by Machine Level Gate Serialization - Top 50 Contributors

|- Select Action -—- v |
LUK Al Walts for One Thread or Task ntributors
- All Waits by Thread or Task Sorted by Disk Space Usage Contention
k] All Waits by Thread or Task Sorted by Disk Op-start Contention
All Waits by Thread or Task Sorted by Semaphore Contention
All Waits by Thread or Task Sorted by Mutex Contention
All Waits by Thread or Task Sorted by Seize Contention Q 1% ,,’Q N
All Waits by Thread or Task Sorted by Database Record Lock Contention
All Waits by Thread or Task Sorted by Object Lock Contention
All Waits by Thread or Task Sorted by Ineligible Waits

Time Geconds)

ﬁ All Waits by Thread or Task Sorted by Main Storage Pool Overcommitment
ﬁ All Waits by Thread or Task Sorted by Abnormal Contention

s All Waits by Thread or Task Sorted by Contention Waits

=

~ Export

4

Z|  Modify SQL

™=

Change Context
Show as table
Table Actions

©2017 IBM Corpc 94
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Selectani

nterval

View Interval details for one thread or task

All Waits for One Thread or Task

--- Select Action

Waits Overview
Export

Modify SQL
Change Context
Show as table
Table Actions

Time Geconds)

8:50:40 AM

© 2017 IBM Corporation

8:50:50 AM

8:51:00 AM

8:51:10 AM

95

Cognitive Systems @)

And here is where we discover Job Watcher’s power....

Interval Detalls for One Thread or Task (Interval = '97, Initial Thread Task Count = '319696')
Perspective 2] Edit 2] view 2]

Thread or Task Details

Job information:

Current user profile:

BEIJINGA/QTMHHTTP/351470 -
0000000000000007

QTMHHTP1

[ Object waited on:

QAUDIRN ]

Wait duration:
Current or last wait:
Holding job or task:

Show Holder

©2017 IBM Corporation

3,307 milliseconds
Qu gate - high performance
QDBSRV02/QSYS/345313

Priority

Pool:

Type description:
Segment type description:
SQL client job:

Interval timestamp:
Interval (1 to 710):

25

2

JOURNAL

JOURNAL RESERVED

None detected this interval
Mar 12, 2008 8:51:05 AM

Ok )

96
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We can review the call stack to see how we got to this wait point.
This thread is waiting for the QAUDJRN journal at 8:51:05.
In the call stack you will see an entry that shows the job is creating an audit journal entry.

Note that access to the audit journal is serialized by a “gate”. So why is this job blocked and waiting to create the
audit record?

Call Stack

--- Select Action ---»

Call Level Program Module Procedure Offset

qutde_block_trace 000000E4
sIowLock_1OQuGateCodeFQZ_ZQuSLoc\l 000003F0
0000066C
00000444
. 00000390
recvDescriptors__12LoSocketUnixFR15Lc 000002B8
recv__19LoReceiveStreamUnixFR15LoSo 000006A0
recvmsg__8LoSocketFR15LoSocketManai 0000018C
recvmsg__FtP6msghdrT1PtP7timevall5L 00000680
recvMsgHandler__FP19LoSocketRecvMsg 00000448
LoSocketOp__FUtP13LoSocketOpHdr 00000254
socketop 000001DC

#journal
auditlt__19CfCreateAuditRecordFv

O O N U AW N =

[
= o

-
N

Total: 28
97

)
Cognitive Systems <

We can easily go look at the thread that is holding the resource

The call stackshows a “Change Journal” program (QJOCHIN)

Show Holder Perspective 2] Edit 2] View 2]
Thread or Task Details
Job information:  QDBSRV02/QSYS/345313 - Priority 16
0000000000000001
Current user profile: QSYS Pool: 2
Object waited on:  QAUDIRN Type description: JOURNAL
Wait duration: 104 milliseconds Segment type description: JOURNAL SPACE 10CB
Current or last wait: MAINSTORE/LOGICAL-DASD-IO: PAGE FAULT ~ SQL client job: None detected this interval
Holding job or task: None detected this interval Interval timestamp: Mar 12, 2008 8:51:06 AM
Show Holder Interval (1 to 710): <) 1977 =)
Call Stack
--- Select Action --- v
Call Level Program Module Procedure

1 qutde_stackless_block
2 qu_dasd_fault_on_res_stack
3 #jomodjp

4 #cfmir

5 syscall_A_portal
:
7 cblabranch
8
9

aiuser_program_call_portal

QIORETRY
10 cblabranch
11 aiuser_program_call_portal
12 QDBSERVE
©2017 IBM Corporation Total: 15
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Since we know the object that was causing the contention was QAUDJRN, let’s have a look....
Note the audit journal entries from the matching time period. Observe the job name...

NR is Next Receiver

PR is Previous Receiver Display Journal Entries

Journal . . . . . . : QAUDJRN Library . . . . . . : QSYS
Largest sequence number on this screen . . . . . . : 00000000000088885894
Type options, press Enter.

5=Display entire entry

Oopt Sequence Code Type Object Library Job Time
88885883 T GS BEIJINGA 8:51:02
88885884 T SK QSYSARB 8:51:02

S S J NR DBSRVU o010
[88885886 J PR QDBSRVO02 8:51:06 ]
88885887 T GS BEIJINGA 8:51:07
88885888 T GS BEIJINGA 8:51:07
88885889 T GS BEIJINGA 8:51:07
88885890 T SK QSYSARB 8:51:07
88885891 T GS BEIJINGA 8:51:07
88885892 T GS BEIJINGA 8:51:07
88885893 T GS BEIJINGA 8:51:07
88885894 T GS BEIJINGA 8:51:07

More. ..

F3=Exit Fl2=Cancel

© 2017 IBM Corporation

)
Cognitive Systems =

What next?

*  Weobserved significant system-wide machine gate serialization contention

*  WithJob Watcher, we determined that at that point intime, the QAUDJRN was
changing journal receivers

* Perhaps we should review our security audit settings

* Inthis example, it was a stress-test System Test partition with a heavy workload and

extreme settings

©2017 IBM Corporation
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Viewing Waits with Job Watcher

Example of Object Lock Contention

5 Cognitive Wstems©

© 2017 IBM Corporation

Cognitive Systerrs©

Once again, we start with CPU Utilization and Waits Overview

Observe the gray ... “Lock Contention Time”

CPU Utilization and Waits Overview

( | --- Select Action --- » ‘

CPU Utilization and Waits Overview

Time Geconds)

2:40 PM 2:41 PM 2:42 PM 2:43 PM 2:44 PM 2:45 PM 2:46 PM 2:47 PM 2:48 PM 2:49 PM 2:50 PM 2:51 PM
Date - Time
[l Dispatched CPU Time [l CPU Queuing Time [l Disk Time [l Journaling Time

— Partition CPU Utilization

. Operating System Contention Time I . Lock Contention Time I

[l 'neligible Waits Time

252 PM

Quadiad) uonezinn ndd
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Cognitive Systems©

Drill into Seizes and Locks Waits Overview

Tip: Drill-downs are named to drill into what you see

* This confirms we have some job holding a lock that another job is waiting on

CPU Utllization and Walts Overview
Perspective 2 Edit ] View ] History ]
s Waits Overview

CPU Utilization and Waits Overview
- Select Action v | |
Waits Overview

| Seizes and Locks Walts Overview

I contention Waits Overview
Disk Waits Overview
Journal Waits Overview
Classic JVM Waits Overview
Abnormal Waits Overview
CPU Utilization by Thread or Task
Resource Utilization Overview
Export
Modify SQL
Change Context
Show as table
Table Actions

Quadriad uonezinn ndd

2:40 PM 2:41 PM 2:42 PM 2:43 PM 2:44 PM 2:45 PM 2:46 PM 2:47 PM 2:48 PM 2:49 PM 2:50 PM 2:51 PM 2:52 PM
Date - Time

. Seize Contention Time || Database Record Lock Contention Time . Object Lock Contention Time

©2017 IBM Corporaion = Partition CPU Utilization 103

Cognitive System;©

Seizes and Lock Waits Overview > All Waits by Thread or Task...
Drill down into All Waits by Thread or Task Sorted by Seizes and Lock Waits

Perspective 2] Edit 2 View 2] History 2]

( ‘ --- Select Action --- v ‘

All Walts by Thread or Task Sorted by Seizes and Locks Waits
Waits by Job or Task Sorted by Seizes and Locks Waits

Waits by Generic Job or Task Sorted by Seizes and Locks Waits
Waits by Job Current User Profile Sorted by Seizes and Locks Waits
Waits by Pool Sorted by Seizes and Locks Waits

Waits by Subsystem Sorted by Seizes and Locks Waits

Waits by Job Priority Sorted by Seizes and Locks Waits

Export

Modify SQL

Change Context

Show as table

Table Actions

Time Geconds)

2
N
Q
=)
2
N
@
=
-

2:40 PM 241 PM 242 PM 243 PM 2:44 PM 245 PM 2:46 PM 2:47 PM 2:48 PM 2:49
Date - Time

. Seize Contention Time [ Database Record Lock Contention Time . Object Lock Contention Time

i 104
©2017 IBM Corporaion — Partition CPU Utilization
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We can clearly see the thread that is waiting for the lock.

All Waits by Thread or Task Sorted by Seizes and Locks Waits - Top 50 Contributors

Yool H
Time Seconds)
N -~ o o & \\@“
QSCLICEV/QUSER/014614 - 0000000000000001 } . {
POFSYNCO1N000O ‘
Select that thread and drill down to All Waits for One Thread or Task
All Waits by Thread or Task Sorted by Seizes and Locks Waits - Top 50 Contributors
--- Select Action --- »
All Waits by Thread or Task Sorted by Seize Contention
r‘ All Waits by Thread or Task Sorted by Database Record Lock Contention
All Waits by Thread or Task Sorted by Object Lock Contention )
Time &
Export
Modify SQL o0 Q0
Change Context v N

Show as table 451.38
TUTOTINCUXINUUT

© 2017 IBM Corporation

)
Cognitive Systemsg

We are now to the magic drill-down...
Select the interval for that job and drill down to

Interval Details for One Thread or Task

All Waits for One Thread or Task

--- Select Action --- w»

h | Export
Modify SQL

Change Context

Show as table
Table Actions »

Time Seconds)
=
e
!
w

©2017 IBM Corporation
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Interval Details

Interval Detalls for One Thread or Task (Interval = '47', Initial Thread Task Count

Perspective ®] Edit 2] view 2]

Thread or Task Details

Job information: QSCLICEV/QUSER/014614 -
0000000000000001

Current user profile: QSYS

Object waited on: WATCHEVENTSPACE

Wait duration: 4,482 milliseconds

Current or last wait:

Holding job or task: QZRCSRVS/QUSER/014097

Show Holder

Call Stack

© 2017 IBM Corporation

Priority

Pool:

Type description:
Segment type description:
SQL client job:

Interval timestamp:
Interval (1 to 91):

25

2

TEMPORARY - SPACE
BASE MI SYSTEM OBJECT
None detected this interval
Dec 13, 2007 2:48:00 PM

—

More PDI Examples

Cognitive S\/stems©

©2017 IBM Corporation
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Java Perspectives

Drilldown for one job -

Look at the heap and memory usage over time for one selected job.

IBM Technology for Java Memory for One Job (Job Name = 'ADMIN2")

Perspective &l Edit = View &l History &

--- Select Actiol

IBM Technology for Java Memory for One Job

2,000,000 -

1,500,000 -

1,000,000

size (Kilobytes)

500,000 -t

B Current Heap Allocated

2:15 AM

& Heap In Use

g wllllllll

315 AM
Date - Time

B 51 B B E
=
=
=
H
=
H
=
=
H
=87
=87
E?

2:45 AM 3:45 AM 445 AM

Malloc (Break) Memoary

IBM Technology for Java Memory for One Job

© 2017 IBM Corporation

Cognitive Systems @)

Database Full Opens

Full Opens are expensive resource-wise

Collection Services Database Files

1/0 Reads and Writes

SQL CPU Utilization by Job or Task

Database Locks Overview
Database I/0

B SQL Cursor and Native DB Opens
SQL Cursor and Native DB Opens Overview
SQL Cursor and Native DB Opens by Job

SQL Cursor and Native DB Opens by
Generic Job

SQL Cursor and Native DB Opens by Job
Current User Profile

SQL Performance Data

SQL Cursor and Native DB Opens Overview.
Perspective ] Edit ] View B History &

-~ Select Action -— v

SQL Cursor and Native DB Opens Overview

X el E

4,000

3,500

w
°
H
H

=
2
g
&
&
3
a2
g
T
21,
2
S

=
a °
s 8
s 3

o

1205AM 12:35AM  L0SAM  1:35AM  205AM  2:35AM  305AM  335AM  4:05AM
Date - Time

M sQL Pseudo Opens Per Second M Native DB Full Opens Per Second

[l 5OL Full Opens Per Second
— Plans Built Per Second

General recommendation is to keep Native Full Opens per second <1000

©2017 IBM Corporation

Next, find jobs

doing full opens...
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Database Full Opens

'SQL Cursor and Native DB Opens by Job.

Xoewa @

Opens Per Second

o o o
8 § o &
o A 5 2® 3 >

Full Name

Ml SOL Full Opens Per Second I QL Pseudo Opens Per Second W Native DB Full Opens Per Second

Inan RPG program, full opensare caused bythe use of SETON*LRinstead of RETRN. Avoid LR if possible. Not setting on LR (in OPM programs)will keep the program in memory, keepsfile
open and pointers set, retains variable values, etc. Also, avoid *NEW fa the ACTGRP

Shared file opensare far less expensive than full file opens. They consume less CPU, less storage andare faster than ful opens. Thereare someimplications of changingfull file opens to shared
file opens, but implementation of shared opensis typicdly easier to manage andimplement thancharging SETON LR toRETRN in RPG programs. The following links provideexplaration, usage
and considerations of using shared ODFRs:

Sharlng database filesin the same ]Qb or actwatlon group
db fosfile. him resultof=0622%41%44%50%2 %20%22 %6 %64%70%2 2620

i
] nput output considerations for files shared in a job or an activation group
http: //pic. dhe. ibm conyinfocenter/iseries/v7r1m0/topic/dbp/rbafoioc on.htm

Close considerations for files sharedin a job or an activation group
http: //pic. dhe.ibm. comyinfocenter/iseries/v7r1m0/topic/dbp/rbafoclose.htm

© 2017 IBM Corporation

0 Ajava

® 5m Technology for Java Memory Overview

Cognitive Sys‘(ems&'p
Java Perspectives in Collection Services

-~ Select Action --- ¥

IBM Technology for Java Memory Overview

® 1M Technology for Java Memory by Job

PRVICH SN
500
700,000 -
400
600,000 - o
S
e
= g g
<o 300 £
2 2
£ 400,000+ -
f --- Select Action --- v
& 300,000
= IBM Technology for Java Memory by Job
200,000 -
Foe@aE
2u0.0000] Size (Kilobytes)
0! “@“
455AM 500 AM  5:05AM  S0AM  55AM 520 AM 51254 »
Date - Time
B current Heap Allocated [ Heap In use Malloc (Break) Memory CAS/QCPMGTDIR/026653
ADMIN2/ QLWISVR/ 026577
ADMIN3/QLWISVR/ 026571
£ ADMIN4/QWEBADMIN/026563
z
F, d t h t . b . = ADMIN1/ QLWISVR/ 026564 -
2
In a J ob usli ng QYPSJSVR/QYPSJSVR/026171
a Iot Of heap___ QPOZSPWT/QCPMGTDIR/ 026716
QSRVMON/ QSYS/026131
M Current Heap Allocated - Peak M Heap In Use - Peak B Malloc (Break) Memory - Peak
112

©2017 IBM Corporation
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Temporary Storage Allocation/Deallocation perspectives

Storage Allocation Perspectives

Where is my temporary storage going? Temporary Storage Allocation Accounting

Description

Selection

This chart shows the amount of temporary storage charged to
. . active and ended jobs, the amount of user temporary storage, and
Expand Collection Services the amount of temporary storage used for database and non
database operations by the IBM i operating system across the
system over time for the selected collections. Use this chart to
select a time frame for further detailed investigation.

00 Asto rage Allocation

View List

® Storage Allocation/Deallocation Overview Temporary Storage Allocation Accounting and SQL Statements
* Temporary Storage Allocation Accounting and Disk Average
Storage Allocation/Deallocation by Thread or Task Response

0 rjTeonrary Storage
® Temporary Storage Allocation Accounting

‘TemDo rary Storage Allocation/Deallocation Overview

® Temporary Storage Allocation/Deallocation by Job or Task

L4 Temporary Storage Allocation/Deallocation by Thread or Task

® Temporary Storage Allocation/Deallocation by Generic Job or Task

.TemDo rary Storage Allocation/Deallocation by Job User Profile

® Temporary Storage Allocation/Deallocation by Job Current User Profile

‘Temno rary Storage Allocation/Deallocation by Subsystem

® Temporary Storage Allocation/Deallocation by Server Type

© 2017 IBM Corporation

)
Cognitive Systems <

Temporary Storage Allocation / Deallocation Overview

Generally, allocations and deallocations following a similar pattern

Temp: y Storage i ion Overview

X @

140

Megabytes

0 — T T T ——
12:05 AM 2:05 AM 4:05 AM 6:05 AM

T T T T T T
8:05 AM 10:05 AM 12:05 PM 2:05 PM
Date - Time

Temporary Storage Allocation (Megabytes) D Temporary Storage Deallocation (Megabytes)

©2017 IBM Corporation
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From an overview perspective, drill down to more detail

Temporary Storage Allocation by Job or Task

- Select Action -—- v

Mol H

Full Name

QUMECIMOM/QSECOFR/091190
QUMEPRVAGT/QSECOFR/ 095188
QUMEPRVAGT/QSECOFR/ 091430

Temporary Storage Allocation (Megabytes)

Temporary Storage Allocation/Deallocation by Job or Task
Temporary Storage Allocation/Deallocation by Thread or Task
Temporary Storage Allocation/Deallocation by Generic Job or Task
tion by Job User Profile

Temporary Storage (Megab'

T mporary Storage Allocation/Deallocation by Job Current “U's"e"r"ﬁroﬁié:
Temporary Storage Allocation/Deallocation by Subsystem

ocation by Server Type

QZDASOINIT/QUSER/ 095186
QDBFSTCCOL/QSYS/091087
QZDASOINIT/QUSER/ 099166

QZDASOINIT/ QUSER/ 098328
QYPSPFRCOL/QSYS/091160

o ‘)°° ‘\‘QQQ sf’““ ,bgsg 1 Temporary Storage Allocation/Deall
QDBSRV05/QSYS/091067 : : : : : : : 1
(1ol AT S FEV A ST LT R v wwwwwwwwwwwwwewwwwwwwwwwwwywywwwwwywywwwwwwywwwywwwwwwwwwwywwwwewws ')
Q1ACPDST/QBRMS/091196 1
CRTPFRDTA/QSYS/ 099104 sy
QUMEPRVAGT / QSECOF R/ 09145 s ]
QZDASOINIT/QUSER/ 098329 4oy

i

© 2017 IBM Corporation

E] Temporary Storage Deallocation (Megabytes)

Cognitive Systems @)

l =
00~ QAMemory

[~ ® Memory Pool Sizes and Fault Rates

[~ ® Memory Pool Activity Levels

What does the faulting look like when | was testing?

DB and Non-DB Page Faults Overview (Al Pools)

PYVACEUEN
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IBM iDoctor for i

*  Product developed by the IBM Rochester Support Center for deep, detailed performance analysis

*  Major components
— Job Watcher
* Job Watcher
¢ Collection Services Investigator
* Disk Watcher
* Plan Cache Analyzer - graphical analysis of the system's SQL Plan Cache
— PEX Analyzer
— VIOS Investigator

e https://www-03.ibm.com/systems/services/labservices/iDoctor/

©2017 IBM Corporation 118
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IBM iDoctor for i
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,

I iDoctor Components s Wi s el L S B S

[ESYIE] =)

component

Connected to system Ctcperf.rchland.ibm.com with user DMMAY

Use this interface to work with the IBM iDoctor for IBM i components on your system. You may also
apply access codes to your system that were given to you by [BM service to authorize use to a

Change User

! Component list for system Ctcperf.rchland.ibm.com:

B Collection Services Investigator Never  Available
) Disk Watcher Available
8 Plan Cache Analyzer Available

|PEX-Anatyzer Available
()iDoctor FTP GUI Available
2 Heap Analyzer Available

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

[ Job Watcher Never  Available

[¥ Close window after clicking Launch
Accesscoder [ iy Sysemsetiol [ Rafish e Closs

Cognitive Systems @)

iDoctor Monitors

Start iDoctor Monitor Wizard - Basic Options

&-ligh Job Watcher
() Libraries

-3 AsPs

Definitions

) SQL tables

(@ Monitors
% Saved collections
E8 Work management

(3 Disk units
i) Objects owned by DMMA

=] Monitors |

EE Saved col Explore

B8 Work ma -
Start Monitor...

@ ASPs .

©2017 IBM Corporation

1~ Collection types to include:

Specify the monitor name, library, definition name and other optional
parameters to use when starting the iDoctor Monitor.

Monitor name: DawnMay
Library name: QIDRDATA ASP limit: {90 &

Maximum collection  [gp 1.00 - 1440.00 minutes
duration:

1-9999999

Maximum collection |4096
size:

Maximum historical |5 2-999
collections:

r Submit new JW collections on eary M [5—

collection end or failure. TN

Description: I

Definition:
[V Job Watcher Q10SECSQL ~| Actions
I Disk Watcher
I~ PEX Analyzer

< Back Next >

Cancel
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iDoctor versus Performance Data Investigator

* You have two graphical interfaces for performance data analysis...

Which should you use?

It depends....

©2017 IBM Corporation

Feature iDoctor PDI
Interface Windows client Browser
Wait Analysis Yes Yes
Collection Services Yes Yes
Job Watcher Yes Yes
Disk Watcher Yes Yes
Performance Explorer Yes Profile collections only
Database Yes Yes
Job Watcher Monitors Yes No
Customizable Yes Yes
User Defined graphs and queries Yes Yes
Update Frequency Monthly Twice Yearly
Support Defectonly Standard SWMA
Chargeable Yearly license =Collection Servicesat no additional charge with i
*Disk Watcher, Database, and PerfamanceExplorer included with base PT1 product
=Job Watcher isan additional option of PT1 and has an additional charge
Experimental Featues Yes(e.g.,VIOS Investigator) [No
Multinational language support No Yes
©2017 IBM Corporaion 121
U) Tutorials & training Tools & code Comn] i isnuit e sers B
Cognitive Syste Shttg //www.ibm.com/developerworks/ibmi/
Featured _— W chorts
Enhancement Landing Pages
eMi73 TR - Base Enhancements
IBM wiki
d ! Work 1BMi7.2 [ TR5 - TR4-TR3-TR2 - TR1 - Base Enhancements
eveloperWorks .
P IBM i Technology Updates it 10 - TR - TRe
IBM i operating system (OS) levels and related
| B M H software products are frequently i us o
| Program Temporary Fixes (PTFs). This wiki - et
contains a centralized list of all enhancements for 1BM i Technology Updates - by IBM i product or subject matter
Technical resources for IBM i developers and users
1BMi. Backup Recovery and Media Services (BRMS)
Collaboration and Social for i (Lotus)
Tutorials & training I Tools & code | Communities DB2 for i (Database)
— 1BM Cloud Storage Solutions for i
Goneral IBM | operating system
Hardware and Fimware (including Technology Refresh content)
1BM i Access Client Solutions
1BM Integrated Web Services for i
Performance Tools Inogration with BiadeGenter and Systom x
[Z] - Lie | Updated today at 12:17 PM by Shaunare grformance_tools ava on 1BV
Page Actions - Navigator
Open Source Tr:chnu‘ni\cs
This section contains information about the most recent enhancements to IBM i Performance Tools. This topic i Performance Tools
collection tools, the performance components of IBM Navigator for i and the Performance Tools LPP (Licensed program 57xxP _—
Systams Management
Performance Data Collectors SQL Services
Collection Services, Disk Watcher, Job Watcher, and Performance Explorer are the primary performance data collection tools suppc | Web Integration on i
IBM i. Other performance related tools include: Batch Model, Work with System Activity (WRKSYSACT), Dump Main Memory Informi
(DMPMEMINF), and Analyze Command Performance (ANZCMDPFR).
Performance on the Web
The Performance components of IBM Navigator for i include the Investigate Data task which is used to start Performance Data
Investigator (PDI) and the Manage Collections task used to manage performance collections. Other tasks provide access to the
web-based GUI interface for Collection Services, Job Watcher and Disk Watcher.
Performance Tools LPP (57xxPT1)
Performance Tools is a licensed program product that contains additional performance tools. The most common is known as Performance
Tools Reports. More information on this licensed program is contained in the IBM Knowledge Center - IBM Performance Tools for i
122
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IBM i Performance FAQ - a MUST read!

http: //www. ibm. can/common/ssi/cg-bin/ssialias? subtype=WHginfoty pe=SA&appname=STGE_PO PO USEN&htmifid=POW031®@USEN&atiachment=POW031@USEN. PDF

IBM 1 on Power - Performance FAQ
April 3, 2017

© 2017 IBM Corporation
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IBMi Web Sites with Performance Information

* IBM i Knowledge Center
http: //www:. ibm.com/support/knowledgecenter/ssw_ibm_i/welcome

—  7.1- https://www.ibm.com/support/knowledgecenter/ssw_ibm_i 71/welcome.html

— 7.2 - http://www-01.ibm.com/support/knowledgecenter/ssw_ibm i 72/rzahg/icchomepage.htm

— 7.3 - https://www.ibm.com/support/knowledgecenter/ssw_ibm i 73/rzahg/welcome.htm

* IBM i Performance Management

http://www-03ibm.com/systems/power/software/i/management/#tab2

* Performance Management for Power Systems
http: //www-03. ibm. com/sy stems/power/support/pmyindex html

* |BM Workload Estimator

http: //www. ibm. com/systems/suppat/tools/estimator

* iDoctor
http: //www-912. ibm convi_dir/idoctor. rsf

* Job Waits Documentation
- httn [www. |bm com/sunuor‘c/knowledgecenter(en[ssw |bm i 73(rzahx(rzahxbaS|cwaltaccountlng htm
: | wait-.

©2017 IBM Corporation
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Understanding “Time Dispatched on a CPU”

* Time dispatched on a CPU (Bucket 1)
— Thread or task has been assigned to a processor and is NOT waiting

— Complicated by certain features
* Hardware Multi Threading (HMT)
— Allows multiple threads/tasks to be assigned to a single physical processor
— Causes bucket 1 time to be greater than actual CPU time
* Background assisting tasks
— Promote their CPU usage back into the client job/thread
— Causes client thread’s bucket 1 time to be smaller than measured CPU time

* LPAR shared/partial processors
— Bucket 1 records time dispatched to the virtual processor
— Bucket 1 time may be greater than CPU time because it may include time the thread/task is
waiting for the physical processor behind the virtual processor

© 2017 IBM Corporation

Bucket 1 does NOT equal CPU Time

)
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Understanding “CPU Queuing”

* CPU Queuing (Bucket2)
— Thread or task has been assigned to a processor and is waiting for the CPU to become

available

Too much work on the partition causing threads to need to wait for the processors
* Spiky workloads

* Workload Groups

* Shared processors

Latency due to hypervisor sharing the physical processors among multiple partitions

©2017 IBM Corporation
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CPU Queueing ... technical details

© 2017 IBM Corporation

A spikey workload.
1/0 completing in batches can cause this but so can software design. For instance, there are some seize-lock scenarios that
unblock herds of tasks. A task switch trace can be used to instrument how the workload is behaving. This is a common reason.

Shared processors.
When there are idle processors, tasks are enqueued directly to a special per-processor queue until they overflow to ashared
queue. On a dedicated processor system, the time it takes for the wait-state task to dequeue the task from this special queue

and dispatch it is very low, but non-zero. The latency can be slightly higher when donation is used. In a SPLPAR, the latency can
vary depending on outside factors, namely shared pool utilization, because the hypervisor is sharing the physical processors

among multiple partitions. The separate components of VCPU latency is instrumented in Collection Services as of 7.1.

Nodal dispatching.

In a multi-node system, load imbalance could cause tasks to be queued in some nodes while other nodes are idle. This is
generally not a problem with the default nodal affinity scheduling policy. However,a QTHDRSCAFN value set to *HIGH instead of
the default *NORMAL can cause this problem. Node imbalance can be instrumented in 6.1 and later.

Workload capping.

The workload group can be over-committed even though the system is under-committed. There is separate instrumentation of
workload group dispatch latency in Collection Services.

129
3 Tutorials & training Tools & code Comn] e o e v
Cognitive Syste IShttg:([www. ibm.com/developerworks/ibmi/ ( . o “
Featured e Proe i i, e point fo chents about all 13
Enhancement Landing Pages
developerWorks
1BMi73 [TR1 - Base Enhancements
IBM wiki
BMi72 [R5 - TRe- TR3- TR2 - TR1 - Base Enhancements
IBMi Technology Updates owins TR11-TR10 - TR9 - TRE
H IBM i operating system (OS) levels and related
I software products are frequently i yeuto g s products and subject.
Program Temporary Fixes (PTFs). This wiki - s
" nts tralized list of all enhar ts fo 1BM i Technology Updates - by IBM i product or subject matter
Technical resources for IBM i developers and users conains & ceniralized st of all enfiancements for
IBM . Backup Recovery and Media Services (BRMS)
Collaboration and Social for i (Lotus)
T DB2 for i (Database)
Tutorials & training Tools & code Communities 1BM Cloud Storage Solutions for i
General IBM i operating system
Hardware and Fimware (including Technology Refresh content)
18M i Access Client Solutions
BM Integrated Web Services for
Performance Tools Inogration with BladeGenter and System x
[Z] - Lite | Updated today at 12:17 P by ShaunaFe
= Java on IBM i
Page Actions - Navigator
Open Source Technol logles,
This section contains information about the most recent enhancements to IBM i Performance Tools. This topic 1 Performance Tools
collection tools, the performance components of IBM Navigator for i and the Performance Tools LPP (Licensed program 57xxP T
Systams Management
3 "Job Watcher, and Performance Explorer are the primary performance data collection tools suppc |
1BM i. Other performance related tools include: Batch Model, Work with System Activity (NRKSYSACT), Dump Main Memory Inform:
(DMPMEMINF), and Analyze Command Performance (ANZCMDPFR).
Performance on the Web
The Performance components of IBM Navigator for i include the Investigate Data task which is used to start Performance Data
Investigator (PDI) and the Manage Collections task used to manage performance collections. Other tasks provide access to the
web-based GUI interface for Collection Services, Job Watcher and Disk Watcher.
Performance Tools LPP (57xxPT1)
Performance Tools is a licensed program product that contains additional performance tools. The most common is known as Performance
Tools Reports. More information on this licensed program is contained in the IBM Knowledge Center - IBM Performance Tools for i
©2017 IBM Corporaion 130
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IBM i Performance on developerWorks

= developerWorks
http://www.ibm.com/developerworks/ibmi/

= Performance Tools

https://www.ibm.com/developerworks/mydeveloperworks/wikis/home?lang=en#/wiki/IBM i Technology Updates/page/Performance Tools

developerWorks.

IBM i

Technical resources for IBM i developers and users

Tutorials & training Tools & code ‘Communities

= |BM i Performance Data Investigator
http://www.ibm.com/developerworks/ibmi/library/i-pdi/index.html

= |BM i Performance Data Investigator — Edit Perspectives
http://www.ibm.com/developerworks/ibmi/library/i-pdiedit/index.html|

= How to use the Batch Model performance tool

https://www.ibm com/developerworks/ibmi/library/i-h ow-to-use-the-batch-model-performance-tool/

= A new way to analyze historical performance data on IBM i

https://www.ibm com/developerworks/ibmi/library/i-new-way-to-analyze-historical-performance-data-trs/

© 2017 IBM Corporation
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This page is a listing of all the "i Can" blogs in chronological order (oldest at the bottom).
End Subsystem Options

i Ca n Manage Trigger Programs in Production

http: //www.ibmsystemsmag.com/Blogs/i-Can/

Route FTP and SMTP Workloads to Their Own Subsystem
Integration Between Navigator and Access Client Solutions

Client Advisory Council Meetings in June 2017

Forasimplelist of all blogs on

0 n e p age: COMMON Americas Advisory Council (CAAC) and RFEs
Subsystem Configuration Documentation
IBM i Monitors: Aut
”i Can” Blog of Blogs PowerVM Likedin Group
www.ibm.com/developerworks/community/wikis/home Copy an Open Spooled File

2lan, -~ !/wiki/Power Systems/page/i Can Blog of Blo

Subsystem Management with Navigator for i
Determining the Size of QTEMP

SNMPv3 Auditing and Other Enhancements

Here's to the Women in IT!

February 2017 IBM i Announcements

Application Administration with Access Client Solutions

Application Administration with Navigator for i

©2017 IBM Corporation

Optical Containers

i Can Blog of Blogs

sl | Updated Sep 14, 2017 by DawnMay | Tags: ican

Page Actions ~

Trace Output Formatted for PCAP

Graph History -- Stacked Charts

and 1t Variables
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IBM i Performance Analysis Workshop

Learn the science and art of performance analysis, methodology and problem solving

Managing and analyzing the data canbe quite complex. During this workshop, the IBM Systems Lab Services IBM iteam will share
useful techniques foranalyzing performance dataon key IBMi resources, and will coverstrategies for solving performance problems. It
will aid in building a future foundation of performance methodology you canapply in your environment.

Overview:

— Topics covered include:
* Key performance analysis concepts
* Performance tools
+ Performance data collectors (Collection Services, Job Watcher, Disk Watcher, and Performance Explorer)
* Wait accounting
— Core methodology and analysis of:
* Locks
* Memory
* 1/O subsystem
+ CPU
— Concept reinforcement through case studies and lab exercises
— Discussions on theory, problem solving, prevention and best practices

Workshop details:
— Intermediate IBM i skill level
— 3-4 day workshop, public or private (on-site)
* Forpublic workshop availability and enrolment:
1BM i Performance Analysis Workshop
* Foradditional information, including private workshops, please contactEric Barsness aterichar@us.ibm.com or
Stacy Benfield atstacylb@us.ibm.com, members of SystemsLab Services Performance Optimization team.

'CPU Utilization and Waits Overview

IBM Systems Lab Services Power Systems Delivery Practice - ibmcom/systems/serviceslabservices - ibmsls @us.ibm.com

© 2017 IBM Corporation ©2017 IBM Corporation
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IBM i Performance and Optimization Services

The IBMi Performance and Optimization team specializes in resolving a wide variety of performance
problems. Ourteam of experts can help you tune your partition and applications, including:

Reducing batch processing times

Resolving SQL query and native 10 performance problems

Tuning RPG, COBOL, C, and Java (including WebSphere Application Server) programs
Removing bottlenecks, resolving intermittent issues

Resolving memory leaks, temporary storage growth problems, etc.

Tuning memory pools, disk subsystems, system values, and LPAR settings for best performance

Optimizing Solid State Drive (SSD) performance
Tuning client interfaces such as ODBC, JDBC, .Net and more

Skills transfer and training for performance tools and analysis also available!

Contact Eric Barsness at ericbar@us.ibm.com for more details.

©2017 IBM Corporation
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Performance and Scalability Services

= The IBMiPerformance and Scalability Services Center can provide facilities and
hardware INROCHESTER to assist youin testing hardware or software changes

= “Traditional” benchmarks

= Release-to-release upgrades

= Assess and tune application and database performance

= Stress test yoursystem

= Determine impact of application changes

= Proofs of Concept (e.g. HA alternatives; SSD analysis, external storage, etc.)
= Evaluate application scalability

= Capacity planning

= ... allwith the availability of Lab Services|IBMiexperts and development personnel

= To learn more about Power offerings:
https://www.ibm.com/it-infrastructure/services/lab-services/power

© 2017 IBM Corporation
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Special notices

This documentwas developed for IBM offerings in the United States as ofthe date of publication. IBM may notmake these offerings available in other courtries, and the information is
subjectto change withoutnotice. Consultyourlocal IBMbusinesscontactfor information on the IBM offerings available in your area.

Information in this documentconcerning non4BM products wasobtainedfromthe suppliersofthese products or otherpublic saurces. Questions on the capabilities ofnon-IBM products
should be addressed to the suppliersofthose products.

IBM may have patents or pending patentapplicationscovering subjectmatter in this document The furnishing ofthis documerntdoes notgive you anylicenseto these patents. Send
license inquires, in wriing, to IBM Director of Licensing, IBM Corporation, New Castle Drive, Armonk,NY 10504-1785U SA.

All statements regarding IBM future direction and intentare subjectto change or withdrawal withoutnotice,and representgoalsand objectivesonly.

The information contained in this documenthas notbeen submitted to any formal BM testand is provided "ASIS" with no warranties or guarartees either expressed or implied.

All examples cited or described in this documentare presentedas illustrationsof the manner in which some IBM productscan be used andthe results thatmay be achieved Actual
environmental costs and perfformance characteristicswill vary depending on individual clientconfigurationsand conditions..

IBM Global Financing offerings are provided through IBM CreditCorporation in the United States and other IBM subsidiariesand divisions weorldwide to qualified commerdal and
governmentclients. Rates are basedon a clients creditrating, financing terms, offering type, equipmerttype and options,and may varyby cauntry. Other resfricionsmay apply. Rates
and offerings are subjectto change, extension orwithdrawal withoutnotice.

IBM is not responsible for printing errorsin this documenrtthatresultin pricing or information inaccuracies.

All prices shown are IBM's United States suggested listprices and are subjectto changewithoutnotice;resellerprices may vary.

IBM hardware productsare manufacured fromnew parts, or new andservicezble used parts. Regardless,our warranty terms apgly.

Any performance data contained in this documentwas defermined in a contrdled envionment Actualresults may vary significantly andare dependenton many factorsincludingsystem
hardware configuration and sofwaredesignand corfiguration. Some measuremerts quoted in this documentmay havebeen madeon deveopment-level systems. There is no
guarantee these measuremerts willbe the same on generally-avalable systems. Some measurements quoted in this documentmay have beenestimated through extrapolaion. Users of
this documentshould verify the applicable data for their spedific envircnment.

Revised September 26,2006

©2017 IBM Corporation
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Special notices (cont.)

1BV, the IBM logo, ibm.com AlX, AX (logo), AIX 5L, AIX 6 (logo), AS/400, BladeCenter, Blue Gene, ClusterProven, DB2, ESCON, i5/0S, i5/0S (logo), 1BM Business Partner (logo),
IntelliStation, LoadLeveler, Lotus, Lotus Notes, Notes, Operating System/400, OS/400, Parmerlink, ParmeWorld, PowerPC, pSeries, Rational, RISC System/6000, RS/6000, THINK, Tivoli,
Tivoli (logo), Tivoli Management  Environment, ~WebSphere, xSeries, z/0S, zSeries, Active Memory, Balanced Warehouse, CacheFlow, Cool Blue, 1BV Systems Director VMControl,
pureScale, TurboCore, Chiphopper, Cloudscape, DB2 Universal Database, D54000, DS6000, DS8000, EnemgyScale, Enterprise Workload Manager, General Parallel File System, , GPFS,
HACMP, HACMP/6000, HASM, IBM Systems Director Active Enegy Manager, iSeries, Micro-Partitioning, POWER, PowerExecutive, PoweVM, PoweVM (logo), PowerHs, Power
Achitecture, Power Everywhere, Power Family, POWER Hypervisor, Power Systems, Power Systems (logo), Power Systems Software, Power Systems Software (logo), POWER2, POWER3,
POWER4, POWER4+, POWERS, POWERS+, POWER6, POWERG, POWER?, System i, System p, System pS, System Storage, System z, TME 10, Workload Partitions Manager and X-
Architecture  are trademarks or registered trademarks of Intemational  Business Machines Corporation in the United States, other countries, or both. Ifthese and other IBM tdemarked
terms are marked on their first occurrence i this information  with a trademark symbol (* or ™), these symbols indicate U.S. registered or common law trademarks owned by IBM at the
time this information  was published. Such trademarks may alsobe registered or common law trademarks in other countries.

A full listof US. trademarks owned by 1BV may be found at: http://www.ibm.com/legal/ co pyt rad e.shtm.

Adobe, the Adobe logo, PostScript, and the Postscript logo are either registered trademarks or trademarks of Adobe Systems Incomporated in the United States, and/or other countries
AltiVec is a trademark of Freescale Semiconductor,  Inc.

AVD Opteron s a trademark  of Advanced Micro Devices, Inc.

InfiniBand, InfiniBand Trade Association and the InfiniBand design marks are trademarks and/or service marks of the InfiniBand Trade Association.

Intel, Intel logo, Intel Inside, Intel Inside logo, Intel Centrino, Intel Centrino logo, Celeron, Intel Xeon, Intel SpeedStep, Itanium, and Pentium are trademarks or registered trademarks of
Intel Corporation or its subsidiaries in the United States and other countries.

IT Infrastructure ~ Library is a registered trademark  of the Central Computer and Telecommunications ~ Agency which is now part of the Office of Govemment Commerce.

Java and all lava-based trademarks and logos are trademarks or registered trademarks  of Oracle and/or its affiliates.

Linear Tape-Open, LTO, the LTO Logo, Ultrium, and the Ultrium logo are trademarks of HP, 1BV Corp. and Quantum inthe U.S.and other countres.

Linux is a registered trademark of Linus Torvalds in the United States, other countries o both.

Microsoft, Windows and the Windows logo are registered trademarks  of Microsoft Comoration in the United States, other countries or both,

NetBench is a registered trademark  of Ziff Davis Media inthe United States, other countries or both

SPECit, SPECIp, SPECibb, SPECweb, SPECiAppServer, SPEC OMP, SPECviewper, SPECapc, SPEChpc, SPECvm, SPECmail, SPECimap and SPECsfs are tdemarks of the Standard
Performance  Evaluation Corp (SPEC).

The Power Arhitecture and Powerorg wordmarks and the Power and Powerorg logos and related marks are trademarks and service marks licensed by Power.org.

TPCC and TPCH are trademarks of the Transaction Performance  Processing Council (TPPC).

UNIXis a registered trademark of The Open Group in the United States, other counties or both.

Other company, product and service names may be trademarks or service marks of others.
Revised December 2,2010
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